e-ISSN 3105-4293
p-ISSN 3105-4285

Journal of
Nanotechnology
and Innovative
Materials

Vol 1, N2 4, 2026




WESTERN
All] S TRNUNIVERSITY e-ISSN 3105-4293

. . . -ISSN 3105-4285
Western Caspian University P

Journal of Nanotechnology and Innovative
Materials

Vol 1, No 4, 2026

DOI:10.54414/VWTT8467

OEsD
;

© Western Caspian University, 2026

https://inim.wcu.edu.az/



https://jnim.wcu.edu.az/

Editor-in-Chief:
Prof. Dr. Hussein Baghirov

Western Caspian University, Azerbaijan

Scopus Link Scholar Link

Associate Editors:

Dr. Shirong Huang

Technische Universitdt Dresden, Germany

Scopus Link Scholar Link

Assoc. Prof. Baseem Khan

Center for Research on Microgrids, Huanjiang Laboratory, China

Scopus Link Scholar Link

Editorial Board

Prof. Dr. Jakub D. Rybka

Adam Mickiewicz University, Poland

Scopus Link Scholar Link

Prof. Dr. Ma Jianguo

East China University of Technology, China
Scopus Link

Prof. Dr. Ferhan Tumer

Kyrgyz-Turkish Manas University, Kyrgyzstan
Scopus Link Scholar Link

Prof. Dr. Subash Gopinath

Universiti Malaysia Perlis, Malaysia

Scopus Link Scholar Link

Prof. Dr. Adil M. Allahverdiyev

Scientific Research Institute of Medical Prevention named after V. Akhundov, Azerbaijan
Scopus Link Scholar Link

Prof. Dr. Shengliang Zhong

Jiangxi Normal University, China

Scopus Link


https://www.scopus.com/authid/detail.uri?authorId=57226289733
https://scholar.google.com/citations?user=pAqR6FQAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=56104341000
https://scholar.google.com/citations?user=IB1XjV8AAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=55647924400
https://scholar.google.com/citations?user=WAPWo64AAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=56785685900
https://scholar.google.com/citations?user=RV0oiwYAAAAJ&hl=pl
https://www.scopus.com/authid/detail.uri?authorId=56384627100
https://www.scopus.com/authid/detail.uri?authorId=6602251815
https://scholar.google.com/citations?user=YxzhehAAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=7006558013
https://scholar.google.com/citations?user=vyWXCIwAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=6505798127
https://scholar.google.com/citations?user=j8gvSzEAAAAJ&hl=tr
https://www.scopus.com/authid/detail.uri?authorId=25222193700
https://orcid.org/0000-0002-9511-6377
https://orcid.org/0000-0002-4349-793X
https://orcid.org/0000-0002-0562-0933
https://orcid.org/0000-0002-9633-9900
https://orcid.org/0000-0002-5676-825X
https://orcid.org/0000-0003-2222-2133
https://orcid.org/0000-0002-8347-4687
https://orcid.org/0000-0002-7031-5986
https://orcid.org/0000-0002-6660-6465

Prof. Dr. Yusif Aliyev

Azerbaijan State Pedagogical University, Azerbaijan
Scopus Link Scholar Link

Assoc. Prof. Umit Agbulut

Yildiz Technical University, Turkiye

Scopus Link Scholar Link

Assoc. Prof. Carlos Cava

Federal University of Technology Parana, Brazil
Scopus Link Scholar Link

Assoc. Prof. Emrah Madenci

Necmettin Erbakan University, Turkiye

Scopus Link Scholar Link

Assoc. Prof. Ruslan V. Kryvobok

National Technical University "Kharkiv Polytechnic Institute", Ukraine
Scopus Link Scholar Link

Assoc. Prof. Deepthi Jayan K.

Rajagiri School of Engineering & Technology, India
Scopus Link Scholar Link

Assoc. Prof. Yasin Onuralp Ozkilic

Necmettin Erbakan University, Turkiye

Scopus Link Scholar Link

Assoc. Prof. ML.1. Sayyed

Isra University Amman, Jordan

Scopus Link Scholar Link

Assoc. Prof. Saltanat Aghayeva

Western Caspian University, Azerbaijan

Scopus Link Scholar Link

Assoc. Prof. Ghodrat Mahmoudi

University of Maragheh, Iran

Scopus Link Scholar Link

Assist. Prof. Lekshmi M.S.

Rajagiri School of Engineering & Technology, India
Scopus Link Scholar Link


https://www.scopus.com/authid/detail.uri?authorId=26538694600
https://scholar.google.com/citations?user=NlF-f_oAAAAJ&hl=ru
https://www.scopus.com/authid/detail.uri?authorId=57202959651
https://scholar.google.com/citations?user=CAMWOtQAAAAJ&hl=tr
https://www.scopus.com/authid/detail.uri?authorId=15055289300
https://scholar.google.com/citations?user=uo-1364AAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57194583422
https://scholar.google.com/citations?user=Dqd9ftAAAAAJ&hl=tr
https://www.scopus.com/authid/detail.uri?authorId=57200147025
https://scholar.google.com/citations?user=SUmshpkAAAAJ&hl=uk
https://www.scopus.com/authid/detail.uri?authorId=59335934600
https://scholar.google.com/citations?user=e0t6DD0AAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57203961386
https://scholar.google.com/citations?user=P4W73K4AAAAJ&hl=tr
https://www.scopus.com/authid/detail.uri?authorId=57189890554
https://scholar.google.com/citations?user=J485s6EAAAAJ&hl=ar
https://www.scopus.com/authid/detail.uri?authorId=57226254314
https://scholar.google.com/citations?user=5iFqz9kAAAAJ&hl=ru
https://www.scopus.com/authid/detail.uri?authorId=15765751200
https://scholar.google.com/citations?user=Y0mA5m8AAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57694485100
https://scholar.google.com/citations?user=7uujp5oAAAAJ&hl=en
https://orcid.org/0000-0001-8896-2180
https://orcid.org/0000-0002-6635-6494
https://orcid.org/0000-0002-7315-9966
https://orcid.org/0000-0001-8279-9466
https://orcid.org/0000-0002-2334-4434
https://orcid.org/0000-0003-2865-6207
https://orcid.org/0000-0001-9354-4784
https://orcid.org/0000-0003-3040-8878
https://orcid.org/0000-0001-6982-7215
https://orcid.org/0000-0002-4846-5283
https://orcid.org/0000-0002-6436-1468

Dr. Buhari Dogan

INTTI International University, Malaysia
Scopus Link Scholar Link

Dr. Depeng Qiu

Jiangxi Academy of Science, China
Scopus Link Scholar Link

Dr. Rashid Igbal

The Islamia University of Bahawalpur, Pakistan
Scopus Link Scholar Link

Dr. Faisal Mukhtar

Universiti Sains Malaysia, Malaysia
Scopus Link Scholar Link

Dr. Abhinav Kumar

Ural Federal University, Russia

Scopus Link

Dr. Ramiz Huseynov

Institute of Physics, Ministry of Science and Education, Azerbaijan
Scopus Link Scholar Link

Dr. Durdana Rustamova

Western Caspian University, Azerbaijan
Scopus Link Scholar Link

Dr. Naila Guliyeva

Western Caspian University, Azerbaijan

Scopus Link Scholar Link


https://www.scopus.com/authid/detail.uri?authorId=57191664500
https://scholar.google.com/citations?user=gwVNSTQAAAAJ&hl=tr
https://www.scopus.com/authid/detail.uri?authorId=57193804218
https://scholar.google.com/citations?user=sHYnHvcAAAAJ&hl=zh-CN
https://www.scopus.com/authid/detail.uri?authorId=57205928539
https://scholar.google.com/citations?user=vpfZ1DkAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57215417139
https://scholar.google.com/citations?user=P1N9RdEAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57208201440
https://www.scopus.com/authid/detail.uri?authorId=56436550700
https://scholar.google.com/citations?user=B7H7BzEAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57275389400
https://scholar.google.com/citations?user=4VnltagAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57216485200
https://scholar.google.com/citations?user=Fp4zTN0AAAAJ&hl=en
https://orcid.org/0000-0003-0655-4699
https://orcid.org/0000-0001-5558-7767
https://orcid.org/0000-0003-0473-889X
https://orcid.org/0000-0001-8431-5242
https://orcid.org/0000-0003-1777-7994
https://orcid.org/0000-0003-0636-3948
https://orcid.org/0000-0002-7752-7340
https://orcid.org/0000-0002-7755-7996

CONTENTS

Synthesis and Study of Physical Properties of New Single
Crystals of (BizTes)i-xLax Solid Solution

Sayyara A. Nabieva, Durdana F. Rustamova, Madina F. Nabili, and
Munawar Abbas 6

Dielectric Stabilization and Loss Suppression in LDPE-
Bi:Tes Composites via Al:Os-Coated Aluminum Fillers

Aysel Y. Hamzayeva 11

Nanosensor Technologies and Artificial Intelligence-Based
Optimization Methods in Quantum Computing

