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Synthesis, Characterization, and Antioxidant
Evaluation of Mixed-Ligand Copper(II)
Complexes Based on Salicylaldehyde
4-(3-Methoxyphenyl) thiosemicarbazone and
Sulfonamide Derivatives

Aliona Cotovaia' "/, Victor Tsapkov! =,
Aurelian Gulea?

Keywords:  thiosemicarbazone,  copper(ll)  complexes,
sulfonamides, antioxidant activity, ABTS"" cation radicals
Acar  sozlor:  tiosemikarbazon, mis(ll)  komplekslori,
sulfonamidlor, antioksidant aktivlik, ABTS"* kation radikallar:

Oxidative stress plays a crucial role in the development and
progression of numerous pathological conditions, including
inflammation, neurodegenerative disorders, cardiovascular
diseases, and cancer. Therefore, the search for new antioxidant
agents capable of effectively neutralizing reactive oxygen
species remains an important research area. Sulfonamides
represent a versatile class of biologically active compounds with
a wide range of pharmacological properties, including
antioxidant, antimicrobial, and anti-inflammatory effects.
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Aliona Cotovaia et al.

Coordination of sulfonamide derivatives with transition metals,
particularly copper(Il), provides an opportunity to obtain new
metal-based compounds with enhanced biological activity due
to synergistic interactions between the metal center and organic
ligands. Mixed-ligand Cu(Il) complexes containing sulfonamide
derivatives and additional N-donor ligands are of particular
interest as potential antioxidant agents, since their structural
diversity allows modulation of electronic properties and
biological performance.

This study focuses on the synthesis and antioxidant evaluation
of novel mixed-ligand Cu(ll) complexes incorporating
sulfonamide-based ligands, with the aim of exploring their
potential as effective antioxidant compounds.

Mixed-ligand Cu(Il) complexes were synthesized through the
reaction of copper(Il) acetate with salicylaldehyde 4-(3-
methoxyphenyl)thiosemicarbazone and the corresponding
sulfonamide derivatives (Streptocide (Str), Etazol (Etz),
Sulfacetamide (Sfc), Sulfadimidine (Sfd), and Norsulfazole
(Nor)) in ethanol using a molar ratio of 1:1:1.

OH 0
S CH,

N—NH
Figure 1
The structure of H>L



Aliona Cotovaia et al.

The obtained complexes were characterized by a combination of
physicochemical techniques to confirm their composition:
Cu(Str)L, Cu(Etz)L, Cu(Sfc)L, Cu(Sfd)L, Cu(Nor)L.

The antioxidant activity was evaluated using the ABTS"" radical
cation scavenging assay, with Trolox, a clinically used
antioxidant, employed as the reference standard for comparison.

The results demonstrated that the antioxidant activity of the
Cu(II) complexes depends on the sulfonamide moiety present in
their structures, allowing the following order of activity to be
established: Streptocide > FEtazol = Sulfacetamide =
Sulfadimidine > Norsulfazole. Among the investigated
compounds, the Cu(Il) complex exhibited the highest
antioxidant activity, with an ICso value of 27.02 uM, surpassing
that of Trolox, which was used as the reference antioxidant.

This work was fulfilled with the financial support of the
subprogram 010602 of the institutional project.
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o-aminyag tursusunun siff 3sasi ilo nikel(II)
kompleksinin alinmasi vo qurulusu

Sevinc Qarayeva

Acar sozlor: siff asaslari, a-aminyag tursusu, salisil aldehidi,
kompleks birlagmoalor, nikel komplekslari

Keywords: schiff bases, a-amino fatty acid, salicyl aldehyde,
complex compounds, nickel complexes

Bu todqgigat isindo amin tursularinin salisil aldehidi ilo
reaksiyasindan alinmis siff osaslar1 osasinda kecid metallarinin
kompleks duzlari sintez edilmisdir. Siff osas1 almaq {li¢lin a-
aminyag tursusu vo salisil aldehidi, kompleks duzun
alimmasinda Ni duzlarindan istifado olunmusdur. Kompleks
duzlarin torkibinin arasdirilmasinda element analizi, Q-
elektron spektroskopiya vo termoqravimetriya iisullarindan
istifado olunmusdur.

Amin tursularinin vo onlarin toromolarinin ke¢id metallar ilo
kompleks birlogmoalori kimyanin miixtolif saholorindo totbiq
edilmisdir (Beck, 2009; Diane et al., 2004). Bu komplekslorin
bozilori infeksion xostoliklords, qan azliginda, iirok-damar
catismazliginda vo allergiyalarda istifado olunan dorman
preparatlarinin torkib hissosini togkil edir.

Azarbaycan Dovlot Pedaqoji Universiteti, kimya tizra falsafs doktoru, Baki, Azarbaycan
E-pogt: sevincqarayeva6l7@gmail.com
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Sevinc Qarayeva

Miixtolif miuolliflor torofindon qeyd olunmusdur ki, uranil
ionlarinin L-qlisin vo L-sistein (Manuel et al., 2010), amin
tursularinin yan zoncir qruplarinin — imidazol, fenol vo indol
kimi qaliglar1 (Shimasaki et al., 2009) koordinasiyada bidentant
ligand kimi istirak edir. Karboksil qrupunun oksigen vo amin
grupunun azot atomu koordinasiyaya daxil olur.

Kalorimetrik todqgiqatlarin komaoyi ilo amin tursularinin Pb(II),
Cd(Il) vo Sn(Il) komplekslorindoe metal-ligand rabitolorinin
hidratasiya enerjilori vo koordinasiya hondosalori molum
olmusdur (Kuliyev, 2024; Garayeva et al, 2012). Isdo
potensiometrik titrlomo iisulu ilo Co(II) a-amin tursusu ila,
qurgusunun limon va sirks tursusu ilo kompleks omolo gotirmasi
oyronilmisdir. Ugniiveli amin tursularinin  vo onlarin
toromolorinin siff osaslarinin  Co(IIT)—Co(II)—Co(IIl) gqarisiq
komplekslorinin (Gunter et al., 2007) qurulusu vo xassalori
todqiq edilmisdir.

Eksperimental hissodo siff asasinin alimmasi tigiin (LiHz) 1:1
nisbatinde o-aminyag tursusu vo salisil aldehidinden istifads
olunmusdur. LiH; ligand ilo Ni-astat etanol mohlulunda 1:1
nisbotindo qarigdirilib bir qodor saxladigdan sonra tiind yasil
rongli Ni kompleksinin kristallart alinmigdir.

Aliman naticalarin miizakirasi

IQ spektrlori Specord M-80 spektrofotometrindo (Carl Zeiss
Jena) KBr tabletlorinds vo vazelin miihitinds qeydo alinmisdir.
Elektron udma spektrlori Specord M-40 vo Specord UV-Vis
spektrofotometrlorindo  (Carl Zeiss Jena) dlgiilmiisdiir.
Termoqravimetrik (TG) O6lgmoalor MOM deriftografinda
(Macaristan istehsall) aparilmigdir. Maqgnit hossasligt Mor vo
Hg[Co(SCN)4] duzlarindan istifado edilorok, Faraday
qurgusunda 6l¢iilmiisdiir.
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Element analizlorinin vo TG gostaricilorina asason, Ni(II)
kopleksinin torkibi NiLi:3H>O ifado olunur. Kompleksin TG
ayrilorinde 100-250 C° intervalinda kiitlonin 16% azaldig
miisahido olunmusdur. Bu ti¢ molekul suyun itkisini bildirir.

