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CONFORMATIONAL ANALYSIS OF ION BINDING
POSSIBILITIES OF SYNTHETIC
TETRAPEPTIDE H-ALA-ALA-ASP-ALA-OH (AsD)

G.A. AGAEVA, N.M. GODJAEV
Institute for Physical Problems, Baku State University,
AZ-1148, Baku, Z.Khalilov Str.23, Azerbaijan

gulshen@mail.ru

ABSTRACT

The conformational peculiarities of synthetic tetrapeptide segment H-Ala-Ala-Asp-Ala-OH in the absence
and presence of a model of divalent cation have been investigated by molecular mechanics method. The
calculated results permitted to determine the conformational changes of tetrapeptid induced by divalent cation
and to suggest the stable structural models of the chelation by tetrapeptide segment, depending on its
conformational posibilities. Based on experimental data and the results of theoretical conformational analysis, an
energetically preferable model for the chelation of a divalent cation by the tetrapeptide segment Ala-Ala-Asp-Ala
is proposed. It is shown that tetrapeptide contain six different sites for binding of divalent ion. A comparison of
the obtained calculated structures of the tetrapeptide in the free and ion-bound states made it possible to establish
an increase in the conformational stability of the spatial structures of the tetrapeptide segment during the
formation of the complex.

Keywords: Synthetic tetrapeptide, spatial structure, conformation, ion binding possibility.

KOH®OPMAIIVIOHHBIN AHAAV3 BO3MOXXHOCTEN VIOH CBSISBIBAHUS CUHTETUYECKOI'O
TETPAITEITTUAHOTO CETMEHTA H-ALA-ALA-ASP-ALA-OH (A3 D)

PE3IOME

MeToA0M MOAEKYASIPHOV MEXaHMKH JCCAeAO0BaHBl KOH(QOpPMaIVOHHBIE OCOOEHHOCTU CHUHTETIYECKOIOo
TeTpartenituAHoro cermenTa H-Ala-Ala-Asp-Ala-OH B oTcyTcTBUe M B IPUCYTCTBUM MOAEABHOTO ABYXBa€HTHOTO
KaTMOHa. Pe3yapTaTsl pacyeToB IIO3BOAMAN OIpeAeAUTh KOH(POPMAaLVMOHHBIE WU3MEHEHINs TeTparlenTnaa,
MHAYLUVMpPOBaHHBIE  ABYXBAA€HTHBIM KaTMOHOM, U IIPeAAOXKNUTb YCTOMUMBBIE CTPYKTYpPHBIE MOAEAU
XeAaTUPOBaHNUs TETPAIIENITUAHBIM CETMEHTOM B 3aBUCHMOCTU OT €ro KOH(OPMaIMOHHBIX BO3MO>KHOcTelt. Ha
OCHOBe DKCII€PUMEHTAaABHBIX JAaHHBIX I PE3yAbTaTOB TEOPeTNIeCKOTO KOHGOPMaLVIOHHOTO aHaA13a IIpeaa0sKeHa
SHepreTUYecky IpeaIlouTuTeAbHas MOJeAb XeAaTHMpPOBaHUs JABYXBaJAeHTHOTO KaTMOHa TeTpanelTHAHBIM
cermeHTOM Ala-Ala-Asp-Ala. ITokazaHo, 4TO AaHHEIN TeTpalenTus COAEP>KIUT IIeCTh Pa3HBIX caliTa CBSI3bIBAHIII
AByXBaleHTHOro 1moHa. CpaBHeHIe II0AYYeHHBIX pacyeTHBIX CTPYKTYp TeTpalleliTuga B CBOOOAHOM U MOH-
CBA3aHHOM COCTOSIHUAX IT03BOAMAO KOHKPETHO YCTaHOBUTH IIOBBIIIEHME KOHQPOPMAIIMOHHON YCTOYMBOCTIU
IIPOCTPAHCTBEHHBIX CTPYKTYP TETPAeNTHAHOIO CeTMeHTa IIpU 0Opa3OBaHII KOMILAEeKCa.

KarogeBble caoBa: CUHTETMYECKMIT TeTpamenTiJ, IIPOCTpaHCTBeHHas CTPYKTypa, KOH(pOpMaIus,
BO3MO>KHOCTbH CBSI3bIBAHISI MIOHOB.

SINTETIK H-ALA-ALA-ASP-ALA-OH (AsD) TETRAPEPTID SEQMENTIN iON BIRLOSDIRMO
QABILIYYOTININ KONFORMASIYA ANALIZi

XULASO

H-Ala-Ala-Asp-Ala-OH (AsD) sintetik tetrapeptid seqmentinin konformasiya xiisusiyyatlori model
ikivalent kation movcud olduqda ve olmadiqda molekulyar mexanika {isulu ils tedqiq edilmisdir.
Hesablamalarin naticaloeri ikivalent kation terafinden induksiya olunan tetrapeptidin konformasiya
doayisikliklerini tayin etmays vo onun konformasiya imkanlarindan asili olaraq tetrapeptid seqmentinin
xelatlagdirilmasinin stabil struktur modellarini toklif etmays imkan verdi. Eksperimental malumatlara ve nazari
konformasiya analizinin naticalorine asasen ikivalent kationun Ala-Ala-Asp-Ala tetrapeptid seqmenti ilo
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xelatlagdirilmas tiglin enerji baximindan alverisli model toklif olunur. Bu tetrapeptidin altt miixtalif ikivalentli
ion baglama yeri oldugu gosterildi. Hesablanmis tetrapeptidin strukturlarinin sarbast ve ionla bagl veziyyetda
miiqayisesi kompleksin amoalo galmasi zamani tetrapeptid seqmentinin foza strukturlarinin konformasiya
sabitliyinde artimi xiisusi olaraq teyin etmaye imkan verdi.

Acar sozlar: Sintetik tetrapeptid, foza qurulusu, konformasiya, ion baglama imkanu.

INTRODUCTION

It is known that metal ions take an active part in the implementation of the functions of
various peptide bioregulators. The role of ions, in particular divalent cations, as carriers of
signals for controlling a large number of intracellular reactions is now well known. It has
been shown that, in addition to a certain functional role, these ions play a significant role in
stabilizing the conformation of peptide molecules. Some protein molecules contain regions
consisting only of amino acids that allow the formation of strong specific bonds with
divalent cations through the oxygen atoms of carbonyl and carboxylate groups [1,2]. In the
present work, the conformational features of the model tetrapeptide segment H-Ala-Ala-
Asp-Ala-OH, containing an aspartic acid residue, were studied as a simplified model of the
ion-binding center in various proteins [3]. The ion-binding capabilities of this model peptide
were previously studied by various spectral methods [3]. The conformational features of this
tetrapeptide were studied both in the absence and in the presence of a model divalent cation
using semi-empirical calculation of intramolecular energy. The results obtained made it
possible to determine the most probable spatial structures of chelation of a divalent cation
with a peptide depending on its conformational capabilities. When complexing with ions,
small fragments of protein molecules appear in direct interaction with the ion. According to
modern concepts, potentiation of the activity of peptides by metal ions occurs by stabilizing
their active conformation during the formation of ion-peptide complexes. A necessary step in
elucidating the mechanism of this process is to study the spatial structure of such ion-
binding peptides to determine the type of complex and the degree of its stability, based on
the conformational characteristics of the ligand peptide. Only a very specific conformation of
the molecule creates the necessary conditions for ion binding to occur. In [3] the interactions
of the tetrapeptide Ala-Ala-Asp-Ala (AsD) with a divalent cation were studied
potentiometrically and by optical CD and EPR spectroscopy methods. The formation of three
types of complexes between the cation and A3D was recorded, differing in the number and
nature of the tetrapeptide atoms coordinated by the metal atom due to their different
protonation. The conformational capabilities of the free tetrapeptide ligand and the degree of
stability of the resulting types of complexes were not determined in [3]. Therefore, the
purpose of this study was to study in detail, using the method of molecular mechanics, the
spatial structure of the tetrapeptide Ala-Ala-Asp-Ala as a free ligand in the absence of an ion,
and then in the presence of an ion - a divalent cation - to establish chelation centers and the
structure of the resulting stable complexes.
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Figure. 1. The atom model of tetrapeptide segment H-Ala-Ala-Asp-Ala-OH.

METHOD

The study of the spatial structure and mechanism of ion binding by the tetrapeptide
segment Ala-Ala-Asp-Ala was carried out by the method of molecular mechanics. Study of
the conformational capabilities of the Ala-Ala-Asp-Ala tetrapeptide in the free state, i.e., in
the absence of an ion, was carried out on the basis of the known low-energy conformational
states of the individual monopeptides that make up this tetrapeptide. The conformational
energy is considered the sum of independent contributions of nonbonded Exb, electrostatics
Ee, torsional interactions Eiwr and hydrogen bonding Enb energies. The first term is described
by the Lennard-Jones potential with the parameters proposed by Scott and Scheraga [5-7].
The electrostatic energy is calculated in a monopole approximation, with atom centered
charges obtained by Momany et al [8]. The dielectric constant is assumed to equal ten [5].
Torsional potentials and barriers to rotation about bonds N-C* (¢), C*-C’ (y), C'-N (0), and
about side chain bonds C*-C” (y) were as proposed by Scheraga [6]. The hydrogen bond
energy calculated from the Morse potential [7] are supposed to be weakened with maximum
energy of 1.5 kcal/mol. The term “backbone form” of a peptide chain concerns the sequence
of residue forms determined by the low energy areas R (¢=-180° to 0°, =-180° to 0°), B (¢=
-180° to 0°, Y= 0°-180°), L (¢ = 0°-180°, = 0°-180°), and P (¢ = 0°-180°, Y=-180° to 0°) on the
Ramachandran plot based on ¢-{ dihedral angles of the backbone. To specify the positions
of a side chain of amino acid residues (i) the indexes 1,2,3 corresponding to x= 60°, 180°, -60°
are used, respectively. The combination of the backbone form of the residues in each amino
acid sequence will specify the backbone form of the fragment. Bonding lengths and angles
are those given Corey and Pouling. Above potentials with energy and geometry parameters
are used in some investigations [5,6]. Conformational energy was calculated with a universal
program [9,10] The conventions used for torsion angles are those of IUPAC-IUB Commission
[11]. The calculation of the conformations of the molecule was carried out under the
assumption of a rigid valence scheme, i.e. at fixed values of bond lengths and bond angles of
standard amino acid residues.
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RESULTS AND DISCUSSION

Conformations corresponding to the minimum energy were found by studying the
dependence of the total conformational energy of tetrapeptide structures on the rotation of
dihedral angles in space. The study of the spatial structure of the Ala-Ala-Asp-Ala
tetrapeptide in the presence of a divalent cation was carried out using the proposed
calculation model of the cation (X2+), to which nonvalent parameters of the aliphatic
hydrogen atom were assigned due to the simplicity of its electronic structure [4]. And since
the radius of calcium (0.99 A) is smaller than the van der Waals radius of the hydrogen atom
(1.2 A), the region of repulsion of the Lennard-Jones potentials for this atom is less steep than
for any other metal atom. As is known, in peptide molecules, the oxygen atoms of
carboxylate and carbonyl groups through coordination bonds participate in the chelation of
metal atoms. The emergence of a coordination bond is due to the transfer of an electron pair
from a completely filled orbital of the ligand (donor) to the vacant orbital of the central atom
(acceptor) and the formation of a common bonding molecular orbital. Consequently, the
nature of the coordination bond does not differ from the nature of an ordinary polar covalent
bond. Therefore, for the convenience of calculations, the divalent cation (X2+), which was
assigned the non-valent parameters of the aliphatic hydrogen atom, was attached to one
oxygen atom of the carboxylate group present in the tetrapeptide at a distance of 2.3 A with a
Cy-O-X2+ bond angle equal to 125° covalent communication It is borrowed this specific
covalent fixation model of the divalent X2+ cation from [4]. The use of such fixation of the
divalent cation makes it possible to identify chelating agents on the Ala-Ala-Asp-Ala
tetrapeptide. Conformational analysis of the Ala-Ala-Asp-Ala tetrapeptide in the free state
was carried out on the basis of low-energy conformational states of the corresponding amino
acid residues. Figure 1 shows the computational model of the tetrapeptide under study. As
can be seen from the figure, the amino acid sequence of the tetrapeptide consists of three
alanine residues (Ala) and one aspartic acid residue (Asp), the side chain of which contains a
negatively charged carboxylate group COO-. There is another carboxylate group at the C-
terminus of the tetrapeptide. The side chains of Ala residues contain one methyl group, the
rotation of which is equally likely in three positions of the side chain (60°,180°, -60°). Initial
approximations for the calculated structural variants were made from the values of the
dihedral angles ¢ and v of the three low-energy regions B, R and L. In this case, the angle 1
of the side chain of the Asp residue varied in all three positions 60°, 180° and -60°. The value
of the second angle y2 of the side chain of the Asp residue was taken invariably to be 90°. A
total of 102 structural variants of the Ala-Ala-Asp-Ala tetrapeptide were compiled and
calculated.
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Table 1. Energy parameters of the optimal conformations of the H-Ala-Ala-Asp-Ala-OH tetrapeptide in free state.

Conformations of tetrapeptide in absence of divalent cation model

No Shape Backbone form Energetical contribution (kcal/mol)
Enb Eel Etor Erel
1. eee BBBB -5.9 32 1.6 -1.2
LBBR -6.1 4.7 1.6 0.1
RLBR -4.0 5.2 1.6 29
LLBR -6.0 1.8 1.6 -2.7
2. eef BBRR -5.5 3.5 1.6 -0.4
LBRR -5.7 3.3 1.6 -0.8
RLRR -5.0 4.5 1.9 1.0
LLRR -5.1 -3.1 2.7 -5.4
3. efe BRBR -5.9 2.6 1.6 -1.6
LRBR -7.2 4.2 24 -0.6
4. eff BRRR -5.9 2.6 1.6 -1.6
LRRR -6.1 -0.8 2.2 -4.7
5. fee RBBR -68 |15 2.2 -3.1
BLBR -2.3 1.2 1.1 0.0
6. fef RBRR -61 | 4.0 1.6 -0.5
BLRR -5.7 -2.6 24 -5.9
. ffe RRBR -8.3 0.7 34 -4.1
8. fff RRRR -4.0 -4.8 1.3 -7.5

As calculations showed, the conformations of the fff shape, forming an a-helical
structure, turned out to be energetically preferable. Table 4.1 shows the energy parameters of
the optimal tetrapeptide conformations. The relative energy range of 0-3 kcal/mol included
the optimal conformations of only two shapes fff and fee, out of eight possible for the
tetrapeptide. The remaining conformations have relatively high relative energy. The lowest
energy conformation of the tetrapeptide RRRR of the fff shape form quasi-cyclic structures
due to the formation of hydrogen bonds between the atoms of the ionized N- and C-terminal
groups of the tetrapeptide. The distance between the hydrogen and oxygen atoms in these
hydrogen bonds is 1.9-2.2 A. In a-helical conformations of a tetrapeptide, the main
stabilizing energy contribution is made by electrostatic interactions. In the RRRR
conformation, for example, the contribution of electrostatic interactions exceeds the
contribution of nonvalent interactions by 1 kcal/mol. In other conformations, on the contrary,
nonvalent interactions make a decisive contribution to the stabilization of structures.
However, the presence of ionized groups in the primary structure of the tetrapeptide
promotes the formation of stable specific contacts of an electrostatic nature between the
oppositely charged N- and C- terminal groups and the carboxylate group of the Asp residue
in all structures of the molecule.

At the second stage of this study, a conformational analysis of the Ala-Ala-Asp-Ala
tetrapeptide was carried out in the presence of a model divalent cation. For this purpose, the
X2+ jon was attached to one oxygen atom of the carboxylate group of the tetrapeptide at a
distance of 2.3 A with a Cy-O-X2+ bond angle of 125°. Since the tetrapeptide contains two
carboxylate groups COO-, which can participate in the chelation of the divalent cation, the
model The ion was attached, in one case, to one oxygen atom of the carboxylate group of the
side chain of the Asp residue, and in the other case, to one oxygen atom of the C-terminal
carboxylate group. For each case separately, as initial approximations, 14 low-energy
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conformations of the free tetrapeptide, included in the relative energy range of 0-5 kcal/mol,
with a specifically bound X2+ ion and with six different values of the Cy-O-X2+ dihedral
angle, orienting given ion. The resulting total dihedral angle of rotation around the Cy-O
bond was determined by the position of the X2+ cation. This dihedral angle was given the
original values of 0°, £60° +120° and 180°. The calculation showed that the most stable
complex structures are realized in the case of attachment of the model cation to the oxygen
atom of the carboxylate group of the Asp residue than in the case of attachment of the ion to
the oxygen atom of the C-terminal group. In both cases, however, the inclusion of the model
ion in the structure of the optimal tetrapeptide conformations significantly increases their
conformational stability.

Table 2. The distance between oxygen atoms of the carboxylate groups in optimal conformations
of the tetrapeptide H-Ala-Ala-Asp-Ala-OH in free state.

Conformation Shape Distance between oxygen atoms of the carboxylate groups (A)
03-O¢ 04-Os 03-O7 04-0O7
B1B1B3B: eee 7.6 7.3 74 6.5
BiBiRiR: eef 8.0 6.7 8.6 7.8
BiRiB1B1 efe 7.7 7.4 6.2 6.0
BiRiRsR1 eff 5.0 5.3 6.6 6.7
RiB1B1B1 fee 5.5 6.0 7.4 74
RiBiRiR1 fef 6.5 5.8 6.7 5.3
RiR1B3B1 ffe 4.6 4.2 6.0 3.7
RiRiRsR: Jiid 7.6 7.4 6.2 6.0
H
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Figure 2. The calculated alpha-helical conformation in associated ion model in energetically
preferable state of backbone structure RRBR.

Table 3 shows the energy and geometric parameters of the optimal tetrapeptide
conformations in the presence of a divalent cation model. As can be seen from Table 3, the
increase in conformational stability of optimal complex structures occurs mainly due to an
increase in the contribution of electrostatic interactions.
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The minimization results showed that the most suitable tetrapeptide conformations for
ion chelation were those belonging to the four shapes eee, ffe, fee and efe with the
corresponding main chain forms. It should be noted that the backbone forms of these
conformations are characterized by the trans configuration of the Asp-X peptide bond, which
appears to be a necessary structural requirement for the formation of the energetically
favored complex structure. It was found that the tetrapeptide in the ion-bound state can form
four types of complexes in the low-energy structures of the eee, efe, ffe and fee shapes. The
energetically most favored tetrapeptide complex structure has the backbone form RRBR,
which belongs to the ffe shape. Calculation of complex structures showed that ion chelation
in low-energy conformations occurs with the highest coordination number (6), i.e. the
interatomic distances of five oxygen atoms and one nitrogen atom in the environment of the
ion can ensure its chelation. These are the four oxygen atoms of the two carboxylate groups
and the oxygen and nitrogen atoms of the last peptide group of the peptide.

Table 3. Energy and geometric parameters of the optimal conformations of the
H-Ala-Ala-Asp-Ala-OH tetrapeptide in presence of divalent cation model.

Conformations of tetrapeptide in absence of divalent cation model
Ne Shape Backbone form | Coordinative number | Energy contribution (kcal/mol)
Enb. Eel Etor Eabs
1. eee BBBB 6 0.9 -48.0 3.3 -43.8
LBBR 6 -1.1 -47.9 3.9 -45.2
RLBR 6 -1.4 -46.4 3.7 -44.2
LLBR 6 -2.8 -46.1 43 -44.7
2. eef BBRR 4 -3.3 -34.3 3.8 -33.8
LBRR 4 -3.6 -33.4 3.5 -33.5
RLRR 4 -2.8 -33.2 3.8 -32.2
LLRR 4 -3.8 -35.8 3.3 -36.4
3. efe BRBR 6 0.4 -49.3 3.2 -45.7
LRBR 6 -1.0 -48.1 3.9 -45.2
4. eff BRRR 4 -1.6 -34.6 2.5 -33.7
LRRR 4 -3.7 -33.1 3.3 -33.5
5. fee RBBR 6 0.3 -48.7 3.8 -44.6
BLBR 6 0.9 -47.7 3.1 -43.7
6. fef RBRR 4 -3.2 -33.6 35 -33.4
BLRR 4 -2.8 -33.5 3.8 -32.6
7. ffe RRBR 6 -1.3 -50.0 4.3 -47.0
8. fff RRRR 4 -2.6 -39.2 2.4 -39.5

Thus, it is can conclude that if for a tetrapeptide in the free state the energetically
preferable conformation turned out to be a completely folded a-helical structure with the
form of the main chain RRRR, then in the state bound to the ion, the unfolded conformation
from the C-terminus with the form RRBR becomes energetically preferable. Hence, it can be
assumed that under the influence of a divalent cation in the a-helical structure of a free
tetrapeptide, the Asp-X peptide bond changes from the cis configuration to the trans
configuration (RRRR—RRBR). Figure 2 shows a stereo drawing of the a-helical conformation
of a tetrapeptide in the free state and in the ion-bound state with the RRRR main chain form.
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CONCLUSION

The conformational analysis suggested the following mechanism of chelation of the
divalent cation with the tetrapeptide Ala-Ala-Asp-Ala, according to which the complex
structure is realized in its stable conformation with the trans-form of the peptide backbone of
the Asp residue and where the X2+ ion is located inside the cavity formed by the main chain
and is coordinated the oxygen atoms of the carboxylate group of the Asp residue and the C-
terminal carboxylate group, as well as the oxygen and nitrogen atoms of the last peptide
group.

Thus, based on experimental data and the results of theoretical conformational analysis,
an energetically preferable model for the chelation of a divalent cation by the tetrapeptide
segment Ala-Ala-Asp-Ala is proposed. A comparison of the obtained calculated structures of
the tetrapeptide in the free and ion-bound states made it possible to determine the
conformational changes induced by the divalent cation and specifically to establish an
increase in the conformational stability of the spatial structures of the tetrapeptide segment
during the formation of the complex.
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ABSTRACT

This article provides a comprehensive exploration of CdS and ZnS, the prominent members of semiconduc-
tor chalcogenides resulting from the combination of group II and VI elements. The semiconductor chalcogenides
have gained significant attention in recent times, owing to their distinctive electrical and optical properties. The
study delves into the intrinsic characteristics of CdS and ZnS, elucidating their diverse properties and parameters,
all of which are contingent upon the methods employed for their acquisition. Various production methods are
scrutinized, shedding light on the impact of these techniques on the final properties of the semiconductor
chalcogenides. Additionally, the article highlights the broad spectrum of applications these materials find in
contemporary technological advancements. By synthesizing information on properties, production methods, and
applications, this article aims to contribute to the understanding and utilization of CdS and ZnS semiconductor
chalcogenides in diverse scientific and industrial domains.

Keywords: semiconductor chalcogenides, CdS, ZnS, sulfidization, band gap, solar cell, photocatalyst, sensor.

CBOVICTBA, METOABI CMHTE3A V1 OBAACTY IPUMEHEHVISI HAHOUACTMUI]
I1OAYIIPOBOAHMKOBBIX XAAbKOTEHMAOB HA OCHOBE CDS 1 ZNS

PE3IOME

B aanmHOI cTaThe IpeACTaBAeHBI MCCAeAOBaHUA MOAYIPOBOAHUKOBEIX Taaorennaos CdS u ZnS, obpasyro-
myxest Kak cogeranws I u VI rpymmn saemeHTOB. B mocaenee BpeMst HOAYIIPOBOAHMKOBEIE TaAOT€HUABI TPUBAEKAN
K cebe 3HaUNTeABHOE BHUMaHMe OAarojapsi CBOMM CIenU(PIIeCKUM DAeKTPUIECKUM U ONTUIECKUM CBOIICTBAM.
Mccaeaosanne xapakrepuctuk CdS m ZnS mokas3aao, 4TO BTU CBOVICTBA 3aBMUCAT OT METOAOB UX IOAYYEHI.
PaccmaTpuBaloTcsl pa3AMdHbIE METOABI IIOAYYEHUS, KOTOpBIE BAMIIOT Ha CBOVICTBA IIOAYIIPOBOAHMKOBBIX
raaoreHn40s. O6o0mas MHPOPMaUIO O CBOJICTBAX, METOAAX IIPOM3BOACTBA U IIPUMEHEHNN, 9Ta CTaThs MOXKET
BHECT!U BKAa/ B IIOHVMMaHIIE U IIPpVIMeHeHe ITOAYIIPOBOAHUKOBEIX TasoreHnA08 CdS 1 ZnS B pa3AMIHBIX HayIHBIX
Y IPOMBIIIAE€HHBIX 001aCTsIX.