Gulnar A. Hamidova and Ulfat R. Mirzayev 16

Creating a Term Database for Patentability Search in the
Field of Nanotechnology

Alikhan 1. Rzaguliev 23

Synthesis of a Novel Surface-Active Agent Based on
Hexadecylamine and Ethylene Chlorohydrin for the
Removal of Thin Qil Films from Water Surfaces

Tarana A. Poladova, Aygun M. Isayeva, Tarana K. Guliyeva, Fidan M. Vakilova, and
Mehriban E. Poladova 30

https://doi.org/10.54414/SFHD5794


https://doi.org/10.54414/SFHD5794

Journal of Nanotechnology and Innovative Materials

Research Article

Synthesis and Study of Physical Properties of New Single
Crystals of (BizTes)i-xLax Solid Solution

Sayyara A. Nabieva! ™, Durdana F. Rustamova?t2'", Madina F. Nabili® , and Munawar Abbas*™

nstitute of Physics, Ministry of Science and Education, 131 H. Javid Avenue, AZ1143 Baku, Azerbaijan

2Department of Mechanics and Mathematics, School of Advanced Technologies and Innovation Engineering, Western
Caspian University, Ahmad Rajabli 17A, III Parallel, AZ1001 Baku, Azerbaijan

3First Chayli Secondary School named after Kamil Samadov, Ministry of Science and Education, First Chayli Village,
AZ5600 Shamakhi, Azerbaijan

“Department of Mathematics, Faculty of Science, Firat University, 23119 Elazig, Tiirkiye

Received: 28.04.2026 Accepted: 08.05.2026 Published: 29.05.2026
https://doi.org/10.54414/GCQH1902

Copyright: © 2026 by the authors. Licensee: Journal of Nanotechnology and Innovative Materials, Western Caspian
University, Baku, Azerbaijan. This article is an open-access article distributed under the terms and conditions of the
Creative Commons Attribution 4.0 International License (CC BY 4.0).

Abstract

In the present study, bismuth telluride (Bi2Tes) was selected as the base material due to its well-known thermoelectric
characteristics. This semiconductor compound plays a crucial role in applications such as energy conversion, cooling
technologies, and waste heat recovery systems. Lanthanum is a rare-earth element. To enhance its functional properties,
lanthanum (La) was introduced into the BiTes matrix, forming (BizTes) .x<Lax solid solutions. It is an interesting and
promising area of research in the field of obtaining single-crystal thermoelectric materials. The investigation of such
doped single crystals represents a promising direction for improving thermoelectric efficiency. Lanthanum (La) has been
widely employed as a dopant to optimize carrier concentration, modify the crystal lattice, and improve the thermoelectric
performance of Bi.Tes-based materials. A detailed analysis of the (Bi2Tes);.xLax system was carried out, including the
construction of phase diagrams. It was established that within the composition range x =0.01-0.05, a solid solution region
based on Bi.Tes exists at room temperature. Additionally, a eutectic interaction between BizTes and La was identified at
approximately 15 at.% La with a temperature close to 440 °C. Lanthanum doping resulted in measurable changes in the
physical properties of Bi-Tes single crystals. The results demonstrate that lanthanum incorporation yields single crystals
with enhanced thermoelectric and galvanomagnetic properties, making them attractive for advanced material applications.

Keywords: microsolidity, solid solution, density, single crystal, thermoelectric, photovoltaic, optics, electrical converter

1. Introduction

The rapid progress of modern technologies has significantly increased the demand for novel single-crystal
materials. Such materials are widely utilized in semiconductor devices, optoelectronics, photovoltaics, and
various branches of applied science.

However, the fabrication of high-quality single crystals remains a complex and resource-intensive process.
High synthesis temperatures are generally required for crystal growth. It requires elevated temperatures, strict
control of growth conditions, extended processing time, and a high degree of purity. Single crystals are often
sensitive to crystal defects and mechanical stresses during fabrication. They are susceptible to structural defects
and external mechanical stresses during crystal growth. Monocrystals take a very long time to grow, which
increases the production costs of the resulting product. Even minor structural imperfections can adversely
affect the performance of the final material.

Bismuth telluride (Bi2Tes) is considered one of the most efficient thermoelectric materials currently
available. It is formed by combining bismuth and tellurium in a stoichiometric ratio and possesses a
rhombohedral crystal structure. Bismuth telluride is commonly used in thermal power converters, cooling
systems, and energy recovery. At the same time, it is more widely used in thermoelectric conductors [1], [2],
[3]. This structural feature enables its modification through doping with rare-earth elements, which has been
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reported to improve the thermoelectric performance of Bi.Tes-based materials. Previous studies have
demonstrated that rare-earth doping can effectively modify the crystal structure and improve the thermoelectric
performance of Bi-Tes-based materials [4], [5], [6], [7], [8]- The chemical composition of bismuth telluride is
as follows: it is a stoichiometric compound consisting of two bismuth atoms and three tellurium atoms. The
crystal structure of this material belongs to the rhombohedral class. This structure helps it to obtain promising
thermoelectric materials from rare-earth elements, as well as multicomponent phases obtained on their basis.
One of the key advantages of BizTes is its ability to exhibit both p-type and n-type conductivity [3]. It combines
relatively high electrical conductivity with low thermal conductivity, which is essential for efficient
thermoelectric conversion [9]. Taking advantage of these properties, it is used in thermoelectric generators and
thermoelectric cooling systems.

In addition, the fact that this crystal has a thermoelectric effect makes its application in the field of
electronics indispensable. Due to the Seebeck effect, Bi-Tes can directly convert thermal energy into electrical
energy [3]. Its high Seebeck coefficient and figure of merit (ZT) make it a leading material for thermoelectric
applications [9]. The Bi2Tes crystal has a high Seebeck coefficient, meaning that a strong electric field is
generated when a temperature difference is applied from one side to the other.

2. Materials and Methods

To synthesize alloys of the (BizTes)i«Lax system, the Bi>Tes compound was first synthesized. The alloys
in the system were synthesized from elements with the following purities: Bi - 99.999%, Te - 99.999%, La -
99.98%. To conduct a comparative analysis of the obtained single crystal, 1%, 2%, 3%, and 5% La were used.
At this time, the mass of the single crystal, Bi>Te; = 417.96 + 382.8 = 800.76 g mol™!, and the mass of the
lanthanum, La = 138.91 g, were used.

The mass ratios of the newly purchased monocrystals were as follows:

o  99% BiyTes + 1% La=792.7524 + 1.3891 =794.1415 g
Bi2T63 =1.9965 g

La=0.0035g

o  97% BiyTes + 3% La=776.7372 + 4.1673 = 780.9045 g
BixTe;=1.9819 g

La=0.0181g

o 95% BiyTes + 5% La=760.722 + 6.9455 = 767.6675 g
Bix;Te; =1.9819 g

La=0.0181g

The alloy of the (Bi:2Tes)ixLax system was synthesized from the Bi-Tes compound and the La element in
quartz ampoules with air sucked in to a pressure of 0.133 Pa at a temperature range of (700—1000) °C. The
synthesized sample was thermally treated at 500 °C for 200 hours to bring it to equilibrium. Equilibrium
(Bi2Tes)1xLax solid solution alloys were studied using physicochemical analysis methods.

X-ray diffraction analysis of the obtained alloys was performed on a D2 PHASER X-ray diffractometer.
In this case, CuKa radiation and a Ni filter were used as the anode. Microstructural analysis was performed
using a MIM-8 microscope. Density was determined by the pycnometric method. Toluene was used as the
filling solvent.

3. Results and Discussion

Figure 1 shows the phase diagram of the (BizTes)i.<Lax system. The o phase corresponds to a Bi-Tes-based
solid solution, which remains stable up to approximately 5 at.% La. At higher La concentrations, a two-phase
region (o + M) is observed, indicating that the solubility limit of La has been exceeded and a La-rich secondary
phase forms. A eutectic reaction occurs at approximately 15 at.% La and 440 °C.
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Figure 1. Diagrams of phase equilibria in the (Bi2Tes)1.xLax systems.

3000

4000

The interpretation of the obtained diagrams can be explained as follows. The solvus line (solubility limit)
indicates the maximum amount of a rare-earth element that can dissolve in BizTes at room temperature [5],

[6], [10].

This interval depends on the radius and electronic structure of the La atom. The eutectic point indicates
the lowest melting temperature (between 425-450°C) and the composition corresponding to this temperature
(12—15 at.% La). This dependence shows that this temperature and composition depend on the strength of the
interaction between the rare-carth element and BiTes. The liquidus and solidus curves define the

crystallization interval of the system.