Ligandin IQ spektrinde molekuldaxili v(OH) hidrogen rabitosi,
v(C=0) karbonil, v(C=N) azometin vo (C-O) fenol qrupuna
uygun olan 3100-3400, 1703, 1640, 1223 zolaglar1 miisahido
olumugdur. Kompleksomalogalmads iso v(C=N) zolaglar1 daha
asag tezliyo torof yerini doyisir, bu da ligandin metal ionu ilo
koordinasiyaya daxil olmasini gdstarir. Ni kompleksindo 3410
sm™' zolag1 su molekullarina, 1644sm™' zolag1 azometin
grupuna, 1600 (Vass) vo 1390 sm!(vsim) zolaqlar1 karboksil
grupuna aiddir. Zolaglarin daha asagi enerjiloro torof yerini
doyismosi kompleksin omolo golmasini gostorir. (Vass) vo sm”
(vsim) karboksil qruplari arasindaki forq Ni kompleksinin
monodentant oldugunu tosdiq edir.

NiLi-3H>0O kompleksinin maqnit momenti 3.25 m.B borabor
olmasi Ni(Il) ionunun yuxari spino malik oldugunu gostorir.
15400, 19200, 26600 sm™! goriinon sahoads li¢ udma zolaginin
elektron spektrindo goriinmosi 3A2g — 3T2g, 3A2¢g — 3Tlg,
3A2g — 3 T1g (P) kegidlorino uygun golir. Aparilan todqiqatlar
NiL;-3H>0 kompleksinin oktaedrik qurulusa malik oldugunu
tosdiq edir.
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Comparative Synthesis and Structural
Characterization of Mn(II)-Memory Effect and
Ion-Imprinted PVP-Based Polymers

Chichak Seyidova

Keywords: polyvinylpyrrolidone, memory-effect, ion-imprinted
polymer, manganese(Il), polymer network

Acgar sozlar: polivinilpirrolidon, yaddas effekti, ion izli polimer,
mangan(1l), polimer sabakasi

Selective recognition of metal ions by polymeric materials is an
important approach for developing efficient sorbents for
contaminated aqueous systems. Polyvinylpyrrolidone (PVP) is a
promising polymer for this purpose because its pyrrolidone
groups contain carbonyl functionalities capable of interacting
with metal ions, while its hydrophilic and biocompatible
character makes it attractive for different material applications
(Biihler, 2005). Template-assisted polymer design can be used
to introduce metal-dependent structural organization into
polymer networks. In the memory-effect approach, the target
metal is first coordinated with an already formed polymer and
the resulting conformation is fixed by crosslinking (Kurakula &
Rao, 2020). In ion-imprinted polymerization, the target ion is
present during polymer formation and is subsequently removed
to generate a modified binding environment (Franco & de
Marco, 2020).

Institute of Chemistry, Ministry of Science and Education of the Republic of Azerbaijan, PhD in Chemistry,
Baku, Azerbaijan. E-mail: chichak.seyidova@kqki.science.az

12


https://aem.az/en/nature-science-the-2nd-international-scientific-conference-on-biosciences-2026
https://aem.az/tebiet-ve-elm-biologiya-elmleri-uzre-ii-beynelxalq-elmi-konfrans-2026
https://doi.org/10.36719/2707-1146/II/BK/KEBK/NS/2026
mailto:chichak.seyidova@kqki.science.az
https://orcid.org/0000-0002-4286-0135

Chichak Seyidova

The aim of this work was to synthesize and compare Mn(II)-
MEP and Mn(I)-IIP based on PVP and to evaluate their
structural changes following Mn(II) incorporation and template
removal.

For the Mn(II)-MEP, PVP was dissolved in water and
complexed with MnCl,-4H,0O. After equilibration, MBA was
introduced as a crosslinking agent and the mixture was subjected
to UV-induced crosslinking. The resulting Mn(II)-containing
polymer network was subsequently treated with HCl and EDTA
to remove the metal template.

The Mn(II)-IIP was prepared by free-radical polymerization of
NVP in the presence of Mn(II) ions and MBA. AIBN was used
as the initiator, and polymerization was carried out under an inert
atmosphere. After polymerization, the Mn(IlI) template was
extracted using HCI/EDTA, followed by washing and drying of
the polymer. The synthesized materials were characterized by
FTIR-ATR to investigate changes in the chemical environment
of the pyrrolidone groups and by SEM-EDX to evaluate
morphology and confirm Mn(II) incorporation and removal.

FTIR-ATR analysis confirmed interaction between Mn(II) and
the pyrrolidone carbonyl groups. For Mn(Il)-MEP, the C=0
band shifted from 1651.78 to 1647.76 cm™ after Mn(Il)
incorporation, indicating metal-carbonyl interaction. After
template removal, the band remained shifted, suggesting
retention of Mn(II)-induced structural changes. For Mn(II)-IIP,
the carbonyl band shifted from 1631 to 1636 cm ' after template
removal, indicating disruption of Mn—O coordination while
retaining a modified local carbonyl environment.

13
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SEM-EDX analysis showed morphological changes after
template removal and confirmed substantial reduction of Mn in
the extracted materials.

Overall, both approaches produced Mn(Il)-templated PVP
networks with detectable structural changes after template
removal, while differing in their synthesis strategy: MEP uses
pre-formed PVP, whereas IIP is formed by polymerization in the
presence of Mn(I).

Mn(II)-MEP and Mn(II)-IIP were successfully synthesized
using two different template-assisted approaches. FTIR-ATR
confirmed Mn(II)-induced changes in the pyrrolidone carbonyl
environment, while SEM-EDX demonstrated morphological
changes and effective template removal. The results indicate that
both approaches can generate structurally modified PVP-based
polymer networks suitable for further investigation as Mn(II)-
recognition materials. The comparative sorption performance of
these materials will be evaluated separately.

References
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Cold-Pressed Sunflower Press Cake as a Bio-Based
Filler for Polyethylene Composites: Preparation,
Defatting, Alkaline Treatment, and Processing

Khayala Seyidova!" "', Javid Gasimov?

Keywords: sunflower press cake, polyethylene, bio-based filler,
alkaline treatment, PE-g-MA, biocomposites

Acar sozlar: giinabaxan tullantisi presi, polietilen, bioasash
doldurucu, galovi emal, PE-g-MA, biokompozitlor

The rapid consumption of synthetic plastics and the
accumulation of agricultural residues have intensified the search
for sustainable polymer composites. Natural fillers are
increasingly used to substitute mineral additives due to their low
density, renewability, and low cost. Reported that incorporating
untreated biomass into thermoplastics remains challenging due
to poor interfacial adhesion, high moisture affinity, and
structural incompatibilities between hydrophilic bio-fillers and
hydrophobic polymer matrices (Ayrilmis et al., 2013; Huang et
al., 2025).

Polyethylene (PE) is widely utilized for its processability,
chemical resistance, and low cost. Nevertheless, because PE is
strictly nonpolar, direct incorporation of polar, plant-derived
residues leads to particle agglomeration, micro-voids, and
compromised mechanical strength.

