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First International Conference on Low-Dimensional Advanced Materials ICLODAM-24 //
Book of Abstracts. Tashkent, 2024, p.140.

The technical program of the conference included presentations by invited international speakers
and local speakers, including young scientists. The conference was organized by the Ministry of
Higher Education, Science, and Innovations of the Republic of Uzbekistan; the Uzbekistan
Academy of Sciences; the Council of Uzbekistan Physicists; the Korean Physical Society;
Samarkand State University; the Arifov Institute of Ion-Plasma and Laser Technologies of the
Uzbekistan Academy of Sciences; the Physical-Technical Institute of the Uzbekistan Academy of
Sciences; the Institute of Material Sciences of the Uzbekistan Academy of Sciences; the Institute of
Semiconductor Physics and Microelectronics at the National University of Uzbekistan; and GRI-
TPC IRC @ Sejong University.

The conference aimed to create collaborative networks among researchers and young scientists
from Uzbekistan and other countries in the field.

Results on solid-state low-dimensional and advanced functional materials, device development,
innovative applications, as well as adjacent field topics, were presented.



DILUTED MAGNETIC SEMICONDUCTORS FOR SPINTRONICS
APPLICATIONS

Sh. Yuldashev"*", K. Mukimov', G. Eshonkulov’, A.Arslanov?, J. Xudoykulov2

! Center of Nanotechnologies Development, National University of Uzbekistan
’Department of Physics, National University of Uzbekistan, Tashkent, Uzbekistan

Diluted magnetic semiconductors (DMSs) are new functional materials created by doping
magnetic ions in non-magnetic semiconductors. The exchange effect between magnetic ions and
carriers in semiconductors gives DMSs novel magneto-electric and magneto-optical properties. As
a candidate material for spintronics, it has attracted increasing attention in last 20 years [1]. In
addition, DMSs take advantage of both the charge and spin properties of electrons, making them
potentially widely useful in spin field effect transistors (spin-FETs), high-density nonvolatile
memory and spin qubits for quantum computers [2]. There are two main factors that limit the
practical application of DMSs in equipment. The first is that the Curie temperature of DMS material
is lower than room temperature, and the second is whether the ferromagnetism in DMS material is
intrinsic, that is, mediated by free carriers, or purely from the local secondary phase of
magnetic dopants, such as clusters or precipitates. If ferromagnetism is not mediated by free
carriers, spin polarization cannot be carried by them. Therefore, it is generally not suitable for
spintronic devices. At present, there is only GaMnAs confirmed ferromagnetic semiconductor with
high Curie temperature. However, the highest Curie temperature is about 200K by using
nanostructure engineering and it is far below room temperature [3]. In the seminal paper by T.
Dietl et al. [4] it was theoretically predicted a room temperature ferromagnetism (RTFM) in 5 at.%
Mn-doped p-type GaN and ZnO, with free holes concentration about 10*°cm™. ZnO suffer from a
low concentration of free holes and isovalent anion alloying can improve this problem. ZnO and
ZnS alloy exhibits a very strong valence band (VB) offset bowing as a function of sulfur content.
The VB-bowing can be utilized to enhance p-type doping with lower formation energy and
shallower acceptor state in the ZnO-ZnS alloy

In this work, structural, optical and magnetic properties of Zn; Mn,O;.,Sy, additionally
doped with nitrogen, thin films grown by ultrasonic spray pyrolysis system are reported. This films
of Zn;xMn,O,.,S, thin films were synthesized by ultrasonic spray pyrolysis (USP) method on Si (1
0 0) and quartz substrates. Zinc acetate, manganese acetate, ammonia acetate and thiourea were
used as the zinc, manganese, nitrogen and sulfur sources, respectively. Figure 1 shows the SEM
images of the nitrogen doped Zngo9sMng0s0035S0.15 thin film grown by using ultrasonic spray

pyrolysis.
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Fig.1. SEM images of the nitrogen doped Zng9sMng 500 8550.15 thin film: (a) top view and
(b) cross-section view, respectively.
It is seen from Fig.1 that the ZngosMng 0500955015 film consists of hexagonal shaped nanoflakes
whose lateral size was estimated to be between 100 ~ 200 nm with the layer thickness of around
100 nm as shown in the cross-section image.
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In order to study the magnetic properties of the diluted magnetic semiconductors based on
Zn; Mn,O.,S, thin films, the magnetization dependencies on the magnetic field and temperature
were measured by using a SQUID (superconducting quantum interference device) magnetometer.
Figure 2 shows the magnetization dependencies on: a) magnetic field, measured at T = 10K and b)
temperature for the Zng 9sMng 0500.9550 15 thin film.
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Fig. 2. The magnetization dependencies on: a) magnetic field and b) temperature, for the
Zl’l(),95M1’10,0500.9580.15 thil’l fllm

It is seen from Fig.2a that the magnetization dependence on magnetic field for the
7 9sMny 0500955015 film demonstrates the hysteresis loop at T =10 K, which shows the existence
of ferromagnetism in the material at this temperature. The temperature dependence of the
magnetization presented in Fig. 2b shows that the magnetization is going to zero at temperature
between 250K and 300K, which is much higher than it was observed for GaMnAs material.

In conclusion, the effect of the sulfur concentration on the magnetic properties of the
Zn.95Mng 0501.ySy thin films doped by nitrogen semiconductors grown by ultrasonic spray pyrolysis
method was studied. The obtained films exhibit a polycrystalline hexagonal wurtzite structure with
(002) preferred orientation. The results of XRD and optical transmission measurements
demonstrates a successful incorporation of the sulfur ions into ZnMnO crystal lattice. The SQUID
measurements demonstrate the ferromagnetism in the sulfur doped ZnMnO thin films with the
Curie temperature close to room temperature. In order to increase the Curie temperature father the
hole concentration should be increased in this material. The problem with obtaining of p-type ZnO
with a high concentration of free holes is still waiting its solution.
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THE THREE-, TWO- AND ONE-DIMENSIONAL ASPECTS OF CELL BIOPHYSICS

Ravshan Z. Sabirov

Institute of Biophysics and Biochemistry, National University of Uzbekistan, Tashkent 100174,
Uzbekistan

The living cells have various sizes and shape. The red blood cells (RBCs) are one of the
smallest cells in human body. Their diameter is about 8 um, and they have a shape of donuts-like
biconcave disc. Most immune cells, such as T- and B-lymphocytes are a bit larger (~10 um) and
spherical. Isolated cardiac myocytes are roughly rectangular, 100—200 um long and 30-50 um wide,
have striation. Skeletal muscle myocytes are much larger with a length of about 2-3 cm and
diameter of ~100 pm. These cells have multiple nuclei as a result of fusion of mononucleated
myoblasts during fiber formation. Brain cells have most peculiar shapes. Neurons have relatively
small body (soma) of 10-50 pm in diameter. Numerous extensions of 50-100 pum and longer
(dendrites) receive input signals, whereas the longest extension called axon transduces the action
potential generated by neurons to the distance as long as ~1 meter (when reaching from the base of
the spine to the toes). The Schwann cells wrap the axons to insolate them, whereas the astrocytes
(star-shaped cells) protect the neurons and feed them by taking up the nutrients from blood
capillaries and passing glucose and lactate to the nerve cells. Although it is clear that, overall, the
cells are 3D-constructions made up of the cytoskeleton wrapped by the plasma membrane with a
variety of organelles (nucleus, mitochondria, endoplasmic reticulum, Golgi apparatus, etc.), it is
still not clear how the information written in the genome is translated to the particular cellular
shape.

Whatever the shape, the cells are separated from the extracellular space by a lipid bilayer
membrane permeable to water and small ions; thus, they behave like osmometers and obey the
Vant-Hoff’s low. However, many intracellular osmolytes (proteins and metabolites, such as ATP)
are membrane-impermeable. Therefore, left unopposed, the oncotic gradient would cause the
osmotic catastrophe and cell lysis. The stable basal cellular volume is adequately described within
the framework of the Donnan equilibrium and the pump-leak mechanism (PLM) developed by
Tosteson and Hoffman. However, great osmotic stress and respective swelling (or shrinkage) often
occur during normal life (e.g. in lung epithelium during intensive breezing, in the epithelium of the
gastro-intestinal tract upon drinking, in kidney epithelium upon salt stress, etc.) and in pathological
conditions, such as ischemia/reperfusion in heart and brain, trauma and stroke. In order to maintain
the volume within the range compatible with life, the cells activate a number of ion transporting
pathways in the cellular plasma membrane, which is essentially a two-dimensional structures and
is described regardless of the 3D-aspects of the cell biophysics. Thus, the mechanical stress caused
by the cellular swelling activates the plasma membrane Ca2+—permeable ion channels (such as
recently discovered Piezo-channels). Calcium influx, in turn, activates the K*-channels to employ
the potassium gradient as a driving force for the regulatory volume decrease (RVD) mechanism that
counteracts the excessive cellular swelling to keep the volume close to the normal level.

The net K" efflux cannot occur without the parallel movement of an equivalent amount of
anions as required by the principle of electroneutrality. This is accomplished by activation of the
volume-activated anion channels (VAACs). At normal metabolic state with high intracellular ATP,
the major anionic pathway is the volume-sensitive outwardly rectifying (VSOR) Cl-channel of
intermediate conductance (~30-70 pS) (Okada et al. Pharmacol. Rev. 2019; 71: 49-88). However,
when ATP is depleted (e.g. under ischemia/hypoxia), the Maxi-Cl channel with very large
conductance of ~300-400 pS becomes active (Sabirov et al. Life (Basel). 2021, 11: 509). The human
VSOR Cl-channel was recently identified as a hexameric complex of the leucine-rich repeat
containing family 8 (LRRCS8) protein A (obligatory) and C, D and E (second necessary) proteins of



the same family. We have demonstrated that the mouse counterpart is also composed of the same
orthologs (Okada et al. Channels 2017; 11(2): 109-120).

The Maxi-Cl channel was shown to be a complex of the core pore component made of the
SLCO2A1 protein (Sabirov et al. EMBO J. 2017, 36: 3309-3324) and two auxiliary regulatory
components: annexin 2A (ANXA2) provides dephosphorylation-dependent activation by removing
phosphate from Tyr23, and S100A10 (also known as pll) that is a Ca2+—binding protein and
provides activation upon rise in the intracellular calcium (Islam et al. Cell Physiol. Biochem. 2020,
54: 538-555).

Small molecules which are capable to bind specifically to these ion channels and modulate
their function (activate or inhibit) would open a way to make cells, organs and the whole organisms
healthier. However, pharmacology of these two channels is relatively poor. Thus far, the most
selective inhibitor of the VSOR Cl-channel is 4-[(2-butyl-6,7-dichloro-2-cyclopentyl-2,3-dihydro-1-
oxo-1H-inden-5-yl)oxy]butanoic acid (DCPIB). We have recently shown that some flavonoids
(especially, lavandulyl-containing), tannins and polyphenol compound, gossypol, are able to inhibit
the RVD process in acutely isolated rat thymocytes and suppress the activity of VSOR Cl-channel
in cultured cells (Rustamova et al. Pharmacol. Rep. 2019, 71: 1079-1087; Tsiferova et al. Eur.
Pharm. J. 2019, 66(2): 37-44; Chorieva et al. Clin. Exp. Pharmacol. Physiol. 2021, 48(2): 227-
237). The Maxi-Cl channel is sensitive to the extracellular Gd**, which distinguishes it from other
chloride channels, but also affects some cationic channels and, thus, cannot be considered as a
selective pharmacological tool. Since the channel’s core component, SLCO2A1, is known to
function as a prostaglandin transporter (PGT) in an inactivated state, the Maxi-Cl channel was
found to be sensitive to the PGT inhibitor, bromosulfophtalein. No natural selective inhibitor for
this channel is found thus far.

The transport of ions through the ion channels occurs in one dimension: from one side of
the membrane to the other. Therefore, it is described as a one-dimensional movement of permeating
ion species along the channel pore by falling into the energy wells and overcoming the energetic
barriers formed by protein backbone and/or by the side chains of the amino acids along the pore
one-dimensional axis.



REVOLUTIONARY NOVEL AND LOW-COST CHEMICAL MOLECULAR BEAM
DEPOSITION METHOD FOR FABRICATION OF CHALCOGENIDE COMPOUNDS
FILMS FOR LOW DIMENSIONAL STRUCTURES AND SOLAR CELLS

T'M. Razykov, B.A. Ergashev, Sh.M. Bobomuradov

Physical-Technical Institute, Chingiz Aytmatov Street 2B, Tashkent 100084, Uzbekistan
*bobur_7007@yahoo.com

The physical properties of semiconductor films depend on both the thermodynamic
conditions of synthesis and the method of fabrication. Each method has its own limitations and is
therefore applicable to solving specific tasks. There are several methods for producing A2B6
compound films. Earlier, in [1,2], the basic principles, advantages, and disadvantages of existing
methods were considered. In recent years, their range has expanded, and new methods have
emerged.

Unlike existing methods, the fabrication of thin films developed in our laboratory is an
economical method of chemical molecular-beam deposition (CMBD), as shown in Fig. 1. The
fundamental difference between CMBD and molecular beam epitaxy (MBE) is that in the former,
the synthesis process is conducted in a hydrogen or inert gas environment at atmospheric pressure,
whereas in the latter, it is performed in a vacuum of no less than 107 Torr.
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Fig.1. Schematic representation of the CMBD method for obtaining thin films.

1, 2 — substrate and holder, 3 — substrate heater, 4 — source heaters, 5 — crucibles of evaporated
components, 6 — reactor cap, 7 — flange, 8 — gas inlet, 9 — gas outlet, 10 — thermocouples.

As demonstrated in [3,4], the novel and economical CMBD method offers several
advantages, such as:
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1. Deposition is carried out using a gas flow at atmospheric pressure,
eliminating the need for expensive vacuum equipment, making this method cost-effective.

2. Deposition processes are controlled at the molecular level (10" - 10" cm™),
enabling precise control of film composition.

3. Deposition rates can be varied over a wide range (10-10* A/s).

4. Films can be deposited over a large area (50 cm?) using existing equipment.

5. Doping of films is performed during the growth process.

6. Non-toxic gases are utilized.

Due to the merits of this method, particularly the discrete placement of component sources
with independent heating and gas carrier supply through each of them, it is feasible to easily obtain
films of a specified composition, thus enabling control over their properties, including conductivity
type and concentration of intrinsic point defects (IPDs) in the grown films.
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PROPAGATION OF ELECTROMAGNETIC WAVES IN THE ARRAY OF NONLINEAR
OPTICAL WAVEGUIDES WITH MANAGED PT-SYMMETRY

F.Kh. Abdullaev’, S.Sh. Taa’jimuratov2

"Physical-Technical Institute of the Uzbekistan Academy of Sciences;
’National University of Uzbekistan.

The propagation of electromagnetic beams in the array of 2N tunnel coupled nonlinear optical
waveguides with managed PT-symmetry is investigated. The conditions of stationary propagation
of EM waves in such optical crystals are found. The criterion of the breaking of the PT-symmetry is
derived. The analytical results are confirmed by the direct numerical simulations of the extended
discrete nonlinear Schrodinger equation.
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UNDERSTANDING SELECTIVE SYNTHESIS PUZZLES USING COMPUTATIONAL
MATERIALS SCIENCE

Umedjon Khalilov

Arifov Institute of lon-Plasma and Laser Technologies, The Academy of Sciences of the Republic of
Uzbekistan
University of Antwerp, Belgium

As Moore's Law encounters limitations, carbon nanotechnology emerges as a potential alternative
to silicon, focusing on materials such as fullerene, carbon nanotubes (CNTs), graphene, and more.
This presentation illustrates the crucial role of computational materials science (CMS) in
significantly aiding the investigation of selectively synthesizing carbon nanostructures (CNS) in
contemporary experiments. Specifically, in the growth of CNTs through catalyzed chemical vapor
deposition (CVD), our simulations explore parameters such as feedstock composition, temperature,
and the k-coefficient. These simulations reveal the potential for tailoring CNT diameters and
achieving chirality control. Furthermore, we examine plasma-enhanced CVD (PECVD) for
selective CNT etching, emphasizing the importance of curvature, metallicity, and the angle (y)
between ortho-hydrogen pairs and the chirality vector. Additionally, endohedral synthesis,
encompassing carbon peapods and graphene nanoribbon (GNR) synthesis, sheds light on the
catalyst-feedstock interplay in determining nanostructure outcomes. Subsequently, our research
outcomes provide insights into carbyne stability, controllable electronic properties, and the potential

for current amplification in functionalized samples.
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Overall, CMS bridges the gap between theory and experiment, interpreting key observations in
CNS synthesis. The synergy between CMS and experimentation not only enhances our
understanding of fundamental principles but also drives the development of new carbon materials
and technologies with transformative potential in various industries.
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EXTRACTION OF RHENIUM IN POWDER

A.S. Khasanov', Sh.A. Ashirovaz, K.Zh. Khakimovj, Kh.B. Ashurov’

- Almalyk Mining and Metallurgical Complex Joint Stock Company
2. Higher School of Business and Entrepreneurship
7 - Termez Engineering and Technology Institute
- Institute of lon-Plasma and Laser Technologies of the Uzbek Academy of Sciences

Rhenium (named after the Rhineland in Germany) Re is a metal of group VII of the periodic
table; atomic number 75, atomic mass 186.207; belongs to the group of rare trace elements. Two
isotopes of rhenium are found in nature: stable 185Re (37.07%) and radioactive 187Re (62.93%).
The most common artificial radioactive isotopes of rhenium with wt. numbers 182, 183, 184, 186,
188, 189, 190, 192. Electronic configuration is 1s*2s*2p°®3s*3p®4s?3d'%4p® 5s%4d'*5p°6s?4f'5d°. It
was discovered in 1925 by German chemists and spouses Walter and Ida Noddack. Its own
minerals are very rare; it isomorphically replaces Mo in molybdenite and Cu in chalcopyrite. The
rhenium minerals dzhezkazganite Cu(ReMo)S, and Columbite - Fe(Nb,Re),O¢ were found.

World reserves of rhenium
In practical terms, the most important raw materials for
producing primary rhenium on an industrial scale are
molybdenum and copper sulfide ores. In the overall
balance of production, the production of primary rhenium
on an industrial scale in the world accounts for about
80%. The rest comes from secondary raw materials.
Confirmed reserves of rhenium, according to USGS
estimates, are 10-15 thousand tons. The total
“recoverable” reserves of rhenium (i.e., the extraction of
which is profitable at current prices) are estimated at only
1.5 thousand tons, of which 0.59 thousand tons are in
Chile, which accounts for 39% of world reserves.
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The second largest reserves volume is the USA, with a share of 29%. Russia's share in
rhenium reserves is 3%. Kazakhstan ranks fourth in global reserves with a share of 6%. There are
also rhenium reserves in Armenia, Peru and Canada. Chile is also the leader in terms of annual
production. Uzbekistan accounts for about 2 tons per year.

Production

The largest rhenium producing country is Chile, which provides 53% of the world's rhenium
production. Notable producers are the USA - 16%, Poland - 16%, Uzbekistan - 10%. Russia's share
in rhenium production is less than 1%. The volume of rhenium production in the world in 2014
decreased by 0.3% to 48.8 tons. The price for 1 gram of rhenium is US$ 3-5.

Rhenium consumption in the world in 2014 amounted to 59.7 tons, of which 45.4 tons were
in the USA, and 15.2 tons in other countries.

The extraction of rhenium from molybdenum intermediate product (MPM) of the copper
concentration plant (COP) of the Almalyk MMC has been carried out in the rare metals production
shop (CPRM) for more than 20 years. During this time, the technology was improved and the
hardware and technological scheme was developed to increase rhenium extraction and improve the
quality of rhenium products. The indicators achieved in 2005-2010 are characterized by the end-to-
end extraction of rhenium from PPM into ammonium rhenium (AR) at the level of 70% and the
production of AP-0 grade products.

To further improve the technological scheme, an urgent need is to perform a systematic
analysis of the operational indicators of rhenium extraction. Obtaining the results of the analysis
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will allow us to develop recommendations for further improvement of the technology and
improvement of technical and economic indicators.

To increase the efficiency of the technological process and reduce the consumption of
electricity and hydrogen, a new technology has been developed for producing rhenium metal
powders from ammonium perrhenate using plasma.

To test the new technology, an enlarged laboratory plant (ELP) for the production of
rhenium was also developed and manufactured. The basis of the enlarged laboratory is a vacuum
chamber with a hemispherical body and an elongated cylindrical part. The chamber is equipped
with many flanges that allow the installation of viewing windows, current leads, as well as the input
of plasma-forming gas and pressure sensors. The chamber opens as wide as possible, thanks to the
presence of a seal with a Viton or silicone gasket. The chamber is double-walled and allows to keep
the wall temperatures low due to cooling with water. A large viewing window provides visual
observation of ongoing plasma-chemical processes. Plasma processions are carried out at low
pressures. The vacuum is provided by a mechanical pump. A condenser is installed between the
reaction chamber and the vacuum pump, which retains the reduction reaction products such as
water and ammonia. The condenser is made in the form of a spiral from a copper tube with a
diameter of 10 mm and is cooled to a temperature of -30°C using a refrigeration unit. The plasma
generator is an HF generator at a frequency of 50 kHz. The source of hydrogen is a hydrogen
generator with a capacity of 25 I/h and a purity of 99.9995%. It can provide pressure up to 6 atm.

Chemical analysis of rhenium metal
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Studies have been carried out on the processes of converting ammonium perrhenate into
rhenium metal using samples of ammonium perrhenate at different loading layer thicknesses. The
elemental composition of the obtained samples was determined by X-ray diffraction and inductively
coupled plasma optical emission spectrometry. The optimal conditions for the conversion of
ammonium perrhenate into rhenium metal have been determined. The purity of the obtained
metallic rhenium ammonium perrhenate grade AR-00 was over 99.9%. When using special purity
grade hydrogen as a reducing agent, the product yield from the stoichiometric composition AP-00
was more than 93%. At the same time, compared to traditional technology, the process temperature
was reduced by more than half, and hydrogen consumption by up to 10 times.
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STUDY OF RADIATION DEFECT FORMATION PROCESSES IN SILICON CARBIDE

A.A. Lebedev, V.V.Kozlovski, M.E.Levinshtein, A.M.Strelchuk

loffe Institute, Politekhnicheskaya street 26, St.Petersburg 194021, Russian Federation

Increasing the reliability of the operation of nuclear power plants, space technology devices and
already designed thermonuclear installations requires the use of electronics that are radiation-
resistant to various ionizing converters: electron, proton, neutron, alpha, beta and gamma. This
determined the relevance of the study.

As is known, radiation-resistant materials include semiconductors with high binding
energy - diamond, boron nitride, GaN, SiC. The Physicotechnical Institute has been conducting
research in the field of creating silicon carbide electronics for many years. The goal was set - using
the accumulated reserves, to move towards the development of radiation-resistant electronics based
on it. Its achievement also required solving problems of studying the processes of radiation defect
formation in SiC. During the work, the following main results were obtained:

1. The parameters of the main radiation defects (RD) in the 4H- and 6H-SiC polytypes and the rate
of their introduction were determined depending on the dose and type of irradiation [1,2].

2. The participation of the resulting RDs in the processes of radiative and non-radiative
recombination has been established [3].

3. It has been shown that the main mechanism of radiation compensation of silicon carbide is the
formation in the lower half of the band gap of RDs of an acceptor nature, which capture electrons
from the conduction band, turning into negatively charged centers [4].

4. Prototypes of SiC-based nuclear particle detectors have been developed and manufactured [5].

5. The rates of carrier removal in epitaxial layers of SiC and in devices based on it (rectifier diodes,
Schottky diodes, JBS, MOSFET) were determined [6,7].

6. It has been established that the main reason for radiation degradation of SiC devices is an
increase in the resistance of lightly doped layers [8].

7. It is shown that the role of irradiation temperature is reduced to changing the conditions of
secondary defect formation and the formation of the corresponding spectrum of defects. It was
found that the radiation resistance of devices does not deteriorate with increasing temperature of
their operation, but significantly improves [8,9].

8. The statistics of electron filling of RDs in SiC was studied, which made it possible to explain the
observed significant discrepancy in the values of carrier removal rates obtained by different
experimental methods, especially at high degrees of material compensation [9].
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Abstract. A new spin orientation mechanism for localized electrons: dynamic electron spin
polarization provided by nuclear spin fluctuations has been revealed. The detrimental effect of
nuclear spin fluctuations can be harnessed and employed to provide angular momentum for the
electrons via the hyperfine interaction in a weak magnetic field. For this, the sample is illuminated
by an unpolarized light, which directly polarizes neither the electrons nor the nuclei. The proof of
principle experiment is performed on momentum-indirect excitons in (In,Al)As/AlAs quantum dots,
where in a magnetic field of 17 mT the electron spin polarization of 30% is measured.
1. Introduction

Generation of electron and hole spin polarization can be achieved in several ways. The main
approaches to spin orientation are: optical spin orientation [1] and thermal spin polarization in a
magnetic field [2]. The first one is based on the transfer of the angular momentum from circularly
polarized photons to electrons through the spin-orbit interaction. The second approach requires a
lowering of the lattice temperature, so that the thermal energy becomes smaller than the electron
Zeeman splitting. It can be enhanced in nonequilibrium conditions. We have suggested another
approach to spin polarization: the dynamic electron spin polarization [3]. In contrast to the optical
spin orientation, the proposed mechanism does not require circular polarization of the optical
excitation. In contrast to the thermal spin polarization, we consider weak magnetic fields, for which
the electron Zeeman splitting is much smaller than the thermal energy. This mechanism was
approved experimentally for (In,Al)As/AlAs quantum dots (QDs) [3].

2. Experiment

The studied self-assembled (In,Al)As QDs embedded in an AIAs matrix were grown by
molecular-beam epitaxy on a semi-insulating (001)-oriented GaAs substrate with a 400-nm-thick
GaAs buffer layer. The structure contains one QD layer sandwiched between two 70-nm-thick AlAs
layers. The nominal amount of deposited InAs is about 2.5 monolayers. The QDs were formed at
the temperature 520°C with a growth interruption time of 20 s. The top AlAs barrier is protected
from oxidation by a 20-nm-thick GaAs cap layer. From the growth conditions and model
calculations, we conclude that the average QD composition is Ing75Alp2sAs [14]. The size and
density of the lens-shaped QDs were measured by transmission electron microscopy, yielding an
average diameter of 12 nm and a density of about 2x10'® dots per cm”. The relatively low QD
density prevents carrier redistribution between the QDs. The sample was placed in a liquid helium
bath cryostat. The temperature for all experiments was fixed at T=1.8 K. Low magnetic fields in the
millitesla range were generated by an electromagnet. The photoluminescence (PL) was excited
nonresonantly with the laser photon energy exceeding the direct band gap of the AIAs matrix,
which is equal to 3.099 eV. We used the third harmonic of a Q-switched Nd:YVOj, pulsed laser
with a photon energy of 3.49 eV, a pulse duration of 5 ns, and a repetition rate of 1 kHz. The time
delay between the pump pulse and the start of PL recording, t4, was varied from zero up to 1 ms.
The duration of PL recording, i.e., the gate window t, was varied from 1 ns to 1 ms. The signal
intensity and the time resolution of the setup depend on tq and t,.
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3. Results and discussions

An exciton localized in a QD, which consists of an electron with spin projection on the growth z
axis S,=£1/2 and the heavy hole with spin J, =+3/2. Therefore, four exciton states with spin F, = +1
and +2 are formed. The exchange interaction splits these exciton states by dy into two upper bright
states with the total spin F, = £1 and the lower dark ones with F, = #2. The bright excitons can
radiatively recombine and have the lifetime 1, while the radiative recombination of the dark
excitons is spin forbidden. The dark excitons can recombine via mixing with bright one, so they
radiative recombination taken place at the transitions from dark to bright states. Due to these optical
selection rules, the dark exciton states are preferentially populated.

In zero magnetic field the splittings between the dark and bright states with F, = +1 and +2 or F,
= —1 and -2, are equal. However, in the longitudinal magnetic field B,, the splittings between the
dark and bright states with the total angular momenta begins different, so the transitions from the
dark to bright states go with different rates. As a result population of bright states with F, = +1 and
— 1 begins not equal. Since they are accompanied by the electron-nuclear spin flips in opposite
directions, the angular momentum is extracted from nuclei to exciton. Our theoretical calculation
yields the polarization degree of electron-in-exciton [3]:

-2B z B exch (1)
+A, + B’
where Bexch is proportional to the electron-hole exchange strength and Ag is the typical Overhauser
field of randomly oriented nuclear spins.

The proof of principle experiments were performed with momentum-indirect excitons in
(In,A1)As/AlAs QDs of the type-I. We performed polarization and time resolved
photoluminescence (PL) measurements after nonresonant and unpolarized pulsed optical excitation.

To dynamically polarize electron spins, we apply the longitudinal magnetic field of 17 mT
(Faraday geometry). In Fig. 1(a) we show the PL circular polarization as a function of time,
detected at the energy of 1.70eV. The degree of circular polarization is defined as
Pc=(I'-1)/I(I'+ '), where I are the intensities of ¢~ polarized emission. The polarization
appears with a delay of 15 us after the pump pulse and saturates after 100 ps. It is in line
with model prediction that the dynamic polarization appears only after recombination of the bright
excitons. It is noteworthy that the PL stays polarized up to 1 ms.
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Fig. 1. (a) Dynamics of PL circular polarization degree measured at B,=17 mT and T=2 K; the
integration time is 5 us. Vertical lines show time-integration windows for (b). (Inset) The band
diagram of the momentum-indirect (In,Al)As/AlAs QDs. (b) Magnetic field dependencies of the
polarization degree measured at t;=0.7 (green stars) and t;=70 us (red circles) with the integration
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windows of ty=1 and t,=100 us, respectively. Blue line is a fit after Eq.1 with Ag=28 and Bxcy=35.5
mT.

The magnetic field dependence of the dynamic polarization integrated for two time windows is
shown in Fig.1(b). This is the main experimental result. The absolute value of P.(B,) increases in
weak fields, reaches maximum of about 0.3 at B,=17 mT, and then monotonously decreases tending
to zero in high fields. Fitting this dependence with Eq.1 we find two parameters: Az=28 and
Bexch=5.5 mT. The strength of the hyperfine interaction is in good agreement with measurements of
optical spin orientation in transverse and longitudinal magnetic fields in a similar sample [4], which
supports our interpretation. Using the electron g factor g.=2, we find the splitting between bright
and dark states 6p=0.6 peV.