KarougeBble caoBa: IOAyIpOBOAHMKOBEIe radoreHuasl, CdS, ZnS, cyasduansanus, salpelreHHasl 30Ha,
COAHEYHBII D1eMeHT, (pOoTOKaTaAM3aToOp, CEHCOP

YARIMKECIRICi XALKOGENIDLOR CDS VO ZNS NANOZORROCIKLORININ XASSOLORI,
SINTEZ USULLARI VO TOTBIiQ SAHOLORI

XULASO

Bu maqalads II vo VI qrup elementlarinin birlosmasinden yaranan yarimkegirici halogenidlerin miihiim
niimayandalari olan CdS ve ZnS tedqiqi teqdim edilmisdir. Yarimkegirici halogenidler elektrik ve optik
xassalarine gore son dovrlerds boyiik digget qazanmisdir. CdS ve ZnS halogenidlerin xiisusiyystlarinin tedqiqi
gostordi ki, bu xassaler onlarin hazirlanma tisullarindan asilidir. Miixtalif hazirlanma tisullari teqdim edilmis va
bu tisullarin yarimkecirici halogenidlerin xassalerine tesiri Oyrenilmisdir.. Xasssleri, hazirlanma tisullar1 ve
tatbigleri haqqinda mslumatlar1 analiz edarsk, bu maqale miixtslif elm ve senaye sahalarinde CdS ve ZnS
yarimkegirici halogenidlarin va tetbiqine tohfe vermeak maqsadi dagiyur.

Acar sozlar: yarimkegirici halogenidlar, CdS, ZnS, sulfidlosma, qadagan olunmus zona, giinas elementi,
fotokatalizator, sensor.
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1. Introduction

In recent times, the widespread use of semiconductor chalcogenides in industry and
technology has had a serious impact on their research speed. Semiconductor chalcogenides
are II-VI materials formed by the combination of group II elements such as Cd, Zn, and Hg
and group VI elements such as S, Se, or Te [1]. Most of these materials have a direct band
gap. In materials with a direct band gap, the transition of an electron from the valence zone
to the conduction zone occurs at the same pulse as in materials with an indirect band gap,
and electron-hole recombination in them causes photoemission [2]. This property ensures
their use in optoelectronic devices such as lasers and photodiodes. Especially
microelectronics, alternative energy sources, sensors, nanomedicine, etc. CdS and ZnS are
considered important elements in these areas for the development of optical, electrical,
thermal, and chemical properties [3].

One of the main factors affecting the properties of this group of materials is its size and
structure. In recent years, special attention has been paid to semiconductor materials with
particle sizes in the nanometer range. This is due to the quantum size effect and the increase
in the surface-to-volume ratio when moving into the nanoscale range. These changes
strongly affect the optical properties of materials as well as other properties [4]. When
moving to the nanoscale in materials in each direction, different properties of the material
appear. So, when the size of the material in any direction is proportional to the de-Broyle
wavelength, there are limitations in the movement of charge carriers in that direction and
quant size effects subject to the laws of quantum physics are observed [5]. This article looks
at 0D particles (quantum dots). The most impressive property changes in QDs with particle
size smaller than ~30 nm are sharp differences in optical absorption, excitation energies, and
recombination of electron-hole pairs [6]. The use of these properties requires strict control of
their synthesis and structure, as their intrinsic properties depend on size, shape, defects, and
impurities, and are determined by factors such as crystal structure. Due to the high surface-
to-volume ratio of QDs, surface-bound electronic quantum states (called surface states) have
a significant effect on the optical properties of QDs [7]. For example, about 15% of the atoms
in a 5 nm CdS QDs are on the surface. Such a high surface-to-volume ratio can allow the
transfer rate of photogenerated charge carriers to increase or decrease due to the high
density of surface sites. The surface states of QDs (the number of electronic states present in
each energy level) can affect the optical absorption, quantum efficiency, luminescence
intensity, and spectrum. In general, surface states arise from loose bonds on the reformed
surface and can also be affected by deficit centers [8]. The energy of these surface states is
generally equal to the size of the band gap of QDs. Therefore, they can trap charge carriers
and cause radiative and/or non-radiative recombination of electron-hole pairs. As a result,
the surface states have a significant effect on the optical properties of QDs. The most unique
feature of QDs is quantum confinement, which changes the density of states near the band
edges [10]. Thus, quantum confinement modifies the density of states near the band edges
and leads to discrete energy levels rather than discontinuous bands. This modification
greatly affects the electronic and optical properties of the material [11,12].

Let's focus on the properties, production methods, and applications of the two main
components of this group, CdS and ZnS.
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1.2 CdS nanoparticles and their properties

CdS has three types of crystal structures, namely wurtzite (hexagonal), zinc blende
(cubic), and high-pressure rock-salt phase. Among these, hexagonal wurtzite has been
intensively studied because it is the most stable of the three phases and can be easily
synthesized [13, 14]. The hexagonal phase was observed in both bulk and nanocrystalline
CdS, while cubic and rock salt phases were observed only in nanocrystalline CdS. The
structure of nanocrystalline materials plays an important role in determining electronic
properties. The same material can crystallize in different structures during size reduction
depending on the reaction conditions [15]. The internal energy difference between these two
phases of CdS is very small, so the controlled synthesis of CdS nanocrystals in only one
phase at a time is difficult to achieve. Some studies have found that sphalerite CdS
nanoparticles exist in smaller sizes and wurtzite structure is formed by particle growth.
Other researchers have shown the possibility of structural transitions from the cubic phase to
the hexagonal phase when CdS nanoparticles are thermally treated between 300 and 400°C
[16-18]. Others, based on the size-dependent total Gibb's free energy, have described the
phase transition to the cubic phase as a metastable phase with no effect due to size reduction
[19,20]. However, some different researchers have shown that the hexagonal-cubic phase
transition is size-dependent with a critical transformation size ranging from 4-15 nm.

CdS with bulk structure has a band gap of 2.42 eV and a melting point of 1600 °C. An
increase in the value of the band gap with decreasing particle size is a property studied by
optical absorption spectroscopy [21]. The proximity of this value to visible light wavelengths
gives it a colored appearance [22]. So, depending on the size, the color of nanoparticles also
changes. Smaller sizes emit a lower wavelength light beam while relatively larger sizes emit
a higher wavelength light beam as the particle radius decreases, the onset of absorption
shifts to higher energy. In some studies, 2 nm nanoparticles have a band gap of 3.57 eV, and
2.5 nm CdS crystallites melt at temperatures as low as 400 °C [23]. In particular, CdS has
been the focus of recent attention due to its large band gap that allows light emission
between blue and red wavelengths. Photocells made of CdS crystals are extremely sensitive
in the entire spectrum from infrared to ultraviolet, X-rays, gamma rays, and corpuscular rays
[24,25].

1.3 ZnS nanoparticles and their properties

Zinc sulfide (ZnS) is an important non-toxic, chemically stable group II-VI
semiconductor with luminescent properties. ZnS nanoparticles exhibit properties different
from their bulk structure as their size moves to the nanoscale. For example, in the optical
absorption spectrum, nanoparticles are blue-shifted at 320 nm due to quantum size effects
relative to bulk ZnS ( absorption frequency is blue-shifted to correspond to 320 nm) [26].
Also, the dielectric constant of ZnS, which has a low dielectric constant at high frequencies,
increases when the dimensions fall into the nanoscale. Zinc sulfide (ZnS) is an important
anti-toxic and has a high refractive index (12.27) [27]. Found mainly in nature as two
minerals (wurtzite and sphalerite or zinc blende), the more stable and allotropic form of ZnS
known as zinc blende or sphalerite is the cubic form (3-ZnS). wurtzite (a-ZnS) is hexagonal
in shape. In both cubic and hexagonal structures, the Zn and S atoms are tetrahedrally
bonded, where the only difference is in the stacking order of the atomic layers [28,29].
Nevertheless, the relative stability of the two phases changes with decreasing particle size.
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ZnS with a bulk structure exists in nature mainly in the form of zinc alloy (cube), unlike CdS.
The cubic phase is a stable low-temperature phase, while the wurtzite phase is a high-
temperature polymorph and can form in bulk ZnS at temperatures higher than 1020 °C.
Also, at high temperatures, the structure of ZnS, which has a cubic structure, can be
transformed into a hexagonal wurtzite form [30]. The conducted studies have shown that
this transformation occurs at 1013 or 1031 °C, depending on the activity of sulfur. This
transformation is a very important issue in the application of ZnS. So wurtzite type has
better properties than sphalerite [31-33]. Thus, as a result of theoretical studies, it was
determined that the average surface energy of three-dimensional nanoparticles is greater for
the sphalerite phase than for the wurtzite phase [34,35]. Another experimental study shows
that zinc sulfide (ZnS) mainly has Eg in the range of 3.54 eV and 3.80 eV at 300 K,
respectively, and the band gap structure differs from one another in its allotropic transitions.
The conducted research shows that the Eg of hexagonal wurtzite is 3.77 eV and the E; of cubic
sphalerite is 3.72 eV. Generally speaking, we can control its electrical properties as well as
some other properties by performing an allotropic transformation of ZnS, which has a flat
band gap of 3.5-3.7 eV in cubic form and 3.7-3.8 eV in the hexagonal form [36].

Since the absorption limit of ZnS is shorter than 340 nm, it only allows the absorption of
high-energy light. This absorption limit can be shifted to higher wavelengths, often called
red-shifting, by adding a suitable additive. If semiconductors are doped with transition
metals such as Ni, Fe, Mn, and Co, improved properties can be obtained due to the spin-spin
interaction. The main optical property of ZnS is its luminescent character. This is explained
by its direct band gap and photon emission during transition [37,38].

2. Materials and methods
2.1. Synthesis of CdS and ZnS NPs by chemical colloidal method.

It is based on the bottom-up synthesis of nanoparticles through the chemical colloidal
method in an environment consisting of homogeneously distributed particles in a liquid.
Even when the distance between particles in the medium is small, they attract each other
with van der Waals forces [39].

2.1.1 Synthesis of CdS NP chemical colloidal method

CdS nanoparticles can be synthesized based on various reactions using different
precursors through the chemical colloidal method. This article shows some of them.

I. In this method, which is one of the chemical extraction methods, the reagents are
used without any additional processing. The reagents used are CdCly, Nax5, H:O and
ethanol. First, 0.1 mol of CdCr was added to 25 ml of water to get a solution. Then, 0.1 mol of
Na:S was added to the obtained solution and heated in the range of 20-80 ° C.

CdCl+NaxS---->CdS+ 2NaCl (1)

The obtained solution was washed 5 times with ethanol and dried at 50 °C for 30
minutes to obtain CdS particles. Let's note that the reaction was carried out at different rates
in the range of 20-80 °C and comparing the sizes of the nanoparticles, it was found that the
size of the nanoparticles increases with the temperature. Thus, from the reaction conducted
at 20 °C, 4.5 nm, 5.2 nm at 40 °C, 6.6 nm at 60°C, and 7nm particles at 80°C were obtained. In
this method, the reagents were used without any further processing. This reaction is carried
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out in aqueous medium, 250 ml of water, 1.1 g of Cd(NOs)2* 4H:0, 0.2M HNO:s, 0.57g of C2Hs
NS (thioacetamide-TA)

A solution is prepared by adding 0.2 M HNO:s to 250 ml of water. 1.1 g of Cd(NO:s):
*4H>0O is added to the obtained solution. C2HsNS is added to the obtained mixture and
immersed in a water bath at 80° C for 30 minutes. After half an hour, the solution was left to
dry at room temperature [40-42].

II. Another example of a colloidal synthesis method, which is a chemical extraction
method, is the preparation of CdS nanoparticles using starch as a stabilizing agent in an
aqueous medium. Cd(CHsCOO)>* 2H20, Na:S, and starch are used in this method, which
allows obtaining particles with a size of 2.43 nm. 50ml of 0.05M Cd(CHsCOO)2* 2H20+ is
mixed with 4ml of 1% starch. 50ml of 0.05M Na:2S was added drop by drop to the obtained
solution, stirred for 4 hours at room temperature, and allowed to settle and evaporate. Then
the obtained product is washed with distilled water, filtered, and dried in a 90 °C oven [43].

III. This process with the presence of sodium dodesulfate, thiourea (C2HsNS), and CdCl:
was carried out at room temperature. Sodium dodesulfate is stirred for 5 minutes and 0.25 M
CdClz is added dropwise and mixed. After the addition is complete, the solution is stirred for
another 10 minutes and finally 0.25M Cz2Hs NS solution is added dropwise and stirred after
30 minutes. In the conducted reaction, the amount of sodium dodesulfate was changed
(0.0025M, 0.005M, or 0.01M) and its pH and electrical conductivity were measured. It was
determined that increasing the amount of SDS did not affect the pH of the system containing
CdS nanoparticles, but the electrical conductivity of the nanoparticles increased with the
increase in the amount of SDS [44].

IV. Cadmium oxide (CdO, SCR, 99.9%), sulfur (S, SCR, 99.5%), 1-octadecene (ODE,
Fisher, 90%), oleic acid (OA, SCR, 90%) and acetone and chloroform (SCR) was used directly
without further treatment. Typically, 1 mmol of CdO, 4.5 mmol of OA, and ODE (5 mL total)
are mixed and heated to 150°C under nitrogen for 1 h with vigorous stirring to prepare a
clear, yellow, cadmium-precursor solution. Meanwhile, a stock solution of sulfur was
prepared by dissolving 1 mmol of sulfur powder in ODE (total 5 mL) at 150°C for 1.5 h under
magnetic stirring. The microfluidic reactor includes a precursor transfer system, a convective
micromixer, and a polytetrafluoroethylene capillary (length = 50 cm). Equal volume solutions
of Cd and S precursors were delivered with a syringe injector at the same flow rate, and the
precursors were combined and mixed in a magnetic micromixer. Then, the mixture of
precursors was placed in a heated PTFE capillary where nucleation and growth of NCs
occurred at a constant reaction temperature of 220 °C. A thermally stable oil bath was used as
the heat source and the precursor flow rate was set at 4.47 mL/h to achieve a residence time
of 68 s. During the optimization process for OA concentration, different amounts of OA were
replaced by ODE, keeping the solution volume constant. The samples were collected and
diluted with chloroform for further characterization of their spectra. The whole process takes
place in the air [45,46].

2.1.2 Synthesis of ZnS NPs by chemical colloidal method

In recent times, the chemical colloidal method, which is considered to be an efficient
production method for obtaining ZnS, is widely used as a one-step reaction. The reactions
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selected for these processes are designed to be simple, rapid, and obtain high quantities of
the desired products. Let's get acquainted with some of them [47,48].

I.  The preparation of ZnS involves the use of chemical reagents, especially ZnCl> and
ZnSQOs, as well as a source of sulfur derived from Na:S. sulfate is included as a source of
sulfur due to its ability to undergo hydrolysis and form S*ions. The reaction mixture also
includes organic solvents such as methanol, ethanol, and ethylene glycol. A small amount of
acid or base is added to catalyze the reaction. Organic stabilizers are used to provide precise
control of physical properties such as surface area, pore size, and pore volume. These
stabilizers play an important role in shaping the properties of ZnS particles. Although the
one-pot synthesis process achieves high-purity ZnS particles, it is limited by the necessity of
high temperatures. To solve this, the subsequent calcination process-thermal treatment
process is carried out. This step serves to remove organic stabilizers and solvent media,
increasing the purity of the ZnS product. The chemical transformation involves the binding
of §* ions with Zn?, which leads to the formation of ZnS as a precipitate. This approach,
characterized by its simplicity, efficient reactions, and control over physical properties,
proves to be a convenient and efficient method for the synthesis of ZnS, although it is
initially dependent on high temperatures. A subsequent calcination step ensures the removal
of organic components, resulting in a refined and highly pure ZnS product [49-51].

52052 +H20-----502+H:S (2)
H:S + Zn2* ------ZnS + 2H* (3)

II. One of the ZnS production reactions carried out in one pot is the synthesis process
with the presence of organic surfactants. The lower toxicity of ZnS nanoparticles obtained
during this process than ZnO ensures its use in biology and medicine. In the synthesis, zinc
acetate and TAA were dissolved in Fc-loaded DDAB vesicle solution. The final concentration
of zinc acetate in the solution was 22.7 mM, and the molar ratio of Zn(Ac)2/TAA/DDAB was
16:16:1. The solution was stirred until complete dissolution and then the resulting solution
was heated to 80C in a water bath. The reaction was kept on a magnetic stirrer for 6 hours
and the color of the solution turned milky white. Finally, the solution was cooled to room
temperature. for the drying process, the products were collected by centrifugation, washed
several times with ultrapure water to remove impurities, and then vacuum dried. Some
studies have studied the control of toxicity and properties of ZnS by changing the solvents
[52].

III.  Zinc sulfide nanoparticles (ZnS NPs) were synthesized using zinc acetate (CsHeOsZn.
2H20) as a metal precursor. Various concentrations of sodium dodecyl sulfate (SDS) were
used in the process - specifically, 0.001M, 0.002M, or 0.004 M. The SDS solution was stirred
for 5 min to ensure uniform dispersion. Then, a solution containing zinc acetate
(Zn(CHsCOQ)2) at a concentration of 0.05 M was added dropwise to the SDS solution and
stirred for an additional 10 min. After adding the zinc acetate solution, thioacetamide at a
concentration of 0.05 M was added dropwise to the reaction solution. The entire synthesis
process was carried out under continuous stirring, allowing the reaction to proceed for an
additional 30 min. In the synthesis, the effect of different concentrations of SDS on the
electrical conductivity of nanoparticles and the pH of the solution containing nanoparticles
was investigated, and it was found that, unlike CdS, it had no significant effect [44].
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2.2 Synthesis of CdS and ZnS NPs by sol-gel method

In recent times, one of the methods used in obtaining solid phases is the sol-gel method.
In this method, which is a multi-step process, Zol is prepared first. A gel is formed as a result
of hydrolysis and condensation processes in the prepared sol-colloidal solution. After the gel
is formed, the washing and drying process is carried out. The dimensions and properties of
the obtained products are controlled by controlling the stabilizers and the process time. In
particular, great attention should be paid to the gel formation time to obtain small-sized
particles. Metal-based alkoxide materials are mainly used as the main chemical reagents that
are part of the sol-gel formation [53].

2.2.1 Synthesis of CdS NPs by sol-gel method

Cadmium acetate (Cd(CHsCOO)22H20), diaminobenzene, thioacetamide (CH3CSNH2),
and deionized water acted as the main reagents in the synthesis process. A low reaction
temperature chemical extraction technique was used to synthesize CdS nanoparticles. First,
2.66 grams (10 mmol) of cadmium acetate hydrate and 2.16 grams (20 mmol) of
diaminobenzene were dissolved in deionized water and stirred on a magnetic stirrer for 4 h.
Then, 1.52 grams (20 mmol) of thioacetamide was added to the solution, and the mixture was
stirred with a magnetic stirrer for an additional 4 hours. During the reaction, the color of the
solution turned light yellow, indicating the formation of CdS nanoparticles, and a
homogeneous solution was obtained. After stirring with a magnetic stirrer for 4 h, the
resulting precipitate was separated by centrifugation at 3000 rpm. The obtained precipitate
was washed several times with deionized water and then subjected to a drying time of 2 h.
To prepare CdS, deionized water was boiled, continuously sprayed in an ice bath, and then
cooled to room temperature. This rigorous purification process ensured the quality of the
solvent used in CdS synthesis. The average diameter of the synthesized CdS nanoparticles
was determined to be 40 nm [54].

2.2.2 Synthesis of ZnS NPs by sol-gel method

Deionized water was used as a solvent in the experiment. Zinc acetate
Zn(CHs:COO)22H20 (2.194 g) and Na:5-9H2O (4.8038 g) were dissolved separately in
deionized water. The two solutions were then mixed and stirred at room temperature for 15
min. The mixture was heated to 80°C on a magnetic stirrer while maintaining a constant
stirring speed. Within 10 minutes, a gel was formed, indicating the initial stage of the
reaction. The resulting viscous gel was dried in an oven at 60°C for 10 hours to remove
excess water. The dried powder was then subjected to further thermal treatment at 300°C,
400°C, 500°C and 600°C, respectively, to obtain the final product. The size of the obtained
ZnS particles with a cubic structure varies between 15-24 nm [55,56].

2.3 Synthesis of CdS and ZnS NPs by gas-liquid phase method.

Obtaining nanoparticles in a gas-liquid environment with the presence of a vacuum and
an inert gas environment causes them to be cleaner than other chemical methods. It is
possible to control the particle sizes and their parameters by controlling the pressure of the
vacuum and the inert gas entering, as well as the temperature [57,58].
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2.3.1 Synthesis of CdS NPs by gas-liquid phase method.

The reaction is carried out using a suitable Schlenk line apparatus under a nitrogen
atmosphere. The device is provided with an inert gas environment (nitrogen) and vacuum.
The reaction flask is heated through a hot oil bath to obtain the temperature. A description of
the synthesis process is shown in Figure 1.

1 mM cadmium nitrate is poured into a three-necked flask and heated to 140°C with 15
ml of oleylamine (CisHs7N) added to form the Cd-oleylamine complex. The transparent color
of the solution confirms the formation of a metal complex. Then the temperature is raised to
160°C and the reaction temperature for this reaction is 160°C. After reaching the reaction
temperature, HaS gas is introduced into the metal complex solution. HaS gas is obtained from
the thermal treatment reaction of FeS with HCl. When H:S gas is introduced into the flask,
the color of the solution starts to change from colorless to light yellow. Short-core detonation
occurs through supersaturation of the precursor to limit the particle size. After 10 minutes of
H:S, the reaction is stopped by removing the flask from the heating mantle. After that, the
reaction mixture is cooled to 100 °C and the necessary amount of chloroform is added to
remove the unreacted oleylamine. After the addition of ethanol, the yellow product is
precipitated and centrifuged 5 times at 6000 rpm for 5 minutes each time. The purified and
centrifuged yellow powder was dried under a vacuum at 70°C. The same reaction is carried
out at 200°C and 240°C, respectively, and to measure the use of the samples in solar panels,
their photovoltaic parameters were compared, and it was revealed that the samples taken at
200 and 240 degrees had higher charge carrying capacity [59,60].
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Figure 1. Description of the synthesis process of CdS NPs.

2.3.2 Synthesis of ZnS NPs by gas-liquid phase method

ZnO plates are used as a source of Zn in the production of ZnS in the liquid-vapor
phase. ZnO is sulphided using supercritical fluids H2S and H:S5/H:0 under appropriate
temperature and pressure in a special facility. The main part of the device has an internal
diameter of 1.7 cm; and is a stainless steel tubular reactor with volume V = 57 cm?3. The
reactor includes high-pressure vessels for introducing H2S (V =49 cm?®) and H20O (V =420 cm?
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), a part for cooling precursors with liquid nitrogen, and a vessel for collecting products (V =
3.2 dm3).

The main parts of the installation of the 12Cr18Nil0Ti reactor: are a nest for products
cooled by liquid nitrogen (V = 35 cm?); a first-stage vacuum pump; mass spectrometer
vacuum unit. The experimental setup is equipped with a computer-based device for pressure
and temperature control. The reactor is heated by external resistance heaters and the
temperature is controlled by software. Temperature is measured with chrome-alumni
thermocouples with an accuracy of +1°C. The pressure is measured by membrane tension
sensors with an accuracy of 0.25% of the measured value [61].

The object of study was zinc plates made of high-purity zinc, high-purity hydrogen
sulfide, and distilled water. It was determined by mass spectrometric analysis of hydrogen
sulfide that it contains 0.9908 and 0.1315 mol.% of CS (carbon mono sulfide) and CS: (carbon
di sulfide) respectively. Saturated hydrogen sulfide vapor in a standard aluminum balloon
(V = 1.5 dm®) was recorded in a pre-vacuum vessel cooled with liquid nitrogen. After
cooling, the pressure of H2S in the vessel was ~35 MPa at room temperature, which provided
the operating pressure in the reactor. Studies show that reaction equipment is sulphided by
supercritical fluid. Therefore, it can be concluded that the structural elements of the reactor
must be sulphided/oxidized with H2S5/H2O supercritical fluid several hours before the
experiment. This allows us to minimize the error when determining the amount of hydrogen
formed during the interaction of zinc plates with HzS and H20O molecules.