The difference between these lines indicates the crystallization interval of the system. As the amount of
rare-earth element increases, the melting temperature decreases (to the eutectic point).
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5852\
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Figure 2. Graphical representation of selected physicochemical properties of the (Bi2Tes)i1xLax (x = 0.01, 0.02, 0.03, and 0.05) alloy

system.
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X-ray diffraction analysis confirmed the formation of the Bi-Tes-based solid solution. The observed shift
of diffraction peaks toward lower diffraction angles suggests a slight lattice expansion resulting from the
incorporation of La into the Bi-Tes crystal structure. Similar structural changes have been reported for other
rare-earth-doped Bi.Tes systems [4], [5], [7], [11], supporting the formation of a substitutional solid solution.

Table 1. Dependence of alloys in the (Bi>Tes)1-xLax systems on composition, DTA, density, and microhardness.

Composition of phases, %
(BizTe3)1-x(La)x (Bi2Te3)1x(La)x | Melting temperature, °C Density, g/cm? Microhardness, MPa
97% Bi2Tes-3% La 510.580 8.85 960
95% BixTes-5% La 460.575 8.87 970
90% Bi2Tes-10% La 440.590 8.88 975
87% BixTes-13% La 440 8.90 Eutectic
20% Bi2Tes-20% La 440.520 8.91 980

As shown in Table 1, the density increased slightly from 8.85 to 8.91 g cm™ with increasing La
concentration, while the microhardness increased from 960 to 980 MPa. These trends suggest that lanthanum
incorporation modifies the crystal lattice and improves resistance to localized plastic deformation.

4. Conclusion

In the presented work, a new single crystal was obtained based on the combination of Bi>Tes (bismuth
telluride) and La (lanthanum). The modification of its structure through lanthanum doping successfully
modified the crystal structure and physical properties.

The conducted study shows that the addition of lanthanum results in limited solubility within the Bi>Tes
matrix and leads to the formation of a eutectic-type system. Furthermore, a slight increase in density and
microhardness is observed with increasing lanthanum content.

These observations are consistent with structural modifications induced by lanthanum incorporation into
the Bi>Tes lattice. The obtained materials demonstrate improved characteristics, indicating their suitability for
applications in energy systems, cooling technologies, and advanced electronic devices.

Overall, the Bi-Tes—La system represents a promising direction for the development of high-performance
thermoelectric materials and functional single crystals.

The Bi.Tes + La compound has great potential in the field of thermoelectric materials development. The
research allows optimizing electrical and thermal properties by modifying the nanostructure and crystal
structure of the material. This research could lead to more effective applications in the fields of renewable
energy, cooling systems, and energy recovery in the future. At the same time, it is possible to produce high-
quality sensors, lasers, and other precision research instruments from monocrystals obtained in the fields of
chemistry and medicine.
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Abstract

This study investigates the dielectric properties of low-density polyethylene (LDPE)-based composite materials
containing semiconducting Bi-Tes and Al.Os-coated aluminum particles over the temperature range 20-140 °C at a
constant frequency of 1 kHz. Composites containing 3 and 5 vol.% BizTes, as well as hybrid systems incorporating Al.Os-
coated aluminum particles (LDPE + 3% Bi2Tes + 7% AlLOs-coated Al and LDPE + 5% BizTes + 5% Al.Os-coated Al),
were analyzed. The dependencies of the dielectric permittivity (¢') and dielectric loss tangent (tan §) on temperature show
the presence of significant stabilization of the dielectric properties, suppression of loss processes, and a decrease in
temperature-induced conductivity due to the addition of Al.Os-coated aluminum particles. In particular, the addition of
Al:Os-coated aluminum particles resulted in a reduction of the dielectric loss tangent by about 60—75% relative to the
LDPE-Bi.Tes composites containing uncoated particles, while maintaining nearly the same dielectric permittivity values.
The achieved results prove that Al-Os coating serves as an effective insulation layer and charge stabilization phase for
LDPE-Bi.Tes composites, whereas the aluminum core contributes to the enhancement of local polarization effects.

Keywords: LDPE, polymer composites, Bi-Tes, aluminum oxide-coated aluminum particles, dielectric permittivity,
dielectric losses, interfacial polarization, electret materials

1. Introduction

In recent years, polymer composite materials have gained significant popularity in the field of dielectrics
and electrets due to high electrical insulation properties and the ability to accumulate electric charge [1], [2].
One of the most commonly used polymers in this regard is low-density polyethylene (LDPE), since it
demonstrates chemical stability, low dielectric losses, and electret properties [3]. Nevertheless, the rather low
value of the dielectric permittivity of LDPE hinders the use of this material in the fabrication of advanced
dielectric materials.

Previous studies have extensively investigated the dielectric properties of LDPE-Bi.Tes composite systems
[4], [5], [6]. These investigations confirmed that inclusion of semiconducting filler Bi-Tes into the LDPE
matrix results in an increase in dielectric permittivity of such composites due to the presence of interface
polarizations. However, this increase is usually followed by a significant rise in dielectric losses and
temperature dependence, thus restricting the practical applications of such materials in insulators and electrets

[51, [6].

Herein, it is proposed that the use of Al particles coated with an aluminum oxide layer in the LDPE-Bi.Tes
composite will enable the achievement of qualitatively new levels of dielectric stabilization, rather than merely
another modification of the previously reported behavior. As has been reported in other cases, ceramic oxides
stabilize the dielectric response and reduce leakage currents in polymer-based materials through the insulating
layer formation [7], [8], [9]. In the current case, such a stabilizing role should also be performed by the Al.Os
layer, which not only acts as a barrier, preventing charge transfer, but also provides deep traps in the vicinity
of the polymer-semiconductor-metal/oxide interfaces [10], [11], [12].

The proposed mechanisms for stabilization are as follows:
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As the first mechanism, it is assumed that AL.Os layers on Al particles will act as effective insulators that
will block charge transfer channels among the Bi-Tes particles, reducing leakage currents and temperature-
induced conduction [8], [9], [10], [11].

Secondly, the existence of the AlOs shell around the aluminum particles will induce more interfaces and
deep trap centers between the polymer, semiconductor, and metal or oxide contacts. This is predicted to limit
charge carrier migration and, therefore, ensure the stability of the charge trapped by the composite structure

[11, [10], [12].

Third, the coating of the aluminum particles with the AL-Os shell is postulated to enable an even distribution
of electric field lines across the composite structure. This is predicted to limit the effect of electric field
localization at the Bi-Tes-LDPE interfaces, and, therefore, reduce the risk of localized overheating and charge
accumulation that would otherwise cause dielectric losses in the composite structure [7], [8], [9].

It can be inferred that the combination of Bi2Tes and Al nanoparticles with an Al>Os shell would lead to
synergistic effects, where Bi.Tes will provide improved dielectric properties via interfacial polarization,
whereas the nonconductive Al:Os shell will counteract the negative impact of semiconductor filler materials
on dielectric losses and temperature dependency [8], [9], [10], [11], [12]. It is the main purpose of the current
research to verify these assumptions experimentally and assess the properties of the novel composite systems.
In addition, the formation of polymer-semiconductor-oxide interfaces promotes Maxwell-Wagner—Sillars
interfacial polarization, which contributes to charge trapping and redistribution under an external electric field.
As a result, dielectric stability is enhanced while dielectric losses are effectively suppressed.

2. Materials and Methods
2.1. Materials

LDPE (density = 0.920 g/cm’; MFI = 2.0 g/10 min, Sigma-Aldrich) was selected as the polymer matrix
because of its favorable electrical insulation property, chemical stability, and ability to form an electret. Bi,Te;
powder (particle size range = 10—50 pum; purity => 99.5%, Alfa Aesar) was used as a semiconductive material
as a functional filler to improve interfacial polarization.

Aluminum particles coated with a native aluminum oxide (Al>Os) insulating layer (particle size 30—70 pm,
Al>Os shell thickness approximately 3—5 nm, Sigma-Aldrich) were used as an additional functional phase to
stabilize the dielectric response and suppress charge transport processes within the composite.

The hybrid filler system was designed in order to combine the polarization enhancement provided by the
semiconducting Bi>Tes phase with the insulating and charge-stabilizing role of the Al.Os shell surrounding the
aluminum particles. This core-shell configuration is expected to introduce additional interfacial regions and
deep charge trapping centers, which significantly influence the dielectric response of the composite.