4. Conclusions

A new spin orientation mechanism for localized electrons: dynamic electron spin polarization
provided by nuclear spin fluctuations has been revealed. The dynamic electron spin polarization has
the following advantages: (i) It requires weak magnetic fields, which can be easily modulated. (ii) It
uses nonresonant and unpolarized optical excitation. (iii) It is temperature independent, as long as
the spin relaxation is dominated by the hyperfine interaction. (iv) 100% electron spin polarization is
feasible. All that makes dynamic spin polarization very attractive for the spin orientation in
nanodevices for quantum information processing.
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THIN FILM MATERIALS FOR PHOTOVOLTAICS: STATE OF THE ART AND NEW
PERSPECTIVES

A.Romeo, E. Artegiani, N. Torabi, S.Olavil Karaiy, 1. Anefnaf, M. Mukhtar
University of Verona, Italy

Binary alloys like CdTe, Sb,Ses or Sb,S3 as well as quaternary compounds such as CulnGaSe?2 -
CIGS-and Cu2SnZn(S,Se)4 -CZTS-can be deposited on different substrates (glass, polymers, ultra-
thin glass) and deliver high-efficiency flexible devices. With a band gap that ranges from 1.2 to 1.7
eV and with an exceptionally high absorption coefficient, they have optimal photovoltaic
characteristics. In particular, CdTe has reached an efficiency of 22.4% and has demonstrated a
remarkable robustness that allows mass-scale production. On the other hand, Sb,Ses has a unique
ability for 1-D conduction along a ribbon-like structure whose orientation strongly affects electronic
transport and a champion absorption coefficient that allows for sub-micrometer thick absorbers. On
the other hand, more complex compounds assure high efficiencies (CIGS) or good performance
with non-vacuum techniques (CZTS).
In this work, we will present all the latest developments for the production of these materials,
together with their based window layers and contacts. In particular, we will show the fine
engineering of CdSesTe;.x graded band gap for CdTe which brings to an efficiency of about 16%
for a 2 micrometer thin CdTe layer, a new CdSe buffer layer for Sb,Ses, and a novel spraying
technique for CZTS.
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Currently, there is a great interest in development of photoelectrochemical cells that can be used as
fuel production sources, in particular for the direct water decomposition under light radiation in
order to produce pure hydrogen. To carry out this process in a photoelectrochemical cell, it is
necessary that the band gap of photocathode semiconductor be within the optimal value of E, ~ 1.7
eV [1]. At the same time, thin (1-2 pm) films of compounds of the I-III-VI group with chalcopyrite
structure (E, in the range from 1 to 2.4 eV) can act as an alternative to expensive and sufficiently
effective photocathodes based on semiconductors of the III-V group. The CuGaSe; (E, = 1.68 V)
and AgGaSe, (Eq = 1.6-1.8 eV) compounds, as well as
the Ag;«CuxGaSe; solid solutions are of particular interest [1, 2]. At the same time, it was found
that photocathodes in which ~6% of copper is replaced by silver demonstrate a significantly higher
photocurrent compared to analogues based on CuGaSe; [3].

In this work, a wide range of materials of the Ag;CusGaSe, (0<x<I) solid solutions was
synthesized for the first time by solid-phase ampoule synthesis. To study structure and composition
of the samples, a combination of XRD (PANalitical Aeris, Cu-K,) and Raman spectroscopy (Bruker
Senterra micro-Raman system (radiation 532 nm)) methods was used.
Fig. 1 (a) shows the XRD data for synthesized compounds. One can see that a shift of the main
lines is observed during the transition from CuGaSe, to AgGaSe,. At the same time, a type of
crystal lattice remains tetragonal (s.g. I-42d) for all samples. The lattice parameters change from
a=5.6142(15) A, ¢=10.997(8) A and V=346.62(22) A’ for CuGaSe, to a=5.9895(10) A,
c=10.878(5) A, V=390.25(13) A? for AgGaSe,. Fig. 1 (b) shows the Raman spectra. One can see
that the maximum position of the main line shifts from 184 cm™ for CuGaSe, to 177 cm™ for
AgGaSe;.
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Fig. 1. XRD data (@) and Raman spectra (b) of the Ag; \CuyGaSe, (0<x<1) solid solutions

The lifetime of current carriers have measured by time-resolved microwave photoconductivity
(universal research facility «Unit for determining the lifetime of photogenerated current carriers by
measuring microwave photoconductivity in the frequency range of 36 GHz») in wide temperature
range. The time resolution of the electric circuit was ~5 ns. Photoconductivity was excited with an
LGI 505 nitrogen laser (wavelength 4 = 337 nm, pulse duration 8 ns, I, = 10 photons/cm2 per
pulse). This study has shown that the lifetimes of current carriers vary depending on the
composition [4].
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SURFACE MODIFICATION OF CARBON NANOTUBES FOR BIOMEDICAL
APPLICATIONS
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In 2021-2023, the Uzbek-Indian joint project No. UZB-Ind-2021-77 "CD133 mAbs surface
modified carbon nanotubes loaded with survivin siRNA and Paclitaxel for the treatment of non-
small cell lung cancer" has been executed in the Institute of Nuclear Physics of the Academy of
Sciences of the Republic of Uzbekistan. This project is devoted to creating nanocarriers for target
delivery of medications that allows to increase their concentration in certain places and
prevent/restrict their accumulation in healthy sites. The targeted transport also allows to increase
action time and efficiency of drugs, to decrease their side effects. As a part of the mentioned
project, methods of surface modification of carbon nanotubes have been developed. They allow to
produce nanocomposites with the following modifications: 1) Nanocarbon-Polyethyleneimine; 2)
Carbon nanotube - Paclitaxel, 3) Carbon nanotubes conjugated with CD133 monoclonal antibody;
4) CDI133 mAb and Survivin siRNA surface functionalized SWCNT internally loaded Paclitaxel
(cf. Fig 1.)
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Figure 1. Targeted delivery of CDI133-SWCNT-Survivin-PTX formulation (CD133 mAb and
Survivin siRNA surface functionalized SWCNT internally loaded Paclitaxel)
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MATERIALS SCIENCE APPROACHES TO RECHARGEABLE BATTERY
DEVELOPMENT
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Arifov Institute of lon—Plasma and Laser Technologies, Academy of Sciences of the Republic of
Uzbekistan,
Tashkent, 100125 Uzbekistan

The imperative to transition from non-renewable fossil fuels to sustainable alternatives in electricity
production has intensified the focus on various energy storage systems. Vanadium redox flow
batteries (VRFBs) emerge as a promising solution for large-scale energy storage, offering
advantages such as enhanced charging and discharging rates, environmental sustainability, and
extended service life. In response to challenges associated with the specific energy density (~25
Wh/L) of VRFBs, this study pioneers an innovative approach by integrating recycled vanadium
pentoxide. The incorporation of recycled material not only holds the potential to enhance the
specific energy density but also offers promising prospects for improving economic viability and
ecological sustainability in the context of VRFB technology.

In the realm of lithium-ion batteries (LIBs), traditional anodes commonly utilize graphite or carbon-
based materials due to their stable structure and favorable electrical conductivity. Our investigation
intricately explores contemporary trends, challenges, and prospects associated with silicon (Si) and
its oxides (S10, Si10,) as potential LIB anode materials. Despite their superior theoretical capacities
(Si-4200, SiO — 2600, SiO, — 1965 mAh g') compared to graphite (372 mAh g™), the integration of
Si and its oxides poses challenges, particularly concerning volumetric expansion during charge-
discharge cycles. SiO,, derived from metallurgical industry waste, emerges as a promising
alternative due to its commendable attributes, including moderate volume expansion and cost-
effectiveness.

The transition to aluminum batteries gains momentum due to their lightweight nature, cost-
effectiveness, and impressive theoretical specific capacities. However, the selection of cathode
materials for aluminum batteries presents scientific challenges. Graphene, a two-dimensional
material with exceptional electronic and structural properties, is identified as an ideal candidate.
Research involving commercially available graphene paper treated with AICl;-EmimCl electrolyte
solutions reveals a crucial correlation between electrolyte ratios and electrochemical performance.
Through the application of a material science framework, our research systematically propels the
evolution of three distinct battery categories, intricately exploring the details of battery technology.
This methodological approach not only facilitates substantial contributions to the field but also
places a pronounced emphasis on enhancing sustainability, efficiency, and economic viability
across a diverse spectrum of energy storage systems.
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X-RAY ANALYSIS OF MANGANESE-DOPED SINGLE CRYSTAL SILICON AND EPR
SPECTRA OF SAMPLES WITH VARIOUS DEGREES OF COMPENSATION

Sh. B. Utamuradova, A. Sh. Mavlyanov, Kh. J. Matchonov
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e-mail: husniddin94_04@bk.ru

The aim of the present research was to investigate the behavior of manganese atoms in the
silicon crystal lattice by implementing X-ray diffraction analysis and thus, the phase states of
manganese atoms in silicon have been studied using this technique.

For study of structural and phase states of silicon samples doped with manganese impurity
atoms the authors used for the experiment the Empyrean Malvern X-ray diffractometer. IN order to
determine peak maximums OriginPro2019 program was implemented. X-ray diffraction
measurements were carried out in Bragg-Brentano 265 beam geometry in the range from 10° to 90°
continuously at a scanning step of 0.33 deg/min and an angular step of 0.0200 (deg).

The experimental results obtained using the X-ray diffraction method for sample of
n-Si<Mn> are shown on Fig.1.
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Fig. 1. Diffractogram of n-Si<Mn> single crystals.

It’s worth noting that the diffraction pattern of the studied sample differs from the
diffraction pattern of n-Si<Mn> sample with a SiO, layer and there is no diffuse reflection at
20=17.4° on X-ray diffraction pattern and we witness a decrease in the intensity of structural
reflection (111), by 2.5 times, the intensity of the third reflection (333), by 1.7 times, respectively
[1].

The intensity of the structural reflection (002) reduces, while the intensities of reflections
(313), (513) and (620) do increase slightly significantly and they ensure diffraction shift in the
spectra of the diffraction pattern of the n-Si<Mn> sample towards smaller angles. Dimensions of
crystallites and the lattice parameter have been determined from half-width of the (111) structural
line for n-Si<Mn> and had 58 nm and ag;=0.5419 nm, respectively. It’s important to take into
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consideration that lattice parameter of the sample proved to be slightly less than the lattice
parameter (asi=0.5426 nm) of n-Si<Mn> sample with SiO, surface layer. However, this has
possibly ensured a shift of structural reflections in the n-Si<Mn> diffraction pattern towards smaller
scattering angles.

At the same time a thorough study of EPR spectra of samples with various degrees of
compensation were performed.

The results of studies in overcompensated n - Si<Mn> samples with a resistivity
p <2-10° Q-cm at 3.8 K have revealed that a spectrum was observed that consists of six ultrathin
lines, due to interaction of d - electrons with their own core Mn>’ (I = 5 /2). The measured
parameters of the spectrum had the values g = 2.362 + 0.003, A = (58.0 = 0.2) G. The spectrum had
a strong temperature dependence and completely disappeared at T=8 K [2].

Spectral parameters correspond to neutral centers of manganese intercalation - Mn’(3d"). As
p > 5-10* Q-cm have increased, this center was ionized. It should be noted that the spectra of
ionized Mn*(3d®) and Mn**(3d’) centers were observed only in newly prepared Si<Mn> samples. In
times of long-term storage of these samples at room temperature, the spectra of ionized manganese
centers tended to disappear.

Besides that, in all overcompensated Si<B,Mn> samples with p>5-10> Q-cm at low
temperatures (~ 4 K) in virtually absent outer magnetic field, the spectrum consisting of a large
number of lines, the position and intensity of which changed from sample to sample, had occurred
[2].

Thus, based on the analysis of the above experimental results one can make the following
conclusions:

- the value of the lattice parameter of the sample n-Si<Mn> is 0.5419 nm and caused a shift
of structural reflections in n-Si<Mn> diffraction pattern towards smaller scattering angles;

Having analyzed the above experimental data we can conclude that the diffraction patterns of
n-Si<Mn> on the surface exhibit several selective structural reflections with different intensities. It
is shown that the lattice parameter of Si<Mn> samples is slightly less than the lattice parameter of
Si<Mn> samples with a SiO; film on the surface, and this leads to a shift of structural reflections in
the Si<Mn> diffraction pattern towards smaller scattering angles.
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The development of miniaturization in the field of electronics and the production of various
optoelectronic devices requires a new generation of low-cost, energy-efficient, nano- or micro-sized
semiconductor lasers. Zinc oxide (ZnO) based microrods and nanowire lasers are considered as
possible candidates for employment in the Ultraviolet (UV) range. Moreover, various ZnO
nanostructures (thin films, nanorods, etc.) are also suitable for fabricating UV optoelectronic
devices and light sources. ZnO is a material with large exciton binding energy (~60 meV) and a
direct wide band gap (Eg ~ 3.37 eV) [1,2]. Nowadays, these nanostructures are a subject of intense
research. However, in nano-sized semiconductor lasers, due to the small size of the material and the
relatively high probability of spontaneous emission, the lower limit of generation is greater than in
other lasers [3-4]. Another important fact is that if the light waves propagating inside the nanorods
are greater than or equal to the size of the nanorods, the forced amplification of light does not occur
as a result of light scattering or diffraction. Therefore, there is a lower limit to the size of nanorods
in obtaining nanoscale lasers operating in the UV region.

Typically, a photoluminescence (PL) spectrum of ZnO nanostructures consists of two parts:
a near band edge (NBE) emission centered at around 380 nm and defect related emission bands in
the visible range [1]. The photoluminescence characteristics of ZnO nanostructures strongly depend
on their crystalline quality, which in turn is determined by growing conditions and methods and
post-grown treatment history. The defect related emission bands can appear in violet-blue (390-460
nm) or/and green (500-520 nm) or/and yellow—orange (560—600 nm) or/and red (650 nm) ranges.
The NBE emission, in addition to the emission of free exciton recombination, can also contain
bands caused by transitions to or from the defect related levels which are located near conducting or
valence bands.

The photoluminescence characteristics of ZnO nanostructures also depend on excitation
intensity. An increase in excitation intensity gives rise to the appearance of new emission bands.
Their intensity may increase stronger and as a result, they suppress or overlap some bands presented
at low excitation intensities. For example, under high intensity excitation, the PL spectrum from
ZnO nanostructures is dominated by a band located at around 389 nm. Usually, this so-called P-
band appears with an increase in excitation intensity and it has been attributed to exciton—exciton or
exciton—optical phonon scattering collisions [3-6]. Many studies have been devoted to investigate
the lasing properties of the P-band. However, most investigations have proved only an amplified
spontaneous emission (ASE) behavior of the band. It should be noted that ASE has some features
similar to laser action. A bandwidth of ASE decreases with an increase in the excitation intensity
and ASE has directionality and shows threshold behavior. Nevertheless, ASE only precedes laser
action. A stable laser generation requires also presence of a resonator and round-trip, coherent
amplification of light.

In the studies, the influence of the excitation light intensity on the nature of the emission
bands observed in the PL spectrum of ZnO mircorods synthesized by vapor phase transport method
at high temperatures was studied. The pulses of the N, laser (A= 337.1 nm, P= 10 kW, repetition
rate 100 Hz) were used as the photoluminescence excitation source. PL spectra excited on ZnO
mircorods were recorded using a device that integrates gate signals with a gate width of 40 ns - a
boxcar integrator. In the study of the dependence of the PL properties on the intensity of the
excitation light, the position where the PL spectrum recording axis was parallel to the growth
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direction of the mircorods was selected, and the intensity of the excitation light was changed using
neutral filters. Using a long-focus UV lens, the excitation laser beam was focused on the sample in
the form of a circle with a diameter of 400 um, and the angle between the excitation beam and the
PL spectrum recording axis was kept constant at ~25°. All experimental studies were carried out at
room temperature.
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Figure 1. a) PL spectrum of ZnO mircorods and their SEM images; b) PL spectra of ZnO mircorods
recorded at different values of excitation light intensity

The as-synthesized ZnO mircorods were hexagonal in shape, highly ordered on the substrate
surface, and grew in a perpendicular direction to the substrate. The base and side surfaces of the
mircorods were smooth and flat, exhibiting excellent crystallinity. The length of the mircorods is
~30 mm, and the diameter is about 0.5-1.5 mm (inset of Fig. 1a). According to the results of the
research, the spectrum of emission generated by ZnO mircorods excited by high-power nitrogen
laser pulses consists of a high-intensity, narrow emission band in the UV region with a maximum at
a wavelength of ~387 nm (Fig. 1b). The effects of the excitation light intensity on the PL properties
of ZnO mircorods were studied in the studies. It was found that a narrow emission band with a high
intensity, located at a maximum wavelength of 387 nm, is observed in ZnO mircorods under the
influence of UV light. As the intensity of the excitation light increased, the PL intensity also
increased, and the maximum of the emission band was redshifted to 389 nm (Fig. 1b). It was also
observed that the half-width of the emission band narrowed simultaneously with the increase in the
intensity of the emission band. As the excitation light intensity increased from 0.06 to 4 MW/cm?,
the full width half maximum of the emission band decreased from ~15 nm to ~4 nm. The
narrowing of the emission band occurred almost symmetrically. As the power density of the
excitation light increases, the narrowing of the spectrum indicates the normal spontaneous emission
enhancement process.

In conclusion, it can be said that these results obtained on the enhancement of spontaneous
emission in ZnO mircorods serve to create fundamental foundations for the creation of a new
generation of nanolasers operating in the ultraviolet field.
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Laser-induced graphene (LIG) is a process that involves using a laser to create a graphene-like
material on various substrates such as polymers, paper, or even food [1]. This process has gained
significant attention due to its simplicity, low cost, and potential applications of LIG materials in
various fields such as flexible electronics, sensors, energy storage devices, and even water
purification [2,3]. Some of the key advantages of LIG include its ability to be easily patterned, its
high electrical conductivity, and its compatibility with flexible substrates. Research on laser-
induced graphene is ongoing, with efforts focused on improving the quality and properties of the
material, as well as exploring new applications [4,5]. While there are still challenges to overcome,
such as scalability, reproducibility and defects, the actuality of laser-induced graphene as a
promising material for various applications is clear.

The most important defects are structural defects such as vacancies, grain boundaries, and edge
defects that can form in the graphene structure during the laser-induced conversion process. These
defects can affect the electrical, mechanical, and thermal properties of LIG. Addressing these
defects in LIG is crucial for enhancing its performance and enabling widespread application in
various fields. Research efforts are focused on developing techniques to minimize defects, improve
the quality of LIG, and optimize its properties for specific applications.

One of the techniques to reduce such structural defects of LIG is a vacuum temperature-
desorption of chemically bonded atoms or molecules from multilayer graphene, which can vary
depending on the specific experimental conditions and the nature of the multilayer graphene.
However, in general, the desorption temperature for carbon from multilayer graphene is typically in
the range of 600 °C to 900 °C under high vacuum conditions. This temperature range is often
required to effectively remove adsorbed species and contaminants from the surface of multilayer
graphene. It's important to note that the exact desorption temperature may need to be determined
through experimentation and optimization for the specific application and the particular
characteristics of the multilayer graphene being used.

Here we textured porous 3D-LIG on the surface of polyimide (PI) by using ultrafast femtosecond
laser pulses in normal conditions The 3D porous LIG containing a few layers of graphene and
structural defects was created by applying a continuous scan regime of the ultrafast laser ablation
process. The continuous laser scanning options led to a decrease in the electric resistance of the LIG
formed on the surface of PI. We applied a vacuum temperature-desorption method to study the
correlation between temperature and intensity of the defects in the Raman spectra of LIG in vacuum
conditions. Raman spectra showed that, despite the high temperature of femtosecond laser plasma
of 5000 K, a polyimide temperature of several hundred degrees is not enough to form low-defect
graphene layers. To anneal furnace defects and pores, vacuum annealing of graphene has been
proposed to clean polyimide impurities from adsorbed oxygen and stimulate the coalescence of
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vacancies and diffusion of carbon in the graphene lattice due to hydrogen desorption. A new
method was developed: graphene was vacuum annealed at 500°C for 45 minutes with liquid
nitrogen vapour injected before depressurizing the chamber to prevent the adsorption of oxygen
impurities. Comparative Raman analysis of the D/G peak ratio spectra showed that vacuum
annealing of D defects and restoration of graphene layers occurs with an increased 2D peak.
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In the first part of work the precession of the magnetization vector in nano-sized magnets is
induced by a femtosecond laser pulse, the frequency of which lies in the transparency region of the
magnet material. It is shown that an alternating magnetic field applied to the XOY plane generates
the magnetic equilibrium position vectors and elliptical precession occurs if a constant magnetic
field acts along the Z axis. In this case the precession angle changes periodically in time and the
precession frequency is determined by the amplitude of the total magnetic field.

Recently, one of the intensively developed areas of femtomagnetism is the control of the
magnetization of nano-sized magnets, and also the speed of ultrafast laser-induced spin precession
with spin-orbit interaction [1-2].

Previously, we considered the nontrivial dynamics of magnetization when two mutually
perpendicular constant magnetic fields applied to the XOZ plane act on it.

The following results were obtained in the work:

1. System of coupled equations of motion of the components of the magnetic moment
vector with periodically changing coupling coefficients.

2. Equation of motion of magnetization in a rotated coordinate system.

3. Solutions of shortened equations of motion for the magnetic moment are found.

The results of the research can be used to control the precession of magnetic moments and
spins when their motion is induced by an ultrashort laser field.

The system of coupled equations of motion for the components of magnetic moments with
periodically changing coefficients was obtained by us for the first time.

The second part of paper proposes a resonant-dissipative model of ultrafast spin dynamics,
which takes into account the effects of both an external magnetic field and spin-orbit coupling. It is
shown that under the combined action of these factors it is possible to control the polarizability of
ferromagnets, which determines the permittivity and refractive index of the systems under study.

At present, one of the widely used methods for ultrafast magnetization control is laser-
induced changes in magnetic anisotropy and ultrafast spin dynamics. There are a number of
important experimental and theoretical works in which the mechanisms of ultrafast spin dynamics,
as well as its theoretical foundations, are investigated [3].

Below we propose a resonant-dissipative model of ultrafast spin dynamics, which is a
certain generalization of the known, so-called oscillatory models [4-5]. In contrast to them, we have
taken into account the effects of an external magnetic field and damping of oscillations. The latter is
due, as is known, to the fact that relaxation processes in electron and spin systems occur as a result
of the absorption of femtosecond optical (or laser) pulses in ferromagnets or nanosized
metamaterials.

Based on the proposed resonant-dissipative model of ultrafast spin dynamics, the following
results are obtained, which have both scientific and applied significance:

1. It has been shown for the first time that, under the action of an external magnetic field, it
is possible to create, as well as eliminate off-diagonal susceptibility components.

2. The so-called critical frequency of the electromagnetic field is found, which separates the
regions of positive and negative real susceptibility.

3. The extreme frequency of the laser pulse is determined at which the imaginary part of the
susceptibility will be the largest.
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We can conclude that the results obtained should be generalized for anisotropic magnetic
crystals, for which it is necessary to study the off-diagonal susceptibility components not
considered here.
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Long-term studies of solid surfaces (including interfaces) have convinced us of their deep
fundamental reason - dimensions (topological and fractal Dt; Dg), for which the following relations
are valid: 2 < (D1;Dg) <3 [1]. This class of properties also includes homovariation of the
electronic structure in the near-surface regions of the crystal, which fully applies to interfaces.
Below we briefly describe a number of phenomena in this area.
Surface states in ionic crystals in the variable band gap

Recently, in a series of our works [2-4] it has been shown that the exit of the variable zone to the
surface leads to a completely new situation radically different from all previous works. «Figure 1»
demonstrates how varizonicity creates potential pits of a special type (namely Airy pits) in which a
whole group of local near-surface states can be localized.

F2h?
En = [Tl Ap+1 (n = 0, 1, 2, ...... )

Uns1 = opyq + f[Ug, U]
where ad, ; are the roots of the equation for the Airy function (2.7; 4.09; 5.52....... );
As can be seen in Figure 1, a number of local levels are
L m placed in the Airy well, the width of which depends on the
' temperature (!). Thus, the crystal actually becomes layered,
U ; and the location of the Fermi level (Es) can be controlled by
the filling of this well with electrons. This leads to two
— : cases:
i 1. At filled levels, the resulting structure represents a
: Eg selective window that reflects electromagnetic waves well
. and transmits short waves;
i 2. When the upper well is empty, the possibility of
i electronic transitions (zone-zone) opens up, which is less

! Ex than the total band gap. The application of both cases will be
T+ x  shown later.
The role of the varizonicity of metal film plates in the
superconducting sandwich structure

In the broad problems of superconductivity, a special role is
graded-gap design devoted to the search for recipes for both materials and

principles (mechanisms) to increase the critical temperature of the high temperature of

superconductivity (T.) [5].

Among the proposed principles, such as a fundamental concept for the topological and fractal

dimensions of an object undoubtedly plays a special role, and in this regard it is necessary to note

the intuition of V.L.Ginzburg «Figure 2». Our innovation is the use of graded-gap semiconductor

plates («Figure 3»).

As our calculations show (in the same €(k, w) - formalism), this replacement actually modifies all

components required for the calculation of T.. In particular, even in a very rough approximation,

using polarization mechanisms, varizonicity leads to important relationship between the critical

temperatures of superconductivity in variable zone and the planar one:

TVar /T = (/)G + D/(e + D> 1. eo=g 22 gz, 22 8 5 e, >0

€17€2 €1—¢2

Figure 1. Electronic structure in
the near-surface region of the
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In all these equalities, the values of €; and Q imply a fractional averaging.
The role of varizonicity in the efficiency

S I | of the carbothermic method of
// . hydrogen production
werron |/ Ee The approach to solving the outlined
/ /}/ problem, designated as "hydrogen
/ é energy", contains all the signs of
e E,  complexity [6] (due to its multi-step
nature) and is quite optimistic.
A Phenomenological analysis. The scheme
B I we have adopted contains two stages of
Figure 2. Sandwich Figure 3. Sandwich j[he thermochemical Cyc,le with  the
. . , involvement of factors of influence of a
structure and exciton structure with variable .
i i o Big Solar Furnace (BSF):
mechanism forbidden zone and Airv pits

Zn0 + C - Zn + CO(AH1 = 350 k]/mol)

Zinc is needed in the form of nanopowder and everything happens in the presence of concentrated
solar energy. Zn+ H,0 - Zn0O + H,(AH2 = —62 k] /mol)
The reaction takes place on the surface of zinc nanoparticles, the ZnO product returns to the reactor,
completing the thermochemical cycle.
Due to the multifactorial nature of BSF radiation, the Born-Haber energy cycle is completely
satisfied, which corresponds to the law of conservation of energy, without disturbing the entire
cycle. However, it is necessary to check the issue of coupling flows at interfaces where energy is
transformed (satisfaction of the Umov-Pointing principle).
In general, the coupling of flows according to the Umov-Pointing principle looks like this

Ji = p1vy = pav7’ + (q12)
Here p; and v; are the energy density and the velocity of the energy carrier on both sides of the
interface; qi, - is the heat outflow vector. With an ideal pairing, when j; < j,, there is no
degradation of the interface but under the condition j; > j, , i.e. ¢ > 0 degradation is possible. In
the latter case, for the scheme we are discussing, it means that the case of degradation corresponds
to the recrystallization of zinc nanoparticle powders with a sharp decrease in the catalytic activity of
the zinc surface and inhibition of the process.
In the light of the problem of varizonality discussed here, the presence of local levels in potential
Airy pits at the interface can serve as a certain drain of the heat released. At the same time, the
electrons in these potential wells, which serve as a certain type of hub, are excited by taking the
excess energy on themselves. The movement of these electrons along the surfaces of the powders
will result in the outflow of excess energy, which, in principle, will suppress the degradation.

Literature:

[1] Dash J. Physics Today 1985. December, p.26.

[2] Kutlimurotov B., Oksengendler B., Suleymanov S. et.al. 2022. Uzb Phys Journal 24(4) p.254-
262.

[3] Karimov Z., Oksengendler B., Suleymanov S et.al. 2022. J Phys Conf Series 2388(1):012003

[4] Suleymanov S., Oksengendler B.L., Kulagina N., Sattarova D., 2023. Synthesis of materials on
a Large Solar furnace in Uzbekistan (Tashkent: Ideal press) p. 5-27.

[S] Problems of high-temperature superconductivity ed. Ginzburg V.L. 1977 (Moscow: Nauka) p.
400.

[6] Oksengendler B.L. at al. “Interaction of Radiation with Hierarchical Structures”, J. Surf.
Investig. 2023. vol. 17(1), pp. 31-42.

33


https://www.researchgate.net/scientific-contributions/B-R-Kutlimurotov-2075549067?_sg%5B0%5D=-iVs4-Ll_yELpt-AaC1_8GtWvk9DpGtY3D_RKA8RZUEF3QjskCerqT-epzfYL6kzaOzOLIw.oouPzllmaZCQGAY8iV6TOGemVEUtey-nigSHJsnMYT77cjXDmqE5fSoeb1qwwZbp1VKvu6uqsdQc5cSoWy6kFw&_sg%5B1%5D=I4Ge9dKuh-ogfWQsJ6X3XYMszZkBJgoLNb-I1kk-TU94duu7CY83SZSMHhALJip-5Yfc5bc.FqvT8nJovAiUDdQiISyin4jTDVQgIy8A91uTPBABOADPE5F-HhbOp7uinvrRSrM1rgXBBKHfGB7PJjgZBpAqYg&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoicHJvZmlsZSIsInBvc2l0aW9uIjoicGFnZUhlYWRlciJ9fQ
https://www.researchgate.net/journal/Uzbekskij-fiziceskij-zurnal-2181-077X?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoicHJvZmlsZSIsInBvc2l0aW9uIjoicGFnZUhlYWRlciJ9fQ
https://www.researchgate.net/scientific-contributions/Z-I-Karimov-2238348459?_sg%5B0%5D=tAOh8BzyT72YqnAlmlQ90QjAyziMfXLtxFY4se5FIl5WkwGw6xPsHydPaONTKlVvT36hOVg.htAV8qhUW0g0oF_0R6KxLl1siGmenl-HaqU9qS3oq5-mNDD46Qi9VEi5gEalLagRiVzk-_sG0-u5guOC_iQadA&_sg%5B1%5D=J-s8N8_R1CUCy8l1VjShzmrVfGGZqHTG6zhNCB9qdh7ithaK-rPbV6F8LD106ahLFJg3sDM.-n4mNz4g1T5SedQcMse3nfVI--VTY3SJLPXyahIidxohrFBpOu6ylh6TekJHoNKtdDK7UJT7BqBERpSrfxg9ZA&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoicHJvZmlsZSIsInBvc2l0aW9uIjoicGFnZUhlYWRlciJ9fQ
https://www.researchgate.net/profile/Boris-Oksengendler?_sg%5B0%5D=tAOh8BzyT72YqnAlmlQ90QjAyziMfXLtxFY4se5FIl5WkwGw6xPsHydPaONTKlVvT36hOVg.htAV8qhUW0g0oF_0R6KxLl1siGmenl-HaqU9qS3oq5-mNDD46Qi9VEi5gEalLagRiVzk-_sG0-u5guOC_iQadA&_sg%5B1%5D=J-s8N8_R1CUCy8l1VjShzmrVfGGZqHTG6zhNCB9qdh7ithaK-rPbV6F8LD106ahLFJg3sDM.-n4mNz4g1T5SedQcMse3nfVI--VTY3SJLPXyahIidxohrFBpOu6ylh6TekJHoNKtdDK7UJT7BqBERpSrfxg9ZA&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoicHJvZmlsZSIsInBvc2l0aW9uIjoicGFnZUhlYWRlciJ9fQ
https://www.researchgate.net/journal/Journal-of-Physics-Conference-Series-1742-6596?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoicHJvZmlsZSIsInBvc2l0aW9uIjoicGFnZUhlYWRlciJ9fQ
https://www.researchgate.net/profile/Boris-Oksengendler?_sg%5B0%5D=tAOh8BzyT72YqnAlmlQ90QjAyziMfXLtxFY4se5FIl5WkwGw6xPsHydPaONTKlVvT36hOVg.htAV8qhUW0g0oF_0R6KxLl1siGmenl-HaqU9qS3oq5-mNDD46Qi9VEi5gEalLagRiVzk-_sG0-u5guOC_iQadA&_sg%5B1%5D=J-s8N8_R1CUCy8l1VjShzmrVfGGZqHTG6zhNCB9qdh7ithaK-rPbV6F8LD106ahLFJg3sDM.-n4mNz4g1T5SedQcMse3nfVI--VTY3SJLPXyahIidxohrFBpOu6ylh6TekJHoNKtdDK7UJT7BqBERpSrfxg9ZA&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoicHJvZmlsZSIsInBvc2l0aW9uIjoicGFnZUhlYWRlciJ9fQ
https://www.scopus.com/authid/detail.uri?authorId=57201558591#disabled
https://www.scopus.com/authid/detail.uri?authorId=57201558591#disabled

GROWING OF (Siz)1x(GaP), SOLID SOLUTIONS WITH NANOCRYSTALS ON Si
SUBSTRATES
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Physical-technical Institute of the Academy of Sciences of the Republic of Uzbekistan,
Tashkent st. Ch. Aitmatova 2B. e-mail: dada@uzsci.net

The growth of solid solutions (SS) of various semiconductors is of undoubted interest for the
development of modern semiconductor materials science, since a solid solution synthesized from
several semiconductors can combine the advantages of each component. By smoothly changing the
composition of the solid solution, it is possible to control the fundamental parameters of the
material, such as the band gap, the region of spectral photosensitivity, and the lattice parameter. For
example, if a solid solution consisting of silicon and gallium phosphide is synthesized, then this
solid solution combines the spectral regions of photosensitivity of silicon and gallium phosphide
and has a wider spectral region of photosensitivity than silicon and gallium phosphide [1].
Expanding the spectral range of a device's photosensitivity is important for creating efficient solar
cells and photodetectors.