! Azerbaijan State Oil and Industry University, PhD in Chemistry, Baku, Azerbaijan
2Azerbaijan State Oil and Industry University, Master’s student, Baku, Azerbaijan
“Corresponding author. E-mail: xeyale.seyidovah@asoiu.edu.az
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Khayala Seyidova & Javid Gasimov

Sunflower press cake (SPC) presents an attractive biomass
feedstock that retains structural carbohydrates, proteins, and
residual lipids (Camargo et al., 2014). While residual oil can act
as a processing lubricant, excessive lipid content impairs filler—
matrix adhesion. Reported that solvent defatting should be
systematically  evaluated alongside chemical surface
modifications, such as sodium hydroxide (NaOH) treatment, to
optimize surface roughness and hydroxyl accessibility without
degrading the filler structure (Reifschneider et al., 2013). This
study aims to establish a systematic preparation method for cold-
pressed SPC and evaluate its feasibility as a bio-filler for
Polyethylene matrices.

Biological filler was obtained from the solid residue generated
by mechanical cold pressing of dehulled sunflower seeds.
Polyethylene was selected as the polymer matrix, and maleic
anhydride-grafted polyethylene (PE-g-MA) was utilized as a
compatibilizer to bridge the polar-nonpolar interface.

The preparation and chemical modification of SPC were carried
out through sequential processing steps. To reduce residual
lipids, ground SPC was extracted with n-hexane at a 1:5 (w/v)
ratio at 40-50 °C for 2 h, followed by vacuum filtration and
drying at 60 °C for 12 h, establishing two filler categories for
comparison: untreated (SPC-U) and defatted (SPC-D). The
biomass was subsequently milled using a laboratory disk mill
and fractionated to a target particle size range of 100-200um.
For alkaline surface modification, the defatted and dried SPC
powder was immersed in a 5 wt % aqueous NaOH solution at a
1:10 (w/v) ratio in a three-neck flask equipped with a reflux
condenser, mechanical stirrer, and internal thermometer, where
the reaction was held at 40-50 °C to remove non-cellulosic
constituents and expose reactive hydroxyl groups (fig. 1B).

16
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Following the chemical treatment, the slurry was separated by
primary gravimetric filtration (fig. 1C) and repeatedly washed
with distilled water (fig. 1D) until reaching a neutral pH (pH~7).
Finally, the purified fibers were recovered on filter paper (fig.
1E) and dried under vacuum at 80 °C to a constant mass with a
residual moisture content below 1.0 wt %.

A B
aw». =
- b=

',\, L e

C: Firation of Organic Extract 0: Washing and Residual Fiber Recovery
E
T by o
E: Purifisd SPC
Figure 1

Sequential stages of the chemical modification and purification
of sunflower press cake (SPC): (A) Raw materials and reagents
including ground SPC, KOH/NaOH pellets, and distilled water;
(B) Reflux extraction setup equipped with a three-neck flask,
heating mantle, overhead mechanical stirrer, and thermometer;

17
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(C) Primary gravimetric filtration separating the dark liquid
extract from the cellulosic residue; (D) Neutralization and
washing of the fiber cake with distilled water, (E) Purified and
alkali-modified SPC fibers spread on filter paper prior to final
vacuum drying.

The prepared SPC filler, PE matrix, and PE-g-MA
compatibilizer were dry-blended and fed into a laboratory
extruder. Processing was conducted using a temperature profile
of 170-18-195 °C from feed zone to die. Extruded strands were
pelletized and molded into standardized test specimens for
mechanical and morphological characterization.
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Cancer remains a major global health challenge, highlighting the
need for new and effective anticancer agents.
Thiosemicarbazones have attracted considerable interest due to
their diverse biological activities and promising antiproliferative
effects. Their coordination with transition metals, particularly
copper(Il), can significantly enhance their biological properties.
Copper(Il) complexes of thiosemicarbazones have demonstrated
promising anticancer activity which may be related to their
ability to interact with cellular targets and participate in redox
processes. Therefore, the synthesis and investigation of
thiosemicarbazones and their copper(Il) complexes represents a
promising strategy for the development of new metal-based
anticancer agents.
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The aim of this study was to synthesize and evaluate the
anticancer activity of 2-formylpyridine 4-
allylthiosemicarbazone and its copper(Il) dichloroacetate

complex against the human monocytic leukemia cell line THP-
1.

2-Formylpyridine 4-allylthiosemicarbazone (HL) (Figure 1) was
synthesized by the reaction of 4-allylthiosemicarbazide with 2-
formylpyridine in ethanol. The copper(Il) complex
[Cu(L)(Cl,CHCOO)], was obtained by reaction between the 4-
allylthiosemicarbazone and copper(Il) dichloroacetate in a 1:1
molar ratio in ethanol. The obtained compounds were
investigated and characterized by FTIR spectroscopy, elemental
analysis, and single-crystal X-ray diffraction.

S| \/’@
HZC\/\NHkNH/N\ =

Figure 1
The structure of HL

The anticancer activity of the compounds was evaluated against
the human monocytic leukemia cell line THP-1 using the MTS
assay. The results showed ICso values of 0.11 uM for the 4-
allylthiosemicarbazone and 0.0075 uM for its copper(Il)
complex. Thus, coordination of the ligand to copper(Il) resulted
in an approximately 15-fold increase in anticancer activity.
Doxorubicin, a clinically used anticancer drug, was included as
a reference compound. Both the ligand and its copper(Il)
complex demonstrated higher activity than doxorubicin, being
approximately 4-fold and 56-fold more active, respectively. This
work was fulfilled with the financial support of the Bilateral
Research Project 26.80013.8007.02MDTR, funded by NARD.
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Ternary cadmium—antimony—sulfur chalcogenide compounds
such as CdsSb2Ss have attracted scientific interest as functional
semiconductor materials owing to their distinctive electronic
and optical characteristics. The CdsSb.Ss compound was
synthesized using Nas;SbS4 obtained from Daridag antimony ore
as the antimony-containing precursor. The utilization of
Daridag-derived NasSbSs (as a precursor demonstrates the
potential of local antimony resources for the synth-3) esis of
CdsSb2Ss and provides a basis for investigating its optical
properties by UV-Vis spectroscopy and Tauc analysis.
Investigation of the optical absorption behavior of these
materials is important for evaluating their electronic structure
and their interaction with electromagnetic radiation (Abhijit &
Elahipasha, 2011). UV-Vis spectroscopy is an effective
analytical technique for examining the optical response of
materials over a broad wavelength range and for characterizing
their absorption behavior.
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Optical analysis based on the Tauc approach is widely employed
to determine the nature of optical transitions and to estimate the
optical band gap of semiconductor materials. Determination of
the optical parameters of CdsSb2Ss provides a scientific basis for
assessing its potential suitability for optoelectronic,
photovoltaic, and other functional applications (Chen et al.,
2022).

Figure 1 presents the UV—Vis spectral characteristics of the
synthesized CdsSb2Ss compound. The spectral measurements
were performed to evaluate the absorption behavior of the
sample at different wavelengths of electromagnetic radiation.
The obtained spectral profile provides important information for
assessing the optical response of CdsSb:Ss and characterizing its
absorption properties.