2.2. Composite Preparation

Polymer composites were prepared by melt mixing of the fillers into the LDPE matrix using a laboratory
twin-screw extruder (mixing temperature 160 °C, screw speed 60 rpm, mixing time 10 min). The required
amounts of Bi:Tes and Al:Os-coated aluminum particles were first pre-mixed mechanically and then
compounded with LDPE to obtain homogeneous composite systems. Mechanical premixing was performed
for approximately 20 min in order to improve filler dispersion and minimize particle agglomeration before
melt processing. Two LDPE-Bi:Tes compositions containing 3% and 5% Bi.Tes were prepared. In addition,
hybrid composite systems incorporating Al.Os-coated aluminum particles were fabricated with the following
compositions:

e LDPE + 3% Bi.Tes + 7% Al.Os-coated Al
e LDPE + 5% Bi.Tes + 5% AlOs-coated Al

After melt mixing, the composite blends were hot-pressed at 170 °C under a pressure of 10 MPa for 5 min
to form disk-shaped specimens (diameter 25 mm, thickness approximately 0.5 mm) suitable for dielectric
measurements. All specimens were cooled to room temperature under ambient conditions prior to
measurements. The reproducibility of the preparation process was verified by fabricating several samples
under identical technological conditions.
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2.3. Dielectric Measurements

The dielectric properties of the prepared composites were investigated by measuring the dielectric
permittivity (¢') and dielectric loss tangent (tan §) as a function of temperature using an Agilent 4284 A
precision LCR meter equipped with a temperature-controlled measurement cell. The measurements were
carried out at a fixed frequency of 1 kHz over a temperature range from 20 °C to 140 °C with a heating rate of
2 °C/min.

Prior to each measurement, gold electrodes (diameter 20 mm) were sputtered onto both surfaces of the
disk-shaped specimens to ensure good electrical contact. The temperature dependences of the dielectric
parameters were recorded in order to evaluate thermally activated polarization and charge transport processes
in the composites. All measurements were performed under identical experimental conditions for all samples
to ensure reliable comparison of the dielectric behavior between the different composite systems.

Each measurement was repeated at least three times, and the averaged values were used for the analysis.
The experimental uncertainty of the dielectric parameters did not exceed + 3%.
3. Results and Discussion

Figure 1 presents the temperature dependences of (a) the dielectric permittivity & and (b) the dielectric
loss tangent tan & for LDPE-Bi.Tes composites with and without the incorporation of aluminum particles
coated with an AL-Os insulating shell.

a) Dielectric permittivity b) Dielectric loss
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Figure 1. Temperature dependences of dielectric permittivity (¢') and dielectric loss tangent (tan 6) for LDPE-Bi>Tes and LDPE-
Bi:Tes-Al:Os composites measured at 1 kHz over the temperature range 20—140 °C.

For LDPE-Bi2Tes composites without the Al.Os-coated aluminum particles, €' decreases monotonically
with increasing temperature, while a higher Bi-Tes content leads to systematically higher permittivity values
due to enhanced interfacial polarization effects [4]. Specifically, at room temperature (20 °C), the dielectric
permittivity of LDPE + 3% Bi.Tes was measured as &' = 3.8, whereas for LDPE + 5% Bi.Tes it increased to &’
~ 4.5. However, this enhancement is accompanied by increased dielectric losses: the tan & values for these
composites reached approximately 0.035 and 0.055, respectively, at 80 °C, and exhibited a pronounced
increase at elevated temperatures due to thermally activated conductivity [5], [6].

The introduction of Al:Os-coated aluminum particles significantly modifies the dielectric behavior
described above. Compared with the uncoated LDPE-Bi>Tes composites, the systems containing Al-Os-coated
aluminum particles exhibit significantly lower temperature sensitivity of dielectric losses, indicating
suppression of conductive pathways between neighboring semiconducting particles. For example, in the case
of LDPE + 3% Bi.Tes + 7% Al2Os-coated Al samples, the value of the dielectric permittivity at 20 °C reached
approximately €' = 4.2, while the loss tangent at 80 °C was decreased to about 0.012, which is about 65% lower
than in the case of the sample without Al:Os-coated aluminum particles (LDPE + 3% Bi.Tes). The same
tendency was observed in LDPE + 5% Bi.Tes + 5% Al:Os-coated Al samples, where &' = 4.8 at 20 °C, and tan
dat 80 °C=0.014.
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It is seen that the presence of the Al:Os insulating shell around the aluminum particles significantly reduces
the temperature activation of charge-carrier transport and the conduction through paths connecting Bi.Tes
grains [8], [9], [10], [11]. The decrease in tan & can be explained by the creation of deep energy traps at the
semiconductor-polymer interfaces and the subsequent difficulty in the release and motion of charge carriers
[10], [12]. This behavior is additionally associated with stabilization of interfacial polarization processes at
elevated temperatures due to the insulating effect of the Al.Os shell.

The observed dielectric stabilization originates from the combined contribution of enhanced interfacial
polarization and restriction of thermally activated charge carrier transport. The concurrent stability of €' and
decreasing values of tan & imply that the dielectric properties of LDPE-Bi>Tes composites with Al.Os-coated
aluminum particles are controlled predominantly by interfacial polarization effects rather than by conductive
relaxation processes. It should also be mentioned that the Al.O; layer improves the homogeneity of the electric
field inside the composite, thus preventing premature degradation of the composite caused by localized fields.

Such dielectric stabilization is particularly important for long-term electret applications requiring stable
charge retention and low dielectric losses.

4. Conclusion

Dielectric behavior of LDPE composites incorporating Bi-Tes and aluminum nanoparticles encapsulated
by an insulating layer of Al.Os was studied in the temperature range of 20—140 °C at a frequency of 1 kHz.
Even though the LDPE-Bi.Tes system provides an increase in the dielectric constant caused by interfacial
polarization effects, this positive property is also associated with high dielectric losses (tan & of up to 0.055 at
80 °C for 5% Bi.Tes content).

The incorporation of Al:Os-coated aluminum particles significantly improves dielectric stabilization
behavior, which suppresses leakage currents, reduces dielectric losses by 60—75%, and stabilizes the
temperature-dependent dielectric response. The obtained results confirm the important role of interface
engineering in controlling dielectric response and charge transport processes in polymer-based composite
systems.

The results demonstrate that the Al.Os shell plays an important insulating and charge-stabilizing role in
LDPE-Bi2Tes composites, contributing to reduced dielectric losses and improved dielectric stability. As a
result, LDPE-Bi>Tes-Al.Os composites emerge as promising functional materials for advanced dielectric and
electret applications requiring high stability and long-term performance.

Future studies should extend the dielectric characterization to a wider frequency range (10 Hz—1 MHz) to
elucidate the frequency-dependent relaxation mechanisms and further optimize the filler composition for
practical electret device applications. The developed composite materials may be considered promising
candidates for electret devices, dielectric insulation systems, temperature-stable capacitive elements, and
charge-storage applications.
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Abstract

The rapid development of modern information technologies provides for the creation of systems with higher computing
power. Traditional computer systems are widely used to solve computational problems involving the processing of large
and complex datasets. Owing to their enormous computational potential, quantum computers have become a major focus
of scientific research. However, the practical implementation of quantum systems remains a significant challenge.
External environmental factors, electromagnetic effects, temperature changes, and quantum decoherence can reduce the
productivity of the system. Nanosensor technologies combined with artificial intelligence-based optimization methods
provide promising solutions to these challenges. Nanosensors enable highly sensitive monitoring of environmental
conditions surrounding quantum hardware. Artificial intelligence technologies analyze system behavior to reduce errors
and improve performance. In this work, the application areas, advantages, and future development prospects of
nanosensor technologies and artificial intelligence-based optimization methods in quantum computers are investigated.

Keywords: Quantum computers, nanosensor, artificial intelligence, qubit, machine learning, optimization

1. Introduction

In the modern information society, the volume of data and the speed of its processing are rapidly
increasing. Traditional computer systems have been the main tool for solving various computational problems
for many years. However, with the development of technology, the volume of complex calculations has also
increased, and the limitations of classical computer systems have become more noticeable.

In order to overcome these limitations, the idea of creating quantum computers arose. Quantum computers
operate based on the fundamental laws of quantum mechanics and differ significantly from classical
computers. While the bits used in traditional computers can only be in the 0 or 1 state, the qubits used in
quantum computers can exist in both the 0 and 1 states at the same time [1].

While quantum computing offers undeniable benefits, deploying this technology in practical scenarios
presents significant hurdles. A primary obstacle lies in preserving qubit stability and shielding them from
environmental disruptions, as even minor external fluctuations can significantly compromise system
performance [2], [3]. To tackle these issues, recent advancements have increasingly relied on the integration
of nanotechnology and artificial intelligence. Specifically, nanosensors enable precise tracking of the quantum
state, while Al algorithms optimize system operations to drastically reduce error rates.

2. The Working Principle of Quantum Computers

Operating on the foundational laws of quantum mechanics, quantum computers utilize the qubit as their
primary computing unit [1], [4]. The defining characteristic of qubits is their capacity to leverage the core
principles of both superposition and quantum entanglement [5].
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Superposition means that quantum particles can exist in several states at the same time [1]. This feature
significantly increases computing capabilities. For example, while two bits in a classical computer can only be
in one state, two qubits can exist in a superposition of four computational basis states simultaneously.

Another important feature is quantum entanglement. In quantum entanglement, a special connection is
created between two or more qubits, and measurements performed on one entangled qubit produce correlations

with its entangled partner that cannot be explained classically. This feature ensures the implementation of
parallel calculations [1].