To form a solid solution between silicon and gallium phosphide, it is necessary to create
conditions for molecular substitution, that is, gallium phosphide molecules must be replaced by
silicon molecules. These conditions were created based on the model of A.S. Saidov. According to
this model, semiconductor compounds III-V, II-VI and elementary semiconductors, such as silicon
and germanium, when dissolved in metal solvents at temperatures significantly lower than the
melting point of these compounds are mainly in the form of molecules.

Epitaxial films (Siz);x(GaP)x were grown on Si (111) substrates from the liquid phase of a
tin solution-melt (Sn-Si-GaP) using the technology described in [2]. The initial and final
crystallization temperatures were 980 and 830 °C, respectively, and the cooling rate was 1
degree/minute. The composition of the melt solution: Sn - 100 g, Si - 1.8 g, GaP - 2.5 g, was
determined from the state diagram of the Sn—Si binary alloy, taking into account the solubility of
GaP in tin.

The grown epitaxial films (Siy);«(GaP)x had n-type conductivity, and their thickness,
depending on the gap between the substrates, varied in the range of 15-30 um. The surface relief of
the grown epitaxial films was studied using a scanning atomic force microscope (AFM) (Fig. 1). On
the surface of (Si2)1x(GaP)x SS, wells with a depth of 8-10 nm and a diameter of 35-45 nm are
observed (Fig. 2).

Figure 1. AFM image of the surface of (Siy);. Fig.2. Profile of a well on the surface of
x(GaP)y solid solution films (S12)1.x(GaP), solid solution films.
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| Depth — 8.2 nm, width — 42.4 nm. |

A study of the chemical composition of epitaxial films showed that the composition of the
solid solution changes smoothly from pure Si to GaP (3). The epitaxial film is graded-gap. In the
near-surface region of the films, the content of silicon atoms is no more than one mole percent. The
potential of Si atoms is lower than that of GaP. The nanosized wells observed in the AFM image
(Fig. 1) appear to be caused by nanocrystallites created by silicon atoms.

Figure 3 shows the spectral photosensitivities of pSi- n(Siz);x(GaP)y and pSi-nSi structures.
As can be seen from Figure 3, the pSi- n(Siz);«x(GaP)x (0 < x < 1) structure has a wider range of
spectral sensitivity, mainly in the short wavelength region, than the pSi-nSi structure and can be
used for expanding the range of spectral sensitivity of silicon photodetectors and photocells. The
increase in the photosensitivity of the studied structure in the short-wave region is due to the
graded-gap nature of the structure, as well as the influence of molecules of the wide-gap component
of the solid solution - GaP. The complex nature of the dependence of the photosensitivity of the
structure on the photon energy is associated with the inhomogeneity of the SS across the thickness
of the epitaxial layer. Covalent bonds between silicon atoms and gallium phosphides, as well as
their nanocrystallites present in the solid solution, contribute to the formation of photosensitivity of
the structure.

Figure 4 shows the photoluminescence spectrum of the (Siz);«(GaP)y epitaxial film,
measured at 5 K. The spectrum has a peak at 525 nm, which corresponds to the GaP band gap of
2.28 eV. In addition, in the long-wavelength region of the spectrum, a peak is observed at 840 nm,
which corresponds to a photon energy of 1.47 eV. Photoluminescent radiation is formed by the
surface layer of the solid solution, where the content of silicon atoms is no more than 1 mol.%. The
peak at a photon energy of 1.47 eV apparently belongs to the atoms of Si, molecules. Atoms of Si,
molecules in the (Siz);x(GaP)x (x < 0.01) solid solution form energy levels located in the band gap
1.47 eV below the bottom of the conduction band of the SS.
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Fig.3. Dependences of the photosensitivity of Fig.4. Photoluminescence spectrum of the
pSi—n(Siy)1x(GaP)x and control pSi—nSi (S15)1.x(GaP) solid solution measured at 5 K
structures on photon energy.
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It is known that the processes of complex formation in semiconductors are determined by

the concentration ratios of certain defects, their charge state and the defect structure of the crystal as

a whole. The parameters of semiconductor devices, such as speed, forward voltage and reverse

currents, the quantum vield of LEDs and the gain of transistors strongly depend on the presence of
impurities with deep levels (DL) [1].

The properties of silicon doped with transition elements have been studied by a number of

authors [2-3] using various methods. These studies showed that transition elements form efficient

recombination centers and can be used to optimize the lifetime of nonequilibrium current carriers in

devices. Silicon, compensated by platinum and manganese, has high photosensitivity in the

impurity region of the spectrum. All this encourages continued research into platinum-manganese
levels in silicon.

The purpose of this work is to study the interaction of impurities that create deep levels in
the band gap of silicon: the influence of the diffusion of platinum atoms on the energy spectrum of
deep centers and on the concentration distribution of manganese impurities in silicon.

We present experimental data obtained using capacitive spectroscopy of deep centers and
radioactive techniques in silicon pre-doped with manganese and then with an impurity of platinum.

The studies used n-Si samples grown by the Czochralski method with a resistivity
p =5 Ohm "cm. The dimensions of the samples were 13x6x1 mm’. Manganese was introduced into
these samples by diffusion from a layer of manganese chloride containing the radioactive isotope
**Mn deposited on one side of the sample. Diffusion annealing was carried out in air at 1200 °C for
two hours. After annealing, the end planes were ground down to 200 pm and the samples were
washed in HF and also in aqua regia to remove non-diffused manganese.
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Fig.1. Typical DLTS spectra of n-Si<Mn> (red Fig.2. Concentration distributions of **Mn in
curve), n-Si<Pt> (green curve) and n-Si<Mn, silicon: 1-Initial sample after manganese diffusion;

Pt> (black curve) samples. 2-control sample; 3- with an Au layer on the
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surface; 4-with Pt layer on the surface.

To determine the energy spectrum of deep levels using deep level transient spectroscopy
(DLTS), Schottky barriers were fabricated.Then, the nickel concentration profile was determined in
several samples by sequential removal of layers and their radiometry.

In Fig.1 shows the DLTS spectra of n-Si<Mn>, n-Si<Pt> and n-Si<Mn, Pt> samples.
Analysis of the results obtained shows that the introduction of a manganese impurity into silicon
leads to the formation of three deep levels with ionization energies Ec-0.22 eV, Ec-0.42 eV and Ec-
0.54 eV. Additional sequential introduction of platinum impurity into these samples leads to
transformation of the DLTS spectrum of the n-Si<Mn> sample and the appearance of a level
associated with platinum impurity. At the same time, the concentrations of levels associated with
manganese and platinum decrease significantly.

As experiments showed, the concentration distribution of manganese, similar in nature to the
diffusion distributions of impurities of other transition elements in silicon, consisted of two sections
(Fig. 2): a near-surface with a sharply falling impurity concentration (to a depth of ~ 50 - 100 um)
and a volumetric one with a uniformly distributed impurity[4].

Next, a layer of non-radioactive Pt impurity was sprayed onto one of the large surfaces of the
sample saturated with radioactive manganese. Repeated diffusion annealing of the samples was
carried out under conditions corresponding to the regime of introduction of radioactive *Mn.
Control samples (without sputtering of a non-radioactive diffusant) were also annealed at the same
time.

The results obtained by layer-by-layer radiometry of samples indicate that the total
concentration of manganese Ny, in the volume of samples annealed with a metal layer decreases by
more than half an order of magnitude compared to control samples (see figure.2).

Thus, platinum deposited on the Si(**Mn) surface acts as a getter for Mn in Si. The diffusion

introduction of Pt from a layer on the surface into silicon doped with manganese leads to its
purification from impurities due to the gettering of manganese atoms by the surface and near-
surface layers. The gettering mechanism, in our opinion, is associated with the formation of
complex silicide compounds, which, along with metals, may also include oxygen, which is always
contained in silicon.
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Abstract

Photoluminescence and Raman spectroscopy studies were carried out on two-dimensional
solid solutions of transition metal dichalcogenides MoxW;Se, of various stoichiometric
compositions (x values — 0, 0.1, 0.3, 0.4, 0.8, 1) with the number of layers from 1 to 3. The
following dependencies were found: photoluminescence band position on x for monolayer
solutions, the Elgg Raman peak position on x for three-layer solutions, A;, Raman peak position and
intensity on x and number of layers. The dependency of A, intensity on x was found to change its
shape qualitatively depending on the number of layers: at x = 0 and x = 0.1, the intensity of the A,
peak was maximum in the case of two-layer solutions; at x =0.3 and x = 0.4 it decreased with
increasing number of layers; at x = 0.8 and x = 1.0 it increased with increasing number of layers.
The results are useful for estimating bandgap, structural and phonon properties of MoyW . Se;
when designing opto- and nanoelectronic devices.
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The antimony selenide (Sb,Ses) possesses a number of useful properties for photovoltaic application, such as
binary stoichiometry, an optimal band gap (1.2—1.3 eV), a large absorption coefficient, and a quasi-one-
dimensional crystal structure [1, 2]. The aim of the present study is to reveal features of the experimental
phonon spectra of SbySe, films for different compound indices x by their comparison with the theoretically
calculated ones for Sb,Se; crystals taken at the orthorhombic space group of symmetry.

The Sb.Se, thin films were fabricated through chemical molecular beam deposition (CMBD). Utilizing
99.999% high-purity Sb and Se beads, soda-lime glass (SLG) served as the substrate.

The reflectance at normal incidence and transmission spectra of semiconductors Sb,Se; x were measured in
the spectral range of 20 — 8000 cm™'. Measurements were performed at quasi-normal light beam incidence
with a gold film as reference using the Fourier-transform infrared (FTIR) Bruker Vertex 70/v spectrometer
and synchrotron radiation of BESSY II storage ring of HZB (Berlin) [3]. Spectra were recorded with (a)
Cryogen free THz bolometer in the spectral range between 700 and 8000 cm™'and (b) mechanically cooled
transition edge superconducting bolometer (QMC) in the spectral range between 20 and 500 cm™ with the
resolution of 4 cm™.

For all samples measured clear reflectance spectra extrema were observed in the wavenumbers range of 20 —
220 cm™ corresponding to the phonon excitations. Simultaneously, the free electron excitations in Sn,Se;.
layers are expected, in this range, to be in the form of the monotonous decrease of the reflectance spectrum
ROM.

Analysis of Sb,Se;.. reflectance spectra R(A"') shows a presence of the interference fringes in the
wavenumber range of A1> 1200 cm™! for several Sb,Se; compounds (Fig. 1). The phonon reflectance bands
are presented in all Sb,Se,., compounds studied in the wavenumber range of A" < 220 cm™ (Fig. 2). No clear
interference fringes are observed for several Sb,Se;, compounds studied in the wavenumber range A
"> 1200 cm™ (Fig. 1), that may be caused by the relatively high coefficient of optical absorption here, caused
by the quasi-free electrons.

Fig. 1. Reflectance spectra R(?Jl) of Sb,Se films on
iy Sb,Se,. _ soda lime glass substrates measured at room
temperature (296 K) and presented for the
wavenumber scale 1600-5000 cm™ using globar as a
source of radiation. The red thick line corresponds to
the compound index x = 2/3
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The largest reflectance coefficients take place for the compound index x°"=0.212, x°” =0.283, and
x®Y =0.441 (Table 1). The compound indices x°" and x®” correspond to the increased amount of selenium
in comparison to the stoichiometric compound Sb,Se; with the compound index x°” = 0.4 (Sb,Se,_,). The
relatively large reflectance coefficients R of materials in the far-infrared range associated
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with their quasi-monotonous decrease in the frequency/wavenumber scale may be caused by the increased
quasi-free electron or hole concentration. In turn, the increased quasi-free electron or hole concentration
causes the increased optical absorption. The latter eliminates the interference fringes in the reflectance and
transmittance spectra. This really takes place for SbySe;., samples with the compound indices x°" = 0.212,
x°% =0.283, and x°Y = 0.441 (Fig. 1).
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Fig. 2. Experimental reflectance spectra R(L™") of
SbySe; « films and theoretical spectra of imaginary
part of dielectric permittivity &(A") of Sb,Ses
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The calculated static dielectric permittivities g (electronic contribution) and gV (ionic
contribution) of Sb,Ses crystal (Table 1) are in semi-quantitative agreement with the experimentally
presented in the Ref. [4].

Table 1. Macroscopic static dielectric permittivities £ (electronic contribution) and ¢ (ionic contribution)
of Sb,Se; crystal at space group of symmetry Pnma (no. 62) calculated for PE and PS exchange-and-

correlation functionals

(e)

Dielectric . . .
permittivity g®, g9, £, e, e, e
Exch.-and-corr.

functional

PE 9.7078 18.7331 18.3270 3.2709 63.4419 80.8120
PS 14.9948 24.4771 25.7605 5.0581 68.9774 101.2156

The calculated vibration partial density of states (VPDOS) of Sb,Se; crystal (Fig. 3) is characterized
by a large number of maxima, which corresponds to the large number of the calculated phonon
energy bands.
The features of the experimental spectra of SbySe; « films for the different compound indices x are
similar. This confirms the stoichiometry of the compound Sb,Ses; in SbySe;« films. Besides, the
positions of maxima in the phonon reflectance spectra obtained for the samples SbsSe; are in a
quantitative agreement with the positions of maxima of the imaginary part of dielectric permittivity
82(7{]) obtained from the DFT-based calculations of Sb,Ses crystal.
The relatively large number of separate phonon energy bands in Sb,Se; crystal indicates the quasi-
local character of the corresponding vibration states. This may be caused by the relatively large
coulomb-like charge screening in the crystal due to the relatively large dielectric permittivity.
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Abstract. In this paper, we demonstrate experimental results on the technology of obtaining
perovskite-silicon-based hybrid structures, the lateral photoelectric effect (LPE) observed in these
hybrid structures and its advantages over the iron-silicon hybrid structure, the adhesion of the
perovskite layer of the PEDOT: PSS polymer layer to the silicon enhancement and its effect on
LPE, dependence of LPE on the laser wavelength of illumination, etc. According to the research
results, perovskite-silicon-based hybrid structures can be used to make position-sensitive detectors.

1. Introduction.

In general, it is well-known and famous that when a semiconductor junction is illuminated, a
photovoltage is generated on both sides (transverse) of the junction. This paper discusses the
mechanism of generation of transition-parallel lateral photovoltage (LPV) as a result of nonuniform
illumination and a structure with extraordinarily high LPV. The lateral photoelectric effect occurs as
a result of the separation of the electron-hole pair formed as a result of nonuniform illumination
along the upper layer and the base, due to the potential gradient of the space-charge layer. It is used
in creating position-sensitive detectors from the voltage that changes from positive to negative
maximum due to the lateral photoelectric effect, that is, the shift of the light spot [1]. Highly
sensitive lateral photo effect (LPE) has been observed in many semiconductor structures such as
superlattices, heterostructures, two-dimensional electronic systems and silicon Schottky barrier
structures [2]. Efforts to develop such new LPE-based semiconductor materials at the demand level
are still ongoing.

2. Results and discussions.

Pbl, and MAI were dissolved in 2 mL of DMSO each in separate vials in a molar ratio of 1:1.
The solutions were stirred at room temperature for 12 h using a magnetic stirrer. After the
precursors were completely dissolved, solutions of Pbl, in DMSO and MAI in DMSO with a
concentration of 0.1 M were prepared. p-Si<B> was chosen as the base, and three stages of cleaning
were carried out to eliminate impurities and oils originally present on the base. Thus, Si substrates,
on which a thin layer can be formed, were prepared, and PEDOT:PSS polymer and the above-
mentioned perovskite precursors were deposited on it in a nitrogen environment using a spin-coater.
Two different types of hybrid structure(HS)s were formed: Si<B>/SiO,/MAPbI;  and
Si<B>/Si0,/PEDOT:PSS/MAPbI;. It should be noted here that the purpose of depositing the
PEDOT:PSS polymer before the perovskite layer on the second sample is to improve the adhesion
of the perovskite layer to the Si substrate.

Two ohmic contacts were formed on the MAPbI; perovskite layer of the obtained samples as shown
in Figure 1, the diameter of the contacts is ~0.5 mm, the distance between the contacts is ~2 mm,
the size and power of the 532 nm laser light spot are ~0.5 mm and 20 mW, respectively.
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Figure 1. (a) LPV measurement in different HSs based on perovskite. (b) LPV measurement in

Si<B>/Si0,/Fe HS.

Laser position, (mm)

Figure 1b shows the results of the LPE effect observed in Fe/SiO,/p-Si<B> HS, which makes it
possible to compare with our previous research [3], it can be seen that the maximum value of PLV
in this MOS structure does not exceed 3 mV. The reason why the maximum value of LPV is small
compared to perovskite-based HS is that the conductivity of the metal layer is very high. This
nonlinearity between the two contacts leads to an increase in the lateral diffusion of photogenerated
electrons that occur when illuminated. As a result, the energy potentials between the contacts are
closer to each other, so LPV is high won't be. In the perovskite layer, the excited electrons do not
change the energy levels in the non-illuminated contact area, which leads to a high potential
difference between the high contacts.

3. Conclusion

In this work, we have demonstrated that perovskite-based HSs on a silicon substrate will have high
LPV and high sensitivity. In this, we made two perovskite-based HSs. From the obtained results, it
can be concluded that Si/SiO,/MAPbI; HSs have higher LPV and higher sensitivity compared to
S1/S10,/Fe and Si/Si0,/PEDOT:PSS/MAPbI; HSs. However, the adhesion of the perovskite layer to
the Si substrate is much higher in the Si/SiO/PEDOT:PSS/MAPbDI; structure than in the
Si/Si0,/MAPDI; structure, although the PEDOT:PSS LPE reduces the effect. LPE depends on the
wavelength of the light being illuminated, and in our studies, the 632 nm laser showed higher LPV
and higher sensitivity than the 532 nm laser. In short, perovskite-based HSs have the possibility to
create PSDs with high sensitivity.
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STABLE NANOSILICA HYDROSOL AS NANOADDITIVE
FOR CONCRETE PLASTICITY INCREASE
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A main feature of earthquake-resistant concrete is its multicomponence with a variety of
dispersed compounds and complex nanoadditives. Along with traditional methods of regulating the
structure of concrete, its modification with low dimensional nanoscale particles is also promising,
when introduced into the mineral matrix of the binder, its structuring occurs. The main problem of
creating nanomodified concretes is the uniform distribution of nanomaterial in the volume of the
cement matrix, which is especially important in cases of adding a modifier in small quantities. To
solve this problem, an additional medium is needed, forming a continuous phase in the composite.
This function can be performed by a liquid dispersed phase, which is the mixing water. The optimal
combination of modifier nanoadditives and other organic and mineral materials allows you to
control the rheological properties of concrete mixtures and modify the structure of cement stone so
as to give concrete properties that ensure high operational reliability of structures. The obtained
properties of concrete are the result of complex physical processes affecting the phase composition,
porosity and strength of cement stone. Such modified concretes with high flexibility and plasticity
are characterized by high strength, low permeability and exothermy, increased corrosion resistance
and durability, and improved deformation characteristics measured in accordance with Hooke's
laws. At the same time, the effect on the hardening process and structuring of concrete-cement
stone occurs through modification of the mixing water, which leads to a change in its ionic
composition, indicators of hydrogen ion activity, structuring of hydrogen bonds when water
acquires high chemical and hydration activity, resulting in the possibility of directional regulation
of the technological properties of concrete systems. The experimental samples were prepared with a
water-cement ratio (W/C) of 0,4. Nanosilica with the particle size and concentration (shown in the
table 1) was used as a nanoadditive [1,2]. Plasticity was determined by the blurring of the cone
according to GOST 310.4-81 for samples with and without anionic surfactant. As shown
experimental results in table 1, nanoparticle size and concentration, also surfactant using influence
to concrete plasticity and increase it.
Table 1. Anionic surfactant influence to concrete plasticity with silica nanoadditive using

Nanopartic Nanoparticle Water, 1 Ww/C Blurring of the cone, mm
le size, nm concentration, -Surfactant | +Surfactant
wt. %
100 1 0,2 0,4 111 129
100 3 0,2 0,4 127 132
100 10 0,2 0.4 129 135
7 1 0,2 0,4 116 135
7 3 0,2 0,4 134 139

The scientific research carried out contributes to the development of methods for the
multifunctional modification of concrete-cement mixtures with nanomodifiers in combination with
surfactants based on diphilic molecules, which reduces aggregate consumption and optimizes the
cost of earthquake-resistant construction with improved plasticity characteristics.
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DETECTION OF SPECIAL ORIENTATIONS IN PbMoO4 CRYSTALS FOR ACOUSTO-
OPTICAL DEVICES
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Uzbekistan
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PbMoO, (lead molybdate) crystals are known for their unique optical and acousto-optic
properties and are used in a variety of applications including acousto-optical devices. When using
PbMoOy crystals, it is important to know the directions along which pure longitudinal acoustic
waves propagate.

To determine such directions in PbMoO;, crystals, the dependence of the polarization angle of
the acoustic wave v, the components of the energy flux density vector Ai, and the angle of
deviation of the energy flux & on the direction of the wave vector of the acoustic wave ¢ in the
(010) plane was revealed. The results obtained were used to calculate the phase and group velocities
of quasi-longitudinal waves in PbMoO; crystals.

The components of the energy flow density vector in an elastic wave are determined from
expression (1).
A; = Cyy 71K, (1)
Here Cjjq are the components of the elasticity tensor, y; and xy are the components of the
polarization and displacement vector of the acoustic wave, respectively.As a result, this vector
Adetermines the magnitude and direction of the energy transfer velocity [1-2].
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Fig. 1. Deviation of energy flux density (1) and polarization (2) of acoustic wave propagated in the
(010) plane in PbMoO; crystals

Fig. 2. Anisotropy of phase (1) and group (2) velocity of quasi-longitudinal acoustic waves in the
(010) plane in PbMoOy crystals

It can be seen (Fig.1) that along the directions [100] and [001] are propagated pure at the same
time ordinary longitudinal acoustic waves.At that time the maximumdeviation the energy flux
density vector from wave vector is 4.5°. Fig. 2 shows that the phase velocity of longitudinal
acoustic wave is weakly changed and the group velocity along the [001]axis is equal to the phase
velocity. The value of the phase velocity along the [100] axis (3.99 km/s) differs from the group
velocity (4.4 km/s) by 10%.The obtained results will be usefullat the development of acousto-
optical deviceson PbMoQy crystals.
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EXCESS REFRACTIVE INDICES WATER AND ETHANOL SOLUTIONS
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Ethanol (C,HsOH) and water solutions have been the most interesting and relevant topic for
researchers. It is linked the widespread use of ethanol and water in the fields of pharmaceuticals,
chemistry and physics. Alcohols, being polar and self-organizing systems, depending on the
solvent, can exhibit various types of interactions. Refractometric, volumetric, viscometric properties
are widely used to identify structural changes and effects in organic compounds. Among them,
refractometry is also suitable to get the informations of molecular interactions in solutions. Many
studies have been done on ethanol — water solutions by various methods [1-2]. The present work
presents the excess refractive indices of

ethanol and water solutions. Ethanol (99.9 nE 4
%, Sigma-Aldrich, USA) and double- — l\
distilled water with pH=7.02 were used in ’ / [ -
the experiments. Refractive indices were - ™ \-
measured at room temperature and / ~am
) 0.014
atmospheric pressure for the whole range of
composition (0-1.0 mole). The data obtained 1 o
by using a high — sensitivity PAL — RI |
digital refractometer (ATAGO, Japan). The
instrument measures refractive indices in the |
range of 1.3306 — 1.5284, the measurement 0.000 . . B

error n is  <0.0001. Each mixture 0.0 0.2 0.4 0.6 0.8 1.0
corresponding to a specific concentration Mioledsactios of cthinnal
was recorded three times at a fixed
temperature of 25 + 0.05 °C and the average
value was calculated. The experimental data are used to calculate excess refractive indices (n),
deviations in refractive index. The positive n" arises due to dominance of the following factors.
They are chemical interaction between component molecules such as heteromolecular association
and clusters through the formation of hydrogen bonds and molecular geometry of the components
are fitted to each other.

Graphical variations of calculated n” and the curves representing in Figure 1, respectively.
For water and ethanol system the excess refractive indices are positive throughout the whole range
of composition with maxima ~ 0.3 mole fractions of ethanol. The results showed that essential
structural changes occur in ethanol — water solutions at this peak. This fact indicates that at low
concentrations, ethanol molecules interact strongly with water molecules and heteromolecular
structures formed by hydrogen bonds.

Figure 1. Excess refractive index for binary solutions of
ethanol+water.
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UNDERSTANDING THE INITIAL STAGES OF ORGANIC NANOCRYSTAL
FORMATION THROUGH MOLECULAR DYNAMICS SIMULATIONS
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This study investigates the stages of how prenucleation clusters form, with a focus on the very early
steps before the actual perylene-based organic crystal formation begins. Using computer
simulations, we examine how flat perylene molecules come together in a vacuum. Our findings
show that these molecules cluster together due to forces between them, like n-r stacking and van
der Waals forces, without the influence of solvents or external factors [1]. Also, we observed the
Ostwald ripening process, where larger particles grow at the expense of smaller ones: clusters
initially form but can break down into individual molecules, which then rejoin larger clusters. The
presence of oxygen atoms in perylene molecules plays a crucial role by promoting clustering
through hydrogen bonding. This interaction speeds up the formation of large clusters. We identified
specific clusters, tetramerl and tetramer2, which have unique arrangements. Interestingly, these
preferred clusters do not match the typical crystal structures of o or B perylene crystals [2]. This
discovery enhances our understanding of how organic crystals form in a vacuum, emphasizing the
importance of unconventional pathways in explaining the origin of perylene-based organic crystals.
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Fig.1. Interaction energy of a monomer (molecule) with a cluster and the molar Gibbs free energy
of the resulting perylene cluster.
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FIRST STEPS IN THE AGGREGATION OF SUB-10 NM DIAMETER SiO; Nanoclusters
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The aggregation of sub-10 nm SiO; (silica) nanoclusters is influenced by synthesis factors and
surfactant choice, impacting stability and preventing agglomeration [1,2]. While researchers
optimize these parameters, the initial steps of aggregation for such nanoparticles remain elusive,
posing a challenge to a complete understanding of their aggregation process. SiO, nanoparticle
clustering processes (Fig. la) with sub-10 nm diameter were simulated using the reactive MD
method with the ReaxFF potential [3]. Simulations involved 1, 2, and 5 nm SiO; clusters, with
periodic boundary conditions, running for 1 ns and repeated five times for each case. The results
demonstrated that the positive surface energy and negative volume free energy determine
nanoparticle aggregation stability [2], with smaller clusters becoming increasingly unstable and
decreasing in size over time in a vacuum [1] (Fig. 1b). The formation of initial aggregates
accelerates the growth of larger clusters, indicating a tendency for small SiO, nanoparticles to
transform into larger ones in a vacuum (Fig. 1a).
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Fig.1. (a) Aggregation process of silica nanoclusters. (b) Bond order and stability of the

resulting nanoaggregates.
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STUDY OF SPUTTERING OF NIOBIUM-ZIRCONIUM POLYCRYSTAL UNDER
BOMBARDING WITH LOW ENERGY ATOMIC IONS
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The emission of clusters during bombardment by atomic ions during sputtering of solids is
currently the object of intensive research. The relevance of such work is determined, on the one
hand, by the need to obtain fundamental knowledge about atomic sputtering processes, and on the
other hand, by the prospect of multifaceted practical use of clusters. Occupying an intermediate
position between individual atoms and condensed matter, clusters are a promising object for
scientific research and for the development of new approaches in materials science, technology
(nanoscale materials, cluster beam deposition), and analytical methods (SIMS). When light atomic
ions interact with a solid in a small area of the surface, the local energy release increases
significantly, which leads to the development of high-density nonlinear cascades. In this case, the
observed increase in the sputtering coefficients and the yield of secondary cluster ions is
proportional to the energy of the bombarding atoms [1,2].

The experiments were carried out in an experimental setup containing a source of atomic
cesium ions, a sputtered polycrystalline niobium-zirconium (NbZr) target and a magnetic analyzer
of secondary ions based on the MI 1201 mass spectrometer. The setup was significantly modernized
for studying sputtering processes.

In this work, the emission of atomic and cluster ions sputtered from a niobium-zirconium
(NbZr) target by atomic cesium ions in the energy range Ey = 2—5 keV was studied, and
experimental results were obtained. The energy dependence of the yields of sputtered secondary
particles upon bombardment with atomic ions has been studied. In the mass spectra of the
secondary ion emission of the NbZr target, molecular and atomic niobium ions predominated. This
circumstance is associated with the low ionization potentials of niobium atoms and, accordingly, the
high ionization efficiency during sputtering. The yield of secondary ions of impurities constituting
the target, measured during bombardment of an NbZr target with atomic cesium ions, shows a
decrease in the growth of the yield of secondary impurity ions with increasing energy of the
bombarding atoms. This indicates that an increase in energy will cleanse the surface of the target
and enable the release of molecular ions of the target.
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INVESTIGATION OF ELECTRON FLUENCE EFFECTS ON (TiHfTa)CN
NANOCOMPOSITE NANOCRYSTALLITES
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It is known that changes in structures lead to changes in structural-mechanical properties [1].
Irradiation can create defects by changing the structure or remove existing defects as a result of
“radiation damage annealing” [2]. Therefore, it is important to study the structural changes as well
as the defects, for example, the density of dislocations, which may occur at different fluences as a
result of irradiation. In addition, the study of the size of crystallites and microstrain allows to
determine the laws of changes that can occur in multi-component nanocoatings [3].

The (TiHfTa)CN nanocoated sample from such high-entropy ceramics was selected as the
object of this work, and its morphological and structural structure was analyzed, and the change of
the above characteristic values when it was exposed to electrons of different fluences with energy of
2 MeV was studied. In order to determine whether the nanocomposites are evenly distributed on the
surface of the sample, more than 35 points were scanned in a scanning electron microscope (SEM
EVO MA 10) (CARL ZEISS). According to the results, the nanocomposites are evenly distributed
on the sample surface and the coating is as follows: Ti — 41,7 (0,2) %, Hf —29.4 (0.2) %, N — 13.9
(0.3) %, Ta — 8.0 (0.2) % C — 3.0 (0.1) % and Fe — 0.4 (0.1) % was found to be. SEM analysis
shows that Fe is the base material element. The topography of the surface was also studied with the
help of SEM, and it was shown two-dimensional nucleus growth that appeared on the surfaces after
irradiation is related to the screw movement dislocations towards the surface [4].

Structural analyzes were performed before and after irradiation on a modern diffractometer of
the Malvern Pananalytical company, type Empyrean 3, which works based on X-ray scattering. The
results of the diffractogram were processed in the FullProf program using the Rietveld method, and
the Miller indexes, lattice parameters and space groups were determined. The coating exhibited a
two-phase nanostructure: phase 1 (TiHfTa)CN (phase.gr. Fm3 m), phase 2 Fe (phase.gr. Im3 m).
The appearance of Fe reflexes is due to its use as a substrate.