A zinc plate of weight m, thickness h, and geometric surface S is placed along the axis of
the reactor in a horizontal position. In this study, to investigate the changes in the parameters
of ZnS as the dimensions change, synthesis was carried out in pots of different sizes. All
procedures, including mechanical cleaning of zinc oxides from the surface of the plates, their
weighing, and loading into the reactor, were carried out under an N: atmosphere. All
volumes were evacuated with a first-stage vacuum pump before HaS and H2O were injected
into the reactor. Sulphidation/oxidation of zinc was determined by the weight gain of the
plate. The mass was calculated based on the amount of hydrogen produced as a result of the
reaction. The process was carried out at a temperature of 400°C. In the conducted research,
the sulfidation process was carried out by changing the heating time and pressure, and also
with and without water. ZnS obtained in the form of plates leads to obtaining nanoparticles
in the next step with a top-down approach using different methods [62,63].

2.4Synthesis of CdS and ZnS NPs by electrochemical deposition method

During the synthesis by the electrochemical precipitation method, the phenomenon of
accumulation of electrolyte ions on the electrodes occurs with the action of electric current.
The properties of the collected substances depend on the applied voltage, the type of
electrolyte, and also the degree of purity of the substances from which the electrodes are
made. Thus, an electrolyte solution consisting mainly of metal salts or precursors of the
desired nanoparticles is prepared. The choice of electrolyte determines the type of
nanoparticles to be synthesized. The potential difference between the anode and the cathode
leads to the reduction of electrolytes, and as a reduction product, nanoparticles of the
precursors settle on the electrodes. So, first, as metal ions are reduced, nucleation centers are
formed on the surface of the electrode. These cores are then transformed into nanoparticles
by continuous reduction of metal ions [64].
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2.4.1 Synthesis of CdS NPs by electrochemical deposition method

The solution used for electrochemical deposition consists of cadmium fluoride (CdF:)
and sodium fluoride (NaF) dissolved in water. The CdF2 concentration is 1.0 millimolar
(mM) and the NaF concentration is 0.1 molar (M). The pH value of the solution is about 6.2.
Larger cadmium oxide nanocrystals, especially those with radii greater than 30 angstroms,
undergo spontaneous oxidation in solution when the circuit is open. After the oxidation
process, the graphite sheet is removed from the electrolysis unit, washed with ultrapure
water, and placed in a quartz tube. H:S gas flows for 10 minutes over the graphite layer
subjected to thermal treatment at a temperature of 300°C. At this time, the transformation of
cadmium oxide (CdO) nanocrystals into cadmium sulfide (CdS) nanocrystals occurs. The
obtained products are sulfide-coated CdS nanoparticles. The 17-50A sulfur shell (30A) of the
purchased products prevents CdS from agglomerating and helps to maintain its effective
properties [65-67].

2.4.2 Synthesis of ZnS NPs by electrochemical deposition method

Electrolyte solutions were prepared using sodium sulfide and deionized water. Mass
electrosynthesis was carried out by potentiostatic electrolysis in a single-cell unit using a
programmable power supply system. The working electrode consisted of a zinc plate with a
geometric surface area of 2 cm?, and the cathode consisted of a platinum mesh electrode.

Electrochemical synthesis two-electrode electrolysis system (zinc electrode acts as anode
and platinum as cathode). conducted at room temperature (22 +1 °C) in a Pyrex container (V=
400 cm?®). Before electrolysis, platinum and zinc electrodes were cleaned with detergent and
electrochemically polished. During all experiments, electrode types and sizes, electrolysis
time, and temperature were determined. The synthesis was carried out for 30 min at
different applied constant potentials. To collect the product, the solution was filtered and the
resulting precipitate was washed three times with ethanol and then dried at 80 °C for 3 h.

The results of this study show that the preparation of zinc sulfide nanoparticles by
electrolysis is simple, clean, and relatively fast. Furthermore, electrodeposition is a better
option to control the product morphology by changing the electrolysis variables [68].

2.5 Synthesis of CdS and ZnS NPs by biological method

Green synthesis of nanoparticles is an environmentally friendly and sustainable method
used to produce nanoparticles using natural sources such as plants, bacteria, fungi, or other
biological materials, as well as environmentally friendly chemicals. In this context, the term
"green" emphasizes the use of more environmentally friendly methods compared to
traditional nanoparticle synthesis approaches, which often involve the use of toxic chemicals
and high-energy processes [70]. The main aspects of the green synthesis of nanoparticles are
as follows:

1. Biological Resources:

a) Plant extracts: Bioactive compounds present in various parts of plants (leaves, stems,
roots) can serve as both reducing and stabilizing agents in the synthesis of nanoparticles.
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b) Microorganisms: Certain bacteria, fungi, and algae are used for their ability to
produce enzymes or metabolites that facilitate the reduction of metal ions to form
nanoparticles.

c) Other Biological Sources: Natural polymers such as chitosan or proteins can also be
used in the synthesis of nanoparticles.

2. Reducing precursors: Bioactive compounds in the selected biological resource act as
reducing agents to convert metal ions from metal precursors (e.g., metal salts) into metal
nanoparticles.

3. Stabilizers: The same bioactive compounds also act as stabilizers that prevent the
agglomeration of nanoparticles and stabilize the resulting nanomaterial.

4. Easy reaction conditions: Green synthesis methods often occur under mild reaction
conditions, avoiding the need for high temperatures, pressures, or toxic chemicals [71,72].

2.5.1 Synthesis of CdS NPs by biological method

The tea plant was used in the biological synthesis of CdS nanoparticles. A 0.1M
Na:5.H:O solution was prepared in a clear water solution, then the tea solution was slowly
added to this solution with vigorous stirring, and a black tea-colored solution was formed.
Then the prepared 0.1M CdSO4.8H20 solution was added to the above mixture. At this stage,
the solution turned yellow and finally 1M NaOH was added to it to adjust the pH value to
about 11 and a brownish-yellow solution was formed. The resulting solution was
continuously stirred vigorously for 4 hours to obtain a precipitate. The temperature
maintained during the mixing process was 90°C. The precipitate thus obtained was washed
several times with methanol, and the final solution was centrifuged, and dried, and a
brownish-yellow powder was synthesized [73].

2.5.2 Synthesis of ZnS NPs by biological method

Jatropha curcas L. Latex is used for the synthesis of ZnS. The latex of J. curcas L. was
collected early in the morning because the plant has more latex synthesis in the early
morning. Crude latex was obtained by cutting the green stems of J. curcas plants. The milky
white latex was stored at -40 C until further use. All aqueous solutions were prepared in
triple distilled de-ionized water. In a typical reaction mixture, 1 mL of crude latex was
diluted to 300 mL with triple-distilled deionized water to make it 0.3%, and 20 mL of this
latex solution was taken and mixed with 20 mL of 2.5 mM aqueous zinc acetate solution. The
mixture was kept at room temperature (27 °C) with continuous stirring for 24-48 hours using
a magnetic stirrer in a laboratory environment. After 25 hours, the solution was observed to
have a distinct yellowish-brown precipitate at the bottom of the flask. UV-visible spectra and
photoluminescence of ZnS nanoparticles were taken at different time intervals of 25, 30, and
35 hours. After the reaction is complete, the precipitate is washed several times with distilled
water. The final precipitate is dried in a vacuum oven at 50° C for 1 hour. After the formation
of ZnS nanoparticles, the suspension was sonicated to separate particles and one or two
drops of the suspension was placed on porous carbon-coated copper grids and dried in a
drying chamber [74].
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3. Application

Nowadays, the rapid development of industrialization and urbanization results in a
shortage of global energy resources and releases significant amounts of toxic and harmful
chemical pollutants into the environment around us. to solve the aforementioned energy and
environmental crises; thus, great efforts have been made to develop the science and
technology required for sustainable and clean energy production.

Solar energy is the most abundant and clean source and creates artificial photosynthetic
systems that can convert solar energy into energy. chemical fuels are highly desirable.
Among the many proposed technologies, semiconductor photocatalytic technology has been
recognized as one of the most studied solar-fuel strategies to address global energy shortages
and environmental pollution.

On the one hand, semiconductor photocatalytic technology uses solar energy to produce
several valuable chemical fuels, such as hydrogen, from the photocatalytic splitting of water
through the reduction of hydrocarbons and carbon dioxide. On the other hand, the
technology can clean the environment by photocatalytic degradation of various toxic and
harmful chemical pollutants.

Semiconductor photocatalytic technology generally involves the excitation of
photogenerated charge carriers by light photoabsorption, bulk diffusion, and surface
reaction of photogenerated electrons. One of the biggest challenges is how to increase the
efficiency of photocatalytic materials to increase the absorption of excitation light and reduce
the aggregation of conjugated photocarbons. It depends on the properties of the
photocatalytic materials, such as the width of Eg and the crystal structure. In general,
photocatalytic materials, such as titanium dioxide, absorb only ultraviolet light when the E;
of the semiconductor is relatively large. The most suitable conventional semiconductor
photocatalyst, titanium dioxide, has a wide band gap of 3.2 eV, and it can only absorb
ultraviolet light with wavelengths less than 387 nm, which is about 3-5% of the total solar
energy.

The photocatalytic efficiency of titanium dioxide is severely limited under sunlight
irradiation. Conversely, if a semiconductor has a relatively narrow band gap, it can absorb
the vast majority of visible light. As is well known, metal sulfides have a favorable
conduction band position and associated narrow band gap, and thus are used as
photocatalytic materials that respond to visible light [75].

3.1. Application of CdS and ZnS in solar cells

Due to its interesting optoelectronic properties, cadmium sulfide has various
applications, one of which is solar panels. Structurally, CdS structures made using CdS thin
films and CdS composites are used especially as a buffer layer in solar cells, where its
superior optoelectronic properties play an important role in increasing device performance.

One of the distinguishing features of CdS thin films is that they can be precisely tuned
for optical transparency through variations in thickness. An optimized thickness of 120 nm
has been identified for solar cell applications, allowing for higher efficiency levels reaching
an impressive 21%.
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The preparation of CdS thin films has been studied using various chemical and physical
methods. Among these methods, Chemical Vapor Deposition (CVD) is a particularly
promising and cost-effective approach to obtain compact thin films. The preference for CVD
is attributed to its ability to produce a highly compact layer that seamlessly surrounds the
Transparent Conductive Oxide (TCO) layer. This compactness is crucial to ensure efficient
electron transport in the structure of solar panels. Moreover, the choice of CVD is even more
effective with its ability to impart chemical and thermal stability to the cadmium telluride
(CdTe) thin film. This stability is important for the overall robustness and longevity of the
solar cell device. Researchers consistently highlight the effectiveness of this method in
producing high-performance solar cells with the highest efficiency when using CdS thin
films made via CVD. However, the use of cadmium in solar cells is an environmental
concern due to its toxicity. Therefore, CdS is mainly replaced by ZnS and its composites.
Thus, even though it is less toxic, ZnS solar panels may face problems in achieving high
efficiency. Ongoing research is focused on optimizing material properties and device
architecture [76-78].

3.2. Application of CdS and ZnS in photocatalysis

In recent times, they prefer clean energy sources instead of fuel-based energy reserves.
Currently, hydrogen energy is considered the cleanest type of energy in the world. Because
its combustion produces only water vapor. There are different ways to get hydrogen, one of
them is the process of splitting water. This division can be done in different ways. One of
these methods is the electrolysis process. The use of electricity during electrolysis is one of
the main disadvantages of this method. The next process is the photocatalysis process.
During photocatalysis, light rays are used as a catalyst. The electrons of the substance that
absorbs light rays pass from the valence band to the conduction band and generate an
electron-hole pair. The resulting electrons and holes participate in redox (reduction-
oxidation) reactions with water or other molecules adsorbed on the surface of the
photocatalyst [79-81].

2H20 +2e—H:+20H" (4)
2H:0—O0x+4H4e~ (5)

Electrons can reduce certain compounds in reactions. Light rays can be absorbed only by
compounds whose forbidden zone width is equal to the energy of UV and visible light rays.
These are mainly semiconductor materials. In general, when the E; of the semiconductor is
relatively large (Eg < 3.0 eV), photocatalytic materials, such as titanium dioxide, can only
absorb ultraviolet light. The most suitable traditional semiconductor photocatalyst, titanium
dioxide, has a wide bandgap of 3.2 eV, and it can only accept ultraviolet light with a
wavelength of less than 387 nm, which is about 3-5% of the total solar energy. Conversely, if
the bandgap length of a semiconductor is relatively narrow (Eg < 3.0 eV), it can absorb the
vast majority of visible light. As is well known, metal sulfides have a favorable conduction
band position and associated narrow bandgap, and thus are used as visible light-responsive
photocatalytic materials. Cadmium sulfide, a visible-light-responsive photocatalyst with a
band gap of 2.4 eV, is one of the best semiconductors photocatalysts among various sulfides
for photocatalytic H2 production [82].
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CdS has two negative aspects. First, since CdS nanoparticles are usually chemically
active, they are subject to processes such as oxidation and photo corrosion, which negatively
affect the quality of photocatalysis. Therefore, creating binary CdS-based nanocomposites,
that is, combining CdS photocatalysts with other catalysts, is considered an attractive
strategy for photocatalytic hydrogen production. Therefore, many studies have been
conducted on CdS/ZnO nanocomposites, CdS/TiO2 nanocomposites, binary CdS/graphene
nanocomposites, and other binary CdS-based photocatalytic materials [83].

The second is its toxic property, which can be overcome by surfactants and surface
modifications. Also, due to this deficiency of CdS, it is replaced by ZnS during use. Thus,
ZnS has many advantages such as excellent charge-carrying properties (reduced carrier
scattering and recombination), essentially n-type semiconductor, good thermal stability,
toxicity, water insolubility, and relatively cheap price. Let's pay attention to the role of these
structures in the photocatalysis process.

ZnS nanostructures are interesting objects for catalytic activities due to their excellent
chemical stability against oxidation and hydrolysis. In addition, ZnS is abundant and non-
toxic. Therefore, ZnS can play an important role as a catalyst in environmental protection by
removing organic and toxic pollutants from water. ZnS has been used as a semiconductor
photocatalyst for photoreduction dehalogenation of halogenated benzene derivatives,
photocatalytic degradation of water pollutants, and photocatalytic reduction of toxic metal
ions. In addition, recently ZnS photocatalyst also exhibited high activity for photocatalytic H>
production.

The ZnS photocatalyst exhibits high activity for photocatalytic H2 production even
without any cocatalyst such as Pt. Doping foreign elements into ZnS is one of the strategies
used to modify its electronic structure and prepare visible light-responsive materials due to
their large Eg of 3.66 eV. The conducted studies show that hydrogen production increases by
photocatalysis from materials obtained by doping the surface of ZnS with metals such as Cu
Bi Pt. To explain the mechanism of addition, let's focus on the stages of the catalysis process.
In general, the semiconductor photocatalytic cycle consists of three stages. In the first step,
illumination causes electrons to move from the valence band to the conduction band, leaving
an equal number of vacancies (holes). Excited electrons and holes migrate to the surface.
They then react with absorbed electron donors (D) and electron acceptors (A), respectively.
In the second stage, most of the electron-hole pairs recombine, transferring the incoming
energy in the form of heat or emitted light. A commonly used approach to prevent the
recombination of electron-hole pairs is to incorporate co-catalysts such as Pt, Pd, NiO, and
RuO: on the semiconductor surface. The heterojunctions formed between the base
semiconductor and the co-catalyst provide an internal electric field that facilitates the
separation of electrode pairs and results in faster charge transport. Moreover, these co-
catalysts exhibit better conductivity, lower overpotential, and higher catalytic activity than
the parent semiconductor. Therefore, they are often used for the development of
photocatalytic reactions [84,85].

3.3. Application of CdS and ZnS in sensors

In recent years, with the development of industry and increased traffic of internal
combustion engines such as motorcycles and vehicles, air pollution has become serious due
to hazardous exhaust gases such as volatile organic compounds, CO, SOz, H.S NHs, and NOx.
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is a problem related to its harmful effects on plants, aquatic animals and human health.
Therefore, the development of highly sensitive gas sensors for monitoring these toxic gases is
extremely important in terms of improving the quality of the environment and protecting
people from excessive exposure to such hazardous gases. In the past, various metal oxide
semiconductor materials with different morphologies have been investigated for gas sensor
applications. The gas sensor mechanism for semiconducting metal oxides can be attributed
to the change in electrical conductivity caused by the chemical interaction of gas molecules
with the surface of metal oxides. This mechanism mainly involves gas adsorption, charge
transfer, and desorption processes. Typically, after metal oxides come in contact with air,
oxygen molecules are adsorbed on the surface, and ionized oxygen species (O%, or O") are
formed by capturing electrons from the conduction band of the metal oxides. metal oxides
exhibit a high resistance state in air due to the formation of a contact zone. When reductive
gas molecules approach the surface, they react with oxygen species, which results in the
release of electrons into the surface layer of metal oxides. thus, the permeability increases.
Compared to metal oxides, sensors based on ZnS nanostructures exhibit high chemical
stability, but this area has been little explored. ZnS is also used in the preparation of
humidity and biosensors in ion sensors [86].

The unique properties of structures based on cadmium sulfide (CdS) nanoparticles are
currently used for various sensor applications. CdS/CdTe heterostructure devices were
fabricated using the RF sputter deposition method in nanoparticle research. These devices
exhibited effective electrical resistivity higher than 10° Ohm-cm for CdS and 10° Ohm-cm for
CdTe thin films. These heterojunction devices are specifically designed for X-ray imaging
sensors, demonstrating their potential in high-performance applications. In addition, CdS
and CdSe sensors for oxygen gas detection were investigated with different fabrication
methods. For CdS, electrohydrodynamic sputtering was applied, while CdSe was thermally
evaporated. Analysis of these sensors included X-ray and photoelectron Spectroscopy
measurements, which revealed important insights. The shift in communication energy was
observed to vary in response to the chemical nature of the oxygen radicals, which provides
valuable information on the sensitivity and selectivity of the sensors to different oxygen
species. These advances highlight the versatility of CdS-based structures in sensor
technology, with applications ranging from high-resistance X-ray imaging sensors to oxygen
gas sensors. The tailored properties of CdS nanoparticles and their integration into
heterostructure devices demonstrate their potential to address specific sensing needs, and
ongoing research in this area continues to explore new approaches and applications [87-90].

In some studies, CdS-based sensors have been compared with other commonly used
sensors to explain their properties. CdS-based sensors are fabricated by a fabrication process
involving the deposition of partially crystalline CdS powder from an aqueous suspension
onto an alumina substrate. These deposited layers are reinforced with catalysts from
platinum (Pt) group metals. The sensors have demonstrated significant sensitivity to
different gas molecules when modulated by light of specific frequencies. The degree of
sensitivity depended on the catalyst and the concentration of impurities. The properties of
these sensors, including dark resistance and photosensitivity, were thoroughly investigated
for various parameters such as gas concentration, sensor temperature, and frequency of
modulating light. A recent advance in sensor technology involved the development of a new
fiber-optic surface plasmon resonance sensor. This sensor has metal semiconductor core
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nanocomposite layers composed of CdS, PbS, ZnO, and CdSe. The performance of the sensor
was systematically investigated concerning various metals and evaluations were made based
on sensitivity and signal-to-noise ratio. Comparisons were made with an Au-SiO: surface
plasmon resonance sensor. In addition, UV sensors were fabricated using high-resistivity
CdS and ZnSe layers grown on the CdS surface. These UV sensors exhibited high quantum
efficiency. Thin films of CdS (from 30 to 200 nm) and CdSe (from 10 to 100 nm) were
involved in the preparation of nano and microcrystalline sensors by physical vapor
deposition. The thin films exhibited crystallite sizes of 8 nm, and CdS photoconductive
devices were observed to be more sensitive to various substances including water, ethanol,
ammonia, acetone, and iodine compared to CdSe photoconductive sensors [91-93].

3.4. Application of CdS and ZnS in bionanotechnology

By combining the engineering of biomolecules with nanoscale materials, the
development of hybrid materials becomes possible. These hybrids combine the intrinsic
properties of biomaterials with the exceptional optoelectronic and catalytic properties of
nanoscale materials to offer novel optimized recognition and response-enhancing properties.

Significant progress has been made in the use of CdS nanomaterials for various
biological applications. In particular, microscopic sensing devices have been successfully
developed using fluorescent nanoparticles that can precisely attach to biological molecules.
Recent advances include the development of nanoparticles composed of CdS and silicon
dioxide, capped with polymer chains containing biotin at the ends. This innovative approach
demonstrates the integration of multiple materials, each with unique properties, to create
hybrid structures with enhanced functionality for biological research and detection
applications [94-96].

The synergistic combination of CdS nanomaterials with biological objects opens up
possibilities for the development of advanced biosensors, diagnostic tools, and other
bioanalytical devices. The reported developments demonstrate the potential to exploit the
unique properties of nanoscale materials to enhance the performance and versatility of
biological applications. Ongoing research in this area continues to explore new combinations
of materials and innovative engineering approaches to further advance the capabilities of
hybrid nanomaterial-bioentity systems.

For example, sulfur-containing nanomaterials possess nanometric scale, water
dispersibility, excellent catalytic activity, conductivity, biosafety, photoactivity, and
fascinating optical properties, which make them useful in various biosensing applications.
Metal sulfide nanomaterials have been used as photoactive materials in biosensing systems
to generate light-excited photocurrent [97].

CdS QDs outperform conventional fluorescent materials due to their photostability and
wide range of excitation wavelengths. CdS NPs are the most promising nanomaterials for
coating electrodes because they have outstanding photocatalytic activity, significant band
gap, and high electrical conductivity. Sulfur-containing QDs can stably bind to biomolecules
due to their functional groups (eg, amine, carboxyl, and sulfhydryl groups), which act as
common reaction sites in biological systems. The toxic properties of CdS nanoparticles are
their biggest drawback and also enable their use in medicine. The positive charge of CdS
NPs changes the internal structure of bacterial cells and creates an electrostatic interaction
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with the negatively charged proteins on their surface as they pass through the membrane.
When thiol groups in proteins interact with ions released from NPs, ROS are generated,
which disrupt cell structure and subsequently cell function. After binding CdS NPs to the
protein layer, inhibition of active transport, dehydrogenase, and enzymatic activity occurs in
the periplasmic zone, thus inhibiting the synthesis of DNA, RNA, and proteins, followed by
cell lysis. The scientists' research shows that CdS NPs showed greater antibacterial and
antifungal activity than conventional drugs when tested against several food pathogens,
including Pseudomonas aeruginosa, Bacillus licheniformis, Escherichia coli and Aspergillus
flavus [98-100].

CdS NPs vary in toxicity depending on their size, chemical composition, and coating.
NPs are thought to have high cytotoxic potential due to their unique properties such as small
size, high surface-to-volume ratio, and gradual release capabilities. Cell death can occur due
to the generation of reactive oxygen species (ROS) or the release of internal cadmium ion
(Cd*?) from CdS NPs into the cellular environment. Surface oxidation of CdS NPs leads to the
release of cadmium ions from CdS NPs into the cellular environment. Based on this
property, it is used in the preparation of drugs for the destruction of cancer cells [101]

Conclusion

In conclusion, the polymorphism observed in ZnS and CdS, particularly in their
hexagonal and cubic crystal structures, plays a pivotal role in determining their electronic
and optical properties. The band gap, emerges as a critical parameter impacted by the crystal
structure, showcasing distinctive behaviors in the two materials. Notably, ZnS exhibits a
larger band gap in its hexagonal form compared to the cubic structure, whereas CdS
nanoparticles display an increased band gap in the hexagonal structure relative to their cubic
counterparts

The significance of this polymorphism is further underscored by the intricate
relationship between material dimensions and properties. As evidenced by various research
studies, the synthesis methods employed exert a profound influence on the size and
morphology of ZnS and CdS nanoparticles. Quantum confinement effects come into play,
elucidating the variation in band gaps as a consequence of nanoparticle size. This dynamic
interplay between crystal structure and dimensionality not only enhances our fundamental
understanding of these materials but also expands the range of potential applications.

The conducted studies collectively underscore the versatility of ZnS and CdS, presenting
opportunities to tailor their properties for specific applications by manipulating their crystal
structure and dimensions. The diverse range of properties that evolve with changing
dimensions, such as band gap modulation, positions these materials as promising candidates
across multiple technological domains. This review contributes to the burgeoning field of
semiconductor nanomaterials, fostering a deeper appreciation for the intricate relationship
between crystallography, synthesis methods, and the resultant properties of ZnS and CdS.
The insights gleaned from this exploration pave the way for future advancements and
applications in areas such as optoelectronics, sensors, and catalysis.