However, various problems arise during the operation of quantum computers. One of them is decoherence.
Decoherence is a process that occurs due to external environmental influences and leads to the destruction of
quantum states [2]. The main factors affecting the operation of qubits are shown in Figure 1.
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Figure 1. Environmental factors affecting qubit stability.
Source: Author's own elaboration based on [1].

3. Application of Nanosensor Technologies in Quantum Computers

Advances in nanotechnology have enabled the development of highly sensitive nanoscale sensors [6].
Nanosensors have very small dimensions and can operate with high sensitivity.

The main areas of application of nanosensors in quantum computers are as follows:

* Monitoring temperature changes;

* Measuring electromagnetic effects;
* Monitoring qubit states;

* Ensuring system stability;

* Collecting data in real time.

The operation of quantum computers is highly dependent on environmental conditions. Even a slight
temperature change can affect the operation of the system. Nanosensors can immediately detect these changes

[6]. The interaction of nanosensor technologies and an artificial intelligence-based control system is shown in
Figure 2.
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Figure 2. Architecture of a nanosensor and Al-based control system for quantum computers.
Source: Author's own elaboration.

In addition, nanosensors also detect electromagnetic effects. Since quantum systems are very sensitive,
external electromagnetic signals can negatively affect their operation [6], [7]. Based on the information
received from the sensors, it is possible to eliminate problems in time.

The application of nanosensors can also help create large-scale quantum systems. As the number of qubits
increases, the control of the systems becomes more complex. Continuous sensor-based data acquisition
simplifies system monitoring and control.

4. Artificial Intelligence-Based Optimization Methods

Artificial intelligence technologies have been widely applied in various fields over the past decade.
Artificial intelligence systems also play an important role in the field of quantum computers. Machine learning
algorithms can analyze large volumes of data obtained from quantum systems [8], [9], [10], [11]. As a result
of these analyses, various problems can be identified in advance. The process of data processing and
optimization in quantum systems of artificial intelligence is presented in Figure 3.
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Figure 3. Artificial intelligence-based optimization workflow in quantum systems.
Source: Developed by the authors based on [8], [9], [10], [11].

One of the artificial intelligence-based methods is the error detection system. The main cause of errors in
quantum computers is noise and decoherence. Artificial intelligence models help to prevent them by analyzing
these errors [12]. Another important method is the use of neural networks. Neural networks can learn system
behavior and predict future changes [9]. Reinforcement learning is also used in quantum optimization [10].
Through this method, the system improves its performance based on experience and makes more optimal
decisions. Artificial intelligence (Al) also enables predictive maintenance of quantum systems. Predictive
analytics enables the early detection of equipment failures.
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5. Integration of Nanosensor Technologies and Artificial Intelligence

The combined use of nanosensors and artificial intelligence technologies creates new opportunities in the
development of quantum computers.

Nanosensors collect data in real time, and artificial intelligence systems process this data. Based on data
analysis, artificial intelligence systems can make adaptive decisions to optimize system performance.

The main advantages of this integration are as follows:

* Increasing calculation accuracy;

* Minimizing errors;

* Improving system stability;

« Efficient use of resources;

» Facilitating the management of large-scale systems.

Future advancements in these technologies are expected to enable the development of more powerful and
reliable quantum computing systems.

6. Intelligent Quantum Stability Framework

One of the major limitations preventing the large-scale implementation of quantum computers is the
instability of qubits and their sensitivity to external environmental factors. Although existing studies discuss
the use of nanosensors and artificial intelligence separately, there are still limited studies proposing an
integrated framework that combines both technologies in a unified architecture. Therefore, this research
proposes a new conceptual model called the Intelligent Quantum Stability Framework (IQSF).

The proposed framework is based on the continuous interaction between nanosensor technologies and
artificial intelligence algorithms. In this architecture, nanosensors are responsible for collecting real-time
information about the operating environment of quantum computers. The collected data include temperature
fluctuations, electromagnetic interference, vibrations, humidity levels, and various noise parameters that
directly affect qubit stability.

After the data are collected, they are transferred to an artificial intelligence module. Machine learning
algorithms process these data and identify hidden relationships between environmental factors and the
behavior of qubits. Unlike traditional monitoring systems, the proposed framework not only detects existing
errors but also predicts potential system failures before they occur.

The predictive capability of the framework is based on neural network algorithms. The neural network is
trained using historical data obtained from nanosensors and continuously updates its parameters as new
information becomes available. Consequently, the system can determine the probability of decoherence and
estimate the likelihood of computational errors in advance.

Another important component of the IQSF model is its automatic decision-making mechanism. Once the
artificial intelligence system predicts an abnormal condition, it immediately generates corrective actions [8],
[9]. These actions may include reducing the computational load, activating electromagnetic shielding
mechanisms, adjusting cooling systems, or initiating quantum error correction protocols.

The proposed framework consists of five major stages:

Real-time environmental monitoring using nanosensors;

Data transmission and storage;

Artificial intelligence-based data analysis;

Prediction of decoherence and system errors;

Automatic correction and stabilization of quantum operations.

kW=

The integration of these stages creates a self-adaptive quantum computing environment. Unlike
conventional monitoring approaches, the proposed system continuously learns from previous experiences and
improves its prediction accuracy over time.

The implementation of the IQSF architecture can provide several important advantages. First, it can
significantly reduce the probability of qubit decoherence. Second, it improves the stability and reliability of
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quantum computations. Third, it decreases maintenance costs by identifying failures before they become
critical. Finally, it enables the development of scalable quantum systems with a large number of qubits.
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Figure 4. Intelligent Quantum Stability Framework (IQSF).
Source: Author's own elaboration.

To evaluate the efficiency of the proposed framework, this study introduces the concept of the Quantum
Stability Index (QSI). The index represents the relationship between environmental disturbances and the
overall stability of a quantum system and can be expressed as:

QSI=oT +BE+yN+D

where:

e  QSI-— Quantum Stability Index;

e T - Temperature variation;

e E — Electromagnetic interference;

e N —Noise level;

e D — Decoherence coefficient;

e 0, B and y — weighting coefficients.

The following equation is proposed as a conceptual indicator rather than a validated mathematical model.

A lower value of the index indicates a more stable quantum environment, whereas higher values indicate
an increased probability of computational errors and qubit instability.

The proposed IQSF model can serve as a theoretical basis for future experimental studies and may
contribute to the development of next-generation intelligent quantum computing systems. Future research may
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involve the practical implementation of this framework using real nanosensor devices and deep reinforcement
learning algorithms for autonomous quantum optimization.

7. Conclusion

Current research highlights quantum computing as a cornerstone of next-generation information
technology, with the potential to trigger revolutionary shifts across scientific research, industrial operations,
finance, healthcare, and cybersecurity [13], [14]. Unlike conventional computers, which struggle with large-
scale, complex computational bottlenecks, quantum systems leverage quantum mechanical phenomena to
achieve vastly superior processing power.

Nevertheless, transitioning these systems into practical deployment is hindered by major hurdles,
specifically in maintaining qubit stability, suppressing system noise, and mitigating computational errors.
Findings indicate that nanosensing technologies are pivotal in supervising quantum environments. Thanks to
their extreme sensitivity, nanosensors capture precise metrics regarding thermal shifts, electromagnetic
interference, and other ambient disturbances. Gathering this data continuously allows for the immediate
identification of system deviations and the preemptive detection of vulnerabilities, thereby fostering a more
stable and resilient quantum infrastructure.

In addition to the theoretical analysis presented in this study, a novel Intelligent Quantum Stability
Framework (IQSF) has been proposed to improve the reliability and stability of quantum computing systems.
The proposed framework integrates nanosensor technologies with artificial intelligence methods to enable real-
time monitoring, prediction of decoherence, and automatic error correction. This conceptual model may serve
as a basis for future experimental research and contribute to the development of more stable, scalable, and
efficient quantum computer architectures.

Concurrently, optimization frameworks driven by artificial intelligence are essential for maximizing
quantum efficiency [8], [9]. Utilizing machine learning and neural networks enables the sophisticated analysis
of data streams generated by quantum hardware. These Al models are capable of diagnosing systematic errors,
forecasting future behavior, and executing automated corrective actions. Consequently, these methodologies
drastically lower error rates while significantly enhancing overall computational precision.
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Abstract

The present study examines the design of a multilingual database of technical terms that could be used in automated
searches for patents in the area of nanotechnologies. Patents in the field of nanotechnology present several challenges due
to terminology issues, documentation in several languages, and different terminological expressions used in science. The
database suggested includes the organization of technical terminology into noun-based categories in three languages
(Azerbaijani, English, and Russian) and also incorporates synonym management techniques. The study explains the use
of structured vocabularies of technical terms for automated patent searching and presents the development of a
multilingual database in order to aid semi-automatic patentability evaluation.

Keywords: patentability search, nanotechnologies, automation, knowledge-based systems, decision support, technical
database

1. Introduction

The patentability search in the domain of nanotechnologies faces a number of difficulties associated with
the specificity of technical terms, high pace of technological changes, and multilinguality of patents. Inventions
related to nanotechnologies are commonly represented using certain scientific language, including scientific
expressions, acronyms, and specific technical terms. Thus, the traditional keyword-based patent search may
fail to identify the relevant prior-art documents if synonyms and other linguistic representations of technical
terms are used.