Cd;Sb,Sg
25
3 20
§ 1.5
£
2 10
0.54
0.0 T T T T T
400 600 800 1000 1200
Wavelength (nm)
Figure 1
Optical absorption spectrum of CdsSb:Ss as a function of
wavelength

The optical absorption spectrum of the CdsSb2Ss compound was
investigated over the wavelength range of 200—-1200 nm. A high
absorption intensity is observed in the initial part of the
spectrum, indicating strong optical interaction of the material at
shorter wavelengths. As the wavelength increases, the
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absorption intensity gradually decreases. A noticeable variation
in absorption is particularly evident during the transition from
the ultraviolet region to the visible region. Beyond
approximately 400 nm, the absorption curve becomes smoother,
with the intensity decreasing progressively. The continuous
decrease observed throughout the visible region indicates that
the CdsSb:Sz sample exhibits an optical response over a broad
wavelength range. Although the absorption intensity is relatively
weak in the 600-800 nm region, the continuous nature of the
spectrum is maintained.

At wavelengths above 800 nm, the absorption decreases further
and becomes nearly constant within the 1000—1200 nm range.
The absence of a sharp and intense maximum in the spectrum
suggests that strong optical transitions confined to a specific
wavelength do not predominate in the sample (Aliyeva et al.,
2026a).

This absorption behavior may be associated with broad spectral
transitions related to the electronic structure of CdsSb:Ss. The
relatively weak absorption at longer wavelengths indicates an
increase in the optical transparency of the material in this
spectral region. Overall, the obtained UV-Vis spectrum
confirms that the optical properties of CdsSb.Ss are wavelength-
dependent, with stronger absorption at shorter wavelengths and
weaker absorption toward longer wavelengths.
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Tauc plot and determination of the optical band gap energy

Figure 2 presents the Tauc plot constructed to evaluate the
optical properties of the sample. This relationship is used to
determine the nature of the optical transition and to estimate the
optical band gap energy of the material. The increasing trend of
the experimental data indicates that optical absorption becomes
stronger with increasing photon energy. The more pronounced
rise of the curve in the higher-energy region suggests that
electronic transitions become more significant in this range. A
linear portion corresponding to the experimental data was
extrapolated toward the energy axis (Aliyeva et al., 2026b).

The point at which the extrapolation line intersects the horizontal
axis provides an estimate of the optical band gap energy. As
shown in the figure, this intersection occurs at approximately 0.9
eV. This result indicates that the sample exhibits semiconductor-
like characteristics with a relatively narrow optical band gap.
Such a band gap is important for evaluating the interaction of the
material with visible and near-infrared electromagnetic
radiation. Determination of the nature of the optical transition
provides additional information about the electronic structure of
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the material and its potential optoelectronic applications. Thus,
Tauc analysis was employed as an effective approach for the
quantitative evaluation of the optical parameters of the sample,
allowing an approximate value of the optical band gap energy to
be determined.
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Miiasir kimya sonayesinin inkisafi uzun illor arzindo asason neft,
tobii qaz vo digor fosil monsoli resurslardan istifadoyo
sOykonmigdir. Bu yanagma sonaye istehsalinin geniglonmasina
sorait yaratsa da, otraf miihitin ¢irklonmosi, karbon
emissiyalarinin artmast vo tobii ehtiyatlarin todricon azalmasi
kimi miihiim problemlorin meydana ¢ixmasina sobab olmusdur.
Eyni zamanda anonavi kimyavi sintez iisullarinda yiiksok enerji
sarfi, tohliikali reagentlorin tatbiqi vo boytlik hacmds tullantilarin
yaranmas! ekoloji vo tohliikesiz texnologiyalarin islonmasini
zoruri etmisdir. Bu baximdan yasil kimya prinsiplorine
osaslanan istehsal yanasmalar1 son illordo xiisusi aktualliq
gazanmigdir.  Yasil kimya kimyovi mohsullarn  vo
texnologiyalarin hazirlanmasinda otraf miihito monfi tosirin
minimuma endirilmasini, resurslardan somaorali istifadoni va
enerji sarfinin azaldilmasini asas moaqsad kimi miisyyanlosdirir.
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Bu yanasma tullantilarin  qarsistnin  alinmasi, atom
iqtisadiyyatinin yiiksoldilmaosi, katalitik proseslora iistiinliik
verilmosi, tohliikasiz holledicilordon istifado vo borpa olunan

vo Mommadaliyeva, 2024).

Borpa olunan xammallar arasinda lignoselliiloz asaslt biokiitls
xiisusi ohomiyyat kosb edir. Kond tosorriifatt vo meso sonayesi
tullantilar;, mixtolif bitki monsali qaliglar selliiloza,
hemiselliiloza vo lignin kimi komponentlorden ibarat olmaqla,
qiymotli kimyavi mohsullarin alinmasi {i¢lin alverisli xammal
hesab olunur (Yilmaz & Demirbas, 2020). Miiasir katalitik vo
biokatalitik tisullar bu materiallarin daha yiiksok somaoraliliklo
emal edilmasino imkan yaradir, yasil halledici sistemlorin totbiqi
159 proseslorin ekoloji gostaricilorini yaxsilasdirir.

Tadqgiqatin moagsadi barpa olunan xammallardan istifads
etmoklo hoyata kegirilon ekoloji tohliikasiz sintez yanagmalarini
timumilosdirmok, onlarin texnoloji tistlinliiklorini
gqiymatlondirmak vo davamli kimya sonayesindo totbiq
imkanlarini tohlil etmokdoan ibaratdir.

Aragdirma elmi odobiyyatin  sistemli tohlili  osasinda
aparilmigdir. Tohlil zamani lignoselliiloz biokiitlosinin emal
uisullari, heterogen katalizatorlarin totbiqi, fermentativ ¢evrilmo
proseslori, alternativ halledici sistemlor va enerji gonastini tomin
edon miiasir texnologiyalar miigayisali sokildo
giymotlondirilmisdir. Homginin proseslorin ekoloji somaraliliyi
atom iqtisadiyyati, E-faktor, enerji sorfi vo karbon emissiyasi
kimi gostaricilor osasinda tohlil edilmigdir.

Aparillmig  qiymotlondirmalor gostorir ki, borpa olunan
xammallarin istifadesi kimyovi istehsalin davamli inkisafina
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mithiim tohfo verir (Sheldon, 2018). Lignosellilloz osaslh
biokiitlonin ¢evrilmasi naticasinda yiiksok slave doyore malik
platform kimyovi maddslorin alinmast miimkiin olur ki, bu da
fosil resurslardan asililigin azaldilmasi baximindan miihiim
iistlinliik hesab edilir.

Heterogen katalizatorlardan istifado prosesin hom iqtisadi, hom
do ekoloji somoraliliyini artirir. Belo katalizatorlarin reaksiya
miihitindon asan ayrilmasi, regenerasiya olunaraq dofolorlo
istifado edilmosi vo alavo tomizlomo morhalslorinin azalmasi
tullantilarmn© hocmini  minimuma  endirir.  Nanodlgili
katalizatorlarin inkisafi iso yiiksok aktiv soth sahosi hesabina
reaksiyalarin siiratini vo mohsulun selektivliyini artirir.