73



Zeynab Addayeva Ramazan, Mahammad Baghir Baghirov

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

REFERENCE

Prabhu, R. R, & Khadar, M. A. (2005). Characterization of chemically synthesized CdS nanoparticles.
Pramana, 65, 801-807.

Sivasubramanian, V., Arora, A. K., Premila, M., Sundar, C. S., & Sastry, V. S. (2006). Optical properties of
CdS nanoparticles upon annealing. Physica E: Low-dimensional Systems and Nanostructures, 31(1), 93-98.

Rao, B. S.,, Kumar, B. R, Reddy, V. R, Rao, T. S., & Chalapathi, G. ]J. C. L. (2011). Preparation and
characterization of CdS nanoparticles by chemical co-precipitation technique. Chalcogenide Lett, 8(3), 177-
185.

Chandra, B. P., Chandra, V. K,, & Jha, P. (2015). Luminescence of II-VI semiconductor nanoparticles. Solid
State Phenomena, 222, 1-65.

Singh, V., Sharma, P. K., & Chauhan, P. (2011). Synthesis of CdS nanoparticles with enhanced optical
properties. Materials Characterization, 62(1), 43-52.

Jacak, L., Hawrylak, P., & Wojs, A. (2013). Quantum dots. Springer Science & Business Media.

Qutub, N., & Sabir, S. (2012). Optical, thermal, and structural properties of CdS quantum dots synthesized

by a simple chemical route. International Journal of Nanoscience and Nanotechnology, 8(2), 111-120.,

Subila, K. B., Kishore Kumar, G., Shivaprasad, S. M., & George Thomas, K. (2013). Luminescence properties
of CdSe quantum dots: role of crystal structure and surface composition. The Journal of Physical Chemistry
Letters, 4(16), 2774-2779.

Firsov, D., Vorobjev, L., Panevin, V., Fedosov, N., Shalygin, V., Samsonenko, J., ... & Werner, P. (2005). Light
absorption and photoluminescence in quantum dots and artificial molecules. Acta Physica Polonica A,
107(1), 158-162.

Ahamad, T., Majeed Khan, M. A,, Kumar, S., Ahamed, M., Shahabuddin, M., & Alhazaa, A. N. (2016). CdS
quantum dots: growth, microstructural, optical, and electrical characteristics. Applied Physics B, 122, 1-8.
Lakowicz, J. R., Gryczynski, I, Gryczynski, Z., & Murphy, C. J. (1999). Luminescence spectral properties of
CdS nanoparticles. The Journal of Physical Chemistry B, 103(36), 7613-7620.

Ekimov, A. I, Efros, A. L., & Onushchenko, A. A. (1985). Quantum size effect in semiconductor
microcrystals. Solid State Communications, 56(11), 921-924.

Jassim, S., Abbas, A., AL-Shakban, M., & Ahmed, L. (2021). Chemical Vapour Deposition of CdS Thin Films
at Low Temperatures from Cadmium Ethyl Xanthate. Egyptian Journal of Chemistry, 64(5), 2533-2538.

Nan, W,, Niu, Y., Qin, H,, Cui, F,, Yang, Y., Lai, R,, ... & Peng, X. (2012). Crystal structure control of zinc-
blende CdSe/CdS core/shell nanocrystals: synthesis and structure-dependent optical properties. Journal of
the American Chemical Society, 134(48), 19685-19693.

Furey, W. F.,, Robbins, A. H., Clancy, L. L., Winge, D. R., Wang, B. C., & Stout, C. D. (1986). Crystal structure
of Cd, Zn metallothionein. Science, 231(4739), 704-710

Xiong, Y., Zhang, ., Huang, F., Ren, G,, Liu, W., Li, D,, ... & Lin, Z. (2008). Growth and phase-transformation
mechanisms of nanocrystalline CdS in Na2S solution. The Journal of Physical Chemistry C, 112(25), 9229-
9233.

Hullavarad, N. V., Hullavarad, S. S., & Karulkar, P. C. (2008). Cadmium sulfide (CdS) nanotechnology:
synthesis and applications. Journal of nanoscience and nanotechnology, 8(7), 3272-3299.

Warner, J. H, & Tilley, R. D. (2005). Synthesis and Self-Assembly of Triangular and Hexagonal CdS
Nanocrystals. Advanced Materials, 17(24), 2997-3001.

Soltani, N., Gharibshahi, E., & Saion, E. (2012). Band gap of cubic and hexagonal cds quantum dots-
experimental and theoretical studies. Chalcogenide Lett, 9(7), 321-328.

Yong, K. T.,, Sahoo, Y., Swihart, M. T., & Prasad, P. N. (2007). Shape control of CdS nanocrystals in one-pot
synthesis. The Journal of Physical Chemistry C, 111(6), 2447-2458.

Ballentyne, D. W. G., & Ray, B. (1961). Electroluminescence and crystal structure in the alloys system ZnS-
CdS. Physica, 27(3), 337-341.

Suresh, S. (2014). Studies on the dielectric properties of CdS nanoparticles. Applied Nanoscience, 4, 325-329.

74



Properties, Synthesis Methods, and Application of Semiconductor Chalcogenides CDS and ZNS Nanoparticles

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44.

Li, F, Bi, W, Kong, T., Wang, C., Li, Z., & Huang, X. (2009). Effect of sulfur sources on the crystal structure,
morphology, and luminescence of CdS nanocrystals prepared by a solvothermal method. Journal of alloys
and compounds, 479(1-2), 707-710.

Jamali, S., SAEIVAR, I. Z. E., & Farjami, S. S. (2007). Synthesis, optical, and structural characterization of CdS
nanoparticles.

Hao, E., Sun, H., Zhou, Z,, Liu, J., Yang, B., & Shen, J. (1999). Synthesis and optical properties of CdSe and
CdSe/CdS nanoparticles. Chemistry of materials, 11(11), 3096-3102.,

Vacassy, R., Scholz, S. M., Dutta, J., Plummer, C. J. G., Houriet, R., & Hofmann, H. (1998). Synthesis of
controlled spherical zinc sulfide particles by precipitation from homogeneous solutions. Journal of the
American Ceramic Society, 81(10), 2699-2705.

Mehmood, R. Y., Afsar, M. F., Jamil, A., Fareed, S., Siddique, F., Bhatti, M. H,, ... & Rafiq, M. A. (2021). Study
of electric conduction mechanisms, dielectric relaxation behavior, and density of states in zinc sulfide
nanoparticles. Journal of Taibah University for Science, 15(1), 1144-1155.

Woods-Robinson, R., Han, Y., Zhang, H., Ablekim, T., Khan, I, Persson, K. A., & Zakutayev, A. (2020). Wide
band gap chalcogenide semiconductors. Chemical Reviews, 120(9), 4007-4055.

HURMA, Tiilay. Structural and optical properties of nanocrystalline ZnS and ZnS: Al films. Journal of
Molecular Structure, 2018, 1161: 279-284.

Bhushan, M., Jha, R., & Bhardwaj, R. (2019). Reduced band gap and diffusion controlled spherical n-type
ZnS nanoparticles for absorption of UV-Vis region of the solar spectrum. Journal of Physics and Chemistry
of Solids, 135, 109021.

Fang, X., Zhai, T., Gautam, U. K,, Li, L., Wu, L., Bando, Y., & Golberg, D. (2011). ZnS nanostructures: from
synthesis to applications. Progress in Materials Science, 56(2), 175-287.

Kole, A. K., & Kumbhakar, P. (2012). Cubic-to-hexagonal phase transition and optical properties of
chemically synthesized ZnS nanocrystals. Results in physics, 2, 150-155.

La Porta, F. A., Andres, J., Li, M. S.,, Sambrano, J. R., Varela, J. A., & Longo, E. (2014). Zinc blende versus
wurtzite ZnS nanoparticles: control of the phase and optical properties by tetrabutylammonium hydroxide.
Physical Chemistry Chemical Physics, 16(37), 20127-20137.

Saravanan, R. S. S., Pukazhselvan, D., & Mahadevan, C. K. (2012). Studies on the synthesis of cubic ZnS
quantum dots, capping, and optical-electrical characteristics. Journal of alloys and compounds, 517, 139-
148.,

Kaur, N., Kaur, S., Singh, J., & Rawat, M. (2016). A review on zinc sulfide nanoparticles: from synthesis,
properties to applications. ] Bioelectron Nanotechnol, 1(1), 1-5.

La Porta, F. A, Ferrer, M. M., De Santana, Y. V., Raubach, C. W., Longo, V. M., Sambrano, ]J. R., ... & Varela, J.
A. (2013). Synthesis of wurtzite ZnS nanoparticles using the microwave-assisted solvothermal method.
Journal of Alloys and Compounds, 556, 153-159.

Li, S., & Yang, G. W. (2010). Phase transition of II-VI semiconductor nanocrystals. The Journal of Physical
Chemistry C, 114(35), 15054-15060.

Wang, Z., Daemen, L. L., Zhao, Y., Zha, C. S., Downs, R. T., Wang, X,, ... & Hemley, R. J. (2005). Morphology-
tuned wurtzite-type ZnS nanobelts. Nature materials, 4(12), 922-927

Kozhevnikova, N. S., Vorokh, A. S., & Rempel’, A. A. (2010). Preparation of stable colloidal solution of
cadmium sulfide CdS using ethylenediaminetetraacetic acid. Russian Journal of General Chemistry, 80, 391-
394.

Borah, J. P.,, Barman, J., & Sarma, K. C. (2008). Structural and optical properties of ZnS nanoparticles.
Chalcogenide Lett, 5(9), 201-208.

Dalei, K. (2014). Synthesis and characterization of cadmium sulfide nanoparticles and their utilization in the
removal of cadmium from aqueous solution (Doctoral dissertation).

Raghavan, U. (2011). Using aqueous foams to synthesize cadmium sulfide nanoclusters.

Regmi, A., Basnet, Y., Bhattarai, S., & Gautam, S. K. (2023). Cadmium Sulfide Nanoparticles: Synthesis,
Characterization, and Antimicrobial Study. Journal of Nanomaterials, 2023.

Carrillo, A. (2018). Low-temperature synthesis of CdS and ZnS nanoparticles by solution method using an
anionic surfactant. Instituto de Ingenieria y Tecnologia.

75



Zeynab Addayeva Ramazan, Mahammad Baghir Baghirov

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.
61.

62.

63.

64.
65.

66.

Yu, W. W,, & Peng, X. (2002). Formation of high-quality CdS and other II-VI semiconductor nanocrystals in
noncoordinating solvents: tunable reactivity of monomers. Angewandte Chemie International Edition,
41(13), 2368-2371.

Wan, Z., Yang, H.,, Luan, W., Tu, S. T., & Zhou, X. (2010). Facile synthesis of monodisperse CdS nanocrystals
via micro reaction. Nanoscale Research Letters, 5, 130-137.

Haggata, S. W., Li, X., Cole-Hamilton, D. J., & Fryer, J. R. (1996). Synthesis and characterization of II-VII
semiconductor nanoparticles by the reaction of a metal alkyl polymer adduct with hydrogen sulfide. Journal
of Materials Chemistry, 6(11), 1771-1780.

Uzar, N., & Arikan, M. C. (2011). Synthesis and investigation of optical properties of ZnS nanostructures.
Bulletin of Materials Science, 34, 287-292.

Dewi, R. P., Nurdiana, A., Astuti, L., Ragadita, R., & Nandiyanto, A. B. D. (2021). Synthesis of Zinc Sulfide
Nanoparticles by Various Methods. Arabian Journal of Chemical and Environmental Research, 8(02), 355-
371.

Hamed, Z. H, Ahmed, K. E. A, & Elsheikh, H. A. (2021). Synthesis and characterization of ZnS
nanoparticles by chemical precipitation method. Aswan University Journal of Environmental Studies, 2(2),
147-154.

Suresh, S. (2013). Synthesis, structural, and dielectric properties of zinc sulfide nanoparticles. International
Journal of Physical Sciences, 8(21), 1121-1127.

Li, G, Zhai, ], Li, D., Fang, X,, Jiang, H., Dong, Q., & Wang, E. (2010). One-pot synthesis of monodispersed
ZnS nanospheres with high antibacterial activity. Journal of Materials Chemistry, 20(41), 9215-9219.
Ummartyotin, S., & Infahsaeng, Y. (2016). A comprehensive review on ZnS: From synthesis to an approach
on solar cell. Renewable and Sustainable Energy Reviews, 55, 17-24.

Sonker, R. K., Yadav, B. C., Gupta, V., & Tomar, M. (2020). Synthesis of CdS nanoparticle by the sol-gel
method as low-temperature NO2 sensor. Materials Chemistry and Physics, 239, 121975.

Abd Al-Zahra, A., & Al-Sammarraie, A. K. M. A. (2022). Synthesis and Characterization of Zinc Sulfide
Nanostructure by Sol-Gel Method. Chemical Methodologies, 6(1), 67-73. doi: 10.22034/chemm.2022.1.7

Sanchez-Lopez, J. C., Reddy, E. P., Rojas, T. C., Sayagues, M. ], Justo, A., & Fernandez, A. (1999). Preparation
and characterization of CdS and ZnS nanosized particles obtained by the inert gas evaporation method.
Nanostructured Materials, 12(1-4), 459-462

Mazumdar, S., Tamilselvan, M., & Bhattacharyya, A. J. (2015). Optimizing Photovoltaic Response by Tuning
Light-Harvesting Nanocrystal Shape Synthesized Using a Quick Liquid-Gas Phase Reaction. ACS Applied
Materials & Interfaces, 7(51), 28188-28196.

Fuller, E. N., Schettler, P. D., & Giddings, ]. C. (1966). New method for prediction of binary gas-phase
diffusion coefficients. Industrial & Engineering Chemistry, 58(5), 18-27.

Husain, S., & Haryanti, N. H. (2021, February). Synthesize of CdS nanoparticles using the liquid-gas method.
In Journal of Physics: Conference Series (Vol. 1816, No. 1, p. 012112). IOP Publishing.

Haryanti, N. H. SYNTHESIZE OF CDS NANOPARTICLES USING LIQUID-GAS METHOD.

Chen, ], Li, Y., Wang, Y., Yun, J., & Cao, D. (2004). Preparation and characterization of zinc sulfide
nanoparticles under a high-gravity environment. Materials Research Bulletin, 39(2), 185-194.

Fedyaeva, O. N., Vostrikov, A. A., Sokol, M. Y., & Shatrova, A. V. (2014). Zinc sulfidation by H2S and
H2S/H20 supercritical fluids: Synthesis of nanoparticles and catalytic effect of water. The Journal of
Supercritical Fluids, 95, 669-676.

Sanchez-Lopez, J. C., Reddy, E. P., Rojas, T. C., Sayagues, M. J., Justo, A., & Fernandez, A. (1999). Preparation
and characterization of CdS and ZnS nanosized particles obtained by the inert gas evaporation method.
Nanostructured Materials, 12(1-4), 459-462.

Paunovic, M., & Schlesinger, M. (2006). Fundamentals of electrochemical deposition. john wiley & sons.

Granot, E., Patolsky, F., & Willner, I. (2004). Electrochemical assembly of a CdS semiconductor nanoparticle
monolayer on surfaces: Structural properties and photoelectrochemical applications. The Journal of Physical
Chemistry B, 108(19), 5875-5881.

Ameen, S, Akhtar, M. S, Kim, Y. S, & Shin, H. S. (2012). Synthesis and electrochemical impedance
properties of CdS nanoparticles decorated polyaniline nanorods. Chemical Engineering Journal, 181, 806-812.

76



Properties, Synthesis Methods, and Application of Semiconductor Chalcogenides CDS and ZNS Nanoparticles

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Yang, Y. J.,, He, L. Y., & Xiang, H. (2006). Electrochemical synthesis of free-standing CdS nanoparticles in
ethylene glycol. Russian Journal of Electrochemistry, 42, 954-958.

Gorer, S., Ganske, J. A, Hemminger, J. C, & Penner, R. M. (1998). Size-selective and epitaxial
electrochemical/chemical synthesis of sulfur-passivated cadmium sulfide nanocrystals on graphite. Journal of
the American Chemical Society, 120(37), 9584-9593.

Rahimi-Nasarabadi, M. (2014). Electrochemical synthesis and characterization of zinc sulfide nanoparticles.
Journal of Nanostructures, 4(2), 211-216.

Hussain, I., Singh, N. B., Singh, A., Singh, H., & Singh, S. C. (2016). Green synthesis of nanoparticles and its
potential application. Biotechnology letters, 38, 545-560.

Gour, A., & Jain, N. K. (2019). Advances in green synthesis of nanoparticles. Artificial cells, nanomedicine, and
biotechnology, 47(1), 844-851.

Rafique, M., Sadaf, 1., Rafique, M. S, & Tahir, M. B. (2017). A review on green synthesis of silver
nanoparticles and their applications. Artificial cells, nanomedicine, and biotechnology, 45(7), 1272-1291.
Dabhane, H., Ghotekar, S., Tambade, P., Pansambal, S., Murthy, H. A., Oza, R,, & Medhane, V. (2021). A
review on environmentally benevolent synthesis of CdS nanoparticle and their applications. Environmental
Chemistry and Ecotoxicology, 3, 209-219.

Hudlikar, M., Joglekar, S, Dhaygude, M. & Kodam, K. (2012). Latex-mediated synthesis of ZnS
nanoparticles: green synthesis approach. Journal of Nanoparticle Research, 14, 1-6.

Coughlan, C., Ibanez, M., Dobrozhan, O., Singh, A., Cabot, A., & Ryan, K. M. (2017). Compound copper
chalcogenide nanocrystals. Chemical Reviews, 117(9), 5865-6109.

Amiri, O., Emadi, H.,, Hosseinpour-Mashkani, S. S. M., Sabet, M., & Rad, M. M. (2014). Simple and
surfactant-free synthesis and characterization of CdS/ZnS core-shell nanoparticles and their application in
the removal of heavy metals from aqueous solution. RSC Advances, 4(21), 10990-10996.

Castillo, R. H., Acosta, M., Riech, I, Santana-Rodriguez, G., Mendez-Gamboa, J., Acosta, C., & Zambrano, M.
(2017). Study of ZnS/CdS structures for solar cell applications. Optik, 148, 95-100.

Reddy, C. V,, Shim, J., & Cho, M. (2017). Synthesis, structural, optical, and photocatalytic properties of
CdS/ZnS core/shell nanoparticles. Journal of Physics and Chemistry of Solids, 103, 209-217.

Soltani, N., Saion, E., Yunus, W. M. M., Erfani, M., Navasery, M., Bahmanrokh, G., & Rezaee, K. (2014).
Enhancement of visible light photocatalytic activity of ZnS and CdS nanoparticles based on organic and
inorganic coating. Applied Surface Science, 290, 440-447.

Fatahi, P., Roy, A., Bahrami, M., & Hoseini, S. ]J. (2018). Visible-light-driven efficient hydrogen production
from CdS nanorods anchored with co-catalysts based on transition metal alloy nanosheets of NiPd, NiZn,
and NiPdZn. ACS Applied Energy Materials, 1(10), 5318-5327.

Reddy, C. V., Shim, J., & Cho, M. (2017). Synthesis, structural, optical, and photocatalytic properties of
CdS/ZnS core/shell nanoparticles. Journal of Physics and Chemistry of Solids, 103, 209-217.

Khodamorady, M., & Bahrami, K. (2023). A novel ZnS-CdS nanocomposite as a visible active photocatalyst
for degradation of synthetic and real wastewaters. Scientific Reports, 13(1), 2177.

Cheng, L., Xiang, Q., Liao, Y., & Zhang, H. (2018). CdS-based photocatalysts. Energy & Environmental
Science, 11(6), 1362-1391.

Hoang, A. T., Pandey, A., Chen, W. H., Ahmed, S. F., Nizetic, S., Ng, K. H,, ... & Nguyen, X. P. (2023).
Hydrogen production by water splitting with the support of metal and carbon-based photocatalysts. ACS
Sustainable Chemistry & Engineering, 11(4), 1221-1252.

P4ll, B., Mersel, M. A. Pekker, P., Mak¢, E., Vagvolgyi, V., Németh, M., ... & Horvath, O. (2023).
Photocatalytic H2 Production by Visible Light on Cd0. 5Zn0. 5S Photocatalysts Modified with Ni (OH) 2 by
Impregnation Method. International Journal of Molecular Sciences, 24(12), 9802.

Bai, X, Zhang, Y., Gao, W., Zhao, D., Yang, D., & Jia, N. (2020). Hollow ZnS-CdS nanocage-based
photoelectrochemical sensor combined with molecular imprinting technology for sensitive detection of
oxytetracycline. Biosensors and Bioelectronics, 168, 112522.

Borgohain, R., Boruah, P. K., & Baruah, S. (2016). Heavy-metal ion sensor using chitosan-capped ZnS
quantum dots. Sensors and Actuators B: Chemical, 226, 534-539.

77



Zeynab Addayeva Ramazan, Mahammad Baghir Baghirov

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Prokopenko, S. L., Gunya, G. M., Makhno, S. M., & Gorbyk, P. P. (2017). Room-temperature gas sensor based
on semiconductor nanoscale heterostructures ZnS/CdS. Ximis1, gisnka Ta TexHoaoris mosepxHi, (8, No 4), 432-
438.

Navale, S. T., Mane, A. T., Chougule, M. A, Shinde, N. M., Kim, J., & Patil, V. B. (2014). Highly selective and
sensitive CdS thin film sensors for detection of NO 2 gas. RSC Advances, 4(84), 44547-44554.

Tanne, J., Schafer, D., Khalid, W., Parak, W. J., & Lisdat, F. (2011). Light-controlled bioelectrochemical sensor
based on CdSe/ZnS quantum dots. Analytical chemistry, 83(20), 7778-7785.

Zhang, L., Dong, R., Zhu, Z., & Wang, S. (2017). Au nanoparticles decorated ZnS hollow spheres for highly
improved gas sensor performances. Sensors and Actuators B: Chemical, 245, 112-121.

Willoughby, A., Capper, P, & Kasap, S. Wiley Series in Materials for Electronic and Optoelectronic
Applications.

Yadava, L., Verma, R., & Dwivedi, R. (2010). Sensing properties of CdS-doped tin oxide thick film gas sensor.
Sensors and Actuators B: Chemical, 144(1), 37-42.

Mahle, R., Kumbhakar, P., Nayar, D., Narayanan, T. N., Sadasivuni, K. K., Tiwary, C. S., & Banerjee, R.
(2021). Current advances in bio-fabricated quantum dots emphasize the study of mechanisms to diversify
their catalytic and biomedical applications. Dalton Transactions, 50(40), 14062-14080

Athinarayanan, J., Periasamy, V. S., & Alshatwi, A. A. (2020). Simultaneous fabrication of carbon nanodots
and hydroxyapatite nanoparticles from fish scale for biomedical applications. Materials Science and
Engineering: C, 117, 111313.

Ehtesabi, H., Hallaji, Z., Najafi Nobar, S., & Bagheri, Z. (2020). Carbon dots with pH-responsive fluorescence:
a review on synthesis and cell biological applications. Microchimica Acta, 187, 1-18.

Kaur, J., Saxena, M., & Rishi, N. (2021). An overview of recent advances in biomedical applications of click
chemistry. Bioconjugate Chemistry, 32(8), 1455-1471.

Wang, J., & Qiu, J. (2016). A review of carbon dots in biological applications. Journal of materials science, 51,
4728-4738.

Ghasempour, A., Dehghan, H., Ataece, M., Chen, B., Zhao, Z., Sedighi, M., ... & Shahbazi, M. A. (2023).
Cadmium Sulfide Nanoparticles: Preparation, Characterization, and Biomedical Applications. Molecules,
28(9), 3857.

Li, G, Zhai, |, Li, D., Fang, X,, Jiang, H., Dong, Q., & Wang, E. (2010). One-pot synthesis of monodispersed
ZnS nanospheres with high antibacterial activity. Journal of Materials Chemistry, 20(41), 9215-9219.
Swartjes, J. J., Sharma, P. K., Kooten, T., van der Mei, H. C.,, Mahmoudi, M., Busscher, H. J., & Rochford, E. T.
(2015). Current developments in antimicrobial surface coatings for biomedical applications. Current
Medicinal Chemistry, 22(18), 2116-2129.