The size of nanocrystallites was determined by drawing the Williamson-Hall plot from the
(111), (200), (220), (311) and (420) reflections of (TiHfTa)CN phase. The density of dislocations is
inversely proportional to the nanocrystallite size D [3], which is a measure of defects in crystalline
solids. These values were determined for non-irradiated and irradiated samples and are listed in
Table 1.

Table 1. Nanocrystallite size (D), microstrain (¢) and dislocations values (J) of
(TiHfTa)CN nanocomposite.

Flyuenzce, D, nm & x107 0x10", cm™
e/cm
0 7,30+0,03 5,38+0,06 | 1,883+0,08
0.2x10" 12,24+0,04 3,87+0,08 | 1,024+0,05
1.5x10" 20,69+0,03 1,31+0,09 | 0,234+0,06
2.5x10" 23,7340,03 1,30£0,07 | 0,178+0,07
3.5x10" 24,23+0,03 1,2940,05 | 0,170+0,06
4.5x10" 27,34+0,02 1,20+0,05 | 0,134+0,04

D =D, + pe~"/t

Based on the obtained results, the dependence function of the (TiHfTa)CN nanocrystallite
size on the electron fluence was determined (1) and plotted (Fig. 1):

(1
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here, Dy is the initial nanocrystallite size, p is a constant size (-18.4 £ 1.8), @ is fluence, tis 1.35 +

0.42.

The increase of nanocrystallites is related to
the reduction of their grain boundaries. As the
fluence increases, we can see that the amorphous
phase disappears at a small angle and a new peak is

25

20

formed at the fluence of 4.5x10' e/cm®. This &)

clearly indicates that crystallization has occurred -

(Fig.3). This can be determined by the ratio of the .

integral intensity of the nanocrystallite reflection in R T I
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The obtained results show that when the (TiHfTa)CN nanocoating was exposed to high-
energy electrons, the size of the nanocrystallites increased, the density of dislocations decreased, the
amorphous phase disappeared, and the crystallization increased due to the decrease in microstrain.
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PERSPECTIVES OF APPLICATION BIOLOGICALLY IMPROVED PROPERTIES OF
ADDITIVES IN MODERN MATERIALS
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In recent years, there has been a notable surge in research and innovation focused on
biologically enhanced properties of additives in advanced materials. This trend reflects the growing
recognition of the potential benefits that can be derived from incorporating biological principles
into material science [1]. Biologically enhanced properties of additives refer to the integration of
biological components or principles into materials to enhance their performance. This approach
often draws inspiration from nature to develop materials with improved characteristics, such as
increased strength, durability, or biocompatibility [2]. Here are some promising biologically
enhanced properties of additives in materials:

Biodegradability: Incorporating biodegradable additives derived from natural sources can
make materials more environmentally friendly. These additives can enhance the biodegradation of
the material, reducing its environmental impact.

Self-healing: Taking inspiration from biological systems, self-healing materials can be
designed by incorporating additives that can repair damage automatically. This property is
particularly useful in applications where maintenance or repair is challenging, such as in aerospace
or medical devices [3].

Biocompatibility: Adding bioactive components to materials can enhance their compatibility
with biological systems [4]. This is crucial for medical implants, drug delivery systems, and other
applications where the material interacts with living tissues.

Antibacterial properties: Integrating antibacterial or antimicrobial additives derived from
natural sources can make materials resistant to microbial growth. This is beneficial in applications
where maintaining a sterile environment is essential, such as in medical devices or food packaging.

Strengthening and reinforcement: Some biological materials, like cellulose or chitin, possess
excellent mechanical properties. Incorporating these materials into composites can enhance the
strength and toughness of the resulting material, making it suitable for various applications in
industries such as construction or automotive [5].

Sustainability: Utilizing additives from renewable sources can contribute to the overall
sustainability of materials. For example, incorporating plant-based additives can reduce reliance on
fossil fuels and decrease the environmental impact of material production.

Adaptive and responsive behavior: Biomimicry can inspire the development of materials
that exhibit adaptive or responsive behavior. For instance, materials that can change their properties
in response to environmental conditions, mimicking the behavior of certain biological tissues or
organisms.

Improved thermal and electrical conductivity: Some biological materials, such as certain
proteins, exhibit unique thermal or electrical conductivity properties. Incorporating these elements
into materials can enhance their performance in specific applications, like in electronic devices or
thermal management systems [6].

Researchers and engineers continue to explore the vast potential of biologically enhanced
additives to create innovative materials with improved properties and reduced environmental impact
[7]. This interdisciplinary approach, often at the intersection of biology and materials science, holds
promise for developing advanced materials for a wide range of applications. As experimental data
from young researchers at the Arifov Institute of Ion Plasma and Laser Technologies have shown,
the biological method of improving the mechanical properties of concrete can increase of strength
about 20-25%. Using suspension of microorganisms as additive to compound of concrete
dramatically increases the seismic resistance of concrete structures, significantly remove rebuilding
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concrete construction in a period of earthquake. The field of biologically improved materials is
dynamic, and ongoing research continues to explore innovative applications. As technology
advances, the integration of biological principles into material design is likely to lead to
breakthroughs in diverse areas, ranging from consumer products to healthcare and sustainable
infrastructure.

In conclusion, the perspectives on the application of biologically improved properties of
additives in modern materials are diverse and offer exciting possibilities for creating advanced
materials with enhanced performance, sustainability, and functionality. Ongoing research and
innovation in this field are likely to yield further breakthroughs in the development of novel
materials for various applications.
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The interaction of ions with a solid is one of the independent branches of fundamental
physics. This interaction can result in changes in the physical properties of solids and the creation of
materials with desired properties. At the beginning of studies of the scattering of ions by the
surfaces of solids, the path to the conclusion about the paired interaction of the scattering ion with
the atoms of the solid was quite difficult. The reflection of primary ions incident on the surface of a
solid is the result of their interaction with lattice atoms. In the region of low and medium energies,
the trajectories of colliding particles are determined to a first approximation by the forces of elastic
interaction of atoms. These forces arise from the Coulomb forces of interaction between nuclei and
electron atoms and, therefore, act at any distance between the interacting particles. Consequently, to
calculate the trajectory of an incident ion, it is necessary to consider its interaction in the crystal
lattice with all atoms simultaneously, which is very difficult. However, at not very low energies,
ion-atom collisions can be considered as isolated pair collisions of particles. To further develop
mathematical modeling of the process of scattering of medium and low energy ions in a wide range
of angles of incidence and scattering, we used the laws of the collision of two heavy particles. So,
we will consider the scattering of an ion beam from the surface of a single-crystal sample based on
the model of paired single-, double-, etc. multiple impacts[1-2].

In the present work the scattering processes of Ne' ions with the initial energy 5keV on the
CdTe(001) surface under grazing ion bombardment have been investigated by computer simulation
by using the binary collision approximation. In the pair collision approximation, two basic
programs are based, with the help of which a wide range of processes caused by the bombardment
of solid bodies by accelerated particles are simulated - the MARLOWE program and the TRIM
program. Both programs are based on almost the same formalism. The difference between these
programs 1is that the first one initially operates with crystalline targets, while the second one
operates with amorphous ones. In the MARLOWE program, the scattering angle is determined by
numerical calculation of the classical scattering integral or using pre-calculated and tabulated values
of these integrals for the Moliere potential. The ion refocusing effect by surface semichannels which
manifests in a growth of intensity of the scattered flux at certain grazing angles of incidence have
been carefully studied. The analitical expression for calculation of the refocusing energy was found.
The computational results show that in the energy spectrum the characteristic peaks corresponding
to scattering of ions by the surface atomic chains and semichannels are observed. The situation and
intensity of these peaks depend on the geometrical shape of the surface semichannels. The computer
simulation allowed an investigation of the effect of the atomic steps on the single crystal surfaces
upon the trajectory features of the ions being scattered along the ridge of the atomic chains and
undergoing the surface hyperchanneling and semichanneling. This technique can be useful for
investigations of semiconductor structures.
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The surface of a solid body is a low-dimensional object, combining the chemical
properties of the gas phase and the physical properties of a solid body [1]. In this case, the surface
topography plays a significant role, enhancing the influence of one or another phase. In the case of
regular repetition of fragments of such a relief, fractal methods of analysis are applicable, which
leads to the concept of nanofractality - one of the most important concepts in the process of
synthesizing new materials with specified properties [2].

As an example, a crystal of lanthanum trifluoride (LaF3) was selected as an object of study
using the modeling method, in the hexagonal cell of which twelve fluorine ions, denoted F1, are
located between the base anion-cation planes [2]. These ions are shifted from the vertical plane
passing through the lanthanum cations by 0.042 nm. Four fluorine ions, called F», are displaced
from the basal planes containing the lanthanum cations by a distance of £0.046 nm. These F; ions
are located on adjacent third-order symmetry axes on opposite sides of the base planes. The
remaining two fluorine ions, called F3, lie in these base planes. The most mobile ions are the F;
type. In superionic crystals of lanthanum trifluoride, the transition to a highly conductive state has
the character of a diffuse phase transition and is observed at room temperature. The formation of
vacancies occurs according to the Frenkel mechanism. In this case, such a vacancy can move inside
the crystal and on its surface in the XY plane over macroscopic distances [3]. The intensity of its
movement on the surface is 2-3 orders of magnitude higher than in the volume. At the same time,
the question of the movement of a vacancy to the surface (along the Z axis) is practically not
described.

The simulation was carried out using the PM7 method [4]. 3 crystal lattice models with
linear dimensions of 3.5x2.0x2.2 nm were specified. The first model had an ideal surface in the XY
plane, the second and third have a protrusion and a notch, respectively, with linear dimensions of 7
angstroms.

At the zero stage, a Frenkel defect of the node-internode type was created. In this case, the
node fluoride ion F; moved to some distant interstitial site formed by a pair of F; ions. Then the
total energy of the crystal lattice was calculated. Next, a fluorine ion F; located near this vacancy
was moved to the vacancy site, after which the lattice energy was again calculated. Then the F; ion
moved to its place, being on the same Z axis, but located closer to the surface. As a result, the
vacancy overcomes the cation plane. After this, the vacancy was occupied either by the nearest F,;
ion or moved higher, closer to the surface, occupying the position of the F, fluorine ion. This
process was repeated until the vacancy came to the surface. Thus, the step-by-step change in the
energy of the crystal lattice was calculated. The results are presented in Figure 1. The graph shows
the formation energy E, of a vacancy during its rise to the surface. Curve 1 corresponds to the path
of a vacancy to a flat surface, curve 2 to a notch, and curve 3 to a protrusion.
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Figure 1. Change in potential energy of the LaF; crystal lattice

It is clearly seen that the release of a vacancy to the surface is energetically favorable,
which allows us to speak of an analogue of the Archimedes force in the surface layer of the crystal.
It is important to note the fact that due to the heterogeneity of the surface, in the case of a notch,
such a force comes into action earlier than in the case of a flat surface and protrusion. Thus, if in the
case of a flat surface the movement of a vacancy along the X axis is invariant, then in the case of a
fractal surface this movement is no longer invariant. This statement is shown in Figure 2 and can be
represented as formula (1).

St

Figure 2. Effect of surface dimension on the movement of a fluorine ion vacancy (St - ideal
surface, St - fractal surface, h - distance from the vacancy to the surface).
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In the first case, the distance from the vacancy to the surface (h) is the same for any step
along the X axis. In the second case, only for a fractal step.

It is also clear that the movement of a vacancy to the surface of the protrusion is most
likely for the crystal lattice, since the energy of its formation is E,=-0.6 eV. A position on a flat
surface is less likely (E, =-0.46 eV), and a position in a notch is even less likely in terms of
formation energy (E,=-0.37 eV). Moreover, this effect is nanosized in nature and can significantly
affect the concentration of vacancies, which is of great importance in an applied sense (surface
conductivity and chemical reactivity).
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Perovskite solar cells (PSCs) are attracting great interest among world scientists due to high
power conversion efficiency (PCE), low production costs, high absorption coefficient, and the
possibility of preparation at low temperatures[1-2]. After fourteen years of intensive development,
28% PCE of organic-inorganic hybrid perovskite solar cells [5]. However, PSCs still face a number
of challenges in implementing potential commercialization programs. One of the main problems in
PSCs research is stability, i.e. lifetime. Although perovskite solar cells have achieved high PCE,
due to their sensitivity to the environment in a very short time, perovskites decompose very quickly
under the influence of oxygen and moisture in atmospheric conditions and become unsuitable for
receiving energy from sunlight[6-7]. Currently, many methods are used to solve these problems,
such as adding additives to the perovskite synthesis solution, perovskite synthesis at high
temperature, thermal heating of the perovskite active layer, washing the surface of the perovskite
active layer with liquid[2-4]. In this work, we used a glass/FTO substrate heating method during the
deposition of the perovskite active layer to improve the quality of the inorganic perovskite active
layer. Figure 1 shown a schematic diagram of CsPbIBr, perovskite active layers prepared by
heating the glass/FTO substrate and at room temperature. The fabrication method of PSC in two
different conditions is carried out in the following as. First, the glass/FTO substrates were cleaned
in an ultrasonic bath, acetone, deionized (DI) water, and isopropyl alcohol (IPA) for 13 min each,
and then dried using high purity nitrogen gas. Subsequently, the glass/FTO substrates were cleaned
by treatment for 6 min in an oxygen plasma cleaner. After the glass/FTO surface was prepared,
TiO, was deposited using the spin coating method at 4000 rpm for 20 seconds and heated in an
oven at 110°C for 10 minutes under atmospheric conditions.
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Figure 1. Schematic diagram of the method of preparing PSCs
Then, the heated glass/FTO/TiO, and quickly 25-30 pL of CsPbIBr; solution was dropped and
deposited by the spin-coating method at a speed of 3500 rpm for 20 s (Fig. 1a). Then, perovskite
solution deposited on Glass/FTO/TiO; cooled to room temperature (Fig. 1b). CsPbIBr, perovskite
active layers prepared under without glass/FTO substrate preheating method and by glass/FTO
substrate preheating method, then both perovskite active layers termal annealed at 280°C for 10
minutes. Then, Spiro-OMeTAD solution was dropped on the surface of the cooled active layer and
it was coated using the spin-coating method at a speed of 4000 rpm for 20 s. When the whole
structure was ready, Al (aluminum) with a thickness of 100 nm was deposited as a cathode by
thermal evaporation under vacuum conditions of under a pressure of 5x10™ Pa (Fig. 1c). Analyzing
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the photovoltaic results, increased the short current circuit density value from 7,26 to 11.32 mA/cm?
and the open circuit voltage value from 0.80 to 0.90 V and PCE increased from 4.1% to 6.9% via
heating the glass/FTO substrate at 110 °C. In figure 2 compares the stability of CsPbIBr, PSCs
prepared without heating the glass/FTO substrate and by heating the glass/FTO substrate. We can
see in figure 2 results, increased not only the photovoltaic parameters of the PSCs prepared by
heating the glass/FTO substrate, but also their stability significantly increased and better than PSCs
prepared without heating the glass/FTO substrate.

The PCE of PSCs prepared by the conventional method was almost zero within 24 days, on the
contrary, the PCE of PSCs prepared by heating the glass/FTO substrate remained around 1% even
after 30 days. In conclusion, using glass/FTO substrate heating to prepare perovskite active layers
improves their structure by effectively reducing defects in the active layer

Figure 2. Stability of PSCs prepared under different conditions.
and increase the size of crystal particles. In addition, using this method, the thickness of the active
layer increased and their charge recombination decreased significantly. Significantly increased
stability and photovoltaic parameters of the PSC prepared by this method.
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ELECTRON ENERGY IN A RECTANGULAR FINITE POTENTIAL WELL BASED ON
NARROW BAND-GAP SEMICONDUCTORS

A. Davlatov’, A. Abdukarimov, A. Botirjonov, R. Mukhiddinov

Namangan State University, 316 Uychi Street, Namangan 716019, Uzbekistan.
*Corresponding author: litseyl 11213 @ gmail.com

Annotation

It is known that we can encounter transcendent equation when determining the energy
levels in a finite deep potential well and this is inconvenient. By using Nelson's formula for the
effective mass in right-angled finite deep potential well medium based on narrow band-gap
semiconductors, we calculated electronic energy levels using Gareetti's formula and obtained
analytical expression

The main part

Nowadays, the research of small-scale quantum wire, quantum dots and quantum layers is
considered essential in the world. The study of heterostructures with semiconductor potential has
been an important problem of quantum mechanics. Because lasers, light-emitting diodes, field-
effect transistors, photodetectors and solar cells are being developed based on semiconductor
potential wells. Understanding, manufacturing, and their control depend, to a large extent, on the
precise knowledge of the energy of electrons, holes, etc. moving in these devices.

The fact that t//(x) is nonzero at the walls increases the de Broglie wavelength in the well

(compared with that in the infinite well), and this in turn lowers the energy and momentum of the
particle.

[1] offers an interesting expression for the finite potential well problem. He recommends
viewing a finite-dimensional potential well L as L — L+ 26 an infinitely deep potential well. Let's
repeat these relations taking the nonparabolicity into account for the potential well in narrow band
gap semiconductors. Then, 6 will be equal to the following:

0= = h
\/ 2m,,,00)(V — Ey(n))

)

The energy E,(n) is equal to:

2.2 2
E,(n)= ! { \/1+2a,,msh*”—”2—1}. 2)

2a1nAs InAs(O)L
h*n?
If we insert the denotation E, = ————, the expression (2) takes the following form.
My, 450)
1
E,(n)= - [ \+4a,, E, —1] (3)

InAs

Taking the above relations into account, it is possible to express the n-level in a finite
potential well.

7’h’n® z°h'n’
(n)=—— =
om;,, (L+25) - ’
2m;nAs{0) (l + . E (n) L+ *
\/zmlnAs(O)(V - E, (n))

Table 1 lists the band parameters of InP and InAs semiconductors. The Garrett's
approximation for the potential well with InP/InAs/InP heterostructure gives good results at the first
level. But deviations at the second and higher levels will be very rude. The reason for this is that the
denominator in equation (1) strives for zero. From equations (1) and (2) it is clear that

4)
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1 hin’n? ‘r’n’
V, >> 1+20,,,——>-1| = L, > - 5)
2 m L 2V, (1+V0aInAs)mInAs(O)

aInAs InAs(O) 'k
when the relationship above is applicable, the use of approximation gives results close to
exact values. The (4) equation given by us is convenient for determining energy levels in a finite

deep potential well.
Table 1. Band parameters for InAs and InP semiconductors samples [2].

*
Material parameters | E,, (eV) ) / m, | & (1/ eV)
InAs 0.36 0.023 2.65
InP 1.35 0.077 0.63
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Figure 1. Dependence of electron energy levels in InP/InAs/InP heterostructural potential well on
the width. a) Levels 1, 2 and 3 for non-parabolic and parabolic dispersion, b) for level 1, c) for level
2, d) for level 3.
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The spectrum of the energy operator of system of four-electrons in a crystal described by the
Hubbard Hamiltonian in the triplet state was studied in [1]. In the four-electron systems are exists
quintet state, and three type triplet states, and two type singlet states. The spectrum of the energy
operator of four-electron systems in the Hubbard model in the quintet, and singlet states were
studied in [2]. In this work We consider of the energy operator of four-electron systems in the
impurity Hubbard model in the one-dimensional lattice, and investigated the structure of essential
spectra and discrete spectrum of the system for the third triplet state. Hamiltonian of the
considering system has the form
H=A Zm,y a’TT’l,)/ am,y +B Zm,‘r,y ar-ir_l,y am+‘c,y +U Zm aT-'t-’l,T am,Tartl,lam,l + (AO - A) Zy aa-,yao,y +

(Bo — B) Xry(ag, ary + afyae,) + (Up — U)agragrag,ag,. Here A (Ap) is the electron energy
at a regular (impurity) lattice site; B > 0 (B, > 0) is the transfer integral between electrons
(between electron and impurity) in a neighboring sites, T = te;,j = 1,2,...,v, where e; are unit
mutually orthogonal vectors, which means that summation is taken over the nearest neighbors, U
(Up) is the parameter of the on-site Coulomb interaction of two electrons, correspondingly in the

regular (impurity) lattice site; y is the spin index, y =T or y =, T and | denote the spin values %

1 . . o .
and — p and a;;, ., and a,,, are the respective electron creation and annihilation operators at a site

m € ZV. The third triplet state corresponds four-electron states (or anti bound states) to the basis
functions: %ty . c,v = ajrag airaip;. The subspace *H¢, corresponding to the third triplet
state is the set of all vectors of the form 3} = Ypark<ezv @, q, 7, k) 3t;’q,r,kezv,f € 1§°, where
95 is the subspace of antisymmetric functions in I, ((Z")*). In this case, the Hamiltonian H acts in
the antisymmetric Fock space 3H}. Let 3H} be the restriction H to the subspace 3. The third
triplet state corresponds the free motions of four-electrons in the lattice and their interactions. Let
& =A4p— A4, ¢ =By—B, and &, = Uy — U. The energy of the system depends on its total spin
S. The Hamiltonian H acts in the antisymmetric Fock space H ;. Let ¢, be the vacuum vector in
the space H ;.

Theorem 1. The subspace *H is invariant under the operator H, the restriction 3H} of operator
H to the subspace >H; is a bounded self-adjoint operator. It generated a bounded self-adjoint
operator °H} acting in the space 1§ as: (*HEf)(p,q,1.k) = 4Af(p,q,1.k) + BY.[f(p +
T,k +fpq+ork)+fqr+tk)+fqrk+0)]+U[d,, + 64 +0qx] +

81 [61),0 + 6q,0 + 67',0 + 6k,0]f(p: Q:T' k) + 82 ZT[6p,0f(T' q' r, k) + 6q,0f(p' T,7, k) +
5T,Of(p' q, T, k) + 5k,0f(p' q' t, T) + 6p,‘rf(0ﬁ CIﬁ r, k) + 6q,‘rf(pr O' r, k) + 6r,Tf(p' q' 0' k) +

Ok f (0, q,7,0)] + €3[6p,084,0 + 84,0670 + 8q,00k,0lf (0, q, 7, k). (1
The operator SHE acts on a vector 3yl e 3H,} as
?)Ht1 31/)t1 = Zp,q,r,keZV( 3Ht1f) (p' q7, k) 3t;,q,‘r,kEZ"' (2)

Lemma 1. The spectra of the operators H} and 3H} coincide.

The spectral properties of four-electron systems in the impurity Hubbard model in the third triplet
state are closely related to those of its two-particle subsystems consisting of one-electron and
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impurities. Therefore we first study the spectrum and localized impurity states of one-electron
impurity systems. In the work [3] were investigated the structure of essential spectra and discrete
spectrum of two-electron systems in the impurity Hubbard model in the singlet state. The energy
spectrum of one-electron systems in the impurity Hubbard model is also studied there. We will use
from the results of the works [3]. From obtaining results is obviously, that the spectrum of the
energy operator one-electron systems in the impurity Hubbard model H; is consists from
continuous spectrum and no more two eigenvalues.

Theorem 2. Let v = 1. Then
1). If &, = —B and &; < —2B (respectively, &, = —B and &; > 2B), then the essential spectrum of
the operator >H} is consists of the union of eight segments: cress( 317}) = [4A — 8B,4A + 8B] U
[34— 6B+ 2,34+ 6B +z]U[2A—4B + 2z,2A+ 4B + 2z]U[A—2B +32,A+ 2B + 3z] U
[2A —4B + z3,2A+4B + z3|U[A— 2B+ z+ 23, A+ 2B+ z+ z3] U [2A — 4B
Z4y2A—4B+ z,]JU[A+2B+2z+ 2z, A+ 2B+ z+ z,], and discrete spectrum of the operator
3H} is consists of three eigenvalues: 045 *HE) = {42,22 + 25,22+ 2,}, z= A+ &y, and 23,2,
are same concrete numbers.
2).If e, =—=2B or & =0 and & < 0 (respectively, e, = —2B or &, = 0 and & > 0), then the
essential spectrum of the operator 3H} is consists of the union of eight segments: aess( 3Ht1) =
[4A—8B,4A+8B|U[34A—6B+23A+ 6B+ 2z]U[2A—4B + 22,2A+ 4B + 2z| U
[A-—2B+32,A+2B+3z]U[2A—4B + 23,2A+ 4B+ 2z3]U[A—2B+z+ 23, A+ 2B+ z +
z3]U[2A —4B + 24,,2A— 4B+ z,)U[A+ 2B+ 2+ 2,,A+ 2B + z + z,], and  discrete
spectrum of the operator 3H} is consists of three eigenvalues: O'disc( 317,:1) ={4z,2z +

73,22+ 74}, z2=A— /4B2 + &% (respectively, z = A + f4B2 + &2%).

3. If & =0and & >0 or & =0 and &, < —2B, then the essential spectrum of the operator
3H! is consists of the union of sixteen segments: O'ess( 3ﬁtl) = [4A — 8B,4A + 8B] U
[34— 6B+ 2,34+ 6B+ 2,]U[3A— 6B +2,,3A+ 6B +2,]U[2A—4B + 22,,2A+ 4B +
22,]U[2A — 4B + 22,,2A + 4B + 22,] U [2A— 4B + z; + 7,,2A+ 4B + z; + z,| U
[A—2B+32,A+2B+32z,]U[A—2B +32,,A+2B+32,]U[A— 2B+ z, + 22,,A+ 2B +
zy+22z,]U[A—2B + 22, + z,,A+ 2B + 22, + 2, U [2A — 4B + z3,2A + 4B + 23] U
[A—2B+ 2z, +23,A+2B+ 2, + 23] U[2A—4B + 2,,2A— 4B + z,|U[A+ 2B + z; + z,,A +
2B+ 2z, +2z,|U[A—2B+ 2z, + 23, A+ 2B+ 2z, + z3]U[A— 2B + 2z, + z,, A+ 2B + z, + z,],
and discrete spectrum of the operator >H} is consists of eleven eigenvalues: adisc( 317}) =
{42,,321 + 25,425,221 + 225,21 + 325,22, + 23,21 + 2y + 23,22,+23,22, + 74,2, + 2, +

2BE 2BE (B+&5)?
Zy, 2Z2 + Z4}, where Z1 = A— \/ﬁ' Zy = A+ \/ﬁ and £ = s%+2;£2'
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In contrast to single-walled carbon nanotubes (SWNTs), double-walled carbon nanotubes
(DWNTs) exhibit superior mechanical strength and thermal stability. However, the widespread
adoption of DWNTs faces obstacles due to difficulties in selectively growing them [1].
Understanding the nucleation step is critical for precisely controlling CNT growth [2]. This study
investigates the nucleation of DWNTs using molecular dynamics (MD) simulations. Growth is
accomplished by allowing methane species [3] to impinge on a Nig; nanocluster. During the
simulations, the system temperature was maintained at 2000 K, regulated by a canonical Bussy
thermostat. Simultaneously, the cluster was physisorbed onto a virtual Al surface. Based on the
preliminary results, the process can be divided into two stages: 1) The steps leading to the catalyst
reaching the supersaturation point and the subsequent development of graphene networks on it
closely mirror the SWNT nucleation process [4] (Figs. 1a and 1b); 2) As the initial cap-shaped
structure expands and rises from the nanocluster's surface, carbon atoms disperse within the
nanocluster, giving rise to fresh carbon chains on its surface. These chains ultimately contribute to
the creation of initial carbon rings, culminating in the eventual development of a second cap. (Figs.
lc and 1d)

(b) (c)

Fig. 1. Nucleation steps of the DWNT: (a) super-saturation point; (b) graphene network
formation; (c) first cap formation; (d) second cap formation. Ni, C, and H atoms are shown in
green, gray, and blue, respectively.
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As it is known the direction of energy flow is essential when setting up experiments with
acoustic waves and especially when measuring the velocity and attenuation of acoustic waves. In
this work, the dependence of the polarization vector and energy flow density on the longitudinal
and transverse waves in NaCly7Bro3 crystals and their dependence on the wave vector was
investigated for the first time. The studied samples have the form of parallelepiped, the long side of
which was oriented along the main cubic directions [100] and [110]. The orientation of the samples
was carried out along the cleavage planes during grinding and polishing of the crystals. The studies
were carried out at the room temperature in the frequency range 0.3-1.6 GHz. Acoustic waves were
excited using piezoelectric transducers made of quartz or lithium niobate by 50-100 microns thick.

The acoustic properties of crystals were studied using the Gren-Christiffel system of
equations. In general, the direction of the polarization vector n and the energy flow density vector
do not correspond to the direction of the acoustic wave vector q. In particular, for quasi-longitudinal
and quasi-transverse waves in the (001) plane, when the direction of the wave vector is changed by
an angle @, the deviation of the polarization vector from axis [100] y is determined as follows [1]:

_ I12
y = arctg(—pvz_rzz) (1)

where V-acoustic wave velocity, p -crystal density, I'j, and 'y, are the real components of the Gren-
Christoffel tensor. The angle of deviation of the energy flow density vector & is defined as follows:

A
§=arctg(h) 2)
where A and A, are the components of the energy flux density tensor.

(w-0), (5-0), degrees

+ 0
o5k \/ , degre(;}\/

-100 ~

Fig. 1. Deviation of direction of polarization (1,3) and energy flux density (2,4) on the direction of
the wave vector of quasi-longitudinal (1, 2) and quasi-transverse waves (3, 4) in the (001) plane in
NaCly 7Bro 3 crystals

As can be seen from Figure 1, there are three special directions [100], [110] and [010] in this plane,
along which purely longitudinal and purely transverse waves propagate. The angle of maximum
deviation of the polarization vector from the wave vector is 7.4 degree. It was determined that the
angle of deviation of the energy flow density vector from the wave vector is equal to 9.8 degree.
References
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ANISOTROPY OF ATTENUATION OF HIGH FREQUENCY ACOUSTIC WAVES IN
MgO CRYSTALS
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In [1], a new approach was proposed to describe the anisotropy of acoustic waves in crystals
using effective real and imaginary elasticity constants. In this work, such an approach is developed
to establish a connection between the effective Griineisen constant, which characterizes the
nonlinearity of interatomic interaction forces, and the anisotropy of the attenuation of acoustic
waves in MgO crystals. The MgO samples had the shape of parallelepipeds and were oriented along
the [100], 110] and [111] axes with an accuracy of 10. Acoustic waves were excited by X- and Y-
cut quartz transducers. The studies were carried out at room temperature using the ultrasonic
method [2]. The accuracy of determining the speed and attenuation of acoustic waves was 0.2% and
10%, respectively.

The measurement results and calculated values of the real and imaginary effective elastic
constants c'efr and ¢”¢gr for the [100], [110] and [111] directions are given in Table 1.

Table 1. Velocity and attenuation (1 GHz) of acoustic waves, effective real and imaginary
elastic constants, and Griineisen parameter in MgO crystals

V, c'effs a, " ety
q n 10° m-s™ 10'° N-m2 cm’! 10" N-m™ oo
100] | L1003 8.94 28.6 0.56 4.56 2.58
[001] 6.43 148 0.11 0.33 0.69
[110] 9.67 33.4 023 233 1,69
[110] | [110] 527 9.95 1.53 2.56 1.77
[001] 6.43 14.8 0.11 033 0.63
i1y | 9.89 35.06 0.14 1.59 1.38
[110] 5.68 11.56 0.87 1.81 1.48

Three independent components of the real and imaginary parts of the elasticity tensor for MgO
crystals, which are necessary to find the effective elastic constants, were determined by us from the
values of the velocity and attenuation coefficient of longitudinal and transverse waves along the
[100] and [110] directions. As a result, the values of the real and imaginary components of the
complex elasticity tensor were obtained:

¢/, =28.6:10°N-m?; ¢/, =8.7-10"°N-m?, ¢}, = 14.8-10'° N-m™
¢l =4.56:10' N-m?, ¢!, =-0.550-10' N-m?, ¢}, =0.326:10' N-m™.