Alternativ halledici sistemlor do yasil sintez texnologiyalarinin
vacib elementlorindon biridir. Ion mayelori, dorin eutektik
holledicilor vo superkritik karbon qazi ononovi {iizvi
hoalledicilorlo miiqayisedo daha asag: toksiklik niimayis etdirir,
ucucu iizvi birlogmolorin emissiyasini azaldir vo holledicinin
tokrar istifadesine imkan yaradir. Bu xiisusiyyatlor proseslorin
hom ekoloji tohliikasizliyini, hom do iqtisadi somaraliliyini
artirir.

Effektiv texnologiyalarin totbiqi do miihiim naticalor verir.
Mikrodalgali qizdirma vo ultrases aktivlesdirma reaksiyalarin
gedisini siirotlondirir, enerji sorfini azaldir vo mohsuldarligin
yiksolmosino sorait yaradir. Axin tipli reaktor sistemlori iso
istilik vo kiitlo otiiriilmasinin daha somorali idaro edilmosini
tomin etmoklo proseslorin sonaye miqyasinda totbiq imkanlarini
genislondirir.

Tohlil olunan moalumatlar gostorir ki, yasil sintez yanagmalarinin
tatbiqi onanovi texnologiyalarla miiqayisade enerji sorfinin vo
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karbon emissiyalarinin shomiyyatli derocods azalmasina sorait
yaradir. Bununla yanasi, atom iqtisadiyyatinin yiiksslmosi vo E-
faktorun asagi diismosi xammaldan daha rasional istifadoni
tomin edir vo tullantilarin migdarint minimuma endirir.

Notico etibarilo borpa olunan xammallara osaslanan yasil sintez
texnologiyalar1 ekoloji tohliikesizlik, resurs somaoraliliyi vo
igtisadi baximdan miihiim {istiinliiklora malikdir. Bu yanasmalar
davamli kimya senayesinin inkisafi, otraf miihito monfi tosirin
azaldilmas1 vo golocokdo sonaye proseslorinin daha tohliikosiz
toskil olunmast {li¢lin perspektivli istigamatlordon biri hesab
edils bilor.
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Quaternization is one of the common approaches used to modify
pyridine-containing polymers. Introduction of a positive charge
at the pyridine nitrogen changes the chemical environment of the
polymer and can affect its interaction with other molecules and
metal species. Poly(4-vinylpyridine) (P4VP) is particularly
suitable for this type of modification because of the pyridine
groups present along its polymer chain. Both methyl iodide and
benzyl chloride have been used to quaternize P4VP, although
they introduce different substituents at the pyridine nitrogen
(Mavronasou et al., 2022; Tagiev et al., 2020). The nature of the
substituent introduced during quaternization can influence the
structure and electronic properties of the resulting pyridinium
unit.
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Methyl and benzyl groups differ in their size and molecular
structure, which may lead to differences in the geometry and
electronic characteristics of the quaternized system.

A direct comparison of these two quaternization approaches at
the molecular level can therefore provide useful information for
understanding their effects on 4-vinylpyridine (4VP)-based
systems. Such differences can be difficult to assess from the
chemical structure alone, particularly when changes in
molecular geometry and electronic properties are considered.

Density functional theory (DFT) provides a useful
computational approach for relating molecular structure to
electronic properties through quantum chemical descriptors.
Parameters such as frontier orbital energies, the HOMO-LUMO
energy gap, and dipole moment provide useful descriptors for
comparing changes in the electronic characteristics of molecular
systems (Chakraborty & Chattaraj, 2021). Using the same
computational approach for different quaternization systems
allows direct comparison of their structural and electronic
properties.

In this work, methyl iodide and benzyl chloride were compared
as quaternization agents using a 4VP dimer as a molecular
model. Density functional theory calculations were used to
optimize the structures and examine their electronic properties.
The comparison was aimed at identifying the differences
between the two quaternization systems and providing
computational support for their use in further experimental
studies.

All calculations were performed using Gaussian 09 rev. D.01
with GaussView 6.0 (Frisch et al., 2009). The structures were
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optimized using the B3LYP density functional. The 6-31G(d,p)
basis set was used for the 4-vinylpyridine dimer, while
LANL2DZ was applied to the heavier halogen-containing
systems. No symmetry constraints were imposed during
geometry optimization.

For the quaternized systems, solvent effects were considered
using the [IEFPCM model with ethanol as the solvent. Frequency
calculations were performed for the optimized structures to
confirm the absence of imaginary frequencies. The optimized
geometries were then used to compare the structural and
electronic properties of the methyl- and benzyl-quaternized
dimers.

The calculated descriptors provide a direct comparison of the
electronic and molecular changes associated with quaternization
of the 4VP dimer. The dimer, methyl iodide-quaternized dimer
(Mel-quaternized dimer), and benzyl chloride-quaternized
dimer (BnCl-quaternized dimer) were considered under the
same computational framework. The main calculated
parameters are summarized in Table 1.

Table 1
Calculated electronic descriptors of the 4-vinylpyridine dimer
and its quaternized derivatives

Dipole
System (kJ/mol) m(zgl)ent
Dimer 1.817 7.54
Mel-

quaternized

-E/10¢

IP EA M ®
€eV) (V) (V) (V)

721 122 3.00 2.96

1.951 25.31 572 247 163 5.15

dimer
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BnCl-
quaternized 2.567 20.70 591 240 176 492
dimer

Note. Mel, methyl iodide; BnCl, benzyl chloride.

Quaternization resulted in a clear increase in dipole moment.
The dimer has a dipole moment of 7.54 D, which increases to
25.31 D for the Mel-quaternized dimer and 20.70 D for the
BnCl-quaternized dimer. This change reflects the altered charge
distribution after formation of the positively charged pyridinium
nitrogen. The larger dipole moment obtained for the Mel-
quaternized dimer indicates a more pronounced overall charge
separation in this model, whereas the BnCl-quaternized dimer
shows a somewhat lower but still substantial polarization.

The frontier molecular orbital results also show a marked effect
of quaternization. The dimer has a calculated HOMO-LUMO
gap of 5.99 eV, while the gap decreases to 3.26 eV for the Mel-
quaternized dimer and 3.51 eV for the BnCl-quaternized dimer.
Thus, both quaternization models lead to a substantial reduction
in the energy gap, indicating a pronounced change in the
electronic structure of the 4VP dimer (Chakraborty & Chattaraj,
2021). The slightly smaller gap of the Mel-quaternized dimer
indicates a somewhat greater change in its frontier-orbital
separation compared with the BnCl-quaternized system.
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Figure 1
HOMO and LUMO energy levels of the dimer, Mel-
quaternized dimer, and BnCl-quaternized dimer, with the
corresponding energy gaps (AEgap)

The differences in the frontier orbital energies are illustrated by
the HOMO and LUMO energy levels shown in Figure 1. In both
quaternized systems, the frontier orbital energies differ
considerably from those of the dimer, consistent with the
calculated reduction in the HOMO-LUMO gap. The comparison
of the two quaternization models therefore indicates that the
nature of the substituent introduced at the pyridine nitrogen
influences the electronic response of the 4VP dimer.