Meanwhile, modern patent offices apply more and more automatic and semi-automatic search tools in
order to increase efficiency and facilitate patent examination. Still, the success of such searches heavily
depends on the structure and content of technical term databases used to generate search queries and semantic
analysis. Current universal dictionaries are not always effective in relation to particular domains, e.g.,
nanotechnologies.

The goal of this study is to elaborate a structured multilingual technical term database for automated
patentability search in the nanotechnology domain.

2. Literature Review

Currently, in the Patent and Trademark Centre under the Intellectual Property Agency of the Republic of
Azerbaijan, patent search is conducted in multiple databases. In each database, the examiner conducts a manual
search using Boolean Algebra operations (such as AND, OR, NOT, etc). The databases include: Azerbaijani
Patent database where examiner searches in Azerbaijani and Russian [1], FIPS where the examiner searches
in (mainly for Azerbaijani practice) Russian [2], EAPATIS where the examiner searches in (mainly for
Azerbaijani practice) Russian [3], PATENTSCOPE where the examiner searches in (mainly for Azerbaijani
practice) English [4], Espacenet where the examiner searches in (mainly for Azerbaijani practice) English [5],
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USPTO where the examiner searches in (mainly for Azerbaijani practice) English [6], Google Patents where
the examiner searches in (mainly for Azerbaijani practice) English [7].

According to the patent law of the Republic of Azerbaijan, the subjects of patents can be inventions, utility
models, and industrial designs. In the Republic of Azerbaijan, utility models can only be devices. While
inventions must satisfy three patentability requirements, utility models are required to satisfy only two criteria.
Those are novelty and industrial applications. The devices for novelty conditions must-have new
characteristics. If the device can be made or used in any field of industry and economy, then the invention is
considered applicable [8].

Unlike some other national or regional patent legislations, in the Republic of Azerbaijan, examiners also
provide supplementary examinations for utility models. The publication of the utility model occurs only after
the patent search. Depending on the patent search, the examiner decides whether to grant or reject the
application [8].

The area of patent retrieval and automated patent searching has gained significance because of the fast
expansion of patent documentation across the globe. Currently, research efforts in the field mainly concentrate
on semantic similarity, natural language processing, and machine learning techniques to improve patent
searching.

Another study proposes an automated patent search approach by using machine learning and NLP to
compare the full texts of patents, contrary to manual keyword search. The approaches used by the authors in
this study include vector-based similarity and Cosine similarity. They use two different datasets for their
research: a dataset of 2.4 million cited or random pairs and an expert-annotated dataset to extract relevant
documents. The authors represent documents in numeric vectors, including Bag-of-Words, word2vec,
doc2vec, LSA, and KPCA [9].

Different sources describe patent information retrieval methods. Where the authors mention ways of
semantic patent retrieval, transformer models, patent embeddings, etc. The authors use European Patent Office
search reports as a training data sample [10].

Another study presents a model for improving search query accuracy on specialized websites using text
correction and reconstruction. The authors train an intelligent model to correct user-entered queries and
reconstruct them for improved retrieval results. According to the authors, the system was implemented in Go
(Golang) for backend efficiency on concurrent operations. The model achieved a very high accuracy of 99.85%
after 15 epochs of training, with a testing accuracy of about 88% on a validation dataset of heavily altered
queries. The focus was on the query input stage of search systems for improving user query quality [11].

The article addresses the important challenge of query reconstruction for specialized retrieval systems.
The paper does not cover the downstream stages of search execution, similarity scoring, multilingual input
handling, or classification. Sometimes, for conducting patentability, search logic might be required. And logic-
based patentability evaluation is absent in this paper. The current research differs from the existing ones
because it concentrates on creating a multilingual technical term database for automated patentability analysis.

In the proposed automated patentability search system, patent retrieval is performed using a multi-step
search model. Unlike the previously proposed model, which employed a binary (0—1) scoring scale, the present
approach adopts a 0—10 scoring scale to provide a more intuitive interpretation of similarity scores. The three-
step patent search framework is retained, while the definitions of the X and Y similarity labels are further
clarified. In addition, the proposed model incorporates International Patent Classification (IPC) similarity into
the overall similarity assessment. IPC similarity is evaluated on a 0—10 scale according to the hierarchical
distance between IPC codes and is integrated into the similarity scoring functions (Sx and Sy), requiring
corresponding modifications to the original formulas [12].

SY — SN + Snoun :Sadj + Sipc (1) [12]
_ SNt Snoun T Sadj + Sipc +Sc¢
x =
5

(2) [12]
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Seex=CDx2 (3) [12]
SIPC = IPCl X IPCWl + IPC2 X IPCW2 .. .IPCN X IPcwn (4) [12]

In Equations (3) and (4), Sipc represents the similarity score of the International Patent Classification (IPC)
codes. IPC similarity is determined according to the hierarchical distance between two IPC classifications. For
example, the IPC code F16H 7/06 can be divided into hierarchical levels (F, F16, F16H, F16H7, and
F16H7/06). The similarity score increases with the number of matching hierarchical levels, corresponding to
values of 2, 4, 6, 8, and 10, respectively. For a single IPC code, SIPC, denotes the similarity score, where CD
represents the number of common hierarchical levels. When multiple IPC codes are assigned to a patent, the
overall IPC similarity (SIPC) is calculated as the weighted sum of the individual IPC similarity scores, where
the weights satisfy the condition wi + w2 + ... + wp, =1 [12].

3. Databases

To simplify the analysis, only polymer-related nanotechnology patents were used as sample data. Sample
noun and adjective keywords were selected from PATENTSCOPE with the search query “EN_TI:(Polymer
AND nanotechnology)”. The search returned four patent documents [13].

Sample data for configuration keywords were selected from published inventions or utility models from
2022 and onward in Azerbaijan [14].

Table 1. English noun keyword database.

Term Noun keyword Term Noun keyword Term Ne Noun keyword
Ne Ne
1 equipment 12 pMHC 22 D-Tartrate
2 multimer 13 modification 23 DBCO
3 DNA 14 SpyTag 24 nitride
4 Carbon 15 Emission 25 milliequiv
5 Composition 16 SpyCatcher 26 polystyrene
6 N- succinimidyl-S- 17 glucocerebrosidase 27 oxide
acetylthiopropionate
7 pole 18 polycarbonates 28 carbide
8 pH 19 boride 29 polyacrylates
9 Aircraft 20 polymer 30 Isofagomine
10 polyethylene 21 alloy 31 polypropylene
11 N-succinimidyl-S-
acetylthiopropionate

Table 2. English noun adjuncts keyword database (nouns used as adjectives).

Term Noun ad. keyword Term Noun ad. keyword Term Ne Noun ad. keyword
0 Ne
1 ratio 12 Drag 23 molding
2 salt 13 Flight 24 net
3 drug 14 Nanoparticle 25 C linking
4 fusion 15 clay 26 amino fluid
5 chain 16 coating 27 metal
6 capture 17 solvent 28 emulsifying
7 Surface 18 protein 29 Cream
8 Powder 19 strand 30 Liquid
9 Nanocomposite 20 molecular chaperone 31 micron
10 Agent 21 Fuel 32 plastic
11 Value 22 Injection 33 water
Table 3. English adjective keyword database.
Term Adj. keyword Term Ne Adj. keyword Term Ne Adj. keyword
Ne
1 PE-modified 7 insulating 13 Molar
2 rectangular 8 organic 14 polyurethane
3 magnetic 9 silanol 15 conducting
4 submicron 10 reactive 16 non-destructive
5 Invisible 11 Aprotic 17 Nanoscale
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6 electrically | 12 | HLB |
Table 4. English configuration keyword database.
Term | Configuration keywords Term Configuration keywords Term Configuration keywords
No Ne Ne
1. Installed 2. Connected 3. Passes through the center
2. Mounted 4. Opposite 6. Fixed
3. Settled 6. Lined up 9. Inclusive
4. Placed 8. Attached 12. Linked
Table 5. Azerbaijani noun keyword database.
Term Noun keyword Term Noun keyword Term Ne Noun keyword
Ne Ne
1 avadanliq 12 pMHC 22 D- tartrat
2 multimer 13 modifikasiya 23 DBCO
3 DNT 14 SpyTag 24 nitrid
4 Karbon 15 emissiya 25 milliekviv
5 Torkib 16 SpyCatcher 26 polistirol
6 N- suksinimidil-S- 17 qlikkoserebrozidaza 27 oksid
asetiltiopropionat
7 Qiitb 18 polikarbonatlar 28 karbid
8 pH 19 borid 29 poliakrilatlar
9 Toyyara 20 polimer 30 izofagomin
10 polietilen 21 arinti 31 polipropilen
11 N- suksinimidil-S-
asetiltiopropionat
Table 6. Azerbaijani noun adjuncts keyword database (nouns used as adjectives).
Term Noun ad. keyword Term Noun ad. keyword Term Ne Noun ad. keyword
o Ne
1 Nisbot 12 Siiriikloma 23 galibloma
2 duz 13 Ugus 24 tor
3 dorman 14 Nanohissacik 25 C birlosdirici
4 birlogma 15 Gil 26 amino mayesi
5 zoncir 16 Ortiik 27 metal
6 tutma 17 Holledici 28 emulsiya
7 Soth 18 ziilal 29 krem
8 Toz 19 Tel 30 maye
9 Nanokompozit 20 molekulyar saperon 31 mikron
10 Agent 21 Yanacaq 32 plastik
11 Dayar 22 inyeksiya 33 su
Table 7. Azerbaijani adjective keyword database.
Term Adj. keyword Term Ne Adj. keyword Term Ne Adj. keyword
Ne
1 PE ila modifikasiya 7 izolyasiyaedici 13 molar
edilmig
2 diizbucagl 8 iizvi 14 poliuretan
3 magnit 9 silanol 15 kegirici
4 submikron 10 reaktiv 16 dagidici olmaya
5 gOriinmoz 11 aprotik 17 nanodl¢ii
6 elektrik 12 HLB
Table 8. Azerbaijani configuration keyword database.
Term | Configuration keyword Term Configuration keyword Term Configuration keyword
Ne Ne Ne
1. Quragdirthimisg 2. Qosulub 3. Markoazindon kegir
2. Oturdulmug 4. Oks torof 6. Sabitlonmis
3. Borkidilmis 6. Diiziiliib 9. Daxil edilib
4. Yerlogon 8 Bitisik 12. Birlogib
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Table 9. Russian noun keyword database.