78



JOURNAL OF BAKU ENGINEERING UNIVERSITY - PHYSICS

2023. Volume 7, Number 2 Pages 79-89

UOT: 537.6/.8
PACS: 75.75.CD; 82.35.NP

RECENT ADVANCES IN THE USE OF POLYMER
NANOCOMPOSITES AS ELECTROMAGNETIC WAVE
SCREENING MATERIALS: A REVIEW

HABIBA SHIRINOVA
Baku State University

Department of Chemical Physics of Nanomaterials
h.shirinova@bk.ru
BAKU, AZERBAIJAN

ABSTRACT

Devices and equipment working based on electromagnetic waves play an important role in all areas of our
daily lives. However, electromagnetic interference can cause serious problems with human health, information
security, etc. One of the main tasks of materials science is the preparation and development of effective materials
that protect against electromagnetic interference. Currently, polymer-based nanocomposite materials have great
potential for shielding electromagnetic waves. The incorporation of magnetic nanoparticles into thermoplastic
polymers also offers an attractive alternative. Devices and equipment that operate on the basis of electromagnetic
waves play an important role in our daily lives. However, electromagnetic interference can cause serious
problems with human health, information security, etc. One of the main tasks of materials science is the
preparation and development of effective materials that protect against electromagnetic interference. Currently,
polymer-based nanocomposite materials have great potential for shielding electromagnetic waves.
Nanocomposites produced by incorporation of magnetic nanoparticles into thermoplastic polymers also should
be highlighted as an attractive alternative. This article provides a review of the literature on the unique properties
of polymer nanocomposites compared to traditional materials used for shielding electromagnetic waves, in
particular the prospects for using magnetic nanoparticles as fillers for these nanocomposites. Meanwhile, the
article also raises remaining open-questions related to the mechanism of shielding of electromagnetic waves by
polymer nanocomposites.

KEY WORDS: polymer nanocomposites, magnetic nanocomposites, electromagnetic interference shielding

INOCAEAHMUE AOCTVIKEHNS B ICITIOAb30OBAHUN ITOAVMMEPHBIX HAHOKOMIIO3UTOB B
KAYECTBE MATEPMA /0B SKPAHVPYIOIIINX DAEKTPOMATHUTHBIE BO/AH: Ob30P

PE3IOME

Ycrpoiictsa 1 06opygoBaHue, paOoTaolIle Ha OCHOBe DAeKTPOMarHUTHBIX BOAH, UTPAIOT BaXKHYIO POAb B
Hallleil IIOBCeAHEBHOM JXM3HN. TeM He MeHee, DAeKTPOMAarHUTHbIE IIOMEXV MOTYT BBI3BaTh CEpPbe3HbIe IIPOOAEMBI
CO 340pOBbEM uel0BeKa, WHPOpManUOHHOI OesomacHOCTBIO M T. A. OJHOM M3 OCHOBHBIX 3ajad
MaTepna/loBeAeHNs SBASETCS IIOATOTOBKa U paspaboTka »(PQeKTUBHBIX MaTepMaloB, 3allMINAoNIMX OT
9/eKTPOMarHUTHBIX ToMeX. B HacTosIee BpeMsl HAHOKOMIIO3UTHBIE MaTepuaAbl Ha OCHOBE II0AMMEPOB MMEIOT
00ABIION IIOTEHLIMAaA AAsd 9SKpaHUPOBaHMS HAeKTPOMAarHMTHBIX BOAH. B KauecTse IIpMBAeKaTeAbHOIN
aAbTepHATUBLl TakXKe CAeAyeT BBIACAUTh HAHOKOMIIO3UTEI, IIOAYYEHHBIE IIyTeM BKAIOUEHMUs MarHUTHBIX
HaHOYaCTUII B TepMOILAacCTIYHbIe TOAMMepPEHL.. B 4aHHOI cTaThe MpeacTaBAeH 0030p AUTepaTyphl 00 YHIKAABHBIX
CBOJICTBaX IOAMMEPHBIX HAHOKOMIIO3UTOB IO CPAaBHEHMIO C TPaAMIMOHHBIMU MaTepualaMM, UCIOAb3YeMBIMU
AAsl DKpaHMPOBaHMSA DAEKTPOMArHMUTHBIX BOAH, B YaCTHOCTM O IIepCIeKTMBaX MCIOAB30BaHMS MarHUTHBIX
HaHOYacTUIL] B KadecTBe HaIlOAHUTeAel AAsd BDTUX HaHOKOMIIO3UTOB. TeM BpemeHeM, B CTaTbhe TaKXKe
IIOAHMMAIOTCSI TeMBI, OCTaBIIIMeCs OTKPBITBIMMY, CBS3aHHBIE C MEXaHM3MOM DKpaHUPOBaHMS DAKTPOMarHUTHBIX
BO/H ITOAVMEPHBIMI HAHOKOMIIO3UTaMI.

KAIOYEBBIE CAOBA: noAumeptnvie HAHOKOMNO3UMbL, MAZHUMHbIE HAHOKOMNO3UMbL, 3aujuma om
INEKMPOMATHUMHBIX HOMEX
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Habiba Shirinova

POLIMER NANOKOMPOZITLORIN ELEKTROMAQNIT DALGALARINA QARSI
EKRANLAYICI KIMI ISTIFADSSINDS SON NAILIYYOTLOR : ICMAL

XULASO

Elektromaqnit dalgalar1 asasinda calisan cihaz ve avadanliglar bizim giindslik heyatimizda vacib rol
oynayir. Buna baxmayaraq, elektromaqnit dalgalarmin yaratdigi kiyler insan saglamligi, informasiya
tohliikasizliyi ve s. ilo bagh ciddi problemlara sobab ola bilor. Materialsiinasligin qarsisinda duran osas
masalalarden biri elektromaqnit kiiylorden qoruya bilen effektiv materiallarin alinmasi va islonmasidir. Hazirda
polimer oasasli nanokompozit materiallar elektromaqnit dalgalarina qars: ekranlasdiricilarin hazirlanmasi {igiin
boyiik potensiala malikdir. Maqnit nanohissaciklorin termoplastik polimerlors daxil edilmesi ilo alinan
nanokompozitlor do colbedici alternativ kimi qeyd edilmalidir. Bu moaqalo elektromaqnit dalgalarim
ekranlagdiran onenavi materiallarla miiqayisede polimer nanokompozitlorin unikal xiisusiyystlorine dair
adabiyyat icmali, xiisusen de bu nanokompozitlar tigiin doldurucu kimi maqnit nanohissaciklerdan istifadenin
perspektivlori toqdim edilmisdir. Eyni zamanda, maqalads elektromaqnit dalgalarinin polimer nanokompozitlor
torafinden ekranlagdirilmasinin mexanizmi ils bagli agiq qalan mévzulara da toxunulmusdur.

ACAR SOZLOR: polimer nanokompozitlar, maqnit nanokompozitlar, elektromaqnit kiiylardon qorunma

1. INTRODUCTION

Electric devices certainly make life easier, however electromagnetic radiation pollutesthe
environment and endangers human health [1]. The diversity of electromagnetic radiation
(EMR) sources is growing. A vast range of frequencies are employed in electromagnetic
radiation [2-3]. It is inevitable that the combined effects of electromagnetic radiation will
have an impact on biological and technical object functionality as well as life activity. The
technique of electromagnetic(EM) shielding involves employing special materials, tools, and
technologies to lower the intensity of electromagnetic waves to a predetermined level [4-7].
Field intensity reduction is required to shield personnel or property from electromagnetic
radiation's effects or to stop information from unintentionally leaking through
electromagnetic radiation [8]. Moreover, semiconductor components [9] and integrated
circuits [10] can be harmed by interference caused by strong fields . In order to ensure
shielding, specific screens that allow radiation to be reflected, absorbed, scattered, or a
combination of these processes can be created [11-14].

Creating shielding systems that protect against electromagnetic radiation is a
challenging and significant task. Finding a complete answer to the problem of EM radiation
protection while maintaining information security is the primary technical requirement
placed on such systems. One of the goals of contemporary material science is to develop new
kinds of materials that can be used as protective coatings against electromagnetic radiation
and guarantee information security [15]. Many materials have been created and used for this
purpose.

2.1. Traditional materials for EMI shielding application

Materials derived from metals and metal alloys were thought to be the most widely used
shielding coatings until today. Electromagnetic interference (EMI) shielding materials based
on metal and metal oxide are frequently used to shield electronic devices from uninvited
electromagnetic radiation [16-18]. Common materials for electromagnetic shielding include
various metals such as iron, copper, chromium, aluminum, brass, nickel, silver, steel, and tin
[19-21]. The physical properties of the metal that influence shielding effectiveness are
conductivity, permeability, thickness, and weight [22-24]. Less conductive metals like steel or
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stainless steel absorb magnetically dominant waves, while highly conductive metals like
copper, silver, and brass reflect electrically dominant waves [25]. Excellent conductivity
makes materials like copper, aluminum, and their alloys useful for EMI shielding [26].

Despite the fact that every material on this list is effective against electromagnetic
radiation, there are a number of restrictions on their use. Their fatal flaws prevented them
from being widely used[26-30].

Metal-based coatings have relatively higher densities. For example, materials made of
steel are heavy because of their high density . It should be also highlighted in particular that
metal-based coatings are not very elastic, corrode easily, that is why it is relatively difficult to
manufacture them for practical use [31-32]. In addition compared to pure metals like copper
or aluminum, some metal alloys may be more costly or difficult to produce [33].

Furthermore, metal coatings are limited to the frequency ranges in which each material
can function. Coatings based on metals are highly electrically conductive. Because of current
dissipations brought on by high electrical conductivity, permeability rapidly decreases at
high frequencies, and their absorption bandwidth is comparatively small [34]. For example,
copper coatings are limited to use as only radiofrequency radiation shields.

2.2.Polymer-based materials as an alternative to metal-based materials for EMI
shielding applications.

Light weight, high shielding, the ability to operate in a wide frequency range, and
multifunctionality are the characteristics of an ideal EM wave absorber [35]. Low densities,
processibility, and even electromagnetic properties of polymers allow them to overcome the
aforementioned issues and aid in the design of the perfect EM wave absorber [36].
Conductive polymers- or carbon-based materials can be used as an alternative to metal-
based materials for eletromagnetic interference shielding applications [37]. Polymer-based
materials have been seen as having great potential as a potential replacement for the listed
methods of protecting against electromagnetic radiation in recent years [38-40]. The
following are some significant benefits of applying polymer-based nanocomposites in this
situation:

- Since polymer-based nanocomposites are naturally light, they can be used in
applications where weight is an important consideration [41-42].

- Design versatility that may be difficult to achieve with conventional metal-based
solutions is provided by polymer-based nanocomposites, which are flexible and
readily molded into a variety of shapes [43-44].

- The electrical conductivity and electromagnetic interference shielding efficacy of
polymer-based nanocomposites can be tailored by manipulating variables such as the
type and portions of nanoparticles incorporated into the polymer matrix [45-46].

- Polymer-based nanocomposites, in contrast to metals, are typically resistant to
corrosion, which makes them appropriate for use in harsh environments [47-48].

- Polymer nanocomposites can effectively shield electromagnetic fields from various
wavelengths of radiation over a wide frequency range [49-50].
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The polymer-based materials utilized for EM shielding can be polymers with conducting
functional groups or polymer composites with special additives [51]. Thermoplastic
polymers are the favored matrix material when using polymer-based composite materials to
create EM shieldings [52-53]. A particular kind of polymer known as a thermoplastic melts to
a soft or liquid state at high temperatures and returns to its original strength upon cooling.
Most of the time, the molecules of thermoplastic polymers have a random arrangement with
a linear or branching structure [54-56]. Temperature affects their physical states, but it has no
effect on the chemical composition of the structure. It is possible to repeat the process of
changing an aggregate's form from hard to soft and back again, but the properties remain
unchanged even after multiple processings. The raw materials are pliable, moldable, and
scalable. Thermoplastic materials offer an unparalleled blend of strength, light weight, and
resistance to corrosion, enabling the partial removal of metal.

It should be mentioned that there is special interest in the research of metal- and metal-
oxide-thermoplastic polymer- based nanocomposite materials for EMI shielding [57].
Specifically, due to their futures like relatively low density, salability in open air conditions,
metal oxides are widely used as conductive additives for thermoplastic polymer in the
preparation of shielding materials against electromagnetic radiation. Nanocomposites
produced by dispersion of the metals or metal-oxide nanoparticles in the thermoplastic
polymer are appealing solutions for EMI-related problems due to their unique properties.
The selection of the nanoparticles [58] and thermoplastic polymer [59], dispersion of the filler
in matrix [60], interphase interaction between components [61] are important parameters
thermoplastic polymer- metal-oxide nanoparticles-based nanocomposites for EMI shielding.
Consistent EMI shielding performance depends on achieving uniform dispersion of metal-
oxide nanoparticles within the polymer matrix. Various metal oxides can be used as
nanoparticles for EMI shielding applications, including iron oxide nanoparticles(thematite (a-
Fe20s) [62] and magnetite (FesOs) [63-66], magnesium Oxide (MgO) [67], tungsten oxide
nanoparticles (WOs) [68], nickel oxide nanoparticles (NiO) [69], cobalt oxide
nanoparticles(CoO) [70], bismuth oxide (Bi2Os) nanoparticles [71].

2.3. Carbon nanotubes-thermoplastic polymer- based nanocomposites for EMI
shielding application

Single or several concentric cylinders made from graphene sheets make up carbon
nanotubes (CNTs). Due to their small diameter and relatively long length CNTs possess a
very high aspect ratio[14]. Furthermore, CNTs have additional advantages such as low
weight high electrical conductivity, and mechanical strength, which make them perfect fillers
for polymer nanocomposites that screen electromagnetic waves [72-73]. Carbon nanotubes
can be single-walled and multi-walled [74]. Electromagnetic interference shielding
applications have demonstrated the potential of both single-walled and multi-walled carbon
nanotubes (SWCNTs and MWCNTs). Since MWCNTs and SWCNTs have distinct
mechanical, thermal, and electrical characteristics, they are both great options for EMI
shielding. SWCNTs can organize into dense networks that efficiently block EM waves at a
variety of frequencies [75]. However, compared to MWCNTs, SWCNTs are often more costly
to make [76]. As fillers in shielding materials, multi-walled carbon nanotubes also
(MWCNTs) have several drawbacks despite their many benefits for EMI shielding [72-76].
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- For MWCNTs to be used effectively in the nanocomposite creation, they must be
uniformly dispersed throughout the matrix without damaging it. However, CNT
dispersion in a polymer matrix is still a challenging process

- While MWCNTs can enhance the mechanical properties of materials when properly
dispersed, their incorporation can also lead to trade-offs in mechanical performance.

- Depending on the needs of the application, high MWCNT concentrations may cause
the material to become more brittle or stiff, which might be undesirable.

2.4. Magnetic nanoparticle-thermoplastic polymer- based nanocomposites for EMI
shielding application

The incorporation of magnetic metal-oxide nanoparticles into thermoplastic polymers
offers an attractive alternative for (EMI) shielding applications requiring both
electromagnetic and magnetic shielding capabilities. Higher perspectives are thought to
apply to magnetic nanocomposites made of submicron-sized ferrite particles as coatings that
absorb high-frequency electromagnetic waves.

An essential component of magnetism is the presence of transition metals and rare
earths with incomplete 3d and 4f shells, respectively [77]. Massive ferromagnets in an
equilibrium (demagnetized) state contain uniformly magnetized areas —domains—separated
by regions with a nonuniform distribution of magnetization —domain walls [78]. If to reduce
the size of the sample, then there comes a moment when its volume can become
commensurate with the equilibrium dimensions of the domains. The main reason for the
appearance of single-domain particles is the fact that as the particle size decreases, the
specific weight of the surface energy of the boundary layers between the domains increases,
and it becomes comparable or even greater than the volumetric energy of the sample. In this
case, the single-domain state becomes energetically more favorable [79]. The effect of
superparamagnetism is the most notable distinction between the magnetic characteristics of
a single-domain nanoparticle and those of a bulk ferromagnet. Superparamagnetism is a
vital future that influences the effectiveness of the magnetic nanoparticles-nanocomposites
for their EMI shielding application [80]. The superparamagnetic characteristics of the
nanoparticle may be used to explain how magnetic nanoparticles interact with
electromagnetic radiation. Particles' magnetic moments, which are in a single-domain
condition, can reverse direction in response to outside stimuli. Even at temperatures below
the Curie or Néel points, superparamagnetic particles exhibit paramagnetic behavior in the
presence of an external magnetic field. Compared to paramagnets, these particles have a
substantially higher magnetic susceptibility. Accordingly, superparamagnetic nanoparticle-
containing nanocomposites have low coercitivity and high magnetic permeability, making
them effective in absorbing electromagnetic radiation.

Ramazanov and his team showed that polymer nanocomposites on the basis of isotactic
polypropylene (PP) and superparamagnetic magnetite (FesOs) nanoparticles are able to
shield ultra-high-electromagnetic-waves (UHEMW) in the frequencies range from 0.1 to 30
GHz [81].

83



Habiba Shirinova

2.5. EMI Shielding Mechanisms

Through a variety of mechanisms, such as electromagnetic wave reflection, absorption,
and scattering, metal-oxide nanoparticles aid in electromagnetic interference shielding. The
overall effectiveness of the shielding is largely dependent on the electrical conductivity,
dielectric characteristics, and interactions of the metal oxides with the polymer matrix. The
shielding efficiency(SE) of the material interacting with electromagnetic waves is determined
as the sum of reflection, re-reflection and absorption losses:

SEr=SEr+SEA+SEm (1)

Here SEr — energy attenuation of the incident waves due to reflection at the boundary of
the media. SEa- energy attenuation due to the energy losses in the thickness of the screen.
SEm —energy attenuation due to manifold reflections in the screen itself and the role of this
attenuation is negligible. So, the shielding efficiency(SE) of the material mainly depends on
SEr and SEa [82].

The SEa is significantly influenced by the field frequency, electrical conductivity, and
magnetic permeability of the shield material, configuration, dimensions, and thickness of the
shield [83]. It should be noted here that, unlike a homogeneous system, the electrophysical
parameters of a heterogeneous system itself depend on various parameters like the system
composition, the nature and amount of the components, and their mutual interactions. If the
shielding material is the nanocomposite, the difference in the electrical conductivities,
magnetic permeabilities, and the process on the boundary of the components play vital roles
in the shielding effects[65, 81-85].

Given their multi-interface structure and ability to enhance the frequency of numerous
reflections and scatterings, nanocomposites are regarded as one of the most efficient
materials for electromagnetic interference shielding [86-87].

However, unique and groundbreaking advancements in the realm of EMI shielding
materials are still a long way off. There are still obstacles in the way of producing materials
with the best possible performance, affordability, and sustainability, even with continuous
research and development efforts [88].

The need to address changing technology trends, satisfy environmental goals, and
improve performance will drive innovation in EMI shielding materials in the future. In the
coming years, EMI shielding materials' full potential must be realized through cross-
disciplinary cooperation and ongoing research.
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ABSTRACT

The serorphine molecule belongs to the class of opioids derived from food substances. To study the spatial
structure of the serorphin molecule, the potential energy of the system was chosen as the sum of non-valent,
electrostatic, torsional interaction energies and hydrogen bond energy. The spatial structure of the Tyrl-Gly2-
Phe3-Asn4-Ala5 serorphin molecule was studied by the method of theoretical conformational analysis based on
the low-energy conformations of the amino acid residues tyrosine, glycine, phenylalanine, asparagine and alanine
that form it. The collection of stable conformations of the serorphin molecule, the values of their dihedral rotation
angles, and the inter- and internal interaction energies of the amino acid residues that stabilize them were
determined. It has been shown that the spatial structure of this molecule is represented by eight forms of the main
chain falling in the energy range of 0-4 kcal/mol. In low-energy conformations, the conformations of the two BRR
and RRR forms of the main chain of the C-side tripeptide fragment of the molecule were favorable.

Keywords: nutrients, opioid, serorphin, spatial structure, conformation.
ITPOCTPAHCTBEHHASI CTPYKTYPA MO/EKY /bl CEPOP®UNHA
PE3IOME

Moaekyaa cepopduHa IpUHAAAEXKUT K KAAaCcCy OIMOWUAOB, ITOAy9aeMBIX M3 IMINEBBIX BeIecTs. /as
M3y4eHMs] TPOCTPAHCTBEHHOM CTPYKTYPBI MOAEKyABl cepopduHa TOTeHIMaAbHass DHEPTUSA CUCTeMBI Oblaa
BRIOpaHa KaK CyMMa DHEPIuil HeBaAeHTHOTO, ®AeKTPOCTaTUYeCKOTro, TOPCUOHHBIX B3aMMOJEVICTBIS U DHEPIUU
BOAOPOAHOI cBa3n. [IpocTpancTBeHHYIO CTPYKTypy Moaekyanl cepopduna Tyrl-Gly2-Phe3-Asn4-Alab5 usygaan
MeTOAOM TeOpeTHYecKOTo KOH(POPMAIIMOHHOTO aHaAM3a, OCHOBAHHOTO Ha HIM3KODHePreTHIeckKnX KOHPOpMaIuIxX
00pasyIonux ee aMIMHOKMCAOTHBIX OCTaTKOB TMPO3MHa, IAUIMHa, (peHNnAalaHNHa, aclaparntda 1 adaHuHa. Omn-
pedeaen HabOp cTabMABHBIX KOH(pOPMAaIINIT MOAEKyAbl cepopdHa, 3Ha4YeHI: YTA0B MX ABYyTPaHHOTO IIOBOPOTa, a
TaK)Ke DHepIUM MeX- ¥ BHYTPEeHHEro B3aMOJEVICTBMS aMMHOKUCAOTHBIX OCTAaTKOB, CTaOMAM3MPYIOIINX WX.
ITokazaHo, 4TO IPOCTpaHCTBEHHAs CTPYKTypa 9TOI MOJEKyALl IpejcTaBAeHa BOCEMBIO (POpMaMM OCHOBHOI
LIeI, ToIajalomyMy B AMarasoH sHepruit 0—4 kkaa/Moab. B HusKo®Hepretmyeckux KoHpopmanusax 64aro-
IPUATHBIMU OKa3zaauch KoHpopmarym AByx ¢opm BRR 1 RRR ocHosHOI 1jertn C-CTOPOHHETO TPUITENITUAHOTO
JparmenTa MoaeKyAHL.

KaroueBble ca0Ba: HyTPUEHTHI, OIMONJ, CepOpIH, MPOCTPAHCTBeHHAs CTPYKTYpa, KOH(pOopMaIiys.
SERORFIN MOLEKULUNUN FOZA QURULUSU
XULASO

Serorfin molekulu arzaq maddalarinden alinmis opioidlar sinfine mansubdur. Serorfin molekulunun faza
qurulusunu Oyrenmek {iclin sistemin potensial enerjisi qeyri-valent, elektrostatik, torsion qarsiliqh tasir
enerjilorinin ve hidrogen rabitasi enerjisinin comi soklinda segilmisdir. Noazari konformasiya analizi {isulu ile
Tyr1-Gly2-Phe3-Asn4-Ala5 serorfin molekulunun faza qurulusu onu amsals gatiren tirozin, dlisin, fenilalanin,
asparagin ve alanin amintursu qaliqlarinin asagienerjili konformasiyalari asasinda tedqiq olunmusdur. Serorfin
molekulunun stabil konformasiyalar1 yigimi, onlarin ikilizlii firlanma bucaqlarinin qiymetleri, onlar1
stabillesdiran amintursu qaliglar1 aras1 ve daxili qarsiligh tasir enerjilori miisyysn edilmisdir. Gostarilmisdir ki
,bu molekulun foeza qurulusu 0 - 4 kkal/mol enerji intervalina diisen osas zancirin sokkiz formasinin
konformasiyalari ile temsil edilir. Asagienerjili konformasiyalarda molekulun C-taraf tripeptid fragmentinin asas
zancirinin iki BRR va RRR formalarinin konformasiyalari alverili olmusdur.

Acar sozlar: gida maddalari, opioid, serorfin, faza qurulusu, konformasiya.
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Spatial Structure of the Serorphine Molecule

Introduction

The study of the relationship between the biological functions and structures of peptide
molecules is the basis of the study of their mechanisms of action at the molecular level.
During such studies, the sequence of amino acids and the active center of which the peptide
molecule is composed attract more attention. Because, precisely, the active center is
responsible for their contact with receptors, transport and immunological activity. In
addition, the study of modified analogues of natural peptides with longer duration of action
is of great interest.

Regulatory peptides, first discovered in the second half of the twentieth century, are
actively studied by both physiologists and pharmacologists, since the range of biological
activity of peptides is extremely wide. They are one of the main links that unite the three
regulatory systems of the body - nervous, endocrine and immune into a single whole.
Currently, more than 9,000 physiologically active peptides have been characterized in
different animal species and humans. These are short chains of amino acids (2-70 residues)
that perform the function of signaling molecules. Most of these peptides cannot be
confidently classified as either neurotransmitters or hormones, since they are synthesized
both by neurons (transmitting a signal at the synapse level) and by cells of peripheral tissues
(transmitting a signal over longer distances, like hormones). Regulatory peptides are
characterized by an immediate effect on many systems of the body.