The calculated global reactivity descriptors further support this
difference. The chemical hardness decreases from 3.00 eV for
the dimer to 1.63 eV for the Mel-quaternized dimer and 1.76 eV
for the BnCl-quaternized dimer, while the corresponding
softness values increase from 0.17 to 0.31 and 0.28 eV,
respectively. The lower hardness and higher softness of the
quaternized systems indicate a lower resistance to electronic
redistribution, consistent with the conceptual density functional
theory interpretation of these descriptors (Chakraborty &
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Chattaraj, 2021). The electrophilicity index also increases from
2.96 eV for the dimer to 5.15 eV for the Mel-quaternized dimer
and 4.92 eV for the BnCl-quaternized dimer, indicating an
enhanced electrophilic character of the quaternized systems
(Chakraborty & Chattaraj, 2021; Miranda-Quintana et al.,
2022).

Overall, these descriptors indicate that both quaternization
agents substantially modify the electronic properties of the 4VP
dimer, with Mel producing a slightly stronger effect in the
present model.
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Polymer—metal hybrid materials offer an attractive approach for
combining the functional properties of polymers with the
chemical activity of transition metals. In this study, a nickel-
containing hybrid nanocomposite based on chitosan (CS) and
poly(vinyl alcohol) (PVA) was prepared and investigated as a
potential material for benzene hydrogenation. Chitosan was
selected because its amino and hydroxyl groups can interact with
nickel species, while PVA provides additional hydroxyl groups
and contributes to the formation of a stable polymer matrix.
Nickel was introduced using NiCl,-6H>O as the precursor. The
prepared material was characterized by X-ray diffraction (XRD)
to evaluate changes in the structural organization of the polymer
matrix and the formation of the nickel-containing phase.
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The diffraction pattern of the CS/PVA matrix showed
characteristic reflections at approximately 20° (20), while
additional reflections associated with nickel-containing species
were observed at 44.5°. The obtained results indicate the
formation of a distinct nickel-containing CS/PVA hybrid
structure. The combination of a functional polymer matrix and
nickel makes the prepared material promising for further
investigation in benzene hydrogenation.

Polymer—metal hybrid materials have attracted attention because
polymer matrices can provide a specific chemical environment
for the immobilization and stabilization of metal-containing
species (Nipu et al., 2025). The properties of such systems
depend on the interaction between the metal and functional
groups of the polymer, as well as on the structural organization
of the polymer matrix. Chitosan is a suitable polymer for this
purpose because it contains amino and hydroxyl groups capable
of interacting with transition-metal species (Liu et al., 2002).
The incorporation of PVA can modify the polymer environment
through intermolecular interactions and provide additional
hydroxyl-containing sites. Therefore, the CS/PVA combination
represents a promising matrix for the preparation of metal-
containing hybrid materials.

Nickel 1s widely investigated in hydrogenation chemistry
because of its ability to participate in hydrogen activation and
hydrogenation reactions (Leone et al., 2025). Benzene
hydrogenation is particularly interesting because complete
hydrogenation produces cyclohexane, whereas controlled partial
hydrogenation can lead to cyclohexene.

The aim of this work was to prepare a nickel-containing
CS/PVA hybrid nanocomposite and evaluate its structural
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characteristics by XRD. The obtained material is intended for
further investigation in benzene hydrogenation, with particular
attention to the relationship between its structure and
hydrogenation selectivity.

Chitosan and PVA were used as the polymeric components,
while nickel(II) chloride hexahydrate (NiCl,-6H,O) was used as
the nickel precursor. Chitosan was dissolved in an acidic
aqueous medium under continuous stirring, followed by the
addition of a predetermined amount of PVA. The CS/PVA ratio
was (1:1).

A calculated amount of NiCl,'6H,O was subsequently
introduced into the polymer mixture under continuous stirring.
The mixtures were stirred for 4 h at 25° C to allow coordination
of Ni?* ions with the functional groups of the polymer matrix.

X-ray diffraction measurements were performed over the 20
range of 7°~70° using a Bruker D2 PHASER diffractometer with
Cu Ko radiation (A = 0.15406 nm). The diffraction patterns were
analyzed to determine changes in the polymer structure and to
identify crystalline phases associated with nickel. The
incorporation of nickel modified the structural organization of
the polymer matrix, as demonstrated by the XRD analysis.

The diffraction pattern of the initial CS/PVA material exhibited
broad reflections at approximately 20° (20). After nickel
incorporation, changes in the intensity and/or position of these
reflections were observed. In addition, new diffraction peak
appeared at approximately 20 = 44.5", This reflection is assigned
to the (111) crystallographic plane of face-centered cubic (FCC)
metallic nickel (Ni*) (JCPDS card No. 04-0850), (Shahzad et al.,
2023). The observed changes indicate that incorporation of
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nickel affects the ordering of the polymer chains and introduces
an additional crystalline phase into the CS/PV A matrix.

The obtained hybrid material is of particular interest for benzene
hydrogenation. In this reaction, nickel-containing sites can
participate in hydrogen activation and interaction with the
aromatic substrate. The CS/PV A matrix may influence the local
environment and accessibility of these sites, potentially affecting
both benzene conversion and product distribution. Thus, the
prepared CS/PVA/Ni material provides a basis for subsequent
catalytic and kinetic investigations.
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Electrically conductive polymers (ECPs) represent one of the
most important classes of advanced functional materials
developed during the last few decades. Unlike conventional
polymers, which are electrical insulators because of their
localized electronic structure, conductive polymers possess
extended m-conjugated systems that enable the movement of
charge carriers along the polymer backbone.
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Their unique combination of electrical conductivity, lightweight
nature, corrosion resistance, mechanical flexibility, ease of
synthesis, and tunable physicochemical properties has led to
widespread applications in electronics, electrochemical devices,
sensors, energy storage systems, electromagnetic interference
(EMI) shielding, antistatic coatings, corrosion protection, and
biomedical engineering.

Poly(m-phenylenediamine) has attracted increasing research
interest because of its multifunctional properties. The polymer
contains numerous nitrogen donor atoms capable of
coordinating with metal ions through lone-pair electrons,
making it an excellent ligand for preparing polymer—metal
complexes. Such complexes combine the electronic properties
of conjugated polymers with the catalytic, magnetic, optical, and
electrochemical characteristics of transition metals.

The present study focuses on the synthesis of electrically
conductive  poly(m-phenylenediamine) through oxidative
polymerization and the subsequent preparation of its Cu(Il)
coordination complex. The synthesized polymer and metal
complex are characterized using a range of physicochemical
techniques to investigate their structural, optical, thermal,
morphological, and electrical properties.