Term Noun keyword Term Noun keyword Term Ne Noun keyword
Ne Ne
1 obopyoBaHne 12 nMI'K 22 D-taprpar
2 MYJIBTUMED 13 MO (UKL 23 DBCO
3 JHK 14 SpyTag 24 HUTPH]
4 Yrepon 15 SMHCCHS 25 MHJUTHIKBUBAJICHTA
5 Cocras 16 SpyCatcher 26 TIOJMCTHPOI
6 N-cykuuHUMUIII-S- 17 DJIFOKoIIepeOpo3naa3a 27 OKCHJT
AIeTHITHOIPOIIHOHAT
7 TOJTIIOC 18 MOJINKapOOHATOB 28 Kapoun
8 pH 19 oopuza 29 TOJIMAKPHUIIATOB
9 Camorner 20 NOJIMMED 30 Wzodaromun
10 TIOJINATUIICH 21 CILIaB 31 TIOJIUIIPOIHIIEH
11 N-cykuuHUMUIII-S-
AIeTUITHONPOIHOHAT
Table 10. Russian noun adjuncts keyword database (nouns used as adjectives).
Term Noun ad. keyword Term Noun ad. keyword Term Ne Noun ad. keyword
o Ne
1 COOTHOUICHHE 12 ConpotusieHue 23 dhopmoBanue
2 conb 13 Tloner 24 ceTka
3 JIEKapCTBO 14 Hanouactuna 25 C-CBsI3bIBAHHE
4 CIIMSIHUE 15 TJIMHA 26 AMUHOXHIKOCTH
5 1IeNb 16 TTOKPBITHE 27 MeTal
6 3axBar 17 pacTBOpUTEIb 28 SMYJIBTUPY IO
7 IToBepxHOCTH 18 0eJI0K 29 Kpem
8 ITopomiok 19 HUTh 30 Kuakocth
9 Hanoxomnosut 20 MOJIEKYJISIPHBIH I1anepoH 31 MHUKpPOH
10 AreHt 21 ToruuBo 32 IIJIACTUK
11 3HaueHue 22 UHBEKIIUA 33 BOJA
Table 11. Russian adjective keyword database.
Term Adj. keyword Term Ne Adj. keyword Term Ne Adj. keyword
Ne
1 I15- 7 HM30JISILIMOHHBIX 13 MonsipHblii
MOM(PUIPOBAHHBIH
2 MOJMYpPETaH 8 OpTraHUYECKUI 14 TIOJINYPETaH
3 MarHUTHBII 9 CUJIAHOJ 15 MIPOBOASAIIHN
4 CYOMUKPOHHBIH 10 PeaKTUBHBII 16 HEepa3pyLaoUIMX
5 HeBuaumprii 11 anpOTOHHBIN 17 HaHOpa3Mep
6 9JIEKTPONPOBOISIIHIHA 12 HLB
Table 12. Russian configuration keyword database.
Term | Configuration keywords Term Configuration keywords Term Configuration keywords
Ne Ne Ne
1. YcraHOBIIEHO 2. [NoaxiroueHHbIH 3. [Tpoxonut yepes LEeHTP
2. [TocraBneHHBII 4. HampoTus 6. DUKCHPOBaHHBIH
3. 3akpernsieHo 6. BricTpoeHs! 9. Brutrouarommuii
4. Pazmemeno 8. [IpukperieHHbII 12. CBsi3aHHBIHA

4. Limitations

Limitations associated with the use of the technical terms database include the manual development and
management of technical terminology and synonyms for it. At present, the technical terms database contains
only selected terminology related to nanotechnology, and other variations of technical terms that may be
present in patent literature have not been included yet. Translation issues across multiple languages may
additionally reduce effectiveness due to different semantic meanings of technical terms across various

languages. Moreover, the technical terms database functions mainly as a database of keywords.
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5. Conclusion

In order to demonstrate the importance of terminology structure for automated patentability search
engines, the following suggested technical term database was designed. The multilingual technical keywords
contribute to the consistency between search queries and found patents in various patent databases.

Within the structure of the database, it is possible to perform: grouping of noun-based technical
terminology; multilingual terminology mapping from Azerbaijani, English, and Russian; inclusion of a
synonym-based query expansion mechanism; development of a search query generator.

The suggested technical term database is capable of improving the quality of prior art searches within
specialized technical fields such as nanotechnologies.

The constructed multilingual technical database revealed that terminology standardization is critical to
automatic patent retrieval systems. While creating the database, it was found that there are a lot of different
technical terms in patents related to polymer nanotechnology in Azerbaijani, English, and Russian languages.
Creating structured noun-based categories helped to solve the problem of translating technical expressions
literally and having many terminological variants of one expression.

This study suggests that the construction of a technical database could also help to build further semantic
retrieval systems by providing structured terminology databases that can be used in machine learning or expert
systems. Although now, the database is focused on organizing keywords and synonyms, in the future, the
database can become a part of more complex systems such as similar patents detection systems and others.
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Abstract

A novel surface-active salt based on hexadecylamine and ethylene chlorohydrin was successfully synthesized. The
composition and molecular structure of the synthesized salt were characterized by Fourier-transform infrared (FTIR) and
UV-Visible (UV-Vis) spectroscopy, while its principal physicochemical properties were determined. Tensiometric
measurements demonstrated the high surface activity of the synthesized salt at the air—water interface. The specific
electrical conductivity of its aqueous solutions was measured using an electroconductometric method, confirming that the
synthesized salt exhibits electrolyte behavior. The aggregate sizes of hexadecylethanolammonium chloride (HDEAC) in
aqueous solutions at different concentrations were determined by dynamic light scattering (DLS), and the corresponding
particle size distribution histograms were obtained.

Keywords: catanionic salts, FTIR, UV—-Vis spectroscopy, hexadecylethanolammonium chloride, oil spill remediation,
oil collection

1. Introduction

The removal of petroleum-derived contaminants from water surfaces is of paramount importance for
environmental protection. When crude oil and petroleum products enter aquatic environments, they spread
spontaneously under the combined influence of surface tension, wind, and wave action, forming thin oil films
on the water surface. This spontaneous spreading process is accompanied by a reduction in the system's free
energy proportional to the increase in the contaminated surface area and is characteristic of dispersed water—
oil emulsion systems discharged into the hydrosphere through industrial wastewater. Regardless of the
mechanism of film formation, such oil films pose a serious environmental threat because the surface microlayer
of aquatic ecosystems serves as a critical habitat for the most sensitive organisms and for the early
developmental and reproductive stages of numerous aquatic species. Furthermore, the presence of an oil film
adversely affects gas exchange, heat transfer, and water exchange between the hydrosphere and the
atmosphere, thereby disrupting the physicochemical and biological processes occurring at the air—water
interface [1], [2].