Opioid peptides are currently considered the most studied group of peptide signaling
substances. Opium causes pain relief, sedation and sleep, as well as a euphoric state and a
number of vegetative reactions. These peptides come in animal and plant origin. A number
of exogenous peptides obtained from food have opiate-like properties. Such peptides were
called exorphins. The discovery of the opioid activity of peptide food components has
suggested that some foods may have effects on the central nervous system similar to opiate
drugs. A number of milk exorphins have been discovered that have opioid receptor
antagonist properties. These include casoxins A, B, C, human casoxin D, as well as
lactoferroxins A, B and C, rubiscolines, soymorphins, lactorphines, serorphine. The
possibility of the formation of these peptides during the hydrolysis of the corresponding
proteins by peptidases of the gastrointestinal tract has been proven in vitro.

Casoxins and casomorphins are peptides that act on the opioid system, which influences
the rate of digestion. Casomorphins are opioid agonists (activators), and casoxins are opioid
antagonists. Casein is high in casoxins and casomorphins, which explains the reduced gastric
capacity after consumption (as activation of the opioid system reduces intestinal motility).
The physiological effects of antagonistic exorphins are still very poorly studied. Some milk
exorphins (casomorphins, casoxins, lactoferroxins) can not only be formed during the
digestion of milk in the gastrointestinal tract, but also contained in cheeses, since the
technology for making cheese is associated with enzymatic processing [1-4].

Materials and methods

We have studied the structural and functional organizations of the opioid peptides
enkephalins, endorphins, endomorphins, dynorphins, neoendorphins, adrenorphin, and the
spatial structure of exorphins is currently being studied. This work is a continuation of our
previous studies [5-15].
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The molecule was calculated using the method of theoretical conformational analysis.
The potential function of the system is chosen as the sum of nonvalent, electrostatic and
torsional interactions and the energy of hydrogen bonds. Non-valent interactions were
assessed using the Lennard-Jones potential. Electrostatic interactions were calculated in the
monopole approximation according to Coulomb's law using partial charges on atoms. The
conformational capabilities of the serorphin molecule were studied in an aqueous
environment, and therefore the dielectric constant was taken to be 10. The energy of
hydrogen bonds was estimated using the Morse potential. Our above-mentioned works
detail the potential features used.

When presenting the calculation results, a classification of peptide structures according
to conformations, main chain shapes, and peptide backbone shapes was used.
Conformational states are completely determined by the values of the dihedral angles of the
main and side chains of all amino acid residues included in a given molecule. The backbone
forms of a fragment are formed by combinations of the forms of R, B, L residues in a given
sequence. The forms of the dipeptide backbone can be divided into two classes - folded (f)
and unfolded (e) forms, which are called shapes. All conformations are grouped by main
chain shapes, and shapes by shapes. To designate the conformational states of residues,
identifiers of the Xij type are used, where X defines the low-energy regions of the
conformational map and jj..=11..,,12...,13...,21... determines the position of the side chain,
with index 1 corresponding to the angle value ranging from 0 to 120°, 2 — from 120° to -120°,
and 3 — from -120° to 0°. Designations and readings of rotation angles correspond to the
IUPAC-IUB nomenclature [16]. To calculate the spatial structure of peptide molecules was
used a program developed by N.M.Godjaev and his staff [17].

Results and Discussion

Serorphin molecule consists of five amino acid residues, 75 atoms, 22 dihedral rotation
angles. Serorphin molecule consists of tyrosine, glycine, phenylalanine, asparagine and
alanine amino acid residues. The spatial structure of the serorphin molecule was studied
based on the low-energy conformations of the amino acid residues forming it.

In order to study the spatial structure of the serorphin molecule, Tyrl and Phe3 were
taken in the R,B forms of the main chain, the x angle was taken in the 60°, 180° and -60°
states, which were possible due to the torsion potential, and the x2 angle was taken in the 90°
state, which was possible due to the torsion potential. The X3 angle of the tyrosine amino acid
side chain has two favorable states for the torsion potential: 0° and 180°. When changing
from one of these states to another, the state of only one hydrogen atom in space changes,
which does not affect the formation of the overall spatial structure of the molecule. The side
chain of glycine amino acid consists of one atom, so its 1 and ¢ angles have large rotational
freedom. R, B, L, P forms of glycine amino acid backbone were all chosen as starting variants.
For the Asn4 amino acid residue, the R, B forms of the main chain, the 60°, 180°, and -60°
states of the x1 angle, which are possible according to the torsion potential, and the 90° and -
90° states of the x2 angle, which are possible according to the torsion potential, were selected
as the starting conformations. For Ala5 amino acid residue R, B forms of main chain, only
x1=180° value of x1 were selected as starting conformations. The x:1 angle also has three
favorable states for the torsion potential, 60°, 180°, and -60°, but when switching from one to
the other, one hydrogen atom replaces the other, so they have the same energy.
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The number of possible shapes in a given molecule is 16. For this reason, the
conformations of 16 shapes were calculated. Since the starting conformations were chosen as
mentioned above, the conformations of the main chain 32 forms were calculated. As can be
seen from the sequence of amino acid residues of the molecule, the molecule includes amino
acid residues tyrosine and phenylalanine with two aromatic side chains, glycine and alanine
amino acids with wide conformational possibilities, and aspartic amino acid with a polar
side chain. At first glance, it can be assumed that there may be a favorable interaction
between the side chain of the Tyrl amino acid residue and the side chain of the Phe3 amino
acid residue. Therefore, the possible conformations of the tripeptide fragment Tyr1-Gly2-
Phe3 in the low-energy B-B conformation of Asn4 and Ala5 were initially calculated. For this,
the interaction of Tyr1l and Phe3 amino acid residues in the 16 forms of the main chain of the
Tyr1-Gly2-Phe3 tripeptide fragment was examined. In the first approximation, 144
conformations of the pentapeptide molecule were calculated. Calculations show that there is
a sharp differentiation in the energies of the shapes and conformations of the main chain.
Some of the calculated conformations were not spherically possible.

The number of possible shapes in a given molecule is 16. For this reason, the
conformations of 16 shapes were calculated. Since the starting conformations were chosen as
mentioned above, the conformations of the main chain 32 forms were calculated. As can be
seen from the sequence of amino acid residues of the molecule, the molecule includes amino
acid residues tyrosine and phenylalanine with two aromatic side chains, glycine and alanine
amino acids with wide conformational possibilities, and aspartic amino acid with a polar
side chain. At first glance, it can be assumed that there may be a favorable interaction
between the side chain of the Tyr1l amino acid residue and the side chain of the Phe3 amino
acid residue. Therefore, the possible conformations of the tripeptide fragment Tyr1-Gly2-
Phe3 in the low-energy B-B conformation of Asn4 and Ala5 were initially calculated. For this,
the interaction of Tyrl and Phe3 amino acid residues in the 16 forms of the main chain of the
Tyrl-Gly2-Phe3 tripeptide fragment was examined. In the first approximation, 144
conformations of the pentapeptide molecule were calculated. Calculations show that there is
a sharp differentiation in the energies of the shapes and conformations of the main chain.
Some of the calculated conformations were not spherically possible.

In the second stage of the study of the spatial structure of the serorphin molecule, in
each of the 16 conformations selected in the first stage, the possible conformations of the
angles x1 and 2 of the side chain in the R and B forms of the main chain of Asn4 according to
the torsional potential energy were selected as the starting option. Therefore, in the first
approximation, several hundred conformations of the main chain 32 forms belonging to the
16 shapes were calculated. The results of the calculations show that there is a sharp
differentiation according to the energies of the 32 forms of the main chain, three forms of the
main chain have high energy. The total energies of the calculated conformations of the 29
forms of the main chain vary in the range of (-11.4) — (-0.6) kcal/mol. The lowest energy
conformation of each of the 29 forms of the main chain was selected, their shapes, non-
valent, electrostatic, torsional interaction energies, total and relative energies are shown in
table 1.
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Table 1. Optimum conformations of the serorphin molecule, their shapes, the shapes of their main chains, the
energy contribution of non-valent, electrostatic, torsion interactions, the total and relative energies.

Ne Shapes Conformation Uny U Utor Utot Utel
1. feff B2LR2R11R2 -16.3 2.2 2.7 -11.4 0
R2BR2Ru1R2 -15.9 4.0 3.0 -8.9 2.5
2. fefe B2LR2B11B2 -11.6 33 24 -5.9 5.5
R2BR2B11B2 -14.4 2.2 2.8 9.4 2.0
3. feef B2LB1R11R2 -15.6 4.0 2.0 9.7 1.7
RsBB1R21R2 -13.6 4.6 2.0 -6.9 45
4. feee B2LB1B11B2 -13.6 4.2 2.0 -7.3 4.1
R3:BB1B11B: -12.1 4.8 2.2 -5.1 6.3
5. efef BsRB1R11R2 -15.1 3.4 2.8 -8.9 2.5
6. efee RsPB2Bs1B2 -14.7 5.2 2.5 -7.1 4.3
BsRB1B11B2 -12.6 3.6 2.7 -6.4 5.0
7. iiid B2PR2R31R2 -14.3 3.5 2.0 -8.8 2.6
R2RR1R21R2 9.3 1.1 2.9 -7.6 3.8
8. fife R2RR1B21B2 -8.2 2.2 2.2 -3.9 7.5
B2PR2B11B2 -8.4 3.2 1.2 -4.0 74
9. ffef B2PB1Rs1R2 -13.9 3.1 2.8 -8.7 2.7
R2RB2R31R2 -13.5 3.1 2.8 -7.6 3.8
10. ffee B2PB1B11B:2 -12.4 3.0 2.2 -7.2 4.2
R2RB2B11B:2 -12.0 33 3.0 -5.7 5.7
11. effe BiRR2R21R2 -10.8 1.7 0.1 -8.4 3.0
12. efee Bi1RR2B11B2 -10.5 3.2 1.0 -6.3 5.1
13. eeef B2BB2R21R2 -15.6 49 2.8 -7.9 35
RsLB1R11R2 -14.5 4.5 3.4 -6.6 4.8
14 eeee B2BB2B31B2 -15.1 49 2.8 -7.4 4.0
RsLB1B11B2 -11.0 5.1 1.5 -4.4 7.0
15. eeff R3sLR2R21R2 -13.1 2.6 3.0 -7.5 3.9
B2BR2R11R2 -12.9 4.6 2.2 -6.1 5.3
16. eefe B2BR2B11B2 -12.3 3.9 2.3 -6.1 5.3
RsLR2B11B2 -11.6 4.2 2.1 -5.3 6.1

As can be seen from the table, the contribution of non-valent interaction energies to
these conformations is in the range of (-16.3) — (-8.2) kcal/mol, electrostatic interaction
energies are in the range of (-1.1) — (5.1) kcal/mol, torsional interaction energy (1.2 ) — (3.4)
kcal/mol, total energy varies between (-11.4) — (-3.9) kcal/mol, and relative energy varies
between (0.0) — (7.0) kcal/mol. The physiological functions performed by the serorphin
molecule can in principle be performed in these spatial structures. As can be seen, the
number of optimal conformations presented in table 1 is large. When analyzing those
conformations, it becomes possible to select more compact structures in which they are
formed. If you choose suitable structural types within those conformations, their number
will be eight can be reduced to When selected as mentioned, it is possible to present eight
structural types of the serorphin molecule. The low-energy conformations of the serorphin
molecule, their shapes, the share, total and relative energies of non-valent, electrostatic, and
torsion interaction energies are shown in table 2.
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Table 2. Low-energy conformations of the serorphin molecule, their shapes, the shapes of their main chains,
the energy contribution of non-valent, electrostatic, torsion interactions, the total and relative energies.

Ne Shapes Conformation Uny U Utor Utot Utel
1. feff B2LReRuRe -16.3 22 2.7 -11.4 0

2. feef B2LBiR11R2 -15.6 4.0 2.0 9.7 1.7
3. efef BsRBiRuR2 -15.1 3.4 2.8 -8.9 2.5
4. f B2PR2R31R2 -14.3 3.5 2.0 -8.8 2.6
5. fef B2PBiRs1R2 -13.9 3.1 2.8 -8.7 2.7
6. efff BiRR2R21R2 -10.8 1.7 0.1 -8.4 3.0
7. eeef B2BB2R21R2 -15.6 49 2.8 -7.9 3.5
8. eeff RsLR2R21R2 -13.1 2.6 3.0 -7.5 3.9

The contribution of non-valent interaction energies to the low-energy conformations shown
in Table 2 is in the range of (-16.3) — (-10.8) kcal/mol, electrostatic interaction energy is in the
range of (1.7) — (4.9) kcal/mol, torsional interaction energy ( 0.1) — (3.0) kcal/mol, total energy (-
11.4) — (-7.5) kcal/mol, relative energies (0) — (4.0) kcal/mol. Various interaction energies that play
a role in the stabilization of all the conformations shown in Table 2, monopeptide, dipeptide,
tripeptide, tetrapeptide, pentapeptide interaction energies within an amino acid residue,
between amino acid residues were calculated, their roles were determined, and their relative
energies which smaller from (3.0) kcal/mol are shown in table 3, and the spatial arrangement of
atoms in those conformations is shown in figure 1, 2, 3 and 4.

Table 3. Energy inside and between residual interactions in the conformations of the molecule serorphine:
B2LR2R11R2 (Urei=0 kcal/mol, first line), B2LB1R11R2 (Urei=1.7 kcal/mol, second line), BsRBiR11R2 (Urei=2.5 kcal/mol,
third line), B2PR2R31R2 (Urei=2.6 kecal/mol, fourth line), B2PB1R31R2 (Unis= 2.7 kcal/mol, fifth line)

Tyrl Gly2 Phe3 Asn4 Ala5
2.0 -1.7 -0.8 -0.7 -7.5
2.0 -1.9 -34 -0.5 -2.5 Tyrl
3.6 -0.9 7.1 -1.1 2.7
3.8 -1.8 -1.8 -4.6 -2.3
1.9 -1.6 -3.7 -1.2 -2.5
1.3 -1.0 -0.4 2.3
1.3 2.0 -0.2 -0.1 Gly2
1.2 -1.0 -0.3 -0.1
1.3 -0.6 -2.0 0
1.3 -1.0 -0.1 0
0.1 -1.6 -1.6
-0.2 -1.5 -3.0 Phe3
1.0 -1.5 -3.1
0.2 -1.2 -2.5
0.2 -1.8 2.7
0 -1.5
-0.1 -1.6 Asn4d
-0.1 -1.5
0.1 -1.1
0.1 -1.2
1.6
1.6 Ala5
1.6
1.7
1.6
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The global conformation of the molecule is B2LR2R11R2 belonging to the feff shape. This
conformation is favorable due to both non-valent and electrostatic interaction energies.

As can be seen from Table 2, in this conformation, the non-valent interaction energy is
up to (-16.3) kcal/mol, the electrostatic interaction energy is up to (2.2) kcal/mol, the torsional
interaction energy is up to (2.7) kcal/mol gives share. This conformation forms the twisted
structure of the molecule as the L-form of the Gly2 main chain, with a favorable electrostatic
interaction between the positively charged N-side Tyrl and the negatively charged C-side
Ala5 of the molecule. Stabilization of the conformation depends on Tyr1-Gly2 (-1.7) kcal/mol,
Tyr1l-(Phe3-Asn4) (-1.5) kcal/mol, Tyrl-Ala5 (-7.5) kcal/mol, Gly2-Phe3 (-1.0) kcal/mol, Gly2-
Ala5 (-2.3) kcal/mol, Phe3-Asn4 (-1.6) kcal/mol, Phe3-Ala5 (-1.6) kcal/mol, Asn4-Ala5 (-1.5)
kcal/mol contribute (Table 3) .

The second stable conformation of the serorphin molecule is B.LBiR11R2 belongs to feef
shape, its relative energy is (1.7) kcal/mol (Table 3). Apparently, this conformation differs
from the global conformation due to the shape of the main chain of Phe3. The main chain of
Phe3 in the B form separates the N-terminal Tyr1-Gly2 dipeptide fragment of the molecule
from the C-terminal Asn4-Gly5 dipeptide fragment of the molecule. The contribution of the
non-valent interaction energy to the conformation is less than the global conformation by
(0.7) kcal/mol, and the contribution of the electrostatic interaction energy (1.8) kcal/mol is
higher. The contribution of the torsional interaction energy is less (0.7) kcal/mol.

In general, the contribution of the interactions of Tyr1 with other amino acid residues to
the stabilization of the conformation is (-8.3) kcal/mol, the contribution of the interaction of
Gly2 with other amino acid residues is (-3.7) kcal/mol, Phe3 (Asn4-Ala5) The share given by
(-3.2) kcal/mol, the share given by Asn4 with Ala5 is (-1.5) kcal/mol (Table 3).

The relative energy of the BsRBiRu1Rz2 conformation of efef shape is (2.5) kcal/mol. Non-
valent interaction energy (-15.1) kcal/mol, electrostatic interaction energy (3.4) kcal/mol, and
torsional interaction energy (2.8) kcal/mol contribute to the stabilization of this conformation.
Conformation stabilization is contributed by Tyrl-Gly2 (-0.9) kcal/mol, Tyrl-Phe3 (-7.1)
kcal/mol, Tyrl-Asn4 (-1.1) kcal/mol, Tyrl-Asn5 (-2.7) kcal/mol, Phe3-Asn4 ( -1.5) kcal/mol,
Phe3-Ala5 (-3.1) kcal/mol, Asn4-Ala5 (-1.5) kcal/mol and stabilizes it.

The study of the spatial structure of the serorphin molecule shows that the molecule has
such a set of spatial structures that it can perform various biological functions and interact
with various receptor molecules. The results obtained from the study of the spatial structure
of the serorphin molecule can be used to propose the synthesis of its artificial analogues that
perform certain functions.

The relative energy of the fully rotated backbone B:PR:RsiR: is (2.6) kcal/mol.
Conformation stabilization is contributed by non-valent interaction energy (-14.3) kcal/mol,
electrostatic interaction energy (3.5) kcal/mol, and torsional interaction energy (2.0) kcal/mol.
In this conformation, the share of the effective energy with the amino acid residues following
the conformation of Tyrl to the total energy is (-10.5) kcal/mol, and the share of the impact
energy with the amino acid residues following the conformation of Gly2 is (-2.6) kcal/mol. .
The effective energy of Phe3 with Asn4-Ala5 is (-1.1) kcal/mol.

The B:PBiRsiR: conformation differs from the previous conformation due to the
conformation of Phe3. Therefore, the relative energy of this conformation was (2.7) kcal/mol.
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The interaction energy of Tyrl with the following tetrapeptide fragment is up to (-9.0)
kcal/mol, the interaction energy of Gly2 with the following tripeptide fragment is up to (-4.5)
kcal/mol, Asn4-Ala5 (-1.2) kcal/mol and stabilizes the conformation by contributing up to.

Figure 1. Spatial structure of the conformation B2LR2R11R2 of the serorphin molecule with
a relative energy of 0 kcal/mol

Figure 2. Spatial structure of the conformation B2LB1R11Rz of the serorphin molecule
with a relative energy of 1.7 kcal/mol
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Figure 3. Spatial structure of the conformation BsRBiR11R2 of the serorphin molecule with
a relative energy of 2.5 kcal/mol

Figure 4. Spatial structure of the conformation B2PR2R31R2 of the serorphin molecule with
a relative energy of 2.6 kcal/mol

Conclusion

The set of possible conformations of the serorphin molecule was studied by the method
of theoretical conformational analysis and it was shown that the spatial structure of the
molecule is represented by eight low-energy conformations.

It was determined that the N-side dipeptide fragment of the serorphin molecule is in
labile conformation possibilities, and the C-side tripeptide fragment is in a rigid
conformation.
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The roles of different interaction energies and interactions between amino acid residues
in the formation of low-energy conformations of the serorphin molecule were determined.

The values of the dihedral rotation angles of the low-energy conformations of the
serorphin molecule have been determined.

It has been shown that the molecule has such a set of spatial structures that it can
perform various biological functions and interact with various receptor molecules. The
results obtained from the study of the spatial structure of the serorphin molecule can be used
to propose the synthesis of its artificial analogues that perform certain functions.
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ABSTRACT

We investigate the scattering of a sufficiently low-energy electron neutrino by the transversely polarized
ultra-relativistic electron in a constant homogeneous magnetic field with a strength much less than the Schwinger
field strength in the framework of the Weinberg-Salam electroweak interactions theory. We clarify whether the
external magnetic field with a strength much less than the Schwinger field strength affects weak interaction in the
scattering of a relic electron neutrino by the electron of the energy ~102GeV. It is determined that the weak
interaction that is involved in the process vpe™ = vge ™' is unaffected by the magnetic fields whose strengths are
much less than the Schwinger field strength. We analyze the importance of the propagator effects and calculate
the matrix element and amplitude of the process.

Keywords: neutrinos, electroweak interactions, intermediate bosons, W bosons, stellar magnetic fields,
terrestrial magnetic fields

XARiICi MAQNIT SAHOSI ELEKTRON NEYTRINOSUNUN ELEKTRONDAN SOPIiLMOSINDO ZOiF
QARSILIQLI TOSIRO TOSIR EDIRMI?

XULASO

Biz Weinberg-Salam elektrozsif qarsiligh tasir nazeariyyesi ¢arcivesinds induksiyasinin qiymati Svinger saha
qiymatindan gox-¢ox kicik olan sabit bircins maqnit sahasinda kifayst qadar asag: enerjili elektron neytrinosunun
enina polyarlagmis ultra-relativistik elektronlardan sopilmesini arasdirmisiq. Induksiyasinin qiymeti Schwinger
saha giymatinden ¢ox-gox kigik olan xarici maqnit sahasinin relikt elektron neytrinosunun ~10"2 GeV enerjili
elektrondan sepilmesinds zaif qarsiligh tasire tesir edib-etmadiyini aydinlasdirmisiq. Miisyyen etmisik ki,
elektron neytrinosu-elektron sapilma prosesinds istirak edan zsif garsiliql tesir, induksiyasinin giymeti Svinqger
saha giymatinden ¢ox-c¢ox kicik olan maqnit sahalari tarafinden tesire meruz qalmir. Biz propaqator effektlarinin
rolunu tahlil etmis vo prosesin matris elementini ve amplitudunu hesablamaisiq.

Acar sdzlar: neytrinolar, elektrozaif qarsiliqh tasirler, araliq bozonlar, W bozonlari, ulduz maqnit sahsleri,
yer maqnit sahalari.

BAUSET AU BHEIITHEE MATHUTHOE ITOAE HA CAABOE B3AMMOAENCTBUE ITPU PACCESTHUU
DAEKTPOHHOI'O HEVITPMHO HA DAEKTPOHE?

AHHOTALIMST

B pamkax Teopum saexrpocaaboro Bzaumoderictsusa BartnOepra-Casama HaMu MccaejoBaHO paccesHiue
9AEKTPOHHOTO HEMITPUHO 4OCTaTOYHO HU3KOI YHEPIUM Ha IIOIePeYHO-TI0ASIPU30BAaHHBIX YAbTPapeASTUBUCTCKUX
9AEKTPOHAX B IIOCTOSHHOM O4HOPOAHOM MarHUTHOM I104€ C BeAMYMHONM MHAYKIINUY, 3HAYUTEABHO MEHbIIeN, YeM
BeanuyHa 1moas IIsuurepa. Mpl BLIACHMAM, YTO BAMSET AM BHeIlIHee MarHMTHOe I104e, BeAMdMHa MHAYKITUU
KOTOPOTO 3HAYMTEeALHO MeHbIle BeAndmHbl 1moas IlIBmHrepa, Ha caaboe B3aMMOAENCTBUE IIPU pacCesTHNUI
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Does External Magnetic Field Affect Weak Interaction in Scattering of Electron Neutrino by Electron?

PeAMKTOBOTO 9eKTPOHHOTO HEMTPUHO Ha DAeKTpoHe ¢ sHeprueii ~1072 I'sB. Mbl 06Hapy>Xuau, 4TO MarHUTHBIE
11051, BeAdMHa MHAYKINMY KOTOPBIX 3HaYMTeAbHO MeHbIle BeAnduHsl 1moas IlIsuHrepa, He BAMAIOT Ha caaboe
B3alIMOJeNICTBIMe, Y4YacTBylOIllee B IIpollecce paccesHMs DAEKTPOHHOTO HeNTPUHO Ha 9AeKTpoHe. Mbl
IIpoaHaAM3pOBaAu poab 9dpPeKTOB IIpoltaraTopa 1 pacCaMTaAu MaTPUIHBIN DAeMeHT U aMILAUTY Ay Ipoliecca.