The obtained values of the constants make it possible to calculate the attenuation of acoustic
waves according to the Akhiezer mechanism [2] along any direction of propagation of acoustic
waves in MgO crystals, using the expression [3]:

o (1)

a = ’

Copap

Here the real and imaginary effective elastic constants are determined through the real c'jj and
imaginary c¢"jju; components of the complex elasticity tensor:

! 4
Copp = Cijta K ;K17 T]k ()
" 4
Copgp = Cista® 5Tk &)
where «; and 1y are the components of the unit wave normal vector x and the polarization vector m.

Calculations using the Christoffel equations showed that in this plane the maximum deviation of the
polarization vector from the wave vector is 11.5 angular degrees. The anisotropy of the attenuation
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coefficient of acoustic waves with a frequency of 1 GHz propagating in the crystallographic plane
(110), calculated on the basis of experimental data and expressions (1), (2) and (3) is shown in
Figure 1.

Figure 1. Section of the attenuation surfaces of quasi-longitudinal (1), quasi-transverse (2) and pure
transverse (3) acoustic waves in MgO crystals by the (110) plane.

According to [2, 3], the expression for the attenuation of acoustic waves according to the
Akhiezer mechanism can be written in the following form:

AT’
20V,
where T is the temperature, A is the thermal conductivity coefficient, y is the effective Griineisen
constant, Vp is the average Debye velocity [3].
Using the experimental results on acoustic attenuation and expression (4), the effective
Griineisen constants for longitudinal and transverse waves along various directions were
determined, which are also given in Table 1. The values of the effective Griineisen constants were

determined through the relation:
1
C:I . V2 A
}/3(]74) :{ it L } (5)

2-4-T-w

The table shows that the spatial dispersion of the Griineisen constants leads to a strong
anisotropy of the attenuation of both longitudinal and transverse acoustic waves. The results also
showed that the strongest anisotropy of the attenuation coefficient is observed for transverse
acoustic waves, for which this value changes by an order of magnitude with a change in the
direction of propagation. The proposed approach to determining the effective Griineisen constants
can be used to study the nonlinear elastic and thermal properties of other cubic crystals.

4)

2
A=Y o0
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Among different surface methods, the low-energy ion-scattering (LEIS) technique (or ion-
scattering spectroscopy, ISS) has been used extensively over the past few decades for analyzing the
composition and structure of solid surfaces. In a typical LEIS experiment, a surface is bombarded
by noble-gas ions (He", Ne*, Ar", Kr", Xe") having a primary energy in the range of 1-10 keV. The
elemental composition of the surface can be identified by the presence of single-scattering peaks in
the energy spectra (the LEIS spectra), while the angular distributions of the scattered ions contain
certain information about the surface structures. However, for explaining energy and angular
spectrums we have to know the trajectory scattered ions. Therefore in this work we present the
LEIS investigations (trajectory scattered ions) from the surface atomic row of SiO,<110> material.
Silicon dioxide used as a filler in rubber products, paints, animal feeds, pesticides, insulation
materials, and cosmetics. Polycrystalline silicon and silicon dioxide materials are etched in
semiconductor manufacturing. In this work was used a method which named binary collision
approximation. The binary collision approximation (BCA) has long been used in computer
simulations of the interactions of energetic atoms with solid targets, as well as being the basis of
most analytical theory in this area. While mainly a high-energy approximation, the BCA retains
qualitative significance at low energies. Moreover, computer simulations based on the BCA can
achieve good statistics in many situations where those based on full classical dynamical models
require the most advanced computer hardware or are even impracticable. On the Figure 1 presents
the trajectories scattered ions Ne*(a), Arf(b) and Xe*(c) from surface atomic row(oxygen atoms) of
the SiO,<110> at the angle of incidence \|/=110 by initial energy 5 keV. We can observe only 2
trajectories on the surface atomic row at bombardment by Ne ions. In the case Ar bombardment, we
observe 21 trajectories, but they very close to surface. At the Xe ions bombardment, we also
observed 21 trajectory scattered ion from the surface atomic row. But angle of scattering large than
in the case Ar ions. So, we can see that by increasing atomic mass bombardment ions we can
observe many trajectories scattering ions by the surface atomic row. This method makes it possible
to study surface nanostructures by the LEIS.

a b c

3,04 3,09
Ne*—8i0; <110>

3,04

Eg=5000eV 25 Ar—8i0; <110>
i o Eg=5000eV 2,5
2,5+ v=u 0 N Xe*—8i0; <110>

10
v=1 Eq = 5000 eV
2,0 20

y=11°

Z(A)
Z(A)
A

T e 0 0 0 0 0 0 0,0 .0 0 0
Xg (A) Xg (A) Xg (A)
Figure.1. The trajectories scattered ions Ne*(a), Ar'(b) and Xe*(c) from surface atomic row of the

Si0,<110> at the angle of incidence y=1 1° by initial energy 5 keV.
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Aqueous nanofluids of metal oxides (TiO,, SiO,, Al,O3;) are widely used in modern
nanotechnology: in pharmaceuticals, medicine, food, chemical and manufacturing industries, and the
building industry [1,2]. An effective balance of various types of interactions in water, as a polar
carrier medium modified with nanoadditives, ensures the appearance of regular nanostructures, and it
possible to carry out a controlled process of creating materials with predetermined properties. Low-
dimensional molecular aggregates-clusters formation, with they definite structure and stability, is
provided by interactions with an energy of 10-30 kJ/mol of hydrogen bonds of water molecules,
which are the main structure-forming in aqua [3].

The addition of metal oxide nanoparticles of varying degrees of dispersion changes the structural
properties of water as a carrier medium, increasing the stability of clusters. At the same time, the
stability of the formed hydrosol is limited by the deposition of nanoparticles and requires additional
modification for a significant increase. Such a modifier is usually anionic surfactants, which are
amphiphilic molecules consisting of a hydrophobic hydrocarbon chain and a hydrophilic polar group
with a pronounced ability to dissolve in polar solvents. The main acting forces in this case are Van der
Waals forces, electrostatic forces and hydrophobic interaction forces [4]. The dynamics of the
interphase boundary is determined by the overall balance of these forces. The nature of hydrophobic
forces, like the van der Waals interaction, extends over distances of several atomic diameters, has an
entropic character and is explained by a network structure deformation with hydrogen bonds
characteristic. Efficiency of increasing metal oxide nanoparticles hydrosol stability depends not only
on their dispersion, but also on the concentration of both nanoparticles and surfactant and can be
optimized for each of their types especially.

The particle sedimentation process strongly depends on aqua nanofluid parameters such as
particle density, volume, viscosity of the liquid and density of the medium. For spherical particles that
do not interact with each other, the sedimentation rate can be expressed according to Stokes' law:

2(p — p,Jrg

Iu
where 9 - is the particle sedimentation rate; p - is the density of the particle; p, - is the density of the
liquid; r - is the radius of the particle; g - is the gravity acceleration; . - is the dynamic viscosity of the
liquid.

Nanoparticles obtained by the method [5] were used as research samples and the control of the
size distribution was carried out by the NTA (nanoparticle tracking analysis) using NanoSight
LM10 device from Malvern Panalytical with wavelength 405 nm (fig.1). SiO, nanoparticles
dimension characteristics in silica sample consists of polydisperse size in 50-450 nm range with
maximal concentration in 125 nm, as shown in table 1.

Table 1. SiO; nanoparticles dimension characteristics in silica sample

9 =

Size, nm 55 85 125 210 260 375
Concentration, % 3 9 53 14 13 9

Using anionic surfactant, as dodecylbensolsulfonate Na (C;2H25sCsH4SO3Na), it was possible to
increase nanofluid stability with surfactant concentration in the range of values, there is less than
the micellization critical concentration (MCC) from 0,2 up to the 1,2 mmol/I.

The stabilizing effect of C;;HysC¢H4SO3Na at concentrations below MCC is due to the
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adsorption of individual surfactant molecules on the surface of metal oxides nanoparticles. The
adsorbed molecules increase the charge of the surface and hydrophilize it due to are high
hydrophilicity of sulfate groups, what makes it possible to obtain a stable nanofluid. If the surfactant
concentration increase to MCC value and above, there is no stabilization effect for such
nanoparticles as TiO, and SiO,, since micelles have a negative surface charge, as do this
nanoparticles. As a result the dispersed phase precipitates, and at high concentrations of surfactants
nanofluid turns into a gel.

Concentration (particles / ml)

N

1 1 1 L L L 1
0 50 100 150 200 250 300 350 400 450
Size (nm)

Figure 1. Polydisperse SiO; nanoparticles range in silica sample

Since water, as a carrier medium, has a high dielectric constant, the ability to exhibit both proton-
donor and proton-acceptor properties, hydrate shells are formed around dissolved particles: ions,
molecules, and aggregates of various nature according to the hydrophobic hydration model. The
dense layer of the hydrate shell consists of hydrogen-bonded water clusters with a structure
depending on the nature of the hydrated particle. The loose layer provides a continuous transition
from dense layers of hydrate shell around the particle to "free" water. The ratio of the thickness of
dense and loose layers, as well as the average lifetime of water molecules in a hydrate shell,
depends on the nature of the nanoparticle, the concentration of solutes and temperature. The
addition of surfactants makes it possible to change the lyotropic properties and thereby prevent the
aggregation (coagulation) of nanoparticles, which can lead either to sedimentation of large
aggregates or to the formation of dimensional structures, which culminates in the formation of a gel.
Sedimentation occurs when there is a predominance of the direction of motion of particles under the
influence of gravity over Brownian motion. Obviously, the anionic surfactant most effective for the
stabilize TiO; and Si0, aqueous nanofluids.
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Perovskite solar cells (PSCs) have recently become one of the most intensively investigated
optoelectronic materials due to their merits. A Lewis acid—base adduct approach for high efficiency
perovskite solar cell fabrication. Regarding solution-processed perovskite formation, selection of
solvents (N,N-dimethyl sulfoxide (DMSO), N,N-dimethylformamide (DMF), and vy-
butylolactone(GBL)) to dissolve PbX, (X = I, Br, Cl) and organic iodide is important. Most
solvents are found to be polar aprotic, which indicates that those solvents can act as Lewis bases.
The adduct approach has been found to be adopted generally, where methylammonium or
formamidinium lead iodide perovskite with large grain, high crystallinity, and long-lived carrier
lifetime is successfully fabricated via an adduct of Pbl, with thiourea (TU) as sulfur-donor Lewis
base. A smooth and large grained perovskite crystal is obtained without the intermediate phase
PbIl,—S=C(NH>), using the ideal thiourea amount. Thiourea, through forming MAI-Pbl,-DMSO-
thiourea in perovskite precursor solution, significantly impacts the perovskite crystallinity and
morphology, as proved using X-ray diffraction patterns and infrared spectroscopy.

In this work, we theoretically investigate the interaction energy between Pbl, with three
solvents to explain an effective method to regulate the crystallization kinetics of perovskite film and
is helpful for further development of PSCs. We have carried out quantum theoretical calculations
and optimized the model of interaction of Pbl, with solvents at the B3LYP level (DFT) using
DMol3 module of the BIOVIA Materials Studio 2017 program package and calculated its
properties, were presented in table.

Table. Interaction characteristics of investigated models

System Inter. energy, Band gap, eV Distance between
kcal/mol atoms, A
Pbl,-DMSO -0,8144 5,65 -Pb-O=
10.74
Pbl,-DMF -0,9856 6,01 -Pb-O=
9.22
Pbl,-TU -13,7276 5,057 -Pb-S=
2.86
Pbl, DMF DMSO TU -23,04 5,52 -Pb-DMSO 12.99
-Pb-DMF 15.08
-Pb-TU 6.77

According to the chemical structure of thiourea, its S-donor terminal would interact with Pb
terminal of Pbl, in the perovskite precursor solution, forming intermediate phase of Pbl,-thiourea
like DMSO, and such intermediate phase could retard the crystallization process during annealing
process contributing to larger grain size. On the other hand, S-donor terminal of thiourea also
compensate for the bared Pb defect sites among grain boundaries. These conclusions are consistent
with the calculated interaction energies. A possible theoretical mechanism has been presented
concerning the perovskite grain growth as thiourea is added.
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Abstract: In this paper, a two-dimensional HfO memristor is used as a conductive device,
and the effect of dielectric conductivity on its I-V graph is studied by modeling. Pt materials were
used as the contacts of the memristor, HfO for the dielectric layer, and HfO;  elements for the
conductive filament[1].

Keywords: 2D HfO, I-V curve, memristor conduction filament, ambient temperature,
bottom electrode, simulation, conductivity.

1. Introduction: Metal oxide-based RRAM devices are essential devices for future
technology. Using it as a permanent memory and logic element in computers, artificial intelligence,
and similar future technologies will greatly help to overcome various difficulties and simplify
electrical circuits. Many researchers have studied the characteristics of the metal oxide layer of the
memristor device using various methods, but the switching mechanism 1is still unclear[2-3]. This
work is aimed at simple modeling of the memristor device using COMSOL Multiphysics 6.2 and
studying its IV plot.

2. The structure of the memristor: We used HfO material as a dielectric layer in this
memristor. Also, the HfO,.x material is included as an adjacent layer to the dielectric layer to form a
current transfer mechanism. In addition, Hf material is added to the top of the dielectric layer to
increase the efficiency of the memristor.

Name Expression Value Description
T Wl r_f 3[nm] 3E-9m | filament radius
A rd 10[nm)] 1E-8 m device radius
C\//‘ Top electrode (Pt) h_di 5[nm] 5E-9 m height of the
Hf Interfacial layer dielectric
' * Dielectric h_te 30[nm] 3E-8m top-electrode
HfO height
Bottom electrode (Pt)
h_be 65[nm] 6.5E—-8 m bottom-
— — — electrode height
h_Hf 10[nm] 1E-8 m height Hf
Figure 1. Device schematic Table 1. Geometric parameters of the device

circuit

3. Process modeling in COMSOL Multiphysics: First, to model the memristor, its
geometric dimensions are entered into the COMSOL program. All the parameters we used are in
Table 1. The next step is to enter the necessary material parameters for each area. To study the
processes we need, Electric Current, Heat transfer, and Electric circuit physics are selected and the
necessary settings are made. In addition, the electromagnetic heating submodule is added to take
into account the electromagnetic heat occurring in the environment. All these modules calculate the
temperature (T) and electric field (E) distribution of the device during execution.
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IV Plot of HFO based memristor
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Fig. 2. Effect of electrical conductivity on the I-V curve

4. Simulation results: Memristor operation consists of 2 different state SET and RESET
processes. During the SET process, a positive voltage is supplied to the memristor through the
circuit, in which the memristor switches from a high resistance state to a low resistance state, that
is, CF is formed. During the RESET process, it goes from a low resistance state to a high resistance
state. In this process, we considered different values of the conductivity of the dielectric. To study
the IV curve, the circuit in Fig. 1 is constructed. Here, the resistance of the resistor is taken as 1000
ohms. The main idea of the simulation was to change the electrical conductivity of the conductive
filament material, and we considered the effect of its 3 different values on the IV plot (Fig. 2).

5. Conclusions: The results of 2D modeling show that the change in the electrical
conductivity of the conductive filament material in the HfO-based memristor has a significant effect
on its IV plot, and it is appropriate to choose materials with a higher electrical conductivity of the
conductive filament in the modeling.
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Based on the results of research conducted by scientists and specialists on the formation of
compounds of elements belonging to the lanthanides group in single crystalline silicon, the authors
have revealed the possibilities of obtaining novel materials that can be used to create modern
sensors and magnetic electronic devices [1-4]. The interest in this field is partially motivated not
only by the chance to design the technology for obtaining new materials, but also to study their
basic physical properties that still remains an urgent issue in the physics of semiconductors. Based
on the scientific analysis of the literature, the observation of ferromagnetic state in silicon with
dopants of lanthanide series of chemical elements is explained by the parallel arrangement of
magnetic moments of dopant atoms in the crystal bulk. Since metals have a high concentration of
electrons, it is relatively easy to control their spins. Semiconductor materials, particularly silicon,
are diamagnetic materials. It was shown in work [5] that it is possible to change the magnetic
properties of initial silicon by introducing the elements belonging to the lanthanides group with
high spin ordering to silicon. The obtained results make it possible to apply the semiconductor
silicon material in the creation of magnetic sensors for spintronic, for example, in the production of
spin transistors There is an increasing interest in controlling its magnetic properties by introducing
4f group elements into silicon. The spin of 4f electrons in the outer electron shells of Eu atoms is
equal to S=7/2. It is of scientific and practical importance to study the magnetic properties of silicon
by introducing Eu and dopant atoms. The dopant atoms of 99.999% (product of Hebei Suoyi New
Material Technology Co., Ltd.) chemically pure europium (Eu) metallic element selected as dopant
atoms were diffused from the gaseous state into the initial n-type silicon. In this case, the relative
resistance of the initial silicon p= 6; 40; 60 and 80 Q-cm were selected and prepared with geometric
dimensions of 8x4x1mm’. In an MG17-60/300 electric tube furnace, at a temperature of
T=1200"+1350°C and in the interval of t=6+15 hours, the deposed atoms were diffused into the
silicon from the gaseous state. After diffusion, the silicon samples were cooled by steady stepped
cooling procedure. Due to the tiny diffusion coefficient of europium atoms, the penetration depth of
lead atoms into silicon was small. In this case, it was found that the interstitial atoms are located in
the lattice node instead of the reference silicon atoms in the crystal lattice of silicon single crystal
[6,7].

Analysis of the research results showed that in samples of silicon diffusion doped with impurity
europium atoms at certain temperatures a transition and ferromagnetic state are observed, which are
absent in the original silicon. Studies of the magnetic properties of the original silicon and silicon
samples doped with impurity europium atoms have shown that magnetic domains are formed in
silicon samples doped with europium atoms (Fig. 1)

Nanoview1000. when exposed to a magnetic field B = 250 mTesla
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The results of the study showed that the concentration of impurity europium atoms strongly
affects the magnetic properties of the original silicon. As the concentrations of europium impurity
atoms increase, the density of the formed magnetic domains increases. This, in turn, leads to an
increase in the magnetic sensitivity of the obtained samples. A study of the magnetic properties of
silicon doped with europium impurities showed that in the resulting europium samples, europium
atoms form magnetic nanoclusters, which lead to the formation of magnetic domains of size. The
results of a study of the magnetic properties of silicon doped with impurity atoms make it possible
to use them in magnetoelectronics to create magnetically sensitive sensors and magneto-spin
transistors.
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Selective photo receivers with maximum sensitivity in various spectral diapasons are applied in
various optical electronic devices implemented for environment contamination recording. To
monitor water and soil contamination by Bio-Hemi luminescence method, selective photo receivers
with maximum spectral sensitivity at 490-500 nm are mostly applied.

Physical and technological basis was developed that would ensure designing of photo receivers
(PR) sensitive in the ultra-violet spectrum region based on ZnS-CdS-type compound solid solution.
Basing on X-ray structural and phase analysis we have determined that ZnyCd; S-type solid
solutions films consist of orientated column-shaped crystallites with dimensions 20-30 A’ and
intercrystalline distance 40-60 A", Crystallites are widespread all across the films’ thickness [1].
The above UV photo receivers represent a Schottky barrier formed by vacuum deposition of metal
(Au) on the solid solution film surface in the temperature range of 500-100° C.

The UV photo receiver’s spectrum range as a function of material composition was investigated
within 250—310 nm wavelength. Spectral sensitivity maximum Sj max is definitely related to Zn in
solid solution and varies correspondingly in the 280—480 nm wavelength range. It was revealed
that the value of Sy max and the boundary value of short and long wave spectrum of photo sensitivity
characteristics correlate proportionally with the concentration of Zn in the solid solution content and
shifts towards smaller wavelengths of solar radiation.

Structure Zn content in Photo sensibility Photo sensibility
Zn,Cdix S region maximum S) max,, 1
Au- ZnyCd;« S 0,2 0,46+0,5 0,486
0,3 0,45+0,59 0,47
0,35 0,43+0,42 0,46
0,4 0,41+0,45 0,2

One of the significant parameters of these photo receivers is the fact of extension of photo
sensitivity toward shorter ranges of wavelengths once a certain voltage is applied in photodiode
mode. It has been shown that photo sensitivity spectrum varies linearly on applied voltage, and the
integral change is approximately 100-150 nm virtually independently on Zn,Cd;.S-type solid
solution’s composition.

According to experimental results, the photocurrent (J,) and integral sensitivity (Sin) also strongly
depend on V. For example, Si,y =3 mA/lm at V=0 V, and in photodiode mode at V =5V, Siy =
75 mA/Im. For comparison we have taken a multiple of industrial photo receivers PD-7k and PD-
11k have, Sin = (4-5) mA/Im that are well known for their performance. Photocurrent amplification
in PR photodiode mode depends on minority carrier injection from intragrain layers into the volume
charge layer of the photosensitive structure. It’s shown that the Zn7Cdy3S solid solution is most
suited for photo receiver’s design in the spectral range A = 250-400 nm. Current sensitivity at
maximum (A=340-380 nm) is Sy max =(0.2-0.3) A/W and voltage sensitivity is Sy max =300 V/W at
ambient temperature 100-120°C. The response rate of these RP is =10 — 10” seconds, and the
angular sensitivity margin is approximately ~120°. The scanning step of the existing industrial
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photo receivers is 15-20°. This parameter of the PR is of great importance when it comes to
developing electronic devices for flame control in large industrial gas furnaces.

The major advantage of the developed photo receiver is the ability to scan the photo of EMF,
inversion points in the photo diode mode by means of applying voltage.
Further on, to determine accurately the location of light irradiation source, additional complex and
extraction mode was applied by using an additional monochromatic irradiation source directed at an
angle of the incident light flow. As a result, the background irradiation effect was completely
eliminated in the range up to A = 395 nm in the UV region and at A= 470 — 1000 nm in a long
wavelength spectrum. Here the irradiation source tracking accuracy is ~1 nm.
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Abstract: The chemical vapor deposition CVD method involves the catalytic decomposition of
carbon raw materials using a transition metal catalyst. The X-ray diffractometry device accurately
characterizes the properties of carbon nanotubes, including crystal structure, purity, and
morphology. To delineate these properties, we conducted an X-ray diffraction analysis of carbon
nanotubes synthesized using the CVD method.

Keywords: Nickel oxide, carbon nanotubes, X-ray diffraction, chemical vapor deposition, catalyst,
intensity.

Currently, many developing areas of nanotechnology are related to carbon nanotubes
(CNTs). CNTs have a very high coefficient of strength, very high thermal and electrical
conductivity, fire resistance, and are the best among known materials in terms of mass. CNTs can
be synthesized by various methods, such as arc discharge, laser ablation, CVD, etc. CVD is the
cheapest, easily controlled, and most widely used method [1].

CVD has many advantages over arc discharge and laser ablation methods in terms of purity,
yield, crystallinity, structure control, etc. In the CVD process, the carbon feedstock nucleates and
grows from the catalyst nanoparticles.

CNTs were synthesized using the CVD method. This process is described in detail in the
literature [2]. Nickel oxide was used as a catalyst in this research. X-ray diffraction (XRD) was
conducted to characterize the crystal structure, purity, phase morphology, and other properties of
the synthesized CNTs. The XRD graph of CNTs is shown in Fig. 1.
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Fig. 1: XRD diffractogram of CNTs synthesized by the CVD method

X-ray diffraction of CNTs synthesized by the CVD method was performed using a
Shimadzu XRD-6100 X-ray diffractometer with a Cu-Ka radiation source at a wavelength (A) of
1.541874 A, diffraction angle (20) ranging from 10° to 80°, with an angular speed of 5°/min. When
X-rays are exposed to one wall of the CNTs, certain parallel (hkl) reflected peaks are formed. Fig.1
shows two characteristic peaks of CNTs at 20 = 25.9° and 43.3°. Among them, the (002) peak
observed at 20 = 25.9° is significant, indicating the crystalline and cylindrical structure of the
synthesized CNTs.

All physico-chemical properties of CNTs synthesized by CVD method using nickel oxide,
such as lattice structure, purity, light characteristics, crystallinity, etc., can be determined using the
intensity and positions of XRD diffraction peaks.
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PIEZORESISTIVE MATERIALS

Jamshid Avloni], Daminov Rakhimjonl, Kamil Mukimov], ’Bahodir Abdulahkatov

]Nanotechnology Development Center at the The National University of the Republic of Uzbekistan,
Ministry of Higher Education, Science and Innovations of the Republic of Uzbekistan
ZMilitary Medical Academy of the armed forces of the Republic of Uzbekistan

Abstract

Wearable electronics incorporating physical, chemical, and biological sensors and actuators have
rapidly become an inseparable part of our lives for their use in a wide range of applications,
especially for personalized health monitoring, wellness tracking, and early-warning for COVID19
and other infectious viruses. [1-3] Among them, flexible, stretchable, and miniaturized wearable
sensors that measure motion, physiological, electrophysiological, and electrochemical signals

emanating from the human body present great potential for personalized healthcare applications.
[4-5]
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Figure 1. Diagram showing the structure of the pressure mapping sensor

Figure 2. Image from pressure mapping bed sensor
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Layer-by-layer (LbL) deposition is a thin film fabrication technique. The films are formed by
depositing alternating layers of oppositely charged materials with wash steps in between. This can
be accomplished by using various techniques such as immersion, spin, spray, electromagnetism, or
fluidics.

The piezoresistive effect describes the change in electrical resistance that occurs when an external
force is applied to a semiconductor.

Deposition of alternating layers of oppositely charged conductive carbonaceous nanoparticles and
polyelectrolytes on textile surfaces leads to formation of piezoresistive materials with good load
sensitivity and fast response times. Easy control over the target electrical resistivity and acceptable
uniformity of the electrical resistance of the fabric are the most important parameters for pressure
mapping applications. These piezoresistive materials are used in commercial pressure mapping
sensors in industrial and biomedical applications, sports, robotics and musical instruments. [6]

The architecture and the number of conductive bilayers allows to control electrical resistance and
sensitivity of piezoresitive fabric.

Smart beds built using pressure mapping allow to prevent the bed sores. Pressure mapping shoe
insoles are used in sports and hospitals.

Layer-by-layer deposition method also allows to apply antistatic, antibacterial and water repelling
treatments onto various textiles.
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In the last years, the studies toward the two-dimensional (2D) transistors, or, to be more formal, the
transistors with a 2D current-conducting channel, become more and more popular since such devices can
offer a way to overcome scaling restriction imposed by the Moore’s law. Among the known 2D
semiconductor channel materials, there are molybdenum disulfide, graphene, black phosphorus, and their
further search is in progress. However, for functioning of the devices, a choice of appropriate insulators is
also a challenge. The attempt to fabricate such kind devices with the traditional insulators like SiO»,, high-
k dielectrics or hBN were not unsuccessful but elucidated a need for more suitable insulating material [1].
In our recent [2] and present works, we suggest the epitaxial Calcium Fluoride (CaF,) for this role.
Furthermore, CaF, can also be exploited as a barrier layer material in other 2D solid-state devices like
super-lattices or resonant-tunneling diodes.

Considering an extensive application potential of Calcium Fluoride, careful studies on physical
properties, MBE (= molecular beam epitaxy) growth possibilities, manufacturing feasibility and other
details with respect to CaF, are evidently required. This is what this paper is devoted to. CaF, is a
crystalline dielectric, perfectly lattice-matched to silicon (Si), with a wide bandgap of 12.1 eV, rather high
static permittivity of 8.43, fair conduction band offset to Si of 2.38 eV and large effective carrier mass of
1.0my there in [3]. These parameters evidence for the expected good insulating property of the fluoride
films, which is especially valuable for the transistor application. The key detail of the epitaxial growth of
CaF, on Si(111) was a relatively low (250 °C) temperature; no subsequent annealing procedure was
performed. The nominal fluoride thickness d, ranged from 1-2 to 10-20 nm with the rms from 0.1-0.2 nm
for the thinnest to approximately 1 nm for the thickest deposited films as measured using the atomic-force
microscope.

For studying the electrical characteristics, top gold (Au) round-shaped contacts were deposited
through the mask onto the surface of the fluoride creating thereby a metal-insulator-semiconductor (MIS)
capacitor Au/CaF,/Si(111) structure. For the n-Si wafers, an application of positive voltage on the Au
electrode rendered the capacitor accumulated and of the negative voltage depleted or inverted. For MIS
systems with CaF,, all the expected features of current-voltage (I-V) characteristics were observed — a
quasi-exponential increase of the current for the accumulation polarity and, in most cases, also quasi-
exponential for the opposite polarity. For a depletion-inversion polarity, instead of a current growth,
saturation of current occurred for some samples, indicating a minority carrier deficiency. For the samples
showing saturation of /, a photosensitivity was observed. All these features are known from the general
well-developed theory of MIS tunneling diode structures and in the past were extensively studied for the
more conventional capacitors with SiO,.

A quantitative theory-to-experiment agreement for the I-V curves of Au/CaF,/Si(111) structures
was achieved when including a thickness fluctuation into the model. The averaged thickness was set to d,
while the standard deviation o4 to rms. No any artificial fitting factors like e.g. adjustable barrier heights
or effective masses, were used. The currents were simulated assuming a dominance of tunneling transport.
Both electron and hole components were taken into account considering also a conservation of the
transverse wave vector.
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Figure. Top part: Energy band diagram of the Au/CaF,/Si structure; Summary of the possible
applications of Calcium Fluoride as a dielectric material, also for the 2D systems; Array of the defined
structures with gold electrodes; Drawing of a transistor with a 2D current-conducting MoS, channel and a
fluoride sub-layer; Band diagram of a resonant-tunneling diode with the CaF, barriers. Bottom part:
Measurement schematics; Image of a relief of the grown CaF, film: Measured vs. simulated current-
voltage curves of the MIS structures with Calcium Fluoride (in particular one can see an increase of the
standard deviation with increasing nominal thickness). In some cases, in the V < 0 branch for the
extremely thin (d, ~ 2.0 nm) samples, instead of a monotonous increase, there arose a current plateau
(where the current value increased under external irradiation).

The results are summarized in the multipart figure. Commenting to these results, we can
conclude that the epitaxially grown fluoride films meet the requirement for the dielectrics in
barrier layer for different applications. Further studies should be focused on a reduction of the
thickness fluctuations. Also the standard stress tests should be carried out.

The work was supported by the RFBR grant no. 21-52-14007 AH® _a.
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OBTAINING Fe NANOCATALYST FOR SYNTHESIS OF CARBON NANOTUBES BY
PVD METHOD
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Abstract:

In this study, we explore the use of Physical Vapor Deposition (PVD) methods to obtain iron (Fe)
nanostructures, with the primary goal of synthesizing carbon nanotubes (CNTs). The unique
properties of CNTs make them valuable in various applications, and the method of synthesis plays a
crucial role in determining their quality and characteristics.

Methodology:

The PVD method involves the deposition of Fe nanostructures on a suitable substrate under
controlled conditions. Our approach includes a detailed investigation of deposition parameters such
as temperature, pressure, and deposition time. Additionally, we explore the influence of substrate
type on the growth of Fe nanostructures.

Results:

Successful implementation of the PVD method resulted in the generation of Fe nanostructures,
integral for catalyzing carbon nanotube (CNT) synthesis. Microscopic analysis revealed uniform
and well-defined structures, with temperature variations impacting size and substrate choice
influencing adhesion.

In-depth exploration of deposition parameters indicated that higher temperatures led to the
formation of larger nanostructures. Moreover, distinct substrate materials demonstrated varying
effects on nanostructure arrangement. This nuanced understanding highlights the adaptability of the
PVD process in tailoring Fe nanostructures.

These insights provide a foundation for fine-tuned control in subsequent CNT synthesis, marking
significant progress in nanomaterial fabrication..

Discussion:

The discussion focuses on the significance of Fe nanostructures in catalyzing the growth of CNTs.
Understanding the relationship between deposition parameters and nanostructure characteristics is
crucial for tailoring the synthesis process to achieve desired CNT properties.