As is well established, relatively thick oil films are typically removed from water surfaces by mechanical
methods. However, in the case of thin oil films, physicochemical techniques have proven to be considerably
more effective. The removal and recovery of thin oil films (up to 0.5 mm in thickness) from aquatic
environments is of great environmental and economic importance, since the recovered oil can be recycled and
reused [3], [4].
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In this regard, oil-collecting and oil-dispersing reagents play a crucial role. Owing to spontaneous
emulsification, dispersants disrupt the continuous oil film, thereby restoring water, gas, and heat exchange
between the hydrosphere and the atmosphere while promoting the natural biochemical oxidation of finely
dispersed oil droplets suspended within the water column. Consequently, oil dispersion has become a widely
accepted approach as an effective approach for mitigating oil-film contamination on water surfaces. Dispersing
formulations are particularly suitable for the remediation of large-scale oil spills.

Alternatively, oil films can be removed from water surfaces using oil-collecting agents. In many cases, the
dispersing and oil-collecting effects of these reagents overlap, as certain formulations exhibit both properties
simultaneously. The principal active components of both oil-collecting and dispersing formulations are
surfactants (surface-active agents) [5], [6], [7], [8]. To be effective as oil-collecting reagents, surfactants should
exhibit rapid spontaneous spreading over the water surface with a spreading pressure exceeding 30 mN m™,
possess low volatility, demonstrate adequate solubility in both water and oil, and maintain high chemical
stability under operating conditions.

Oil-dispersing and oil-collecting reagents offer several advantages over conventional methods used to
combat oil pollution. These include high efficiency, the ability to be applied regardless of the location, timing,
or environmental conditions of an oil spill, and ease of application. Such reagents are particularly effective in
the removal of ultrathin oil films, for which conventional mechanical and many physicochemical remediation
techniques are often ineffective.

For Azerbaijan, with its numerous water bodies that have been extensively contaminated by crude oil and
petroleum products, the development and investigation of novel, highly efficient oil-dispersing and oil-
collecting reagents remain a matter of considerable environmental importance. Such reagents are typically
based on amphiphilic chemical compounds containing both hydrophobic and hydrophilic structural fragments.
This dual functionality provides a strong affinity for both the oil phase and the aqueous medium, thereby
ensuring their high efficiency in the remediation of oil-contaminated water surfaces [9], [10], [11], [12], [13],
[14].

2. Materials and Methods

The present study describes the synthesis and characterization of a novel catanionic surfactant with oil-
collecting properties.

For this purpose, hexadecylethanolammonium chloride (HDEAC) was synthesized according to the
procedure described previously [7]. The surfactant was prepared by reacting hexadecylamine with ethylene
chlorohydrin in an equimolar ratio. The reaction was carried out at 21 °C for 4-5 h. The reaction scheme is
presented below:

CH,CH,OH
|

+
Cl

The synthesized hexadecylethanolammonium chloride (HDEAC) was obtained as a yellowish, viscous
resin. The product was completely soluble in ethanol, whereas in water it formed a stable dispersion
accompanied by the generation of abundant foam. The melting point of the synthesized salt was found to be
above 200 °C.

The chemical composition and molecular structure of HDEAC were characterized by Fourier-transform
infrared (FTIR) and UV—Visible (UV—Vis) spectroscopy. FTIR spectra (Figure 1) were recorded using an
ALPHA FTIR spectrometer (Bruker, Germany) over the wavenumber range of 600—4000 cm™.

The surface tension (o) of the synthesized catanionic surfactant, HDEAC, was measured at the air—water
interface using a Du Noily ring tensiometer (KSV Sigma 702, Finland). Aqueous surfactant solutions with
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concentrations ranging from 0.00025 to 0.1 wt.% were prepared using deionized water. After equilibration for
24 h, their surface tension was measured at 19 °C.

The specific electrical conductivity (k) of the aqueous HDEAC solutions was determined using an Anion-
402 conductivity meter (Russia). The conductivity of aqueous solutions with concentrations ranging from
0.001 to 0.1 wt.% was measured 48 h after their preparation.

3. Results and Discussion

The chemical composition and molecular structure of hexadecylethanolammonium chloride (HDEAC)
were characterized by Fourier-transform infrared (FTIR) and UV—Visible (UV-Vis) spectroscopy. The
corresponding FTIR and UV—Vis spectra are presented in Figures 1 and 2, respectively.

The FTIR spectrum of the synthesized HDEAC is shown in Figure 1. A broad absorption band at 3263.4
cm™' is attributed to the stretching vibrations of the hydroxyl (O—H) group. The absorption bands observed at
2921.7 and 2852.1 cm™ correspond to the asymmetric and symmetric C—H stretching vibrations of the CHs
and CH:z groups, respectively. The absorption band at 1663.0 cm™ is assigned to the stretching vibration of the
carboxylate (C(O)O) group. The peak at 1577.8 cm™ is attributed to the -NH2*CH2— group. The bands at
1254.2 and 1148.1 cm™ are associated with the deformation vibrations of the C—H bonds in the methylene and
methyl groups. The absorption peak at 834.1 cm™ corresponds to the C—OH stretching vibration, whereas the
band at 701.8 cm™ is assigned to the deformation vibrations of the (CH), alkyl chain.
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Figure 1. The FTIR spectrum of the HDEAC.

The absorption band at 211 nm is attributed to electronic transitions associated with the molecular structure
of HDEAC (Figure 2).
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Figure 2. UV—Visible spectrum of HDEAC.

The electroconductometric analysis revealed that the specific electrical conductivity (k) of aqueous
HDEAC solutions increased monotonically with increasing surfactant concentration. As the concentration was
raised from 0.02 to 0.7 wt.% at 19 °C, the conductivity increased from 60.2 to 226.0 uS cm™', whereas the
conductivity of deionized water under the same conditions was 5 uS cm™. These findings confirm that the
synthesized hexadecylethanolammonium chloride exhibits the characteristic behavior of an electrolyte in
aqueous solution.

The results of the surface tension measurements demonstrated that the surface tension of pure water at the
air—water interface was 72.1 mN m™ at 19 °C. The synthesized HDEAC exhibited pronounced surface activity,
confirming its excellent surface-active properties. In the presence of HDEAC, the surface tension decreased
substantially from 72.1 mN m™ (pure water) to 29.5 mN m™, indicating its strong ability to adsorb at the air—
water interface and significantly reduce the interfacial free energy.

The oil-collecting performance of the synthesized compounds was evaluated under laboratory conditions
according to the procedure described in Ref. [4]. Briefly, 40 mL of water and 1 mL of crude oil were introduced
into a Petri dish. After the formation of a uniform oil film on the water surface, 0.02 g of the reagent (applied
as an aqueous solution) was added, and the area of the oil slick collected into a compact spot (So) was measured
immediately.

The experiments were carried out using distilled water, freshwater, and seawater (Caspian Sea water).
Crude oil obtained from the Pirallahi oil field possessed a density of p20 =0.924 g cm™. In the laboratory tests,
crude oil from the Pirallahi oil field was spread over the surfaces of the three types of water: distilled water,
freshwater, and seawater (Caspian Sea water), forming a thin oil film with a thickness of approximately 0.17
mm. The efficiency of the synthesized reagents was assessed by monitoring the reduction in the surface area
of the oil slick following treatment with 5 wt.% aqueous solutions of the synthesized salts. Their oil-collecting
performance was evaluated using two parameters: the oil-collection coefficient (K), defined as the ratio of the
initial oil-film area to the area of the oil spot after treatment, and the oil retention time (t), representing the
duration for which the collected oil remained compact. The experimental results are summarized in Table 1.
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Table 1. Oil-Collecting and Oil-Dispersing Performance of Hexadecylethanolammonium Chloride (HDEAC).

Reagent status Distilled water Fresh water Sea water
T, time K 1, time K T, time K
HDEAC

100% product 0-0.5 30.9 0-0.5 35.1 0-0.5 38.4
1.0-2.0 552 1.0-2.0 432 1.0-2.0 55.3
3.0-15.0 60.8 3.0-15.0 55.7 3.0-15.0 60.8
24.0-168.0 80.6 24.0-168.0 60.8 24.0-168.0 80.6
5% product 0-0.5 354 0-0.5 46.1 0-0.5 43.6
1.0-2.0 425 1.0-2.0 55.9 1.0-2.0 65.5
3.0-168.0 79.2 3.0-168.0 60.7 3.0-168.0 80.6

As shown in Table 1, the synthesized surfactant exhibited excellent oil-collecting performance. Both the
undiluted product and its 5 wt.% aqueous dispersion demonstrated high oil-collecting and oil-dispersing
efficiencies. The maximum oil-collection coefficient (K) reached 80.6, while the reagent maintained its
effectiveness for more than 168 h, indicating excellent long-term stability and sustained performance during
oil spill remediation.

4. Conclusion

Hexadecylethanolammonium chloride (HDEAC) was successfully synthesized by the reaction of
hexadecylamine with ethylene chlorohydrin. FTIR and UV—Vis analyses confirmed the formation of the target
compound, while conductivity and surface tension measurements demonstrated its electrolyte behavior and
high surface activity. Laboratory tests showed excellent oil-collection performance in distilled, fresh, and
seawater, indicating that HDEAC is a promising surfactant for the remediation of thin oil films from
contaminated water surfaces.
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