Electrical conductivity measurements were performed using a
Keithley 6517A Electrometer employing the four-probe
technique. Four equally spaced electrical contacts were attached
to the surface of the pelletized samples. A constant current was
passed through the two outer probes, while the voltage drop was
measured across the two inner probes to eliminate the influence
of contact resistance. The electrical conductivity was determined
from the measured current—voltage data at room temperature.
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Current—voltage (I-V) characteristics of PmPD and
its Cu(1l) complex

Figure 1 presents the current—voltage (I-V) characteristics of
poly(m-phenylenediamine) (PmPD) and its Cu(Il) coordination
complex. Both samples exhibit a linear dependence of current
on applied voltage, indicating ohmic conduction behavior.
However, the Cu(Il) complex displays a significantly higher
current throughout the investigated voltage range,
corresponding to a steeper slope of the I-V curve and lower
electrical resistance. At 100 V, the current of the Cu(Il) complex
(=5.2 A) exceeds that of PmPD (=3.3 A) by approximately 58%,
demonstrating a substantial enhancement in electrical
conductivity following Cu(Il) coordination. This improvement
is attributed to increased charge-carrier mobility and more
efficient electron delocalization resulting from coordination of
Cu(Il) ions with the nitrogen donor sites of the polymer
backbone. These findings confirm that metal complexation is an
effective strategy for improving the electrical performance of
poly(m-phenylenediamine).
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Togdim olunan todqiqat isi asfalten-gatran-parafin (AQP)
¢Okiintlilorinin formalasmasina garst kimyovi modifikasiya
tisullarmin totbigino hosr olunmusdur. Isdo deemulqator, metil
spirti  vo  golovi  tullantt  fraksiyalarmin  sinergik
kombinasiyasindan ibarot yeni «NQ-AP-1» reagentinin
effektivliyi aragdirilir. Malumdur ki, tobii yataq soraitindo xam
neft miixtalif molekullu yiinglil vo agir karbohidrogenlorin
termodinamik tarazliqda olan g¢oxkomponentli miirokkab
sistemidir. Quyularin istismar1 prosesinde bu tarazligin
pozulmasi noticesindo agir iizvi makromolekullarin kiitlovi
sokildo ¢Okmosi bas verir ki, bu da texnoloji fosadlarin
yaranmasina vo hasilatin koskin azalmasina sobob olur (Huiyuan
et al., 2020; Tileuberdi et al., 2025).
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Hazirda sonayedo miixtalif toyinath reagentlorin genis ¢esidinin
movcudluguna baxmayaraq (Campen et al., 2019; Xu & Bao,
2020; Moradi et al., 2019), AQP formalasmasi ilo miibarizado
iqtisadi cohotdon rentabelli, texnoloji cohotdon olgatan vo
yliksok effektivliyo malik yeni metodologiyalarin islonilmasi
aktualligin1 qoruyur. Todqigat ¢orgivoasindo inhibitor sorfinin
optimallagdirilmast vo sistemin qoruyucu tosir miiddotinin
artirilmast moagsadilo ¢oxfunksiyali «NQ-AP-1» kompozisiyasi
sintez edilmisdir. Toklif olunan kompozisiya yiiksok effektivliyi
vo xammal bazasmin iqtisadi somorsliliyi ilo forqlonir.
Reagentin optimal torkibini miioyyon etmok {i¢lin asas
deemulqgator matrisino dizel yanacagmin tomizlonmasi
prosesindon ayrilan metanol vo qolovi tullantt komponentlori
codval 1-do gostorilon kiitlo payr (%) nisbotlorindo daxil
edilmisdir.

Cadval 1

Reagentin torkibi

Deemulqator, % Metanol, % Qolovi tullantilar, %
0,45-1,0 3,5-5,5 geri qalani

Sintez olunmus kompozisiyanin AQP formalasmasina qarsi
goruyucu  xassolori  laboratoriya  soraitindo  “Soyuq
barmaqciqlar” metodologiyas1t osasinda realizo edilmisdir.
Totbiq olunan bu iisul todqiq edilon reagentin parafin ¢okmo
prosesina inhibitor tasirini hom komiyyot, hom do keyfiyyot
meyarlari tizro kompleks sokildo qiymatlondirmaye imkan verir
(Semadov va b., 2017). Eksperimental sinaglar N. Norimanov
adina NQCI-nin 411 sayh qazlift quyusundan hasil olunan vo
yiksok AQP komponentlori ilo xarakterizo edilon neft nimunasi
tizorindo aparilmisdir. Tacriibalorin yekun naticolori sistematik
sokilda codvoal 2-do timumilasdirilmisdir.
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Cadval 2

Torkibin komponentlorinin optimal nisbatinin tayini fiigiin
laboratoriya sinaqlarinin naticalari

Kompozisi- AQP-nin Donma
Ne  Komponent nisbati, % yanimn sorfi, miqdari, temperaturu,
q/t % °C
N. Norimanov adina NQCI-
1 et e — 5.9 24
don gotiiriilmiis niimuna
1. Deemulqgator — 0,45;
2 2. Metil spirti — 2,0; 500 5.5 16
3. Qoalavi tullantilar1 — 97,55;
1. Deemulqgator — 0,45;
3 2. Metil spirti — 3,0; 600 2,8 9
3. Qalovi tullantilar1 — 96.,45;
1. Deemulqgator — 0,45;
4 2. Metil spirti — 2,0; 600 4,5 7
3. Qalavi tullantilar1 — 97,45;
1. Deemulqgator — 0,8;
5 2. Metil spirti — 5,2; 800 0.4 -5
3. Qoalovi tullantilar1 — 94,0;
1. Deemulqator — 0,8;
6 2. Metil spirti — 5,2; 1000 0,4 -5
3. Qoalovi tullantilar1 — 94;
Codval 2-don goriindiiyli kimi, optimal nisbot torkibi

deemulqator — 0,8%, metil spirti — 5,2%, qgolovi tullantilar1 —
94,0% olan niimunodadir. Hazirlanmig bu reagentin AQP-li
neftlorin reoloji xassaloring tasirinin todqiqinin naticalori sokil 1

vo 2-do gostorilmisdir.
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“NQ-AP-1" reagenti alava edildikda neft niimunasinin siiriisma
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Deemulqatordan, dizel yanacaginin tomizlonmesindon oldo
edilon qolovi tullantilar1 vo metanoldan ibaroat inhibitor
kompozisiyasinin imumi sarf normas1 500-800 g/t taskil edir vo
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bu torkib neftin donma temperaturunu -5 °C-ya kimi asagi salir.
AQP cokiintiilorine qars1 istifade olunacaq kompozisiyanin
torkibindo deemulqatorla yanasi, olavo olaraq metil spirti vo
dizel yanacagmin tomizlonmosindon oldo edilon golovi
tullantilarinin komponentlorinin optimal miqdari, deemulqator —
0,8%, metanol — 5,2%, golovi tullantilar1 — 94%-dir. Hazirlanmis
“NQ-AP-1" reagentinin AQP-li neftlorin reoloji xassolorino
tosirinin todqiqi aparilmig vo regentin tosiri naticosindo neft
reoloji xiisusiyyatini doyisorok Nyuton neftlorinin xassalorini
gostormisdir. Reagentin  optimal sorf normast “Soyuq
barmaqciqlar” iisulu ilo toyin olunmusdur. Burada da xam neft
vo 1 t-a 600, 800, 1000 q reagent alavo olunmus neftdo soyuq
barmaqciqlar iizorindo toplanmis parafinin miqdar1 miigayiso
edilmisdir. Reagentsiz neftdo soyuq barmaqciglar tizorindo
toplanmis AQP-nin miqdar1 maksimum 10,41 q oldugu halda,
sistema 800 g/t reagent olavo edildikdo bu gostorici 7 q toskil
etmigdir. «NQ-AP-1» kompozisiyanin istifadosi iqtisadi
cohoatdon yliksok somors oldo etmoyo imkan verir. Kompozisiya
AQP ¢okiintiilorine qars1 kifayot qodor yiiksok effektivliyi tomin
edir, neftin ¢ixarilmasi vo noqli zaman1 AQP ¢okiintiilori ilo
miibarizs iiglin nozords tutulub.