Conclusion:

This study contributes to the optimization of PVD methods for obtaining Fe nanostructures, a
critical step in the production of high-quality CNTs. The findings offer insights into the control and
manipulation of nanostructure growth, providing a foundation for further research in nanomaterial
synthesis.

Keywords:

Physical Vapor Deposition, Fe Nanostructures, Carbon Nanotubes, Catalyst, Nanomaterial
Synthesis.
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PERMEABILITY ASSESSMENT OF A NANOCOMPOSITE MEMBRANE BASED ON
POLYVINYL ALCOHOL
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Vanadium flow batteries play a crucial role in electrical energy storage, with proton
exchange membranes being a key component. The current complexity and high cost of these
membranes hinder widespread adoption[1].

To overcome this, an economical proton exchange membrane based on polyvinyl alcohol
was synthesized, incorporating silicon oxide nanoparticles. This enhanced membrane exhibits
mechanical strength, proton permeability, and vanadium ion prevention properties, meeting the
requirements for efficient energy storage systems|[2].

The permeability assessment of membranes for vanadium ions V(IV) was conducted within
the framework of utilizing a cell consisting of two identical half-cells, with the studied membrane
placed between them(Fig.1). A 1M solution of VOSOj4 in a 2.5M aqueous solution of sulfuric acid
was introduced into one half-cell, while a 1M solution of MgSOy in a 2.5M H,SO, solution was
introduced into the other. The volume of each solution was 5 ml, and the working area of the
membrane, in contact with the VOSO4/MgSO; solutions, was 5 cm2. During the determination of
membrane permeability, samples of the solution from the MgSO, half-cell were collected every

hour. The concentration of V(IV) was calculated using the Beer-Lambert-Bouguer law.
IM VOSOyin 2,5M H2S04 IM MgSO;4in 2.5M Hz804
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Fig.2 Membranes permeability
Fig.1 Membrane permeability test setup.

The synthesized proton exchange membrane based on polyvinyl alcohol with silica nanoparticles
has a good barrier function of vanadium ions for VRFB. To assess the permeability of membranes
for vanadium V(IV) ions, membranes were compared with the well-known commercial membrane
Nafion 117.
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RAMAN SPECTRUM ANALYSIS OF TiO, DEPOSITED BY THERMAL ALD METHOD
ON VARIOUS SUBSTRATES
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The investigation and control of the process of depositing thin films of TiO2 onto diverse
surfaces present a significant challenge in the contemporary field of science and technology. Thin
TiO2 films exhibit unique physical and chemical properties, making them highly sought after in
various scientific research and industrial applications [1]. These films are extensively used in solar
cells, photocatalysis, sensors, and many other areas. Their distinctive self-cleaning ability, attributed
to the simultaneous presence of superhydrophilic and superhydrophobic regions on the surface, is also
applied in the development of self-cleaning coatings [2]. Currently, numerous methods exist for
depositing thin TiO2 films, each possessing unique advantages and characteristics.

We conducted the deposition process of TiO2 onto diverse substrates, including copper, titanium,
silicon, nickel, glass, and aluminum oxide, using the thermal atomic layer deposition (ALD) method.
The experiment was performed using the SI PEALD system manufactured by SENTECH Instruments
GmbH. In this procedure, titanium tetraisopropoxide (TTIP) and water were employed as the
chemical precursors. Nitrogen served as both the carrier gas and the purge gas during the process.

The growth rate per cycle was determined using ellipsometry, yielding a growth of 0.2 nm per
cycle. This enabled precise control over the film thickness by specifying the number of deposition
cycles. Deposition was carried out for 7500 cycles, resulting in a film thickness of 1.5 micrometers.
Sample characterization was conducted using an InVia Raman spectrometer with a resolution of <0.5
cm ! in the visible range. Measurements utilized a 532 nm wavelength laser, a diffraction grating with
a period of 1800 lines/mm, an X100 objective, and a standard CCD detector.

Four distinctive Raman active modes of anatase TiO2 with symmetries Eg, Blg, Alg, and Eg
were identified at 142, 394, 516, and 637 cm™', respectively on all samples. These characteristic
vibrational frequencies, along with their intensity ratios, confirmed the presence of pure anatase phase
in TiO2 [3]. The results demonstrated that irrespective of the substrate, utilizing this method under
these deposition conditions led to the growth of titanium oxide with a crystalline Anatase structure.
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Fig. 1- Raman shift spectrum of TiO2 films deposited on various substrates.
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THE INFLUENCE OF REACTANTS RATIO ON THE PROPERTIES OF NICKEL OXIDE
NANOPARTICLES
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Abstract: NiO nanoparticles were obtained by the sol-gel method. NiO nanoparticles were
synthesized by sol-gel method. X-ray diffractometry accurately characterized the properties of the
synthesized nanoparticles, including crystal structure, purity, and morphology.

Keywords: nickel oxide nanopowder, sol-gel method, calcination temperature, suspension mixing
intensity, nanoparticle size

Nickel oxide (NiO) is a chemically stable substance with interesting optical, electrical, and
magnetic properties [1]. Thus, it is used in the form of NiO nanoparticles in chroming, as a catalyst, in
biomedicine, in gas sensors, in solar energy, in lithium-ion batteries, and in optoelectronic devices, as
well as in the composition of solar elements [2].

Various methods are used for the synthesis of NiO nanostructures: coprecipitation, as well as
hydrothermal, solvothermal, and chemical precipitation, among which the sol-gel method is the most
attractive due to its cost-effectiveness and low energy consumption [3].

As a precursor for the synthesis of NiO using the sol-gel method, a mixture of nickel nitrate
(Ni(NOs3),-6H,0), ammonium hydroxide (NH4OH), and deionized water was used. The synthesis of
NiO nanoparticles is carried out in the following order: Ni(NOs),-6H,0 is dissolved in deionized
water, to the obtained solution, NH4OH is added in different proportions and stirred. To age the
obtained suspension, it is kept at room temperature for 20 hours. The resulting light-green suspension
is then separated on a centrifuge EBA 20S and subjected to calcination in a laboratory furnace SNOL
in the temperature range of 400°C for 2 hours.

The crystalline structure, purity, and phase composition of the synthesized nickel oxide
nanoparticles were studied using the XRD-6100 Shimadzu diffractometer with a Cu-Ka radiation
source at a wavelength (L) of 1.541874 A in the angle range of 10°-80° with a step of 0.05°.

In the research work, we studied the influence of changing the ratio of NH4OH in the reactants at
1:1, 1:2, 1:3 on the properties of nanoparticles. The following conclusions were drawn from the
obtained XRD results.
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Fig.1 — The impact of NH,OH content on the size and mass of nanoparticles.
According to the XRD results, the diameter depends on the ratio of NH4,OH in the total mass. As the proportion of
NH,4OH increases, the size of the nanoparticles decreases, and the mass of the nanoparticles decreases.
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Abstract

This research scrutinizes the dynamic interplay of temperature and irradiance on the I-V
characteristic of a singular solar panel, employing a simulation model within the MATLAB
Simulink framework. The simulation spans a spectrum of climatic conditions, simulating
temperatures at +25° C, +35° C, +45° C, and +55° C degrees as in [4], and irradiance levels
ranging from 1000 to 100 W/m’. The study yields comprehensive I-V (current-voltage)
characteristics according to [1, 2], providing nuanced insights into the performance of the solar
panel under diverse environmental scenarios. The results not only underscore the impact of
temperature [3] and irradiance variations but also contribute essential data for the practical design
and implementation of solar energy systems, especially in regions prone to extreme weather
conditions.

Keywords: solar panel, irradiance, temperature, power output, MATLAB Simulink, STC.
Introduction: The contemporary global energy paradigm is confronted with escalating challenges,
necessitating a paradigm shift towards sustainable alternatives. Amidst these challenges, solar
photovoltaic (PV) systems offer a promising solution, standing as a beacon for renewable energy.
At the forefront of solar energy technology are solar panels, and comprehending their intricacies is
crucial for unlocking their full potential. The simulation model employed in this research is
anchored in the BYD (Huizhou) Battery BYD 210P6-30, a solar panel esteemed for its efficiency
and widespread application [1]. In the depicted figure below, the simulation model is visually
represented.
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Figure 1: The overall Simulink model of a 200 W solar power system.

Temperature and Irradiance as Influencing Factors: Temperature emerges as a pivotal factor
influencing the efficiency of PV modules, with dynamic variations impacting the open circuit
voltage (Voc) and, subsequently, the power output. Understanding and incorporating temperature
coefficients into system design becomes imperative, aligning projected cell temperatures with data
derived under Standard Test Conditions (STC) for precise module output predictions [1].

The general model of PV cell shown in Fig. 1, called as circuit model which includes photocurrent
source, diode, parallel resistor expressing the leakage current and series resistor describing the
internal resistance to the current flow. The I-V characteristic equation of a PV cell is written as,

I'= I — Iy (exp |22 - 1) - 512 [2].
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In— Light-generated current or photocurrent

I; — Cell saturation of dark current

q — Electron charge (1.6* 10719C) K Boltzmann constant (1.38* 10 J/K)
A — Ideality factor

Ry — Shunt resistance, Ry — Series resistance

T — Module operating temperature (K)

Isc — PV module short circuit current (8.11 A)

G — PV module illumination W/m?*

G, — Standard PV module illumination (1000 W/mz)

E, — Bandgap for silicon (1.12 eV)

Vmp — Output voltage of a PV module at maximum power point (V)

Ip — Output current of a PV module at maximum power point (A)

The provided figures below illustrate the I-V and P-V characteristics of the solar panel under
varying solar irradiances [2, 3].
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Figure 2: I-V characteristics of the 200 W solar panel under different solar irradiances (left) and
in different temperatures (right).
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Conclusion: In summary, our research dives deep into understanding how a solar panel's power
output responds to temperature and irradiance variations. Through meticulous MATLAB Simulink
simulations, we observed the pronounced impact of temperature on open circuit voltage and overall
power output. Solar irradiance fluctuations also demonstrated a proportional effect on current and
power. These insights, especially relevant in Uzbekistan's climatic context, offer valuable data for
designing resilient solar solutions. Our findings contribute to both theoretical understanding and
practical applications, shaping informed decisions in solar energy system design and optimization
for regions with diverse weather patterns.
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As multiple studies have previously reported, in the process of thermal treatment of silicon
single crystalline samples, that were diffusion doped with sulfur and one of the elements of the
transition group, one can reveal in a certain temperature range, the phenomenon of intense
interaction between these centers, accompanied by electrical neutralization of both impurity
centers|[1].

With regards to majority of transition group elements, they appeared to interact with sulfur in
the temperature range of intensive decomposition of the "silicon —sulfur" solid solution (800 + 950)
°C, whereas with regard to manganese, such interaction took place directly in the process of
diffusion doping of silicon sample (preliminarily doped with sulfur) with manganese.

In order to find out how such complexes appear in the course of such interaction, the authors
studied the spectra of EPR of silicon samples successively doped with sulfur and manganese
(Si<S,Mn>). For comparison, the EPR spectra of reference Si<S> and Si<Mn> crystals were also
studied.

A study of the EPR spectra in reference Si<S> samples showed that they exhibit a single
isotropic line with parameters g = 2.064+0.002 and AHpp = 8 Gs, due to singly positively charged
S* centers. In reference Si<Mn> samples, the spectra of non-equivalent exchange-coupled Mn" -
Mn" pairs were observed. The intensity of the lines and the value of the resonant fields of the
spectrum in reference Si<Mn> samples changed strongly with temperature. The spectrum had a
maximum intensity at T = 4.6 K, and the center of gravity of the spectrum at a given temperature
was practically in zero fields, and part of the spectrum was in the region of negative fields. As the
temperature decreased, the intensity of the lines of the spectrum decreased, and the center of gravity
shifted towards positive fields, and at T = 3.2 K the spectrum was completely registered at positive
fields. At this temperature, in the direction of the magnetic field along the <111> axis, the spectrum
consisted of four fine structure lines, each of which consisted of 11 hyperfine structure lines with A
=370G.

In Si<S,Mn> samples, the spectra of the S* - center were absent, in addition, in these samples
in the weak fields, an EPR spectrum was observed, consisting of several lines, the position and
intensity of which varied from sample to sample. In this case, the center of gravity of the lowest
field part of the spectrum remained unchanged at 190 G. The results of study of the temperature
dependence of the four most intense lines of the spectrum had a maximum at 16 K, in addition, with
an increase in temperature ~ 80 K, the lines would shift to the region of stronger fields.

All these facts indicate that the spectrum observed in weak fields differs from the spectra of
non-equivalent exchange-coupled Mn" - Mn" pairs observed in reference Si <Mn> samples. It can
be assumed that the observed center is due to exchange-coupled complex based on these atoms, that
is, there is an exchange between manganese atoms happens through “sulfur atoms” mechanism.

The absence of a hyperfine structure in the most intense lines and their relatively small width
(AH = 10-20 G) indicates that the magnetic electrons are on manganese atoms. At the end, it is
indicated that the coupling between the centers of sulfur substitution centers and interstitial centers
of manganese is carried out through free d - shell.
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Almost three-quarters of the world's electricity is generated from non-renewable fossil fuel
sources, specifically 28.9% from coal, 21.4% from natural gas and 31.1% from oil [1]. The limited
and negative consequences of using non-renewable (or fossil) energy sources are well known.
While renewable energy sources (hydroelectric, wind, solar, geothermal, thermal and wave energy)
are considered as clean energy sources.

Despite numerous chemical energy storage methods, all-vanadium redox flow batteries
(VRFBs) are effectively used for large-scale energy storage. These batteries represent a promising
technology due to their high charging and discharging rates, environmental friendliness, flexibility
and long service life [2]. However, despite efforts to increase the energy density of VRFB
electrolytes, this density remains low, which significantly limits the scope of VRFB applications
[3]. The solution to this problem is the use of vanadium, which depends on the degree of purity of
the oxide (V,0s) and additional elements in its composition [4]. In practice, standard electrolytes
containing pure vanadium oxide with a purity of 99.99% are most often used [5]. However, this
leads to a cost issue since the electrolyte accounts for a significant portion of the cost of a VRFB
battery [6]. Considering these problems, recycled vanadium pentoxide can be used as an electrolyte.

Raman spectra of the samples were obtained on an InVia Raman spectrometer (Renishaw, UK)
at room temperature. The excitation source was a Cobolt CW 532 nm DPSS laser with a
wavelength of 532 nm and a nominal energy of 100 mW.p, in a diffraction grating with a period of
1800 lines/mm. The recording device used was a standard CCD camera detector. Raman
spectroscopy measurements were discussed using the shapes and frequencies of resolved modes
located in high and low wavenumber regions (3Ag+2B,+B2,+B3,), corresponding to internal and
external modes. Internal modes include elastic (stretching) vibrations of V-O in the wavelength
range of 500-1000 cm‘l, and external modes contain bending vibrations of V-O-V in the
wavelength range of 100-500 cm™.

Raman spectra of V,0s5 powder were studied on an InVia Raman spectrometer at room
temperature. Raman spectroscopy measurements were discussed using the shapes and frequencies
of resolved modes located in high and low wavenumber regions (3Ag+2B s +Bog+B3y),
corresponding to internal and external modes. Internal modes include elastic (stretching) vibrations
of V-O in the wavelength range of 500-1000 cm™', and external modes contain bending vibrations
of V-O-V in the wavelength range of 100-500 cm™.

The crystalline powder of V205 (3Ag+2B,+B.+B3,) exhibited active Raman modes, which
was confirmed by peaks at wavelengths of 145, 195, 284, 303, 406, 481, 527, 700 and 995 cm’!
(Figure 1). These peaks were found to match the results obtained for microcrystalline powders of
V205 in terms of intensity and wavenumber. The Raman spectrum of V,Os crystal powder is
presented[7], the peak in the range of 995 cm™ characterizes the elasticity of the V=0 bond.

The second peak at 700 cm™ corresponds to the elastic mode of doubly coordinated oxygen
(V»-Og) arising from corner oxygen. The third peak at 527 cm™ is due to ternary coordination (V-
Oc). The peak at 406 cm™ indicates bending vibrations of three-coordinate oxygen bonds (V3-Oc)
and V-Og-V, respectively. The peak at 284 cm™ is attributed to the bending vibration of the Oc-V-
Og bond. Two more Raman peaks are shown at 145 cm™ and 193 cm™, which correspond to lattice
vibrations.
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Figure 1. Raman spectrum of V,0s powder.

The results confirm that the recycled vanadium oxide powder exhibits bending vibration with
oxygen at 406 cm’ (V3-Oc) and V-Ogp-V. At a wavelength of 995 cm™, elasticity (stretching)
appears, and the connection with oxygen is located at the edges of vanadium.
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One of the remarkable nanoeffects occurring in semiconducting nanocrystals is the
generation of multiple electron-hole pairs upon the absorption of a single photon. The effect is
called Multiple Exciton Generation (MEG) or Carrier Multiplication (CM) and potentially
promising to increase the efficiency of solar energy conversion, particularly in photovoltaics and
photocatalysis. Fundamental experimental studies of the CM effect have been performed for various
semiconductors in different geometries [1-5], including OD QDs, 1D quantum rods and carbon
nanotubes, 2D graphene and nanosheets, and 2D van der Waals-layered materials, core/shell and
Janus-like heterostructured nanocrystals. In general, the geometry has a dramatic effect on the CM
conversion efficiency. For example, it was shown that the CM in QDs is more efficient than in their
bulk counterpart. In PbSe nanorods with the aspect ratio of 6-7, the CM efficiency was 2-fold
greater compared to spherical NCs [3]. The highest CM conversion efficiency, 99%, was reported
for van der Waals films which is close to the energy conservation limit [4]. Comparison of quantum
yields, and the CM conversion efficiencies of various nanostructures was given in fig 1 [4]. To
explain the dimensionality effect of CM effect in PbSe nanorods vs QDs established in femtosecond
TA and transient PL. experiments, we used the Fermi statistical theory based on the assumption of
strong Coulomb interaction between excitons [5]. Considering the difference in CM thresholds in
nanorods vs QDs, a good agreement between the theory and experimental quantum efficiencies has
been received.
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Fig 1. Comparison of the CM efficiencies of various semiconductors [4].

Two important parameters of the CM conversion efficiency are the CM threshold, E;p, and the e-h
pair creation energy, &,_p, which is required to generate a new exciton after the CM threshold is
reached. Ideally from energy conservation the minimal values of these parameters should be 2E;
and Eg, respectfully. However, for bulk and different nanostructures these quantities are
considerably larger due to total and partial momentum conservation and fast energy losses of
carriers by phonon emission. As the CM conversion efficiency is defined as the bandgap energy
divided by the actual energy of electron-hole pair creation, n,_p, = Eg4/€._p, then the efficiency
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Ne—p 18 less than 1. It is well established that the CM conversion efficiency is defined by the
competition between the CM promoted by strong Coulomb interaction and large exciton-binding
energies and carrier cooling by phonon scattering and a reduction in &y, and increase in 1,_, can be
achieved by increasing the ratio of the time constants of carrier cooling by phonon emission and
CM process. In this study, we present a theoretical approach by assumption that these competitive
processes define the CM efficiency via exponential function:

Nen = exp (— =) (1)

Te-ph

Here 7,_, is the time constant of electron-electron scattering leading to the CM conversion and
Te—pn 18 the time constant of carrier cooling by electron-phonon scattering. It was shown [4] that in
2D materials the electron-electron scattering time constant is considerably shorter that for 1D
nanowires and 0D QDs. By considering the ratio of time constants of electron-phonon scattering
and electron-electron scattering equal to 30 [4] and using Eqn.1, we can receive 97% CM
conversion efficiency which is close to the experimental values up to 99% CM conversion
efficiency. In general, the analysis of time constants of nanostructures with different
dimensionalities shows the tendency of increasing the ratio of time constants of electron-phonon
and electron-electron scattering with dimension which results in increasing the CM efficiency. This
presented theoretical approach can be used in design of nanomaterials for CM optimization based
on their size and dimension.
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At the global level, when growing epitaxial films of narrow-gap semiconductor solid
solutions, promising materials are: germanium (Ge) (with a band gap of E, = 0.67 eV) and its solid
solution with tin (Sn) (with E, < 0.67 eV). Such materials are of particular importance in the
development of thermophotovoltaic generators, thermovoltaic elements, infrared radiation sensors,
etc. Therefore, scientific research is being carried out on the growth of epitaxial films of
multicomponent semiconductor solid solutions with controlled composition and crystalline
perfection, as well as studying their structural, electrophysical and photoelectric properties .

Gej_xSny solid solutions were grown by liquid phase epitaxy (LPE) from a limited volume of
Sn solution-melt in a hydrogen atmosphere. LPE was carried out on a vertically located quartz
reactor with horizontally located substrates. Ge washers with crystallographic orientation (111) and
a resistivity of 1.0 Ohm cm were used as substrates. The diameter of the substrate was 20 mm, and
the thickness was about 400 um. High-quality films were grown at cooling rates of 0.5+1.0
deg/min. The content of Sn atoms in the Ge;Sny solid solution at a temperature of 540°C was
3 at.%.

The crystal lattice constants of the epitaxial film and substrate, and the crystallographic
orientation of the epitaxial film were determined using the results of a Dron-UMI1 X-ray
diffractometer. Analysis of the X-ray diffraction results showed that the lattice constants of the
epitaxial film (ar) and germanium substrate (as) were ar = 5.6812 A and a, = 5.6561 A, respectively,
the crystallographic orientation of the epitaxial film corresponds to the (111) crystallographic plane.

The conductivity type of epitaxial layers of solid solutions was determined by the thermal
probe method. The grown epitaxial films had a thickness of 15 um and hole type conductivity [1-2].

To gain insight into the experimentally synthesized thin film from an atomistic point of view,
we performed density functional theory-based calculations. All the calculations were performed
using Quantum Espresso [3] Software package using Norm Conserving pseudopotentials and
electron’s kinetic energy cutoff of 200 Ry and Monkhorst-Pack k-point sampling of 8x8x8. Bulk
optimized lattice constant of 5.62 A was found to be in excellent agreement with the experimentally
obtained lattice constant of 5.65 A.

For simulating the 3% Sn doped Ge structure, we had to consider a 2x2x1 supercell of bulk
Ge, with one Ge atom being replaced by one Sn atom. The k-point grid was accordingly scaled to
4x4x8. We performed variable cell relax calculations to minimize the stress and forces in the unit
cell. This 2x2x1 supercell is now a tetragonal unit cell. The lattice constant of this unit cell is now
5.64 A, which tells that it has increased from the previous value of 5.62 A upon Sn doping. This
result is consistent with the experimental XRD result which also points out an increase in the lattice
constant from 5.65 A to 5.68 A.

We went on to explore the electronic structure of synthesized thin film. The band structure of
this Ge;xSny (with x= 0.03) shows an indirect band gap of 0.37 eV between gamma point and Z
point (Fig 1). The projected density of states (PDOS) calculation shows the absence of any state at
the fermi level, confirming the semiconducting nature of the synthesized thin film. Sn s-orbitals
contribute mainly to the conduction band and Sn p-orbital contributes to the valence and conduction
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bands implying that the hybridization of the dopant Sn atom with the host Ge atoms primarily

involves Sn-4p orbitals.

Further, we explored the optical properties of the 3% Sn doped system. The first peak in the
epsilon (&, imaginary part of the dielectric constant) spectra corresponds to the direct bandgap
present at the gamma point in the band structure (Fig 2). The theoretical electron energy loss
(EELS) spectrum shows a photon energy peak at around 11 eV.
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7
Fig 1. Band structure of Gei«Snx solid solution
with x=3%. DFT calculated band gap = 0.37 eV
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Fig 2. Real and imaginary part of the dielectric
constant of GeixSny solid solution with x=3%
as a function of incident photon energy

References

[1] A.S. Saidov, Sh.N. Usmonov, U. P. Asatova, Growth of Ge1Sn, Solid Solution Films and

Studu of Their Structural

Properties and Some of Their

Photoelectric Properties.

Semiconductors. New York, 2012, Vol. 46, No.8, pp.1088—1095

[2] A.S Saidov, Sh.K Ismailov, U. P. Asatova. Semiconductor solid solutions Ge;_Sny as a new
material for electronics 2021 International Conference on Information Science and
Communications Technologies(ICISCT), 2021, pp. 1-3,
DOI: 10.1109/ICISCT52966.2021.9670382, https://ieeexplore.ieee.org/document/9670382

[3] https://www.quantum-espresso.org.

94


https://doi.org/10.1109/ICISCT52966.2021.9670382
https://ieeexplore.ieee.org/document/9670382
https://www.quantum-espresso.org/

POSITIONING OF GERMANIUM ATOMS AT THE SI/SIO; INTERFACE AND SILICON
FILMS DURING ION SYNTHESIS OF NANOMETER-THICK SILICON-GERMANIUM
LAYERS
0.0. Mamatkarimov, M.O. Turg 'unov, B.H. Kuchkarov

Namangan Institute of Engineering and Technology
Target-based doctoral student of the Scientific Research Institute of Semiconductor Physics and
Microelectronics under the National University
Impuls Medical Institute
turgunovmuslimjon4 @ gmail.com

Structures produced by implantation of Ge" ions, first at 8x10" cm™” dose at 40 keV and
then at 60 energy, to more precisely study the location of germanium atoms at and near the Si/SiO»
interface. At a dose of 1.6x10'® cm™ keV and annealing at 850 °C was studied within 20 min. Then,
after transferring the silicon film to the implanted oxide, the structures were additionally annealed at
1100°C for 30 minutes to separate the germanium atoms into the bond boundary. At the final stage,
the structures were subjected to layer-by-layer anodic oxidation at room temperature, and then the
anodic oxidized layers were removed in a solution of HF:H,0=1:100. Thus, the top layer of silicon
was thinned to a few nanometers. Then, using the medium-energy ion scattering method, the
scattering efficiency spectra of He" ions with an energy of 150 keV were measured in the range of
scattering angles from 110 to 131° relative to the direction of the probe beam.

Diffusion angles at which complete blocking of the emission of scattered particles was
observed were determined. This made it possible to determine the magnitude of the angles between
the planes inclined to the incoming light. It is possible to estimate the magnitude of tetragonal
lattice distortions in intact silicon. Along with the scattering spectra, the Raman spectra excited by
the Ar laser line with a wavelength of 514.5 nm and a power of 2-3 MW were studied. The size of
the probe spot was 4-6 microns. A T64000 triple monochromator spectrometer manufactured by
Horiba Jobin Yvon with a spectral resolution of no more than 2 cm™ was used. A silicon matrix of
photodetectors cooled by liquid nitrogen served as a detector. The measurements were performed in
a backscattering geometry with the radiation polarization vector directed along the <I11>
crystallographic direction of silicon. Scattered light is recorded in polarization. The selected
geometry allowed for maximum suppression of the Raman signal from the silicon substrate. A
cross-sectional electron microscope was also used to analyze the structures.

Figure 1. Raman spectra of Silicon-on-Insulator structures with SiO, layer implanted with
Ge" ions of 40 keV dose at 8x10"° cm™ after annealing at 1100 with 1.6x10'® cm™ dose of 60 keV
energy. ° C for 30 minutes. The thickness of the cut silicon layer is (a) 3 nm, (b) 60 nm (curve 2),
curve 1 - O nm. a low-intensity shoulder is also observed, which may be due to localized
fluctuations in the nanometer-thick silicon layer. The data in Figure 1. a show that germanium
atoms form Ge-Ge and Ge-Si bonds. In this case, both a crystalline phase and an irregular phase are
formed on the basis of germanium atoms.Raman spectra of optical phonons were studied in
structures compatible with a thicker (60 nm) silicon-on-insulator layer to clarify the positions of
germanium atoms.
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Figure 1 b. shows the Raman spectrum (curve 2) of the corresponding silicon sample with
the SiO, layer implanted under the same conditions as the Silicon-on-Insulator structure and
annealed at the same temperatures. It can be seen that the absence of a silicon layer on SiO; leads,
firstly, to a decrease in the intensity of the Raman peak at the optical phonon frequency of Ge-Ge
bonds, and secondly, to the complete disappearance of the peak. Optical phonon frequency
corresponding to vibrations of Ge-Si bonds. This means that the Ge-Si bonds are mainly formed in
the truncated silicon layer. The decrease in the peak intensity at the frequency of 300 cm™ can be
related to the absence of the Si / SiO, boundary and the formation of an intermediate germanium
layer.
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The world's major scientific centers, great importance is attached to conducting scientific research
aimed at obtaining new semiconductor materials, increasing the stability and sensitivity of the
electrophysical properties of these materials to external influences such as temperature, light,
magnetic field, and radiation. The effect of radiation on the luminescent properties of low-
dimensional Si/Ge heterostructures with different levels of spatial localization of charge carriers
was studied. It has been shown that the radiation resistance of Si/Ge heterostructures increases with
the increase of charge carrier localization efficiency in them. Spatial localization of charge carriers
in SiGe nanostructures reduces the probability of their non-radiative recombination in radiative
defects created in the Si matrix. Among the studied structures, the highest radiation resistance is
manifested by the fluorescent properties of multilayer structures with self-formed Ge (Si)
nanodefects. In this case, the most effective spatial localization of charge carriers is realized.
considered three-dimensional defects for holes and two-dimensional spatial environments for
electrons in Si layers separating adjacent layers.

Low-dimensional semiconductor heterostructures are attracting more and more attention.
The spatial localization of charge carriers leads to a significant difference in the electrical and
optical properties of low-dimensional structures compared to multilayer semiconductors. Recently,
it became known that the radiation resistance of low-dimensional structures based on various
heteropyres (InGaAs/GaAs [1], AlAs/GaAs [2] and Si/Ge [3, 4]) is higher than that of layered
materials. It is possible to distinguish Si/Ge structures that correspond to the modern technology of
semiconductor heterostructures, which make them useful in improving the traditional elements of
silicon nano- and microelectronics, and in developing new electronic and optoelectronic devices.

allows use in creation. [5]. In particular, Si/Ge heterostructures with self-generated
nanodefects and quantum dots are a promising material for making light and photodiodes on silicon
substrates for the wavelength range of 1.3-1.55 um [6-7]. The effect of radiation exposure on the
fluorescent properties of Ge/Si heterostructures was studied.

The studied Si/Ge heterostructures were grown on Si (001) directions by molecular beam
epitaxy (diffusion) from solid sources. A SiGe quantum gap (QW), a thin Ge layer, a single layer of
self-formed Ge(Si) nanodefects, and a multilayer structure with Ge(Si) nanodefects were studied.
Structures with (QW) were grown at 700°C, structures with nanodefects at 600°C. 1010 cm- 2 is
formed in structures with defects. The growth conditions for the studied structures are described in
more detail in [8,9]. Photoluminescence (PL) spectral measurements were performed at 77 and 300
K using a Bomem DA3-36 Fourier spectrometer. The PL signal was excited by a Nd: YAG laser
with a wavelength of L=532 nm. PL spectra were recorded using a cooled Ge photodetector with a
low energy limit of 0.7 eV spectral characteristic. The study of the dose effect of ionizing radiation
was carried out under pulsed electron radiation with energy of 2 and 4 MeV.

Relatively low intensity of the electron beam. The dose was affected by 0.6 and 20 M rad,
respectively. A reactor with a characteristic neutron energy of ~1 MeV and a flux of up to 1015
cm-2 was investigated. Experimental studies on the effect of various radiation effects on the
fluorescent properties of low-dimensional GeSi heterostructures showed their higher resistance
compared to bulk silicon. The increase in radiation resistance is due to the spatial localization of
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charge carriers in SiGe nanostructures, which prevents their diffusion into radiation defects and
subsequent non-radiative recombination in them.