KaroueBble caoBa: HeMTPMHO, DAeKTpocaabble B3aIMOAENCTBUA, ITPOMeXKyTOYHbIe O030HE], W-0O30HBHI,
3Be3AHbIe MAaTrHUTHBIE 10A5I, 36 MHbIe MarHUTHBIE TT0A5.

1. INTRODUCTION

In this work we consider the scattering of a sufficiently low-energy electron neutrino by
the transversely polarized ultra-relativistic electron

Vete ov,+e”, (1)
in a constant homogeneous magnetic field with the strength
B < By (2)

in the framework of the Weinberg-Salam electroweak interactions theory where v, (v;)
is the electron neutrino in the initial (final) state, B, =m2/e = 4.414 X 1013G is the
Schwinger field strength in the system of units ¢ = A = 1. Both a weak charged current (W-
boson) and a weak neutral current (Z-boson) contribute to the process (1) [1] and the related
Feynman diagrams of the process in an external magnetic field are given by the Fig. 1 and
Fig. 2, respectively.

1,1

Figure 1. The Feynman diagram describing the process v,e™ — v,e~'proceeding at the expense of a weak charged current.

Figure 2. The Feynman diagram describing the process v,e™ — v,e~' proceeding at the expense of a weak neutral current.
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When we say a sufficiently low-energy incident neutrino, we mean the neutrino whose
energy is in the range

Wmin K 0 LK m,, 3)

where w,,;, = eB/p, is the lowest boundary of the energy of the incident neutrino,
p1 = (2eBn)*? and n are the transverse momentum and the number of the Landau energy
level of the electron in the initial state, respectively. A relic neutrino whose energy is
w = 1.68 X 10~ *eV is a typical example for the sufficiently low-energy neutrino.

We also assume that the energy of the electron in the initial state is ~10%GeV .

Calculation of some physical quantities like the differential probability, cross section,
energy-momentum loss etc that are characteristic for the process (1) is connected with
calculation of the matrix element or amplitude of the corresponding process. As we indicated
both a weak charged current (W-boson) and a weak neutral current (Z-boson) contribute to
the process (1). Since we consider the process v,e™ = v,e™' in an external magnetic field, at
the first glance, it seems to us that the rate of this process would be enhanced due to the off-
shell charged vector boson. The two natural questions arise: 1) whether the W-boson, the Z-
boson and, in general, the weak interaction that is involved in the process (1) is affected by
the magnetic field of the strength (2); 2) do the W-boson propagator effect and the Z-boson
propagator effect contribute to the relic electron neutrino-electron scattering process at
energies ~10%GeV of the electron in the initial state. The purpose of this work is to clarify the
above-mentioned two questions. For this purpose, we investigate the influence of the
external magnetic field on the weak interaction that is involved in the process (1), clarify the
importance of the propagator effects and calculate the matrix element and amplitude of the
process (1).

2. PHYSICAL CONDITIONS
We assume that electrons in the initial and final states are ultra-relativistic

€2 » mZ, &> » m2 (4)

where € =ym, , y =+/1+2fn+ (p,/m.)? , p, and n are the energy, relativistic factor, z-
component of the momentum and the number of the Landau energy level belonging to the
electron in the initial state, respectively. The primed quantities &' =y'm,,
Y =J1+2fn' + (p,/m.)? , p, and n’ belong to the electron in the final state. f is the
dimensionless field parameter characterizing the external magnetic field f = B/B, where B

is the magnitude of the magnetic field vector B that is directed along the z-axis and.
According to (2)

f«1. ®)

We also assume that electrons in the initial and final states possess large transverse
momenta

pi = (2eBn)Y/? = m,(2fn)*/* > m,, (6)
pL = (2eBn"YY2 = m,2fn")Y/2 » m,. 7)
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The assumptions (4)-(7) mean that the main contribution to the differential probability of
the process (1) comes from the electron states occupying high Landau levels (n, n’ » 1). In
this case motion of the electrons in the initial and final states are semiclassical.

We consider the case when the longitudinal momentum of the electrons in the initial
state is zero: p, = 0.

Let a sufficiently low-energy incident neutrino fly along the z-axis (along the magnetic
field direction). According to (3) the energy of the incident electron neutrino satisfies the
condition

r’;_l & m% &1 ®)

where w,,i, = eB/p,.

Experimental observations on neutrino oscillations [2, 3] confirm that a neutrino has a
non-zero mass. The latest results of the KATRIN experiment show that m, < 0.8eVc™2 at
90% confidence level [4]. However, the lowest boundary of the neutrino mass has not been
experimentally determined by the KATRIN and other collaborations yet. Here we assume
that a neutrino, in particular a relic electron neutrino possesses sufficiently small mass (this
case is not excluded). Therefore, we consider a massless neutrino model [1] that is justified
for ultra-relativistic neutrinos (w,w’ > m, where m, is the neutrino mass and w’ is the
energy of the scattered neutrino). In the considered physical conditions we can neglect the
mass of a neutrino and we can apply the massless neutrino model.

The above indicated conditions and restrictions mean that the differential probability of
the process will depend on two parameters [5]: the field parameter
R 211/2
x= =) =

and the kinematical parameter

k= [f2(? = D]V 9)

_ 2we __ 2kp
k="Tr=10 (10)

where F,, = d,4A, — d,A, is the external field tensor of a magnetic type: F,,F*¥ > 0, F ‘“’FW =
0, Fuv = (1/2)&yyapF @B is the dual counterpart tensor corresponding to F,,.

The analyses show that the influence of the external magnetic field on the low-energy
neutrino-electron scattering is determined by the parameter [6]

poiolBme (11)

kK 2By w

When the parameter 1 2 1, the field effects become essentially. To achieve n 2 1 for the
relic electron neutrino-electron scattering B is to satisfy the condition

291 %X 10* G S B < 4.41 x 1013G. (12)

3. THE MATRIX ELEMENT OF THE SCATTERING OF AN ELECTRON NEUTRINO
BY AN ELECTRON IN A MAGNETIC FIELD

The matrix element of the process v,e™ = vge ™ in a magnetic field is given by
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where

My = & [ [0 )0ty (][, () Opipe ()] Gy (o — x)d*xd (14)

is the matrix element corresponding to the Feynman diagram of the v,e™ - vie™
process proceeding only at the expense of the W-boson exchange (Fig. 1), Gﬁ,g(x—x’)
corresponds to the W-boson propagator in an external constant magnetic field [5], O, =
Ya(1+y®, q=k'—k, y* are the Dirac matrices, y°>=—-iy%yly?%y3 [1],
P, (x") = QwV)Y2u(k)exp(ikx") is the wave function of the incident neutrino possessing
the four-momentum k and the energy w, Ev,(x’) = 1,[);’, (x")y",
Y, (x") = Qw'V) Y2u(kexp(ik'x") is the wave function of the scattered neutrino
possessing the four-momentum k' and energy w’, V is the normalization volume, u(k) and
u(k') are the Dirac bispinors of the incident and scattered neutrinos, respectively, 1, (x)
(Yer(x)) is the solution of the Dirac equation in a constant homogeneous external magnetic
field for the electron in the initial (final) state, @e,(x) = l[):’ (x)y° (the electrons in the final
state are described and denoted with the primed quantities), M, is the matrix element
corresponding to the Feynman diagram of the v,e™ — vge™ process proceeding only at the
expense of the Z-boson exchange (Fig. 2) and it is given by

9 fNa(x’)AZ[;(x)G;ﬂ(x — x")d*xd*x" (15)

Z ™ gcos? O

where
No(x) = P, (x")0giy (), (16)
Az (x) =, ()y5(gy + 9ay* e (), 17)
657 (x—x) = [ 657 (e~ EL, 18)
G () = —#“;io (19)

is the Z-boson propagator, g = e/sin 8y, , 6y, is the Weinberg angle, sin® 8y, = 0.23, g = k' —
k is the 4-momentum of an intermediate Z-boson, g, = —0.5 + 2 sin® §;, and g4 = —0.5 [1].

We obtain the following result for the squared four-momentum q = k' — k transferred
1g%| = 2kk’ < |q?|max = 2we <K mZ. (20)
Using this result and the formulae (18) and (19) we can write the following relation for
the Z-boson propagator G, Blx—x'):
ap
Ggﬁ(x —x) =260 —x"). (21)
mz

Taking into account (21) and the known relation [1]

2

9 _ G
8m%cos2 6y, V2 (22)
in (15) we obtain the related matrix element in four-fermion approximation
M, = %f N, ()AL (x)d*x = 2n8(e' + w' — £ — w)A, (23)

where
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Ng(x) =, (x)0g1py, (x), (24)
2(x) =P, ()Y (gy + ga¥ P (x), (25)

In the matrix element (23) Ay is the amplitude of the elastic neutrino-electron scattering
in four-fermion approximation

V2Gg

Az = Weani [ (kv (1 + v )ul)]jg (@) (26)
where
JE@ = [[W, (Py*(gy + gay®)e @ ]e 4" d3x (27)

is the electron current and d3x = dx dy dz.

4. INFLUENCE OF MAGNETIC FIELD ON WEAK INTERACTION IN NEUTRINO-
ELECTRON SCATTERING PROCESS

-

Since we consider the process v,e™ — vge
glance it seems to us that the rate of this process would be enhanced due to the off-shell
charged vector boson (Fig. 1). Let us analyze the influence of the external magnetic field on
the off-shell W-boson participating in the process v,e™ — vie™

in an external magnetic field, at the first

The typical electromagnetic time that is characteristic for the influence of the external

!

magnetic field on the off-shell W-boson participating in the process vee™ — vee™ is
determined by the period of revolution of the off-shell W-boson in an external magnetic field

em _ 2mmyy, _ 2mEy E_Wﬁ
W= i e (2)
eB [1-%
where ¢ is the energy of the off-shell W-boson participating in the process v,e™ = vge™".

It is obtained from (3) or (8) that the maximal value of w,,;, can be Wy, = 107 w. In
case of a relic electron neutrino (w = 1.68 X 10™%eV) we have w,;, = 1.68 x 10~%eV. If we
consider electrons (in the initial state) with the energy of several hundred GeV (e.g., ¢ =
550 GeV) and use the condition (3) or (8), we obtain the following restriction for the magnetic
field

f<355x107° (29)
or

B < 1.57 x 10°G. (30)

The conditions (12) and (30) can be combined and written as

291 x10* G < B < 1.57 x 10°G. (31)

Taking into account the range for the magnetic field strength determined by the
condition (31) and using the formula (28) we obtain the following estimation for the typical
electromagnetic time that is characteristic for the influence of the external magnetic field on

-/

the off-shell W-boson participating in the process vpe™ = vge

107 1s S TE™ < 107°s (32)
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The maximum energy Agy, transferred from the electrons to the neutrinos via the
intermediate (off-shell) W-boson (or Z-boson) is in order of the energy of the electron in the
initial state: Agy, ~e~10'" eV. Using the Heisenberg uncertainty relation for the energy gap
Agy, and the life-time Aty of the off-shell W-boson in this energy gap we obtain Aty ~
1/2Aey, ~107%7 5. If we compare the estimated value for Aty with the characteristic
electromagnetic time range (32), we see that A1y, < Tg,,. It means that the magnetic field of
the strength 2.91 X 10* G < B < 1.57 x 10°G does not have time to influence on the weak
interaction that is realized by the W-boson in the v,e™ — vge™ process. In other words, not
only the external magnetic field of the strength (31) but also the external magnetic field of the
strength B < By is not able to affect on the intermediate W-boson during the proceeding of
the process (1): the intermediate (off-shell) W-boson does not feel the influence of the
external magnetic field and it behaves itself so, as if the external magnetic field is absent. In
this case the contribution of the intermediate W-boson can be calculated as in free case when
the external magnetic field is absent.

Magnetic field effects on the weak interaction is essential if the magnetic field energy
scale VeB is in order of the mass of the W-boson (Z-boson) or more than the mass of the W-
boson (Z-boson). However, in the considered case (2.91 X 10* G < B < 1.57 x 10°G) the
magnetic field energy scale is much smaller than the mass of the W-boson (Z-boson)

1/2
VeB =024 () MeV < my,my. (33)

Therefore, the weak interaction that is involved in the process (1) is unaffected by the
magnetic field of the strength (31) and B < B,

However, the magnetic field affects the considered process by deforming the energy

spectrum of the electron in both the initial and final state (& = m,/1 + 2fn + (p,/m,)? and

e =mgJ1+2fn' + (py/m,)?), by polarizing the spins of the electrons and by changing the
phase space of the electron in the final state. Unlike the free case (when an external magnetic
field is absent), the presence of a magnetic field leads to the change of the integration over
the phase space of the final electron from the classical case to the quantum case
1 ’ ’ B max /
=/ dfp?dp' - 3T gn f dp; (34)

where p; is the third component of the momentum of the electron in the final state, d(} is the
solid angle element, g, is the degeneracy of the Landau levels of the electron: g, = 2 for the
n > 0 states and g,, = 1 for the n = 0 states (ground Landau level).

5. MATRIX ELEMENT OF SCATTERING OF AN ELECTRON NEUTRINO BY AN
ELECTRON VIA A CHARGED VECTOR BOSON IN A MAGNETIC FIELD

Thus, since the magnetic field of the strength 2.91 x 10* ¢ < B < 1.57 x 10°G does not
affect the intermediate (off-shell) W-boson participating in the v,e™ — v,e™ process, in the

matrix element (14) we can replace G;f,g (x — x") with the GI;X,B (x — x") for the free case:

G (x—x') > 6 (x — x') = [ GZF (q)e~ialy—") L0 (35)

(2m*’

where G‘;T,ﬁ (q) is the W-boson propagator,

g%

) =- (36)

q2-mi,+i0
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!

Taking the relation (35) into account in (14) the matrix element of the v,e™ — vge™
process proceeding only at the expense of the W-boson exchange is given by

2 — —
My =L [ [, )0ty (][, () Ogthe (0)] G (x — x")d " (37)
Let us analyze the contribution of the intermediate W-boson to the v,e™ — vqe™" process.
The magnitude of the squared momentum transfer is
q> = (' —k)? =m2 —2we' (1 — cos a) (38)

where p'(¢’) is the four-momentum (energy) of an electron in the final state, k is the four-
momentum of the incident electron neutrino, @ is the angle between the electron (in the final
state) momentum vector p’ and an electron neutrino momentum vector k. As we indicated,
we consider the neutrinos whose energy is in the range 1.68 X 107° eV < w < 5.11 x 10° eV
and the electrons of the energy ¢ ~ 10% GeV. The calculations show that in this case cos a < 1

2we' (1 — cos a) = 2we’ > m? (39)
and

1g?| = 2we' K mZ, (40)
where my, is the W-boson mass.

So, the results (35)-(37) and (40) confirm that the contribution of an intermediate W-
boson can be neglected in both the presence and absence of an external magnetic field and
the four-fermion (low-energetic) approximation of the Weinberg-Salam electroweak
interaction theory (Fig. 3) can be applied. The result (40) and the formulae (35) and (36)

enable us to write the following relation for the W-boson propagator Gwa,ﬁ (x—x'):
! aB I
G;,B(x—x):fn—a/d(x—x). (41)

Using the relation (41) and the Fierz identity [1] we can write the matrix element (37) in a
simpler form

My, = %f Ny (0)Ag, (x)d*x = 218 (e" + 0’ — e — w) Ay (42)
where
%00 =1, ()Y* (1 + ¥ (x), (43)

Ay is the amplitude of the v,e™ — vge™ process proceeding only at the expense of the
W-boson exchange in four-fermion approximation

4V(faf’F)1/z [ (k" )y* (1 +y>)ul)]ji (@), (44)

5@ = [ Ay A +y5)e(®]e 4 d?x (45)
and N, (x) is the same as (24).

AW:
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Figure 3. The Feynman diagram of the ve™ — v'e™ process in the four-fermion (low-energetic) approximation.

6. RESULTANT MATRIX ELEMENT OF SCATTERING OF ELECTRON NEUTRINO
BY ELECTRON IN MAGNETIC FIELD

So, taking into account (23) and (42) in (13) we obtain the final expression for the matrix
element of the process v,e™ — vge™ in the four-fermion (low-energetic) approximation of the
Weinberg-Salam electroweak interaction theory

M= % [NgGOA%,(x)d*x = 2m8(e" + ' — &€ — @) Ay (46)
where

MGz (x) = Ay + A = P (DY (gy + gay e (%), (47)
Ay z is the amplitude of the process v.e™ — vg,e™ in the four-fermion approximation

Az = Ay + Ay = 2 [Tk e (1 + Y1 2(@), (48)
J$52@) = j @ +jF(@ = [P P (gy + gay )P ]e ™" d%x, (49)
gy =gy +1=0.5+2sin?0,, (50)
ga=9ga+1=05. (51)

CONCLUSION

For the magnetic fields in the range 2.91 x 10* G < B < 1.57 x 10°G and even for the
magnetic fields B < B, the magnetic field energy scale is much smaller than the mass of the W-

boson (Z-boson). Therefore, the weak interaction that is involved in the process vee™ — vee™ is
unaffected by the magnetic field of the strength 2.91 x 10* ¢ < B < 1.57 x 10°G and B < B,.

It is determined that not only the external magnetic field of the strength 2.91 x 10* G <
B < 1.57 X 10°G but also the external magnetic field of the strength B < B, is not able to
affect on the intermediate W-boson during the proceeding of the process v,e™ — vee™': the
intermediate (off-shell) W-boson does not feel the influence of the external magnetic field
and it behaves itself so, as if the external magnetic field is absent. In this case the contribution
of the intermediate W-boson can be calculated as in free case when the external magnetic
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field is absent. It is substantiated that in the considered physical conditions the four-fermion
(low-energetic) approximation of the Weinberg-Salam electroweak interaction theory can be
applied to the v,e™ — vge™ process in an external magnetic field. The obtained formulae for
the matrix element and amplitude can be used in calculation of the differential probability,
cross-section, energy-momentum loss and other physical quantities for the v,e™ — vie™
process in an external magnetic field.

REFERENCES

L. B. Okun. Leptons and Quarks, North Holland, Amsterdam, 1984 (republished by Nauka, Moscow, 1990).
Y. Fukuda et al. (Super-Kamiokande Collaboration), Phys. Rev. Lett. 81, 1562, 1998.

Q. R. Ahmad et al. (SNO Collaboration). Phys. Rev. Lett. 89, 011301, 2002.

M. Aker et al. (KATRIN Collaboration). Nature Physics. 18, 160-166, 2022.

I. M. Ternov, V. Ch. Zhukovskii, and A. V. Borisov. Quantum Prcesses in Strong External Fields. Mosk. Gos.
Univ., Moscow, 1989.

6. V. A.Guseinov, I. G. Jafarov, and R. E. Gasimova. Phys. Rev. D, v.75, No8, 073021, 2007.

S N

109



JOURNAL OF BAKU ENGINEERING UNIVERSITY - PHYSICS

2023. Volume 7, Number 2 Pages 110-115

PASC: 61.46.-w
UOT:539.216

"INVESTIGATION OF POLYMER COMPOSITES BY
IMPEDANCE SPECTROSCOPY METHOD"

NARGIZ MEHDIYEVA

Baku Engineering University
Khirdalan city, Hasan Aliyev str

nmehdiyeva@beu.edu.az

ABSTRACT

The purpose of the work is to acquire HDPE-PKR-3M composite materials and investigate them using
impedance spectroscopy. This method determines the complex impedance over a wide range of frequencies and
analyzes the obtained sample with equivalent circuits consisting of ideal resistors, capacitors, and inductive
elements, all having the same frequency dependence. The impedance spectroscopy provides a spectrum for
heterogeneous systems, differentiating electrically heterogeneous regions based on dielectric permittivity and
conductivity in the Nyquist diagram (relationship of real and imaginary parts of impedance, Z"=f(Z")). This
diagram yields a multicomponent spectrum for regions with varying dielectric properties, such as ideal resistors,
capacitors, and inductive elements. On the other hand, homogenous regions in the electric domain, which exhibit
a characteristic semicircle, can be analyzed with impedance spectroscopy. Additionally, any factor influencing the
impedance of the sample-electrode system can be studied using impedance spectroscopy.

The article explores the authenticity of the real and imaginary components of impedance, as well as the
phase shift (¢), for HDPE+5% and HDPE+10% PKR-3M composite samples in relation to the external electric field
intensity (23:10° Hs). Additionally, a Nyquist diagram has been constructed based on the changes in intensity.
The studied samples were obtained using the hot pressing method.

KEYWORDS: 1-high-density polyethylene, 2-polymer composite, 3-impedance, 4-spectroscopy, 5-
piezoelectric ceramics, 6-Nyquist diagram

"IMPOBEAEHUE UCCAEAOBAHUN ITOAMMEPHBIX KOMITO3UTOB METOAOM UMITEAAHCHOW
CIIEKTPOCKOIINN"

PE3IOME

Pabora HampaBieHa Ha TOAydeHMe KOMITO3UTHHIX MaTepmaaos BAITD-PKR-3M m mx mccaejosanue c
JCII0AB30BaHNeM MMIIe4aHCHOM CIIeKTPOCKOIMMU. DTOT MeTOJ, omIpeJeasieT KOMILAeKCHOe COIIpOTUBAeHNe B
IIMPOKOM AMaria3OHe YacTOT VM aHAAM3UPYeT IMOAYJIeHHBIT oOpasel] C JMCII0Ab30BaHIeM DKBMBAAEHTHBIX IIeIIel],
COCTOSIIIIMX U3 MAeaAbHBIX Pe3UCTOPOB, KOHAEHCATOPOB I KaTyIIlekK, BCe C OAMHAKOBOJ 3aBMCUMMOCTLIO OT YacTOTBHI.
VIMniegaHcHas CHEKTPOCKONMSI IpeAOoCTaBAseT CHeKTP AAsl IeTepOTeHHBIX CUCTeM, pasaedss DAeKTpUIecKu
HEOJHOpPOAHble 004acT Ha OCHOBe AUDAeKTPUYECKON IIPOHMIIJaeMOCTM U IPOBOAMMOCTU B JAMarpamme
HarvixBucra (3aBUCHMMOCTD J€VICTBUTEABHONI UM MHUMOJN dvacTell uMmiegasca, Z'=f(Z')). Dra auarpamma Jaet
MHOTOKOMIIOHEHTHBII CIEeKTp AAsf 001acTeil C pa3ANMIHBIMM ANDAEKTPUIECKMMMU CBOVICTBAMIY, TaKUMMM KaK
MAeaAbHbIe Pe3UCTOPHI, KOHAeHCATOPEI U KaTymku. C Apyroil CTOpOHBI, O4HOPOAHbIe 004acT B DAeKTPUIECKO
004acTy, MpOABASIONINE XapaKTepHBINI IOAYKPYI, MOIYT OBITh HpOaHAAM3MPOBAHH C MCIOAB30BaHUEM
MMIIeJaHCHON criekTpockornuu. Kpome Toro, a1060it ¢pakTop, BAMSIONIMI Ha MMIIeAaHC CUCTEMBI OOpaserll-
9A€KTPOJ, MOXKeT OBITh U3YyUeH C MCII0Ab30BaHMEM MMIIeaHCHOI CITIEKTPOCKOIINM.

CraTpsi MccaeayeT MOAAMHHOCTb AMICTBUTEABHBIX UM MHMMBIX KOMIIOHEHTOB MMIIeJaHca, a TakXKe CABUTa
das (¢) aaa xkommosuTHEIX 06pasiios BAITD+5% 1 BAIID+10% PKR-3M oTHOCMTEALHO MHTEHCMBHOCTY BHEIITHETO
saexTpudeckoro 1moas (23:10° Hs). Kpome Toro, mocrpoena amarpamma HaiikBucra Ha OCHOBe M3MeHEHMIA
MHTEeHCUBHOCTH. VIsydeHHEIe 06pa3Iisl OBLAM ITOAYJYeHBI C MICII0Ab30BaHIEeM MeTOja TOpsTdero mpeccoBaHMs.