10.
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In our works, the process of ion-beam synthesis of InSb nanocrystals on the SiO2 film near

the growth boundary of the Silicon structure on the Si/SiO; Insulator was studied. According to the
information presented in the previous paragraph, the characteristics of the ion-beam synthesis of the
InSb phase are that the In and Sb atoms in the silicon oxide matrix have very different diffusion
coefficients. In addition, the presence of a truncated silicon layer formed by the hydrogen transfer
method indicates the presence of residual hydrogen atoms, which promote the diffusion of In atoms
as a result of migration to the SiO, layer during subsequent annealing. Formation of the InOH
complex. These processes can lead to different redistribution of implanted In and Sb atoms and
affect the processes of formation and growth of InSb phase nuclei.
Formation of Silicon-on-Insulator structures with a buried layer of silicon oxide placed near the
bonding interface with Sb* and In" ions was accomplished by a method involving ion-beam
synthesis and hydrogen transfer elements. A diagram of structure formation is presented in Figure
l.a. Sb" and In* ions were thermally grown on p-type silicon wafers with a diameter of 100 mm
(111) (Fig.). The parameters of the used Sb" and In" ions ensured the formation of Gaussian-like
spatial distributions with a maximum concentration of indium and antimony at a depth of ~110 nm
at ~1.2x10*' cm™, Hydrogen ions with an energy of 140 keV were injected into the second silicon
plate with a dose of 2x10' cm™ (Fig. 1. b). Then, in a vacuum chamber, the plates are connected to
the implanted sides by simultaneously separating the silicon layer along the inner hydrophobic
surface formed by the implantation of H" ions and transferring it from the second plate to the first
(1.c- picture).

The processes of connecting wafers, dividing and transferring the silicon layer were carried
out in one step at a temperature of 200°C in a vacuum chamber with a pressure of 10> Pa. The
thickness of the transferred Si layer was about 600 nm. Then the plate is cut into samples. Post-
implantation annealing of the samples was carried out in an N, atmosphere at a temperature of 500-
1100°C for 30 minutes. The scattering profiles of embedded atoms and defects were studied using
Rutherford Backscattering of 1.7 MeV He+ ions with respect to the probe beam of the substrate in
maximum disorder modes and channel mode. The structural properties of the synthesized phase
were also studied using HRTEM on a JEM-4000 microscope with a resolution of 0.2 nm at an
accelerating voltage of 250 kV. Figure
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Figure 1. Scheme of formation of Silicon-on-Insulator structures with a buried SiO; layer implanted
near the bond boundary with Sb, and In" ions: a) implantation of Sb* and In* ions on the thermal
oxide grown on the first silicon substrate; b) placement of H" ions on the second silicon substrate
through the protective oxide; c¢) fusion of the first and second substrates and removal of Si across
the implanted layer by H" ions.
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The stability of the catalyst in graphene synthesis depends on surface energy. Catalyst
stability is a crucial parameter in controlling graphene nucleation, reducing defects, and minimizing
graphene oxide [1]. Generally, low-index surfaces are more commonly used than high-index
surfaces in graphene synthesis due to their lower surface energy values. However, there is a
growing interest in utilizing high-index surfaces for graphene synthesis. This interest stems from the
elevated catalytic activity exhibited by high-index surfaces when compared to low-index surfaces
[2]. Consequently, to assess the stability of high-index nickel catalysts with (310), (311), and (331)
facets, we determined their respective surface energies using the Molecular Dynamics method. In
particular, Fig. 1 shows that the surface energies of Ni(331), Ni(310), and Ni(311) surfaces are 2.05
J/m?, 2.10 J/m?, and 2.12 J/m? respectively. Among these three high-index surfaces, Ni(331)
exhibits more stability than the other two surfaces due to its lower surface energy. Because of its
sufficient stability and catalytic activity, the Ni(331) surface can be recommended to experimenters
for application in graphene growth.
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Fig.1 Surface energy of high index surfaces of nickel crystal.
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Endohedral synthesis in a double-walled carbon nanotube (DWNT) is a promising method for
safe carbyne growth [1], producing longer carbon chains through catalyzed growth [2,3].
However, the influence of the volume fraction of endohedral catalyst nanoparticles in the synthesis
process remains unclear. In this study, we investigate the role of the catalyst (nickel) volume
fraction in carbyne synthesis within a DWNT using reactive molecular dynamics (MD) simulations.
In particular, we observe that middle nickel atoms with weak bonds can freely move or diffuse
along the newly formed longer carbon chain. Eventually, all nickel atoms connect to the terminal
atoms of the chain, which is energetically favorable (Fig. la). Also, the findings reveal an inverse
relationship between the growth rate of carbon chains and the filling fraction of nickel clusters.
Specifically, at filling fractions of 4.9%, 6.5%, 9.8%, and 19.5%, the formation times for
endohedral carbyne are 0.35 ns, 0.49 ns, 0.70 ns, and 0.73 ns, respectively (Fig. 15).
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Fig. 1. a) Transformation of the structure from Niy;-Cp;-Nip2-Cy2-Nipys to Nig-Cyp4n2-Nijin DWNTs
with different volume fraction of Ni atoms. b) Transformation times for cases Il and IV as a
function of volume fraction of Ni atoms in DWNT5s. 1, 11, Il and 1V — separate carbon chains,
formation of C—C bonds between these two chains, diffusion of Ni atoms along chain and
formation of carbyne respectively.

In overall, these results shed light on the role of the catalyst volume fraction, providing
valuable insights for future advancements in carbyne synthesis for the current carbon
nanotechnology.
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Nanowhiskers (NWs) are considered to be filamentous crystals with a transverse size of up to
100 nm and a length that is an order of magnitude or more greater than the transverse size. Carbon
nanomaterials (fullerene, carbon nanotube and graphene) are becoming key components of
nanotechnologies for the development of complex functional nanostructures [1]. Fullerenes are a
hollow sphere/ellipsoid carbon molecule less than 1 nm in diameter, with with semiconductor
properties. Semiconductor fullerene nanowhiskers are widely used today to create miniature
elements of devices in microelectronics, optoelectronics, nanoengineering, solar energy,
biomedicine, nanoelectromechanics and gas sensing [2-5]. To date, there are various methods [6-7]
for obtaining nanowhiskers of a wide range of semiconductor materials, such as growth by
molecular beam epitaxy, vapor deposition, laser ablation, growth catalysts, magnetron deposition,
chemical epitaxy in high vacuum and others. In all cases, the regulation and control of the size and
structure of the NWs is of great importance. In particular, when NWs synthesized in solution are
transferred to the surface of a solid substrate, changes in their morphology occur due to the process
of self-organization. In this regard, there is a need to study the processes occurring in the volume of
evaporation of droplets of fullerene solutions.

In this work, we consider the synthesis of nanostructured C;¢ fullerene whiskers (C7,0NWs) on
the surface of a substrate by evaporating a microvolume drop of C;¢ solution. Experimental
methods for controlling the geometric dimensions of the synthesized C;)NWs are discussed [8]. In
our experiments we used the high purity (~99.8%) powders of fullerene C7 (Sigma-Aldrich, USA)
as well as organic solvent — toluene (C¢HsCHj3, Sigma-Aldrich, USA). Standard K-8 optical glass
with a surface roughness of <7 nm was used as a substrate.

b W <G

S4800 10.0kV 5.7mm x20.0k SE(M) 2.00um

Fig. 1. SEM-image of C;0NWs synthesized in the volume of evaporating droplet of Cr
molecular solution on the flat substrate at T=36°C. The concentration of fullerene C in the initial
drop of the solution was ~1.1-10~ mol-L™".

UV-visible spectroscopy, electron microscopy, refractometry and dynamic light scattering
were used in the experiments. A method has been proposed and implemented for obtaining nano-
and microsized whiskers from fullerenes, based on the self-organization of fullerene molecules
during the thermal evaporation of a solvent from droplets of fullerene solutions. SEM-image of
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C7;0NWs synthesized on a surface of a horizontally located glass substrate, heated to T=36°C
presented in Figure 1. In experiments with fixed concentration of Cy (~1.1-10° mol-L™) in a drop
of the working solution, the effect of increasing the temperature of the substrate on the ongoing
processes of the evaporation drop was studied. It was established that an increase in the substrate
temperature not only led to a more accelerated nucleation and growth of C70NWs, but also to a
noticeable increase in the final geometric dimensions of the synthesized C;)NWs. Wherein, the
distribution of C;0NWs on the substrate surface is getting denser. At the same time the average
length and width of the resulting C7)NWs reached the values ~1.8 um and ~175 nm, respectively.
The presented results proved that the size of nanowhiskers can be controlled by changing the
substrate temperature at a fixed concentration of Cyg in the working drop.

Under the same conditions (T=36°C), we studied the effect of the initial concentration on the
size of the synthesized nanoparticles. An increase in the fullerene concentration in the initial droplet
led to a noticeable increase in the final C;,)NW size. Thus, it was shown that the geometric
dimensions and morphology of the whiskers can be controlled by changing both the initial
concentration of the fullerene solution and the temperature of the substrate used.

The experimental results of this work can be used to predict and control the synthesized
geometric dimensions of nanostructured whiskers, which will have great potential in nano- and
microelectronics, solar cells, third-order nonlinear optics, sensors, and electromechanics.

References

[1] Varadwaj P.R., Varadwaj A., Marques H., Yamashita K. Fullerenes, carbon nanotubes and
graphene as tetrel bond donors and acceptors of electrophiles // Cryst. Eng. Comm., Vol. 25, pp.
3417-3438 (2023). DOI: 10.1039/D3CE00184A.

[2] Davis J.J., Coleman K. S., Azamian B.R., Bagshaw C.B., Malcolm L.H. Green. Chemical and
biochemical sensing with modified single walled carbon nanotubes // Chemistry: A European
Journal, Vol. 9, no. 16, pp. 3732-3739 (2003). DOI: 10.1002/chem.200304872

[3]Kausar A., Ahmad 1., Maaza M., Eisa M.H., Bocchetta P. Polymer/Fullerene Nanocomposite for
Optoelectronics-Moving toward Green Technology // J. Compos. Sci., Vol. 6, pp. 1-15 (2023).
DOI: 10.3390/jcs6120393

[4]Zhang G., Finefrock S., Liang D., Yadav G.G., Yang H., Fang H., Wu Y. Semiconductor
nanostructurebased photovoltaic solar cells // Nanoscale, Vol. 3, pp. 2430-2443 (2011).
DOI:10.1039/c1nr10152h

[5]Zhang W.D., Zhang W.H. Carbon Nanotubes as Active Components for Gas Sensors // J. Sens.,
pp- 1-16 (2009). DOI:10.1155/2009/160698

[6]Sathish M., Miyazawa K., Hill J.P., Ariga K. Solvent Engineering for Shape-Shifter Pure
Fullerene (Cep) // J. Am. Chem. Soc.,Vol. 131, pp. 6372-6373 (2009). DOI:10.1021/;a902061r

[7]Kahar S.M., Voon C.H., Lee C.C., Hashim U., Mdarshad M.K., Lim B.Y., Gopinath S.C.B.,
Rahman W. Synthesis of SiC nanowhiskers from graphite and silica by microwave heating //
Mater. Sci. Pol., Vol. 34, pp.770-779 (2016). DOI: 10.1109/icobe.2015.7235912

[8]Bakhramov S.A., Makhmanov U.K., Aslonov B.A. The Synthesis of C;, Fullerene
Nanowhiskers Using the Evaporating Drop Method // Condens. Matter, Vol.8, pp. 62 (2023).
DOI: 10.3390/condmat8030062

104


https://doi.org/10.1039/D3CE00184A
https://doi.org/10.1002/chem.200304872
http://dx.doi.org/10.3390/jcs6120393
http://dx.doi.org/10.1039/c1nr10152h
http://dx.doi.org/10.1155/2009/160698
https://doi.org/10.1021/ja902061r
https://www.sci-hub.ru/10.1109/icobe.2015.7235912
https://doi.org/10.3390/condmat8030062
https://doi.org/10.3390/condmat8030062

SYNTHESIS OF VARIOUS DIMENSIONAL NANOSTRUCTURES FROM FULLERENE
MOLECULES

U.K. Makhmanov, A.M. Kokhkharov, B.A. Aslonov, S.A. Esanov, K.N. Musurmonov,
Z. Bekmurodov, A. Shukurov, A. Olimov

Institute of lon-Plasma and Laser Technologies, Uzbekistan Academy of Sciences, Uzbekistan,
urol_m@mail.ru

The nanosized carbon molecules of fullerenes (Ceo, C79) attract the attention of scientists,
primarily due to its unique properties, which allows them to be used in various fields of science,
including medicine, modern electronics, materials science and other fields of technology [1-3].
Solutions of mentioned fullerenes in organic solvents can be considered as colloidal systems, since
the tendency of the fullerene molecule to form clusters in various solvents is known [4]. In this
case, the properties of the synthesized nanoscale clusters become dependent on their geometric
dimensions, and differ markedly from the analogous properties of their constituent individual
fullerene monomers. The results of the unique physicochemical properties of Cg, C7o fullerenes in
various environments can be extremely important for the creation of new generation nanomaterials
with predictable physical properties, as well as for the synthesis of multifunctional micro- and nano-
sized electronic devices based on fullerenes. So, the processes of synthesis of various zero-
dimensional nanoclusters and one-, two-, and three-dimensional nanostructured materials based on
fullerene molecules will attract special attention from a wide range of researchers. At the same time,
many questions about intermolecular interactions leading to the clustering of fullerene molecules in
solutions, as well as the synthesis of various sized nanostructures based on them, remain
controversial.

Thus, the aim of this work is the experimental synthesis of quasi-spherical nanoclusters, one-
and two-dimensional nanomaterials of Cg¢p and C7 fullerenes. Specific physical mechanisms for the
synthesis of fullerene-based nanomaterials will be discussed. Crystalline fullerene Cgo and Cyg
powders with a purity >99.8% were supplied by Sigma Aldrich (USA). Organic solvents used in the
experiments — hexane (CgHj4), benzene (Cg¢Hg), ethylbenzene (CgHj¢) and isopropyl alcohol
(C3H30) with purities >99% were purchased from Sigma Aldrich (USA). To study the dimensional,
structural, and optical features of the synthesized nanosized fullerene materials, we used the
methods of transmission and scanning electron microscopy, optical spectroscopy, refractometry,
conductometry, and dynamic light scattering.

The experimental results of this work can be used to predict and control the geometric
dimensions of synthesized nanostructured materials, which will have great potential in a wide range
of practical applications in various branches of science and technology, such as nano- and
microelectronics, third-order nonlinear optics, sensors, solar cells, and medicine.
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Due to its unique properties, carbon nanotubes (CNTs) are relevant for research in the fields
of physics, chemistry and materials science. Their low weight and chemical stability make them
highly sought after, and they find applications in diverse areas such as electronic devices, sensors,
and material reinforcement. Additionally, they are employed in fields like adsorbents due to their
unique characteristics. Compared to single-walled carbon nanotubes (SWNTs), double-walled
carbon nanotubes (DWNTs) exhibit robust mechanical, electrical, and optical properties, along with
high chemical stability [1].

In the present work, interactions between DWNTs and boron atoms of (5,5) and (10,10)
chirality with metallic conductivity using the LAMMPS software package using the Molecular
Dynamics (MD) method at 300 K and 900 K were studied. The ReaxFF potential was employed to
compute the processes involving the formation and breaking of bonds between DWNT and boron
atoms. The concentration (p (%)) of boron atoms adsorbed on the DWNT surface exhibited
variation depending on the movement speed (kinetic energy, Ex). As Ei increased, ranging from 1
eV to 32 eV, the p (%) value for adsorbed boron atoms changed within the ranges of 2.2%-16.1%
and 1.2%-15.7% at 300 K and 900 K, respectively (Fig.1).

—=—900 K
—e—300 K

O 5 10 15 20 25 30 35

e X w. v Energy (eV)

Figure 1. a) Boron atoms adsorbed on DWNT. ) Boron atoms adsorbed on DWNT as a function of
its energy.

The inclusion of boron atoms in nanotubes enhances their reaction capabilities by facilitating charge

redistribution within the heterostructure. Introducing boron atoms enables the detection of various

crucial chemical compounds and offers control over different concentrations within the nanotubes,

thereby regulating the sensitivity of the nanosensors.

[1] G. Speranza, “Carbon Nanomaterials: Synthesis, Functionalization and Sensing Applications”,
Nanomaterials, vol. 11, no. 4, (2021), p. 967.
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Nowadays transparent conductive oxides (TO) have attracted great attention because of their
wide application in nano-and optoelectronics and in the field of solar energy. The thin TO layers on
wide gape semiconductors, which are also transparent to visible light, are of particular interest due
to potential application of such structures for design of devices for transparent electronics and
cascade solar cells as well. In this work we present the results of studies of structure and transport
properties of thin ZnO layers on p type GaP.

Thin films of ZnO were obtained by ultrasonic spray pyrolysis technique (USP). An aqueous
solution of zinc acetate dehydrate (Zn(C,H30,) " 2H,0, 0.5 mol/L) was used as a source of zinc to
obtain ZnO films. We employed an ultrasonic nebulizer with the frequency of 2.5 MHz for
atomization of a solution. Oxygen was used as a carrier gas with the flow rate at 500 sccm/min. The
GaP substrate temperature was set at 400 °C and the thickness of films was about 200 nm.
Reference ZnO samples on Si substrate were grown simultaneously with ZnO on GaP samples. Fig.
1 shows surface morphology of both, ZnO on GaP and references sample, obtained by JEOL JSM-
IT200 scanning electron microscope. It is clearly seen, that for both samples the surface has a
pronounced scaly structure, but the scale size for ZnO on Si layer is more homogeneous.

Fig. 1. Surface morphology ZnO on GaP (left side) and ZnO on Si (right side)
Fig. 2 shows the data of resistance measurements of
Zn0O on GaP and ZnO on Si layers that was performed in the
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18 ERERE dark at room temperature. One can note, that dependence of |

. :;i vs V for ZnO on Si layer almost linear and their conductivity
< / obeyed to Ohm law, whereas conductivity of ZnO on GaP
E 12 layer are strongly depended on bias voltage. More detail
T e / investigation reviles that conductivity of ZnO on GaP

; L ,,—/77 determined by space charge limited current.
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Fig. 2. Conductivity of ZnO on Si
(1) and ZnO on GaP (2) layers

Finaly our investigation demonstrate, that both, structure and conductivity of ZnO layers
depend on the type of semiconductor substrates. In more homogeneous ZnO on Si layers current is
determined by intrinsic carriers concentration, whereas conductivity of ZnO on GaP can be
attributed to the insulating type and is determined by the injection of charge carriers into the volume
of the ZnO layer.

107
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Abstract: In this article, the dependence of the output characteristics on the dielectric thickness
and external temperature in a 3D junctionless MOSFET is studied using Comsol Multiphysics

software.

The effect of dielectric thicknesses on the output characteristics of the MOSFET

surrounded by the gate was examined in three different values. To study the effect of the external
temperature under test on the output characteristics of the transistor, the output characteristics at
temperatures of 250K, 300K, and 350K were measured and analyzed.

Keywords: MOSFET, Comsol Multiphysics, temperature, dielectric, doping

L. Introduction: Currently, to increase the level of integration and reduce
energy consumption, the sizes of insulated gate field transistors (MOSFET) are getting
smaller and smaller. To reduce these sizes, it is necessary to reduce the thickness of the
dielectric as much as possible. But if the thickness of the dielectric becomes much
smaller than the norm, the output characteristics of the transistor can change a lot[1]. In
addition, as the size decreases, self-heating effects appear in MOSFETs, which depends
on the thermal conductivity of the dielectric [2]. Therefore, we increase the thickness of
the dielectric from 0.5 nm, 1.5 nm, and 3nm. The dependence of the obtained results on
the external temperature was studied at three different temperatures and the results were
analyzed.

IL. Structure and simulation procedure: COMSOI Multiphysics 6.1 software
was used for modeling. In this case, if silicon was selected as the semiconductor material
of the channel, the dielectric blank material was formed. In the modeling, the channel

length of the transistor was 34 nm, and the gate length was 4 nm, the channel surface was
1

cm—3
introduced into the channel. The gate voltage of the transistor is 0.8 V, the drain is 0.05
V, and the source is 0 V. The metalwork function on each contact is equal to 4.5 eV[3].
When meshing the model, the same mapped mesh was used for the Drain and Source
contacts, and the Sweep mesh was used for the channel. Other parameters are listed in the
table below.

square and its sides were 3.2 nm. An inlet concentration of 102° ( ) of type n was

TO 300[K] Temperature

fmx 0.8 "Longitudal DG effective mass"
fmy 0.12 Transverse DG effective mass
mx fmx*me_const Longitudinal DG effective mass
my fmy*me_const Transverse DG effective mass
mz my Transverse DG effective mass
epsOx 3.9 Oxide dielectric constant

mox 0.5*me_const Oxide DG effective mass
moxstar 0.22*me_const Oxide DG effective

PhiBox 3.15[V] Oxide potential barrier

Nd 1e20[cm”"-3] Doping

cp 1 Continuation parameter for doping
Phig 4.5[V] Gate metal work funktion

(1-table)
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I11. Simulation results and discussion: The output characteristics of the
transistor are also highly dependent on the temperature of the medium in which it is
placed. The following is the result of the simulation carried out to study this relationship.

3,0x10°% 7x10°®,
2,5x107% 6x107°
_SA
2 0x1078 ] 5"105
1,5x10°% zxg_s:
1,0x105 )
, 2x107%
5,0X10'6A 1x1075
0,0 0+
3 2 1.0 1 2 3 4 2 0 2 4 6
U(v) U\V)
1-Figure 2-Figure

We have learned that when the gate voltage approaches 0.8 V, a large change occurs in the
drain current, and this difference increases with increasing voltage until saturation[4](Figure-1).

If we change the thickness of the dielectric, we can observe the change in the output
characteristic of the transistor as shown in Figure (2). That is, if the thickness of the dielectric is
large, the saturation current will be much larger and will increase as the voltage increases[5]. If the
thickness of the dielectric is small if it happens, the saturation current will be smaller and it will be
fully saturated even at a lower voltage.

IV. Conclusions: The modeling results show that if we place the MOSFET in a
high-temperature environment, the current passing through it increases, and the current in
its output characteristic shifts upwards. If we increase the thickness of the dielectric
wrapped in the outer layer, the gate voltage remains unchanged. As the stock and supply
voltage increase, the current increases faster.
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Modification of semiconductor materials by beams of light ions, in particular protons, is one
of the most promising and actively developing physical and technological methods in recent years.
Interest in the implantation of silicon crystals by protons is due to a wide and controllable range of
processed depths (from 0.1 um to 1 mm) and the absence of complex radiation complexes with a
high annealing temperature after irradiation. The main three factors affecting the change in the
properties of semiconductors after proton irradiation are: a change in the electrical properties of
semiconductors, radiation defect formation, and accumulation of hydrogen atoms[1].

The aim of this work is to study the effect of radiation to protons on the change in the
concentration of optically active oxygen in n-type silicon single crystals doped with platinum (n-
Si<Pt>) and to study radiation defect formation after irradiation with hydrogen ions using IR
spectroscopy.

The object under study was n-type silicon (n-Si) with a resistivity of
40 Q cm grown by the Czochralski method. Doping of silicon with platinum was carried out by the
diffusion method with deposition of platinum atoms on the silicon surface in evacuated quartz
ampoules at temperatures T = 900+1250 °C for 2+5 hours. The original (n-Si) and doped (n-Si<Pt>)
samples after polishing with diamond paste were irradiated with protons with an energy of 2 MeV,
at a current of 0.5 pA, using an electrostatic accelerator "EG-5". The dose rate was 5.1x10" ecm ™.
The concentration of optically active oxygen and radiation defect formation in silicon samples was
determined using an IR spectrometer "Shimadzu IR Affinity-1" in the range of 600 - 3000 cm™ in
transmission mode.

Fig.1 shows the IR spectra of single-crystal n-type Si before (curve 1) and after (curve 2)
doping with Pt and proton irradiation (curves 3 and 4, respectively). As can be seen from Fig. 1, in
all cases, the IR spectra contain peaks in the region of 1280, 1106, 950, 885, 820 and 740 cm™.

According to[2] , the peaks present in the spectra correspond to different types of chemical
bonds: the peak at 1280 cm™ corresponds to the Si-O bond, the peaks at 1106 cm™ and 970 cm’'
correspond to the Si-O-Si bonds, the peak at 885 cm™ corresponds to the Si-OH, peak 820 cm™ -
silica bond SiO, and peak 740 cm™ - metasilicate bond (SiOs). The peak at the wave number 2360
cm™ corresponds to the C-C bond.

Comparison of the IR absorption spectra of the control and doped samples shows that the
introduction of platinum atoms through diffusion leads to a significant decrease (2 times in some
samples) in the oxygen concentration. This effect is probably due to the interaction of platinum and
oxygen atoms in silicon and confirms the data of various authors on the aggregation of impurity
atoms with oxygen.

Irradiation of the original and doped samples with protons leads to an increase in the
intensity of the peaks at 1106 cm™ and 885 cm’. A comparison of the IR absorption spectra of
unirradiated and irradiated n-Si<Pt> samples shows that the implantation of hydrogen ions in
silicon after irradiation leads to a significant increase in the concentration of optically active oxygen
No™". New peaks appear on the IR spectra of the irradiated samples at 1450 cm™, 1730 cm™ and
2912 cm™ (fig.1), corresponding to the C-O bonds (1450 cm™, 1730 cm™) and C- H (2912 cm™) [3].

The main and most significant changes in the properties of proton-irradiated silicon are
radiation defects, the structure of which includes vacancies. These radiation defects include, first of
all, the complex interstitial oxygen O; — V vacancy (A-center), Divacancy (V-V) and the
phosphorus complex at the Pg site — vacancy (E-center). In irradiated silicon with a high
concentration of oxygen and carbon, the K center is more thermally stable than the E center. This
point radiation defect is a complex consisting of an interstitial oxygen atom and an interstitial

110


mailto:dilmurod-1991@bk.ru

carbon atom (O;-C;). The K-center corresponds to the donor level Ey + 0.36 eV near the bottom of
the silicon band gap, which has a relatively large charge carrier capture cross section.
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-~ n-Si-proton irradiated
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Figure 1. IR spectra of single-crystal n-type Si Figure 2. Energy-dispersive spectra of silicon
before (curve 1) and after (curve 2) Pt doping and samples doped with platinum.
proton irradiation (curves 3 and 4, respectively).

Relatively close to the A center in the band gap of silicon is the level of the radiation defect,
which is a complex of the interstitial carbon atom C; and the carbon atom at the Cg site. This
radiation defect is usually observed in crystals with a relatively low dissolved oxygen concentration
and a high Cg concentration, when the Cg carbon atoms themselves become the main traps for C;
atoms. Similar effects with the parameters of the C;-Cg center are exhibited by the C;-Si-Cg defects
observed in silicon irradiated with protons[4].

The presence of platinum in single crystals is confirmed by X-ray spectral microanalysis,
according to which the content of platinum in the samples is 2 at.% or 12 wt.%. The energy
dispersive spectra (Fig. 2) indicate the presence in the composition of the studied samples, in
addition to platinum atoms, of oxygen and carbon atoms. The content of oxygen atoms in the
samples 1s 0.85 at.% or 1.2 wt.%, carbon atoms 0.7 at.%, respectively.

The irradiation of n-Si and n-Si<Pt> samples with protons, synthesized in this work by
protons with an energy of 2 MeV with a dose rate of 5.1 X 10'* em™, leads to the formation of
radiation defects of the type O;-C;, C;-Cs. Radiation defects characteristic of silicon (proton
irradiation) such as the A-center, divacancies, and E-centers could not be explicitly detected by IR
spectroscopy.
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Solar energy conversion through photocatalysts technology has become one of the most
promising methods in effectively utilizing the renewable and sustainable energy, thereby solving
serious environmental and energy problems. Successful implementation of this technology allows
production of green hydrogen, conversion of CO; into hydrocarbon fuels, water and air purification,
etc. Yet, photocatalysis is a complex process that requires highly efficient photocatalyst material
combining such properties as suitable band-edge alignment, visible light activity, stability, cost
effectiveness and non-toxicity [1].

In this work we investigate effect of the Fe impurity doping and its concentration on the
microstructural, morphological, optoelectronic properties, and photocatalytic activity of ZnO
nanostructures synthesized by a hydrothermal method. Density functional theory (DFT) calculation
was employed to understanding the impact of Fe doping content on the band structure of ZnO.

Figure 1 shows DFT calculated band structure of the ZnO and Fe doped ZnO. Enhanced
photocatalytic activity of the Fe doped ZnO was attributed to the as formed shallow donor levels of
Fe d orbital below conduction band minimum of the ZnO. Among the different concentrations of Fe
dopant, 1% doped ZnO demonstrated highest photocatalytic activity under the visible light
illumination.
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Figure 1. DFT calculated band structure and (PDOS) partial density of states of the (a) pure ZnO
and (b) Fe doped ZnO.
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The growing global demand for energy and the limited availability of fossil fuels has has
prompted the development of alternative and renewable energy resources. Among these, the
effective conversion and storage of solar energy stand out as a promising technology for achieving
clean and sustainable energy solutions. While photovoltaics is widely acknowledged as a
dependable solar conversion technology, their widespread adoption is hindered by cost
considerations and long-term operational challenges. Especially, reliable operation during night-
time necessitates high efficiency and durable energy storage devices (such as Li-ion batteries).

Moreover, the effective conversion and storage of solar energy for various applications, such
as hydrogen generation, CO, conversion, and water/air purification, can be accomplished through
photocatalyst technology [1]. Consequently, there is a growing research interest in the development
and design of advanced materials that are both suitable and highly efficient for energy storage
devices and photocatalysis applications.

TiO; is considered as an excellent photocatalyst material due to its suitable band edge
position, non-toxicity and stability. Beyond its applications in photocatalysis, the notable high
conductivity and stability of TiO, make it a valuable candidate for use in lithium-ion batteries.
Especially, it can further extend energy density and longevity of the micro/nano sized Si based
electrodes for Li-ion batteries. A suitable design of the Si/TiO, composite electrode can solve
inherent challenges associated with Si-based electrodes, such as cracking and large volume
expansion during lithiation cycles [2].

This work presents synthesis and characterization of the TiO, nanostructures using
hydrothermal synthesis method. Figure 1 shows XRD patterns of the TiO, nanostructures.
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Figure 1. XRD pattern of the TiO, nanostructures.
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In recent years, the conversion of broadband solar radiation into coherent narrow-band laser
light has attracted the attention of solar laser researchers. Several types of crystals (Nd:YAG,
Ce:Nd:YAG) are used for solar lasers. But recently, scientific works focused on the use of optical
fibers as an active medium began to appear [1]. Interest in solar fiber lasers stems from the fact that
they may offer advantages such as reduced thermal effects and simple optical cavity design. Since
the first solar fiber laser was proposed in 1997, significant improvements have been made in solar-
pumped fiber lasers. Transverse solar-pumped fiber lasers are expected to be a better alternative to
the above active media. Recently, solar-pumped Nd**-doped silica fiber lasers have been studied.
However, the search for optimal configurations of fiber lasers with high-efficiency is still ongoing.
In this work, a parabolic trough concentrator with a length of 30 cm, a width of 23.56 cm and a
focal length of 35 cm is considered (Fig 1). In order to evaluate the parameters and study their
effect on the overall efficiency, a model of solar-pumped fiber lasers was developed using Monte
Carlo photon tracing method [2]. A total of 70.7 W of solar power falls on the surface of this

concentrator.
5
\/
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Fig. 1. Overview of the laser system. 1-parabolic- Fig. 2. A cross-section of a silica fiber.

trough, 2-solar light, 3-silica, 4-fiber cladding, 5-
left side, 6-fiber core, 7-upper side, 8-right side.

A 28.75 m long three-core optical fiber is placed at the focus of the concentrator as an active
medium. A cross-section of a silica fiber is shown in Fig 2. Cladding diameter of 1 mm, core
diameter of 200 pum, Nd**-doped silica fiber is placed inside a parallelepiped-shaped chamber with a
width of 2.6 cm and a height of 0.4 cm. In this 3-core fiber, one core is in the center of the cladding,
and the other two cores are located 300 pm from the cladding (the distance between the edges of the
cores is 100 um).In the model, the total fiber length is obtained in the form of a row and a column
of cylinders. It consists of 3 rows and 25 columns, with a total of 75 cylinders. Absorption
efficiency, laser output power and power distribution were calculated using the model. In
conclusion, it can be said that the absorption efficiency of the active medium was 9.62%, the
absorbed power was equal to 6.8 W. The output power of the laser was 125 mW, and the
conversion efficiency from solar radiation to laser beam was 0.18%.
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Today, calculating the adsorption energy and the length of Si-C bonds of fullerene
molecules adsorbed on the surface of silicon monocrystal is one of the most relevant researches in
terms of the fact that fullerene-coated surfaces have a promising applied character. In particular, in
the presence of defects on the reconstructed Si(100) surface, the adsorption energy of the fullerene
molecule and the length of the Si-C bonds become stable due to their high practical importance in
the development of molecular devices suitable for semiconductor devices, leading to the intensive
development of theoretical research in this field, brought [1].

In this study, the adsorption of C60 fullerene molecule on the reconstructed defective
Si(100) surface was studied. Interaction processes between the defective Si(100) surface and C60
were studied using the LAMMPS open package program based on the molecular dynamics (MD)
method. Tersoff interatomic potential was used to express the interaction potential energy of Si-Si,
Si-C and C-C bonds [2]. The adsorption energy was calculated using the following formula [3]:

Eads = (Z(c)its/sub - (Egglta + Eci?ig)

Figure 1. Side and top views of the C60 molecule adsorbed on a reconstructed defective
Si(100) surface.

Figure 1 shows the adsorption state of C60 molecule with the hexagon+hexagon
configuration on the reconstructed defective silicon surface. In this configuration, the adsorption
energy was equal to E,gs = —5.197 eV, the length of Si-C bonds was equal to 1.92 — 1.99 A,
Almost no change was observed in the Si-Si bond lengths of the silicon atoms participating in the
Si-C bond. It was found that the adsorption energy of C60 molecule on the D2 defect area, which
consists of the absence of two side-by-side dimers in the dimer row on the reconstituted Si(100)
surface, is significantly higher than the adsorption energies to other types of defect areas. The high
energy values can be explained by the increase in the number of bonds that can form bonds with
silicon atoms in the secondary layer on the silicon surface of the C60 molecule and the shortness of
these bonds compared to the Si-C bonds in the upper layer.
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Perovskites of the CsPbX3 type (X-halide anion) are new semiconductor materials that have
recently been intensively studied throughout the world [1, 2]. They have unique properties
necessary for optoelectronics and photo energy [3-6]. Cesium-lead halide films based on quantum
dots have high brightness and a narrow line width and it is possible to select the required color of
radiation in the visible range [7]. Thanks to compositional modulations and quantum size effects,
band gap energies and emission spectra are easily tuned throughout the visible spectral region 410—
700 nm [3]. The photoluminescence of CsPbX3 nanocrystals is characterized by a narrow emission
linewidth of 12-42 nm and a wide color gamut, covering up to 140% of the NTSC (National
Television System Committee) color standard. The quantum efficiency reaches values of up to
90%, with radiation lifetimes in the range of 1-29 ns [3].

However, despite the excellent optoelectronic properties of CsPbBr3, obtaining structures
with high quantum yield and stability under ambient conditions are key issues that require
significant attention [7]. Because the impurities used to achieve high luminescence have highly
dynamic binding and impair the stability, and therefore the luminescent properties of structures
based on them, this limits their widespread use. The authors of [7] claim that to ensure the stability
of quantum dots (QDs) based on CsPbBr3 perovskite, oleic acid (OA) and oleylamine (OAm)
ligands are used, which play an important role in colloidal support of the integrity of the QD
surface. According to the authors of [8], by introducing organic phosphine ligands, the resistance of
CsPbBr3 QDs to ethanol, water, and ultraviolet radiation can be significantly improved. Moreover,
perovskite films modified with phosphine ligands deposited on glass exhibit high
photoluminescence intensity and optical stability compared to films based on pure perovskites.

CsPbX3 layers are known to crystallize in orthorhombic, tetragonal and cubic perovskite
lattice polymorphs, with the cubic phase being the high temperature state for all compounds.
Interestingly, all colloidally synthesized (NCS) CsPbX3 nanocrystals crystallize in the cubic phase,
which can be explained by the combined effect of high synthesis temperature and the contribution
of surface energy [3]. The authors of [5] claim that by using controlled anion exchange reactions
using a number of different halide precursors, it is possible to precisely tune the chemical
composition and optical properties of synthesized cesium-lead halide perovskite colloidal
nanocrystals, from CsPbBr3 with green emission to bright emitters in any other region of the visible
spectrum and vice versa, by displacing Cl— or I-ions with oxygen ions, as well as by re-introducing
Br- ions. This approach provides access to perovskite-based semiconductor nanocrystals with both
structural and optical properties comparable to those of directly synthesized nanocrystals. It is also
noted that when mixing solutions containing perovskite NCSs emitting in different spectral ranges
(due to different compositions of halides), the dynamics of their mutual rapid exchange leads to
homogenization of their composition, as a result of which NC emit in a narrow spectral region,
intermediate between the original nanoparticles [5].

In general, the resistance to defects in perovskite nanocrystals is due to three distinctive
features: their crystal structure, which favors the formation of vacancies but does not contain other
point defects; their special electronic structure, which makes vacancies harmless; and their dynamic
lattice effects, such as the formation of polarons that prevent carrier capture [9].

The surface morphology and defect density of MHPe play a crucial role in their optical and
electronic properties [10]. By controlling surface morphologies and minimizing defect densities, the
efficiency and stability of MNR-based structures can be increased. Evidence was provided in [11]
that doping the B (Pb) site, especially with Sr2+, can significantly improve the optoelectronic
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properties of CsPbX3 (X = Br, CI). Replacing Pu with Mn2+ in combination with doping with Sr2+
can improve the light output of the structure. This improvement in performance is explained by a
decrease in the density of defects and a decrease in microstresses in the local structure of the
perovskite. Such results open a promising path to further improve the optoelectronic properties of
perovskites.
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Porous silicon (PS), owing to its unique physical properties arising from a nanoscale structure
unattainable in bulk materials, holds significant promise for various applications in science and
technology. There are several methods for obtaining PS, and the number of instances of its utilization
continues to grow [1]. PS can be employed in the creation of sensitive sensors [2], and, as
demonstrated in prior studies, PS with nanocrystalline inclusions shows promise in silicon solar cell
(SC) technology [3].

In this study, we employed an electrochemical method described in reference [3] to fabricate
porous silicon substrates. The crystallinity of the obtained samples and the recording of
photoluminescence spectra were conducted using an InVia Raman spectrometer. The
photoluminescence effect in PS samples was evaluated using a He-Cd laser with an emission
wavelength of 325 nm as the excitation source.

The obtained Raman spectra confirm the absence of amorphous silicon in the samples, as no lines
corresponding to the amorphous phase were observed. It can be inferred that the grown samples
exhibit a nanocrystalline structure without an amorphous component. Photoluminescence spectra
indicate that the samples exhibit stable and intense photoluminescence in the 700-900 nm range with
peaks around ~771 nm. This characteristic feature aligns with the typical photoluminescence of
nanocrystalline silicon structures [4], associated with radiative recombination in nanoscale silicon
crystals. The peaks at 771 nm suggest the absence of defective silicon oxide in their phase
composition. The presence of such oxide in the surface layer of PS is known to diminish
photoluminescent properties and shift the photoluminescence peak towards the short-wavelength side.
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Fig. 1 — Photoluminescence Spectrum of PS Sample

Nanostructured porous silicon samples analysis indicates the formation of layers of
nanocrystalline porous silicon, devoid of defective silicon oxide and amorphous silicon. This allows
simultaneous utilization of both porous and nanocrystalline silicon properties.
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Besides conventional methods, the active investigation of hydrogen storage in carbon
nanomaterials, such as graphene, is underway [1]. However, the influence of defects in graphene on
hydrogen storage remains unclear. This study focuses on investigating the gravimetric density
(Wt%) of hydrogen molecules in both pristine and defective graphene using Molecular Dynamics
(MD) simulations (Fig. 1a). In these simulations, we employed the ReaxFF potential with
parameters developed by Zou and colleagues [2] to accurately describe the interactions between
atoms in the system. Our preliminary results indicate that the relative mass of H, molecules
physisorbed around defective graphene (with a maximum concentration of about 3%) is
approximately 1.4 times higher compared to its pristine counterpart. Specifically, the gravimetric
density of physisorbed H, molecules for pristine graphene and graphene structures with defect
concentrations of 0.2, 0.5, 0.8, 0.8, 1.9, and 2.9% is 1.56 wt.% and 1.76, 1.88, 2.01, 2.06, 2.08, and
2.12 wt.%, respectively (Fig. 1b, red line). This phenomenon can be explained by the appearance of
partial charges in graphene, depending on their defect concentrations (Fig. 1b, blue line). The
results strongly indicate that hydrogen storage can be controlled by tuning the size and
concentration of defects in graphene.
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Fig.1. (a) H, molecules around graphene with a defect concentration of about 3.0%; (b) the
gravimetric density of hydrogen molecules versus the concentration of defects in graphene.
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Conductive transparent indium tin oxide (ITO) films are widely used in various touch screen
devices and also in solar cells as current collecting electrodes [1, 2]. There are strict demands on
them, both in terms of transparency and current conductivity. Indium tin oxide increases quantum
efficiency and reduces photoreflection in the spectral region 310-1048 nm. The enhanced
photocurrent is in the spectral peak range around 1033 nm at the edge of the Si band gap. ITO films
transmit up to 80-85% of the visible range of light radiation incident on them in the optical range
450-1100 nm [3]. It is known [4] that the ITO material as a semiconductor has a large band gap (E,
~3.5-3.6 eV), due to which it is transparent in the visible region of the electromagnetic radiation
spectrum [1, 3]. However, despite the large band gap, it is a degenerate n-type semiconductor with
low resistivity [1, 3].

The change in the resistance of ITO films with increasing concentration of impurity tin
atoms does not behave monotonically. At the same time, the work noted that the lowest resistance
of ITO was achieved at a SnO, concentration of about 10 mol.% and amounted to 3-10* Q-cm. In
work [5], at the same doping impurity concentration, a value of 1.77-10™* Q-cm was achieved.

There are various methods for producing ITO films, for example, the authors of [3, 6]
obtained ITO films by high-frequency magnetron sputtering with simultaneous ion treatment, and in
[7] ITO films were obtained by reactive magnetron sputtering. Other researchers prefer to use the
sol-gel method to obtain In,O3 and SnO; films [4]. All these methods require complex and bulky
equipment, and the resulting films are small in size; these methods do not allow the production of
large-sized ITO films.

Since ITO is a solid solution of indium tin oxide, in which tin atoms replace indium atoms.
In order to obtain low resistivity films, the tin oxide (SnO;) content of the ITO thin film should
typically be 6-15 wt.% (4-8 mol.%). If the SnO, content in the ITO film exceeds more than 20 wt.%
(10.5 mol.%), it is not possible to obtain films with low resistance due to the presence of the SnO,
phase. It is also not possible to obtain films with low resistance when SnO; is less than 5 wt.% (2.8
mol.%) due to the low amount of Sn ions in the solid solution [1].

To obtain ITO films, we used a modified CVD method with a quasi-closed volume, which
we presented earlier in [8], where the deposition process of ITO films occurs at normal atmospheric
pressure without the participation of a carrier gas. In this method, reagents are applied to the surface
of the substrate, where the evaporated molecules of the substances that make up In,O; and SnO,
thermally decompose and react to synthesize ITO layers consisting of a mixture of In,O3 and SnO,
on the surface of the substrate. The decomposition of the reagents occurs at temperatures above 160
°C and the ITO deposition process is carried out in air, since the deposition product is an oxide, and
the oxygen environment does not interfere with the deposition process.

We studied both the electrical and optical properties of the resulting films, the results of
which were presented in [8]. As a result of comparing our results with literature data, it was
established that the optical properties of transparent conducting oxides are influenced differently by
the electron concentration n and their mobility x [3, 5]. The value of the conduction electron
concentration affects the transmittance in both short-wave and long-wave regions. Typically, both
of these boundaries shift to shorter wavelengths as n increases. In this case, the change in the
transmission edge of an electromagnetic wave of light in the region less than 350 nm (photon
energy exceeds the width of the optical band gap) is proportional to n*” (Burstein-Moss effect),
while the transmission edge of a plasma wavelength is proportional to n'">. Mobility p does not
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locally affect the short-wavelength transmission cutoff or plasma wavelength. Thus, achieving
optimal values of high conductivity and wide bandwidth is possible with a high p value and a low n
value.

Practical application of ITO films requires knowledge of their resistivity. As is known, the
resistivity of ITO films depends mainly on the substrate temperature [8], so the dependence of the
resistivity of ITO films on the substrate temperature was studied. Hall measurements of the
concentration and mobility of the majority charge carriers showed that the observed decrease in p
with the increasing of the substrate temperature (TS) is mainly due to an increase in the impurity
concentration n from 3.9-10%° to 9.1-10* cm’. In this case, u increases from 25 cm?/(V-s) at T =
200 °C to 43 cm?/(V+s) at Ty = 300°C, and then begins to decrease to 36 cm?/(V-s) at T, = 400 °C.
Analysis of the obtained results showed that with an increase in the substrate temperature from 170
to 260 °C, a monotonous decrease in resistivity occurs from 6.4:10* to 1.9-10” Q-cm. A further
increase in the substrate temperature from 400 to 500 °C leads to an increase in resistivity p from
1.9:10* to 2.9-10™ Q-cm, which is associated with a simultaneous decrease in the concentration
and mobility of the main charge carriers.
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One of the environmentally friendly technologies - the plasma catalysis method is considered
a suitable candidate for the near future in methane reforming, taking into account the absence of
emissions of greenhouse gases and the efficiency of energy consumption [1]. Especially,
understanding the mechanisms of interaction between the surface of catalysts and methane species
in plasma is important in controlling reactions and thereby improving the efficiency of obtaining the
desired product, namely, ethylene [2]. Despite the majority of research, these mechanisms have not
yet been fully elucidated [3]. In particular, in this simulation-based research, we focused on the
analysis of the impact mechanisms of nickel catalysts with different surface facets on the most
prevalent radical, methyl radical (CH3), within methane plasma at a temperature of 1500 K. These
simulations were performed using the reactive molecular dynamics (MD) based LAMMPS software
package. For accurately representing the interactions between atoms in the simulations, ReaxFF
potential parameters developed by Zou et al. were applied [4]. In particular, our results showed that
when the CHj; radical adsorbs on the nickel surface in the case of Ni(111) surface, 37% of the
deposited CHj radicals do not dissociate, 5% dissociate into CH,+H, 41% into CH+H, and 17% into
C+H. On the other hand, in the Ni(100) surface case 31% of CH3 does not dissociate, 4% dissociate
into CH+H, 42% into CH+H, and 23% into C+H (see Fig. 1). These results indicate that the
Ni(100) surface exhibits a stronger tendency to dissociate CHj3 radicals owing to its elevated surface
energy in comparison to the Ni(111) surface catalyst [6].
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Figure 1. Percentage distribution of undissociated and dissociated methane species of CH;
radical on Ni(111) and Ni(100) catalyst surfaces.
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After dissociation, the ethylene formation from methane species is anticipated to occur
through reactions such as the following:

CHz + CH2 = C2H4 ((l)
CH; + CH = C,H,4 (b)

Fig. 1 shows that the formation of CH, radicals, which is crucial to the (a) reaction pathway,
is deficient quantities for both surfaces. Therefore, attention was given to the abundance and
nearness (correlation) of CH and CHj3 species on the surface, which are necessary for the reaction
(b). Namely, the figure indicates that the relative abundance of CH3z (CH) species (i.e., in the least
quantity) constituted 37% (41%) and 31% (42%) on the Ni(111) and Ni(100) surfaces, respectively.
In summary of these results, it can be concluded that the Ni(111) surface is more advantageous
compared to the Ni(100) surface for obtaining ethylene from methane by the plasma catalysis
method. These results may serve as a hint for experimentalists in the future.
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BANDGAP OF Si<Zn,S> AND PHOTOCONDUCTIVITY OF Si <S> SAMPLES
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Behavior of sulfur in silicon is characterized by the ionization energy E; that varies in a large
diapason as reported by different authors [1].

The samples of silicon doped with sulfur were investigated under dark conditions in forward
connection mode (Fig. 1) and the corresponding photoconductivity spectrum in these samples starts
at 0.26 eV and increases further to 0.4 e¢V. While reaching the point 0.4 ¢V, the photoconductivity
spectrum in dark decreases and its magnitude is less than that of the dark current. Here, we are most
likely witnessing what is known as negative photoconductivity while there happens to occur the
effect of carrier injection associated with the 0.4 eV level. Under constant illumination, the
photoconductivity starts at E=~0.25 eV and decreases within the 0.4 eV range with a sharp
downward slope peak at E ~0.52 eV, where the phenomenon of infrared quenching of
photoconductivity occurs.
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Fig. 1. The spectral dependence curve of photoconductivity of Si <S> sample (initial boron-
doped silicon with p = 1 Ohm-cm) in dark and under steady illumination at T = 77K in forward
connection mode

One can assume that dark current in the forward connection mode, by and large, might be due
to the fact that current carriers are possibly being injected from contact points. At voltage
“switched-on” mode, electrons are caught at level E; = 0.4 ¢V, since their concentration at level 0.25
eV is comparatively low, and at this section the investigated photocurrent is determined by holes.

Having analyzed and summarizing the above experimental data one can tentatively assume that
at forward switching mode of the diode structure, we are witnessing the so-called effect of negative
photoconductivity due to the process of injection of current carriers associated with level E = 0.4 eV
[1,2].

The authors also measured the band gap of the p-n junction formed on the basis of n-type
conductivity phosphor-doped silicon samples with resistivity of p=100 Q-cm.

At various temperatures, the authors measured the current-voltage characteristics (CVC) of the
samples where p-n junction were formed. Their spectral sensitivity was also measured at room
temperature by using IKS-12 spectrophotometer in the visible light range. The current-voltage
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characteristics of the samples were measured using a DC source with a voltage of U=5V and
U=12V, a multi-stage potentiometer with a resistance of 10 kOhm, while current measurements
were carried out using a Rigol DM3068-type device, voltage measurements were carried out with a
Mastech MS8040 device, a thermostat connected to a constant voltage source, digital temperature
meter type Espada TPM10 with scale division of At=0,1°C. In order to prevent significant
overheating of p-n structures, the measurements were carried out by applying short-term impulse
voltages. The results of the current-voltage characteristics of samples with a p-n junction are shown
in Fig. 2.
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Fig. 2. Current-voltage characteristics (CVC) of silicon samples containing impurity atoms of
zinc and sulfur, measured at temperatures: T= 30°C and 2- T= 80°C: a) Si<Zn b) Si<Zn,S>

As a result of measurements and the data reflected on Fig. 2 a) the band gap energies were
determined: Egg;, =~ 1,14 eV - for silicon samples containing zinc atoms and Egg;., ~ 1,38 eV -
for silicon samples containing binary compounds of impurity atoms of sulfur and zinc.

Tentative investigations of the short-circuit current and open-circuit voltage of p-n-structures,
as well as the phase transitions in such structures, together with the analysis of their lux-ampere
characteristic previously showed that these structures could in principle be seen as potential
photodiodes and/or solar cells. Further calculation of the fill factor and efficiency ratio of these
structures would pave the way for prospective application of these structures as solar cells that
would allegedly harness the wider solar spectrum thus increasing their economic efficiency. Also,
as the band gap (E,) is a core parameter of a semiconductor material, so, the authors think that an
exact knowledge of the band gap in such materials makes it possible to manipulate key performance
characteristics of semiconductor devices developed on the basis of such materials.
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THE EFFECT OF THE CONCENTRATION OF NATIVE DEFECTS ON THE
PHOTOCATALYTIC ACTIVITY OF ZnO MICRORODS
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Nowadays, the demand for drinking water around the world is significantly increasing. But
limited water resources and their pollution is a global problem. Also, with the increase in the
amount of manufacturing of products, the pollution of water used in industry is increasing. Cleaning
the wastewater from various pollutants is very important to ensure environmental sustainability.
Traditional technologies of water purification are ineffective for organic compounds or
economically require a lot of funds (sedimentation, filtration, adsorption, ozonation
biotechnological methods, etc.). For this reason, many researchers have been conducting research
on photocatalysis technology, a new and effective method of water purification, in recent years. The
use of semiconductor photocatalysts in the formation of free radicals to activate the oxidation of
organic compounds is one of the most promising technologies for water purification. Among
semiconductor photocatalyst materials, ZnO is of special importance, almost all its parameters show
high performance in photocatalytic processes. ZnO is an n-type binary semiconductor material with
a wide band gap (3.37 eV) and high exciton binding energy (60 meV). Among ZnO nanostructures,
nanorods, nanoribbons, nanocrystals, and porous structures are synthesized in various ways due to
their unique crystal structure and morphological properties, and their physicochemical properties
are widely studied. Among the technologies for the synthesis of nanostructures, chemical methods
are distinguished by their simplicity and low cost. However, nanostructures grown by these
methods have different intrinsic defects depending on the synthesis method and conditions. Specific
defects observed in nanostructures can affect the fundamental properties of materials and serve to
further increase their potential for use in various fields.

In this study, the influence of the native defect concentration on the photocatalytic activity
of ZnO microrods synthesized by the hydrothermal method at low temperatures was studied. The
growth procedure was designed as follows: 148.7 mg zinc nitrate hexahydrate (Zn(NO3),6H,0) and
70.1 mg hexamethylenetetramine (CsH;,N4 (Sigma Aldrich)) was dissolved in a 20 ml deionized (DI)
water solution under intense stirring at room temperature, then ultra-sonicated for 1 min. The
resulting suspension was transferred into a Teflon-lined stainless-steel autoclave. Quartz substrates
were placed in a row in the bottom of the Teflon-lined stainless-steel autoclave with the prepared
solution. The stainless-steel autoclave with substrates in it was closed and placed in a
thermostabilized reservoir with water at a temperature of 90°C for 5 h. After the synthesis of ZnO
nanorods is completed, the autoclave was removed from the bath and cooled at room temperature.
After cooling, the samples were taken from the autoclave and dried in open air. The
photoluminescence spectra of ZnO microrods were obtained using a photoluminescence set-up
coupled to a 0.75 m monochromator with diffraction grating and high sensitive photomultiplier
tubes. As excitation source, a longitudinally pumped nanosecond pulse N, laser emitting at 337 nm
(pulse duration ~6 ns, P~15 kW, repetition rate - 100 Hz) was used. The photoluminescence spectra
were recorded using a boxcarintegrator with a gate width of 40 ns. All experimental studies were
carried out at room temperature. The photocatalytic activity of samples was performed using the
organic dye decay method (Corlon red F3B). In this work, the dye concentration used was 25 ppm
and the dye decay was studied by using an ultraviolet-visible spectrophotometer. The dye solution
was kept under room conditions for 15 min by stirring and then it was exposed to the light from
high pressure DRSh-120 mercury lamp. the intensity of mercury lamp radiation falling on the
sample ~ 0.5 W/em?.
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SEM image of hydrothermally grown ZnO microrods is shown in Figure 1. It can be seen
from the image that the nanorods are crystallized in needle-like or star-shaped form, and the
diameters of the microrods decrease from the central part towards the tip. The diameters of the
central parts of the nanorods are ~800—120(),{1m and the length is around 3-5 mm.
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Figurel. SEM image of hydrothermally grown ZnO microrods

The PL spectrum of the as-grown ZnO microrods consisted of a strong and narrow emission
band at a wavelength of 387 nm in the UV region, as well as yellow emission bands at a wavelength
of ~570 nm in the visible part of the spectrum (Fig2a). The strong and narrow band of emission in
the UV region is related to optical transitions or recombination of free excitons near band edge of
Zn0O [1-3]. The main factor in the appearance of the yellow emission band is the interstitial oxygen
atoms or their complexes [3]. In the PL spectrum detected after ZnO microrods were annealed in
open air at a temperature of 500 °C, the intensity of the emission band in the UV region increased
by about 3 times, and the yellow emission band attributed to defects was not observed (Fig. 2a).
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Figure 2. a) PL spectra and b) kinetic properties of Corlon Red F3B organic dye decomposition mechanism of as-grown
and annealed ZnO microrods at 500C

The kinetic properties of the degradation mechanism of Corlon Red F3B dye by ZnO
microrods are presented in Fig.2b. It can be seen from the graph that the degradation process of
Corlon Red F3B dye is almost linear. The value of the organic dye decomposition reaction constant
by as-grown ZnO microrods is equal to 17.2:10” min™. ZnO microrods annealed at a temperature of
500°C have 2 times smaller properties of dye decomposition kinetics compared to the as-grown
sample, and the decomposition constant of Corlon Red F3B dye is equal to ~-8.7-107 min™.

In conclusion, the photocatalytic properties of ZnO microrods depend on the nature of native
defects observed in the microrods, and an increase in the concentration of defects causes an increase
in the rate of decomposition of organic dye solutions.
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GLIDING ARC PLASMA APPLICATIONS TO METHANE CRACKING FOR
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Nonthermal plasma (NTP) technology has emerged as a promising and environmentally
friendly approach to producing hydrogen and carbon black. In the case of hydrogen production,
NTP has demonstrated its efficacy in enhancing the reforming processes of various feedstocks,
including methane, ethanol, and ammonia. On the other hand, carbon black, a widely used industrial
material, has traditionally been produced through conventional methods with associated
environmental concerns. NTP offers an alternative and sustainable approach for carbon black
synthesis by providing precise control over particle size, morphology, and surface properties.

This simulation-supported experimental study investigated the application of gliding arc
plasma for the decomposition of methane to hydrogen and carbon black production at ambient
conditions (i.e., room temperature and atmospheric pressure). The rotational gliding arc plasma was
generated by injecting tangential gas flow to the reactor inlet and using a 400 Hz AC power supply.
The influence of various process parameters, such as gas composition, discharge power, and reactor
design, on the hydrogen generation and characteristics of the resulting carbon black are examined.
In addition, the underlying mechanisms, namely, intermediate steps ranging from methane
dissociation to the formation of hydrogen and black carbon were investigated using reactive
molecular dynamics simulations.

Keywords: Hydrogen production; gliding arc plasma; methane cracking; carbon black, reactive
molecular dynamics simulations.
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Carbon nanotubes (CNTs) exhibit excellent physicochemical properties, making them
promising candidates for various biomedical applications [1]. Despite notable advancements, off-
target side effects, such as cell toxicity due to their hydrophobic nature, limit their utility in this
field. To address this issue, the surface of CNTs is modified with hydrophilic functional groups,
thereby enhancing their solubility or dispersion in a biocompatible (aqueous) medium and
consequently reducing the toxic effects [2].

In this research, we investigated the impact of endohedral transition metal atoms (nickel
atoms) in combination with functional groups (carboxylic acid) on the hydrophilicity of single-
walled CNTs (SWNTs). Specifically, we created model systems of functionalized SWNTs (or
fSWNTs) by attaching one, two, and three carboxylic acid (-COOH) radicals to SWNTs with (5,5)
chirality. To explore the influence of endohedral metal atoms, we filled the formed fSWNTs with
nickel atoms (Ni@fSWNTs) and conducted reactive molecular dynamics (MD) simulations [3].

The simulation results showed that, in all cases with Ni@fSWNTs, the C-C bond length in the
nanotube is slightly larger than the C-C bond length in fSWNTs without Ni atoms. Additionally, the
binding energy barrier corresponding to one radical in SWNTs without endohedral Ni atoms
remains largely unchanged with an increase in the number of radicals. The introduction of
endohedral Ni atoms into SWNTs results in a slight increase in the average energy barrier for
binding the functional radical to the surface of SWNTSs. Furthermore, endohedral Ni atoms enhance
the dipole moment of SWNTs and the energy of interaction with water (Fig. 1), consequently
increasing the hydrophilicity of SWNTs and potentially reducing toxicity [3].
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Figure 1. Average interaction energy (black) of pristine SWNT and SWNT with endohedral Ni atoms
functionalized with three -COOH radicals (Ni@SWNT+COOH;) with water molecules, as well as
their corresponding dipole moments (red). Associated errors are indicated by the vertical bars.
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The so-called first-generation solar cells mainly use crystalline or multi-crystalline silicon as base
materials and are still dominating the major market share of over 90%. However, the quest for other
materials with better absorption and low manufacturing cost has brought over many other potential
candidates such as amorphous silicon (a-Si), cadmium telluride (CdTe), copper-indium-selenide
(CIS) as the second-generation solar cell technologies since the early 70s. Some of the thin film
photovoltaics are now in the commercialization stage owing to their lab-scale conversion efficiency
achievement of over 20%, although the Shockley—Queisser limit shows up to 30%. This talk will
show the chronological development of CdTe thin film solar cells since its inception in the ‘70s.
The standard and stable structure of CdTe thin film solar cells entered towards successful
commercialization of Giga-Wp scale annual production almost a decade ago, however with some
unresolved concerns. Recent advancements in CdTe solar cell technology have introduced the
integration of flexible substrates, providing lightweight and adaptable energy solutions for various
applications. Our initial studies find that the growth process is to be optimized as the transition from
rigid glass substrates to flexible substrates like UTG (ultra-thin glass) possesses some crucial
challenges in terms of deposition processes and subsequent layer integration. Issues that can further
improve the efficiency as well as the future direction of R&D will be discussed. This will boost the
hope for thin film solar photovoltaic technology amid the imminent energy crisis of the world
aligning to SDGT7.
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Abstract. CdSe quantum dots stabilized with oleic acid were obtained by the colloidal
method and their optical properties were studied. By growing a ZnS shell onto the surface of CdSe
nanoparticles, CdSe/ZnS core-shell hybrid QDs are synthesized. Ligand exchange reactions were
carried out under mild conditions using an excess amount of a thiol stabilizer. The fact of the
replacement of stabilizers was established by IR spectroscopy.

Keywords: quantum dots, colloidal synthesis, core-shell nanoparticles.

Quantum dots (QDs) - optically active semiconductor nanoparticles are of interest as
components of light-emitting devices, solar cells, luminescent sensors and new-generation
biomarkers [1,2].

We have investigated the features of the QD surface modification using various types of
stabilizers. The molecules of the initial stabilizer (oleic acid) on the surface of the synthesized
CdSe/ZnS QDs were replaced by compounds containing a thiol group: L-cysteine (Cis),
mercaptopropionic acid (MPA), dodecanethiol-1 (DT), and dodecyl dihydrolipoate (DDL).

The use of L-cysteine and MPA as a stabilizer made it possible to obtain hydrophilic QDs,
while the luminescence intensity slightly decreases. It was determined that the substitution of oleic
acid (OA) contributes to a slight shift of the emission peak to longer wavelengths. It was shown
that, as a result of surface hydrophilization, the hydrodynamic size of nanoparticles increases due to
hydration of the QD surface, due to the presence of charged stabilizer ions.

When the surface is modified with dodecanethiol and dodecyl dihydrolipoate, the QD
surface remains hydrophobic. In this case, a high luminescence intensity is maintained and the peak
position does not shift. According to IR spectra, a small part of oleic acid molecules on the QD
surface remains unsubstituted. The hydrodynamic particle size is slightly reduced as a result of the
modification, due to the smaller length of the stabilizer molecules in comparison with oleic acid.
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