KAKOYEBBIE CAOBA: 1-moansTnaeH BBICOKOJ IAOTHOCTM, 2-IIOAMMEPHBI KOMIIO3UT, 3-UMIleJaHC,4-
CIIeKTPOCKOINLI, S5-TIbe30KepaMIuecKie MaTepuaasl, 6-aguarpamma Havixsucra
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"Investigation of Polymer Composites by Impedance Spectroscopy Method”

POLIMER KOMPOZITLORIN iMPEDANS SPEKTROSKOPiYASI USULU iLO TODQIiQi
XULASO

Isin magsadi YSPE-PKR-3M kompozit materiallari alib onlarin impedans spektroskopiya iisulu ilo tadqiq
etmokdir. Hans1 ki, genis tezliklor oblastinda kompleks impedans: toyin edir vo ideal rezistorlar,kondensatorlar
vo induktivlik sargacindan ibarat olan ve tedqiq olunan niimuns ilo eyni tezlik aslhilifina malik ekvivalent
sxemloarin komayi ilo analiz edir. Heterogen sistemlorin dielektrik niifuzlugu ve kegiriciliyi ila forqlonan elektrik
cohatdan heterogen oblastlar1 Nyquist diaqgraminda (impedansin haqiqi ve xayali hisselorinin Z"=f(Z') aslilig1) cox
komponentli spektr verir, lakin elektrik cohatdon homogen oblastlar, hansilar ki, bir xarakterik yarmdario verir.
Niimuns-elektrod sistemini impedansimna tesir eds bilacek her bir faktor impedans spektroskopiya {isulunun
komayi ile dyrenils biler.

Mogqaleda YSPE+5% ve YPSE+10% PKR-3M kompozit niimunsleri iigiin impendansin haqiqi ve xayali
hissalarinin hamginin ¢ faza siiriismasinin xarici elektrik sahasinin tezliyindan (23:10° Hs) aslilig1 dyranilmis va
tezliyin deyismesinas uygun Nqyuist diaqrami qurulmusdur.Tadqiq olunan niimunsaler isti preslonms tisulu ila
alinmigdar.

ACAR SOZLOR: 1-yiiksak sixligh polietilen, 2-polimer kompozit, 3-impedans,4-spektroskopiya, 5-
pyezoelektrik keramika , 6-Nyquist diaqram1

INTRODUCTION:

Keramic materials and polymer composites prepared based on them are of interest both
from a fundamental scientific standpoint and from an applied perspective. One such
material is the PKR-3M piezoceramics (PbTiOs-PbZrOs-PbNb:zsZnis03-PbNb2sMgi/30s-
MnQO:) obtained at the Physics Research Institute of the Southern Federal University in
Rostov, Russia. The use of these materials' dispersed particles (powder) as a filler is
explained by their high piezoelectric parameters and extreme electro-physical characteristics,
correlated with the presence of the morphotropic phase boundary (MPB) and structural
phase transition.

It is worth noting that impedance spectroscopy, in addition to other informative
methods like thermal activation spectroscopy, is one of the effective techniques that
determine the correlation between the composition and macroscopic properties of the
composite. With the help of this method, it becomes possible to identify and analyze the
dielectric and electrical conductivity characteristics of materials, gather information about
the transport of carriers by observing the real microstructure of the sample, and describe
qualitatively and quantitatively the role of particle volume, surface, and interfaces of phases.
Furthermore, the method allows for considering the influence of characteristic Maxwell-
Wagner effects on non-uniform structures.

The presented work provides the initial results of the impedance spectroscopy study of
HDPE+PKR-3M composite systems with various concentrations, obtained through hot
pressing of a homogenous mixture of high-density polyethylene (HDPE) and PKR-3M
piezoelectric ceramic powder.

RESEARCH METHOD:

The presented work provides the initial results of the investigation of a HDPE +PKR-3M
composite system with varying concentrations, obtained by hot pressing a homogeneous
mixture of high-density polyethylene (HDPE) and PKR-3M piezoelectric ceramic powder
using the impedance spectroscopy method.

1.Sample Acquisition Process Involves the Following Stages:
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The powders of the matrix and filler are sieved to obtain the respective dispersions.
Components are mixed in a ceramic crucible until a homogenous mixture is obtained.

From this mixture, samples with a thickness of ~200 um and a diameter of 30 mm are
obtained at a temperature of 373 K and a pressure of 15 MPa, with a 5-minute holding
period.

Aluminum foil contacts with a thickness of 7 um are applied to both surfaces of the
samples.

The obtained disc-shaped experimental elements are rapidly quenched in an "ice-water"
mixture.

The obtained samples have a 0-3 relationship, indicating a specific arrangement of filler
particles within the matrix.

The investigation of HDPE+PKR-3M composites is conducted using a parallel
combination of a resistor and a capacitor in a two-electrode scheme. Measurements are
performed in a sandwich-type measurement chamber with the value of U=1V screened and
combined. The measurements are carried out in a quasi-capacitor with a frequency range of
(25-10°) Hz. The measurements are conducted at a speed of 1 kHz. The examined samples are
placed between electrodes made of non-corrosive stainless steel. Temperature is controlled
using the MMX-400 electronic temperature controller. E7-20 type impedance measuring
device with a broad frequency range is utilized to conduct the measurements.

Based on the experiments, the absolute value |ZI(f) and the phase angle ¢(f) between
the impedance and the voltage have been measured for the complete complex resistance.
Subsequently, using the expressions Z'(f) = | Z 1 (f)cos(f) and Z"(f) = | Z| (f)sin¢(f), the spectra
of the real and imaginary components of the complex impedance have been calculated
appropriately. These measurements provide the opportunity to determine and analyze the
electro-physical characteristics of the investigated samples. The relative error in impedance
measurements has not exceeded 5%.

Frequency dependencies of the impedance of HDPE+5%PKR-3M composite samples.
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Figure 1. Frequency dependence of Z' (1) and Z" (2) for HDPE+5% PKR-3M composite samples.
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In Figure 1, the dependencies of the real (Z') and imaginary (Z") components of the
complex impedance on the frequency of the external electric field are presented. As observed
in the figure, both Z' and Z" sharply decrease with the increase in frequency (the rate of
decrease for Z" is significantly larger compared to Z'). It is noteworthy that, in the low-
frequency range (f < 500), the increase in impedance is associated with the displacement of
positive and negative charges towards the electrodes and the presence of a delicate layer
characterized by significant electrical conduction in the proximity of the electrodes.[2]
Therefore, measuring the impedance of polymer composites in various frequency ranges
allows for distinguishing processes related to electrode (surface) and volume events, as well
as determining important electro-physical characteristics of the investigated composites.

Selecting the equivalent circuit of the investigated composites and determining optimal
values for the circuit elements are achieved by plotting the impedance spectra Z(f) obtained
in experiments in Nyquist diagrams, representing the Z' real and Z" imaginary components.
It is evident that each point on the plot of the impedance locus reflects the real and
imaginary components of the impedance measured at a specific frequency within the
investigated frequency range.
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Figure 2. Nyquist diagram for HDPE+5% PKR-3M composite samples.

In Figure 2, the Nyquist diagram is shown for the HDPE+5% PKR-3M composite sample.
The graph of Z" as a function of Z' exhibits a globular shape at high frequencies and a linear
segment at low frequencies. The relaxation frequency of the sample corresponding to the
maximum value of Z" on the semicircle of the diagram defines the relaxation time
™=1/21f~5.31*10"-3s, characterizing the molecular relaxation of the material [3].

2.The process of obtaining the samples combines the following stages:

The powders of the matrix and filler are passed through a sieve to obtain the respective
dispersions.
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The components are mixed in a ceramic crucible until a homogeneous mixture is
obtained.

From this mixture, samples with a thickness of ~166 um and a diameter of 30 mm are
obtained at a temperature of 373 K and a pressure of 15 MPa, with a 5-minute holding
period.

Aluminum foil contacts with a thickness of 7 um are applied to both surfaces of the
samples.

The obtained disc-shaped experimental elements are rapidly quenched in an "ice-water"
mixture.

The obtained samples exhibit a 0-3 relationship, and the concentrations shown in the
work are volume concentrations. The relative error in impedance measurements did not
exceed 10%.

For the 90%HDPE+10%PKR-3M composite samples, the frequency dependencies of the
impedance are investigated.
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Figure 3. Frequency dependence of Z" (1) and Z' (2) for HDPE+10% PKR-3M composite samples.
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In Figure 1, the frequency dependencies of the real (Z') and imaginary (Z") components
of the complex impedance are provided as a function of the external electric field's
frequency. As depicted in the figure, both Z' and Z" sharply decrease with the increase in
frequency (the rate of decrease for Z" is significantly larger compared to Z'). It is noteworthy
that, in the low-frequency range (f > 500), the increase in impedance is associated with the
displacement of positive and negative charges towards electrodes of opposite signs and the
presence of a delicate layer characterized by significant electrical conduction in the proximity
of the electrodes.[2] Therefore, measuring the impedance of polymer composites in various
frequency ranges allows for distinguishing processes related to surface and volume events
that condition the current passing through the sample, as well as determining important
electro-physical characteristics of the investigated composites.
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RESULTS

HDPE+5% PKR-3M composite samples obtained by hot pressing were subjected to
impedance spectroscopy, measuring the real and imaginary components Z=1Z|cosp and
Z'=1Zlsing, as well as the frequency dependence of the phase shift ¢ between current and
voltage.

In the Nyquist diagram, the characteristic relaxation time t™x=5.31*10"-3s was calculated
corresponding to the maximum of Z”.

Similarly, HDPE+10% PKR-3M composite samples obtained by hot pressing were
analyzed using impedance spectroscopy, measuring the real and imaginary components
Z=|Zlcosp and Z'=|Zlsing, along with the frequency dependence of the phase shift ¢
between current and voltage.

The ¢ angle dependence on frequency (Igf) was illustrated for the HDPE+10% PKR-3M
composite sample.

It should be noted that addressing these issues requires a more comprehensive
investigation of the electrical and dielectric properties of such composites.
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YAZI VO NO9SR QAYDALARI

“Journal of Baku Engineering University” Fizika- oavvallor nasr olunmamus orijinal osorlori vo miiollifin
tadqiqat sahasi iizra yazilmis icmal maqalslari gabul edir.

Maqalalor Ingilis dilinds gobul edilir.

Yazilar Microsoft Word yazi programinda, (journal@beu.edu.az) iinvanina géndorilmslidir. Gondarilon
mogqalolords asagidakilara nozors alinmalidir:

Mogqalonin bagligi, miisllifin adi, soyadi,

s yeri,

Elektron tinvani,

Xiilaso vo agar sozlor.

Mogqalads bashq hor xiilasadan avval ortada, qara vo boyiik horflo xiilasolorin yazildigi hor i¢ dildo
olmalidir.

Xiilasa 100-150 s6z araliginda olmagqla, 9 punto yazi tipi boyiikliiyiindo, moqalonin yazildig1 dildo vo bundan
olavo yuxarida gostarilon iki dildo olmalidir. Maqalonin her {i¢ dildo yazilmis xiilasosi bir-birinin eyni olmalidir.
Agar sdzlor uygun xiilasalorin sonunda onun yazildig: dilds verilmokls an azi ii¢ s6zden ibarat olmalidir.

Magqalads UOT va PACS kodlar1 gostorilmalidir.

Mogqalo asagidakilardan ibarst olmalidir:

Giris,

Tadqiqat metodu

Tadgiqgat isinin miizakirasi vo onun naticolori,

Istinad adebiyyat: rus dilinds oldugu halda orjinal dili m&tarzo icorisinde gdstormoklo yalmz Latin alifbasi
ilo verilmolidir.

Sakil, rasm, grafik vo cadvallar ¢apda diizgiin, aydin ¢ixacaq vaziyyatds va moatn igarisindo olmalidir. Sakil,
rosm va grafiklorin yazilari onlarm altinda yazilmalidir. Cadvallards basliq cadvalin iistiinds yazilmalidir.

Manbalar motn igarisinde kvadrat moéterize daxilindo gostorilmoklo moqalonin sonunda matn daxilindaki
stra ilo diiziilmolidir. Eyni manbays iki vo daha cox istinad edildikds ovvalki sira say1 saxlanmaqla miivafiq
sohifolor gostarilmolidir. Masalon: [7,s0h.15].

Odobiyyat siyahisinda verilon her bir istinad haqqinda molumat tam va doqiq olmalidir. Istinad olunan manbenin
bibliografik tesviri onun ndviindon (monoqrafiya, dorslik, elmi moqalo v s.) asili olaraq verilmolidir. EImi mo-
qalslara, simpozium, konfrans, va digor niifuzlu elmi todbirlorin materiallarina vo ya tezisloring istinad edorkon
magqalonin, maruzanin va ya tezisin ad1 gostarilmalidir.

a)
b)

c)

Niimunolar:

Mbqals: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and electronic structure af monomeric
and dimeric complexes of carnosine with zinc, Journal of structural Chemistry, Vol.51, No.5, p.824-832, 2010

Kitab: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Konfrans: Sadychov F.S., Aydin C., Ahmedov A.1.. Appligation of Information-Communication Technologies in
Science and education. II International Conference. ”Higher Twist Effects In Photon- Proton Collisions”,
Baki, 01-03 Noyabr, 2007, ss 384-391

Maoanbolar 9 punto yazi tipi boyiiklitylinds olmalidir.

10.

11.
12.

Sohifo ol¢iilori: listdon 2.8 sm, altdan 2.8 sm, soldan 2.5 sm va sagdan 2.5 sm olmalidir. Matn 11 punto yazi tipi
boyiiklityiinds, Palatino Linotype yazi tipi ilo ve tok simvol araliginda yazilmalidir. Paraqraflar arasinda 6
punto yazi tipi araliginda mosafo olmalidir.

Orijinal tadqiqat asarlorinin tam motni bir qayda olaraq 15 sshifoden artiq olmamalidir.

Mogqalonin nosra toqdimi asagidaki qaydada aparilir:
Hor mogqallo on az1 iki eksperto gondorilir.
Ekspertlorin tovsiyslorini nazors almaq ti¢iin moaqale miiollifo gdndorilir.

Mogqals, ekspertlorin tonqidi geydlori miisllif torafindon nozers alindigdan sonra Jurnalin Redaksiya Heyati
torofindon ¢apa toqdim oluna bilor.
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8.

YAZIM KURALLARI

“Journal of Baku Engineering University-Physics" Onceler yayimlanmamis orijinal ¢aligmalar1 ve yazarin
kendi aragtirma alanin-da yazilmis derleme makaleleri kabul etmektedir.

Makaleler ingilizce kabul edilir.

Makaleler Microsoft Word yazi programinda, (journal@beu.edu.az) adresine gonderilmelidir. Gonderilen
makalelerde sunlar dikkate alinmalidir:

Makalenin bagligi, yazarin adi, soyadi,

Is yeri,

E-posta adresi,

Ozet ve anahtar kelimeler.

Ozet 100-150 kelime arasinda olup 9 font biiyiikliigiinde, makalenin yazildig: dilde ve yukarida belirtilen iki
dilde olmalidir. Makalenin her ii¢ dilde yazilmis 6zeti birbirinin ayni olmalidir. Anahtar kelimeler uygun 6zetin
sonunda onun yazildigi dilde verilmekle en az {i¢ s6zciikten olugmalidir.

Makalede UOT ve PACS tipli kodlar gosterilmelidir.

Makale sunlardan olugmalidir:

Giris,

Arastirma yontemi

Aragtirma

Tartigma ve sonuglar,

Istinat Edebiyati Rusca oldugu halde orjinal dili parantez icerisinde gdstermekle yalniz Latin alfabesi ile ve-
rilmelidir.

Sekil, Resim, Grafik ve Tablolar baskida diizgiin ¢ikacak nitelikte ve metin igerisinde olmalidir. Sekil, Re-
sim ve grafiklerin yazilar1 onlarin alt kisimda yer almalidir. Tablolarda ise baslik, tablonun iist kisminda
bulunmalidir.

Kullanilan kaynaklar, metin dahilinde késeli parantez igerisinde numaralandirilmali, ayn1 sirayla metin so-
nunda gosterilmelidir. Aym kaynaklara tekrar bagvuruldugunda sira muhafaza edilmelidir. Ornegin: [7,seh.15].

Referans verilen her bir kaynagin kiinyesi tam ve kesin olmalidir. Referans gosterilen kaynagin tiirii de eserin tl-
riine (monografi, derslik, ilmi makale vs.) uygun olarak verilmelidir. Ilmi makalelere, sempozyum, ve konferanslara
miiracaat ederken makalenin, bildirinin veya bildiri 6zetlerinin ad1 da gésterilmelidir.

a)
b)

c)

Ornekler:

Makale: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and Electronic Structure of Monomerik
and Dimeric Conapeetes of Carnosine Uith Zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832, 2010
Kitap: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition, Prentice
Hall, p.386-398, 2002

Kongre: Sadychov F.S., Aydin C., Ahmedov A.I. Appligation of Information-Communication Technologies
in Science and education. 11 International Conference. “Higher Twist Effects In Photon- Proton Collisions”,
Baki, 01-03 Noyabr, 2007, ss 384-391

Kaynaklarin biiytikliigii 9 punto olmalidir.

9.

10.
11.

12.

13.

Sayfa olculeri; tist: 2.8 cm, alt: 2.8 ¢cm, sol: 2.5 cm, sag: 2.5 cm seklinde olmalidir. Metin 11 punto biiyiik-
lukte Palatino Linotype fontu ile ve tek aralikta yazilmalidir. Paragraflar arasinda 6 puntoluk yazi mesa-
fesinde olmalidir.

Orijinal arastirma eserlerinin tam metni 15 sayfadan fazla olmamalidir.

Makaleler dergi editér kurulunun karari ile yayimlanir. Editorler makaleyi diizeltme igin yazara geri gonde-
rilebilir.

Makalenin yayina sunusu asagidaki sekilde yapilir:

Her makale en az iki uzmana gonderilir.

Uzmanlarin tavsiyelerini dikkate almak i¢in makale yazara gonderilir.

Makale, uzmanlarin elestirel notlar1 yazar tarafindan dikkate alindiktan sonra Derginin Yayin Kurulu tarafindan
yayina sunulabilir.

Azerbaycan disindan gonderilen ve yayimlanacak olan makaleler i¢in,(derginin kendilerine gonderilmesi za-
mani posta karsiligi) 30 ABD Dolar1 veya kargiligi TL, T.C. Ziraat Bankasi/Uskiidar-istanbul 0403 0050 5917
No’lu hesaba yatirilmali ve makbuzu iiniversitemize fakslanmalidir.
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ITPABUJIA JIA ABTOPOB

«Journal of Baku Engineering University» - ®u3uka my0IUKyeT OpUTHHAIbHBIC, HAYYHBIC CTATHU U3 00NACTH
HCCIICZIOBaHMUSI ABTOPA U PaHEe HE OMyOINKOBAHHBIC.

Cratbu TIPUHUMAIOTCS Ha AHTJINCKOM SI3BIKE.

PykomuicH TOIKHBI OBITh HaOpaHs! coryiacHo porpammbel Microsoft Word u oTripaBiieHs! Ha 37IEKTPOHHBIH
anpec (Journal@beu.edu.az). OtmpasiseMble CTaThH J0JKHBI YIUTHIBATH CIICAYIOLIHME TPABHIA;

HazBanue ctatbu, uMs U paMUIIHs aBTOPOB
Mecto paboThI

DICKTPOHHBIN a/ipec

AHHOTAIMS 1 KJIFOYEBBIC CIIOBA

3ariaBue CTaThH IIHUIIETCS JIJIA KaXKJI0M aHHOTAaIMU 3arjaBHBIMU 6yKBaMI/I, JKUPHBIMU 6yKBaMI/I U pacrioJjiara-
€TCA TI0 LEHTPY. 3arnaBue u AHHOTAIlMH JOJI?KHBI OBITH TMPEACTABJICHBI HA TPEX SA3BIKAX.

AHHOTAIM, HAIICAaHHAS HA S3bIKE TPEACTaBICHHON CTaThH, NOJKHA coaepkaTh 100-150 cmoB, HaOpaHHBIX
uipudToM 9 punto. Kpome Toro, mpefcTaBisSiOTCs aHHOTAIMK HA BYX JAPYTHX BBINIC YKa3aHHBIX S3bIKAX,
MepPeBOJT KOTOPBIX COOTBETCTBYET COJIEPIKaHMIO OpUruHaia. KitoueBble cioBa JOJKHBL ObITh MPEACTABIEHBI
mocyie KaXKI0i aHHOTAIMK Ha ero S3bIKE U COAEPIKaTh He MEHEe 3-X CIIOB.

B crarbe momxub! ObTh yKa3anbl kol UOT u PACS.

IIpencraBneHHble CTaThbU AOJKHBI COAEPKATh:

Beenenue

MeTton ucciaemoBaHus

OO6cyxneHne pe3yIbTaToOB HCCIeJOBAHUS H BEIBOIOB.

Ecmu ccrmmarorcs Ha paboTy Ha pycCcKOM sI3BIKE, TOTJAa OPWUTWHANBHBIA S3BIK YKa3hIBacTCsA B CKOOKax, a
CCBUIKA JJACTCS TOJIBKO Ha JTATHHCKOM ai(aBUTE.

PuCyHKH, KapTHHKH, TpaGUKH ¥ TAOIHMIBI JOJDKHBI ObITH YETKO BBIMOJIHEHBI M Pa3MEIeHbI BHYTPH CTATHH.
INoamucu K pUCYHKaM pa3MEIIaloTCsl MO PUCYHKOM, KapTHHKON Wi rpadukom. Ha3Banue TaOIMIbI MHIIETCS
HaJ TaOJIULEH.

CChUIKH Ha HCTOYHHKH JAI0TCA B TEKCTE IU(POH B KBAIPATHBIX CKOOKAX U PACIIONAraloTcs B KOHIIE CTaThH
B TIOPSIZIKE IUTHPOBAHMUS B TeKCTe. ECITM Ha OJIMH M TOT jK€ MCTOYHHK CCHUTAIOTCS JIBa U Oojiee pas, He00X0-
JIMMO YKa3aTh COOTBETCTBYIOIIYIO CTPAHHILY, COXPaHAS MOPSAKOBHIM HOMep nuTupoBanus. Hanpumep: [7,
crp.15]. bubmuorpaduueckoe OMMUCaHKUE CCHIITAEMOM JTUTEPATYPHI TOJKHO OBITH POBEIEHO C YUETOM THIIA
UCTOYHMKA (MOHOTpadust, yIeOHHK, HAydHas CTaThs U 1p.). [IpH CCBUTKE Ha HAYYHYIO CTaThiO, MaTEPHAIIBI CHM-
No3uyMa, KOH(PEPEHIINH WK IPYTHX 3HAYNMBIX HAYYHBIX MEPOIPHATHH TOJKHBI OBITH YKa3aHbl Ha3BaHUE
CTaThH, JOKJIAJA WK TE3HUCA.

Hanpumep:

Cmampwsa: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M. Spatial and electronic structure of monomeric
and dimeric complexes of carnosine with zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832,
2010

Knueza: Christie on Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Kongpepenuua: Sadychov F.S, Fydin C,Ahmedov A.l. Appligation of Information-Communication Nechnologies

in Science and education. Il International Conference. “Higher Twist Effects In Photon-Proton Collision”,
Bak1,01-03 Noyabr, 2007, s5.384-391

CHycoK IMTHPOBAHHOM JIUTEpaTyphl HabupaeTcs mpudToM 9 punto.

10.

11.
12.

Pa3mepbl crpaHunbl: cBepxy 2.8 oM, cHu3y 2.8 cM, creBa 2.5 u cripaBa 2.5. Tekcr nedaraercs wpudrom Pala-
tino Linotype, pasmep mwpudra 11 punto, uHTepBan-oanHapHbii. [laparpadsl TOKHEL OBITh pa3/ielcHbI
paccTosiHuEM, COOTBETCTBYIOIUM MHTEpBaIy 6 punto.

[TonHb1i 00beM OPUTHHAIBLHOM CTaThH, KaK IPaBHIIO, HE JOJDKEH MPEeBHIIIaTh 15 cTpaHuil.

IIpencraBienue cTaThbu K NEYaTH NPOU3BOJUTCS B HUXKE YKA3aHHOM IMOPAJKE:

Kaxnast cTathst mochlIaeTcss HE MEHEe IBYM JKCIIEpTaM.

CraThs MOCHUTACTCS aBTOPY IS yUeTa 3aMeUaHuil SKCTIEPTOB.

CraTps, TIOCNE TOTO, KaK aBTOP yd4es 3aME4YaHHs KCIEPTOB, PEIAKIIMOHHON KOJJIETHell KypHama MOXET
OBITh PEKOMEH/IOBaHA K MICYATH.
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