Kompozisiya kompleks sokildo tosir gostorir. Torkibindoki
golovi tullantilar1 otraf mihitin pH-n1 artirir vo bununla da
deemulqatorun tosirini artirir. Asfalten-qatranla miiqayisado
bork siixurun sothino daha tez adsorbsiya olunur vo bununla da
asfalten-qatran hissociklorinin ¢6kmosinin qarsisint  alir.
Qaris1gin komponentlori imumilikds biitiin kompozisiya kimi
otraf miihito tohlilko yaratmayan vo ekoloji cohotdon tomiz
mohsullardir. Komponentlorin istehsali li¢lin zoruri olan xammal
monbaloari respublika orazisinds mdvcuddur, asanliqla alds edilo
bilir vo kamiyyast baximindan kifayst qodordir.
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Beloaliklo, todqiqatin naticalari gdstorir ki, « NQ-AP-1» reagenti
AQP cokiintiiloring gars effektiv vasito kimi istifado oluna bilor.
Digor torofden, bu reagentin 1 t-nun 1300 manat doyorinds
olmast vo respublikamizda istehsal edilon kimyovi xammal
osasinda hazirlanmasi onun genis totbiqine zomin yaradir.
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Todqgiqatda Xa¢maz rayonunun intensiv saftali vo gilas
baglarinda yetigdirilon bitkilorin yarpaqlarinin kimyavi torkibi
Oyronilmisdir. Yarpaqlarin kimyovi analizi gdstormisdir ki,
todqiq olunan baglarda mineral qidalanmanin asas problemi qida
elementlorinin imumi g¢atismazhig1 deyil, onlarin balansmin
pozulmasidir (Hiiseynov vo b., 2018). Gostorilmisdir ki, gizli
gida catismazliglarinin asas sababi elementlor arasinda mévcud
olan antaqonist qarsiligh tosirlordir. Yarpaq analizinin
noticoloring asasan, fertiqasiya sisteminin optimallasdirilmasi
ticlin  tovsiyolor hazirlanmigdir. Biitiin  analiz  olunan
niimunoalords fosfor vo kalsiumun yiiksok miqdart miisahido
edilmis, oksor variantlarda azot vo misin do normadan artiq
oldugu miioyyon edilmisdir (Mommaodov, 2005).
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Giilnara Abbasova

Bununla yanasi, kalium, domir, maqgnezium vo borun
catismazlhigi qeydo alimmisdir. Bu voziyyost elementlorin
torpaqda kifayot godor olmamasi ilo deyil, onlarin qarsiliqh
antaqonist tosiri noticesindo  bitki torofindon  fizioloji
monimsanilmasinin zaiflomasi ilo slagodardir (Mineev, 2006).

Cadval 1
Yarpaqlarin element torkibinin giymoatlondirilmasi va tovsiya

olunan taodbirlor

Element Qiymoatlondirme  Miimkiin natico Tovsiya
, Hoddindan art1 Azot giibrolorinin
N 1 yliksok vegetativ inkisa?f normafml azaltmaq
FevoB Fosfor giibrolarinin
P 1 yiiksok manimsanilmasinin verilmasini
zaiflomasi mohdudlasdirmaq
K | asa@! kelz\}/flfeiyy;i)?ilnnin Kalium giibralorinin
. . normasini artirmaq
pislosmasi
KvoMg Kalsium torkibli
Ca 1 yliksok monimsanilmasinin  gilibralori miivaqqati
azalmasi dayandirmaq
Mg | asag! Fotgsintezi.n Maqne;ium sulfat
zoiflomasi totbiq etmok
Fe | asag1 Domir xlorozu ngl.r xelatlarindan
istifado etmok
Meyva Bor torkibli yarpaq
B | asag1 oamologalmasinin giibralori totbiq
zaiflomasi etmok
< Mis torkibli
Cu 1 yiiksok Ylgll.me.l Vo preparatlarin
fitotoksiklik riski

istifadosini azaltmaq

Alinmis naticalor gostorir ki, bitkilorin mineral qidalanmasina
ayri-ayri elementlorin konsentrasiyasindan daha ¢ox onlarin
qarsiligli nisbati tosir gostarir.
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Cadval 2
Miiayyan edilmis asas antaqonist qarsiliqh tasirlor

Artiq olan element Monimsanilmosini mohdudlasdirdigi element

P Fe, B
Ca K, Mg
Cu Fe

Aparilmis todqiqatlar gostormisdir ki, intensiv meyvo baglarinda
mineral qidalanmanin asas problemi onlarin kimyaovi balansmin
pozulmasidir (Peterburgskiy, 1989). Yarpaq niimunslorindo
fosfor (P), kalsium (Ca), azot (N) vo misin (Cu) yiiksak, kalium
(K), domir (Fe), magnezium (Mg) vo borun (B) iso asagi
soviyyado oldugu miioyyaon edilmisdir (Kacar & Katkat, 2023, s.
17).

Miisyyan edilmis element antaqonizmi fertiqasiya proqramimin
yenidon tonzimlonmosini tolob edir. Yarpaq diagnostikasinin
miintozom aparilmasi1 giibrolorin daha somorali istifadasing,
element Dbalansinin  borpasina vo meyvo baglarinda
mohsuldarligla yanasi, mohsulun keyfiyyatinin yiiksoldilmasino
imkan verir (Kagar, 2016).
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Benzol niivasinds iki mixtalif avazlayici olduqda
elektrofil ovazlonma reaksiyalarinin mexanizmi

Sabuhi Turabzads

Acar sozlar: benzol niivasi, elektrofil avazlonma reaksiyasi,
avazlayici qruplar, orto-meta-para istiqamatlonmasi, induktiv
effekt, mezomer effekti, o-kompleks, reaksiya mexanizmi
Keywords: benzene ring, electrophilic substitution reaction,
substituent groups, ortho-meta-para orientation, inductive
effect, mesomeric effect, a-complex, reaction mechanism

Benzol vo onun téromolorinds elektrofil ovozlonma (SgAr)
reaksiyalart iizvi kimyanin fundamental proseslorindon biri
olmagla, miixtolif funksional qruplu aromatik birlogsmalorin
sintezindo osas yer tutur. Benzol halgasinda artiq bir ovozloyici
olduqda, ikinci ovozloyicinin daxil olmasi prosesi ciddi
ganunauygunluqlara tabedir. Bu istigamotlonms mdvcud
ovazlayicilorin halgadaki elektron sixligina tosirindon (induktiv
vo mezon effektlori) vo foza amillorindon birbasa asilidir. Benzol
niivesinds iki miixtalif ovezloyici movcud olduqda, reaksiyanin
istiqgamoti daha miirokkob xarakter dagiyir. Bu halda sistemdoki
hor iki qrup halganin reaktivliyina va elektrofilin hiicum edacoyi
morkozo 6z tosirini gostorir.

Azorbaycan Dovlot Pedaqoji Universiteti, bakalavr, Baki, Azorbaycan
E-pogt: turabzadsbuhi@gmail.com
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Sabuhi Turabzada

Bels sistemlords elektrofilin oriyentasiyasi iki faktorun qarsiliqlt
tasiri ilo miiayyan edilir: birinci, avazlayicilorin aktivlesdirici vo
ya deaktivlosdirici qabiliyyatlorinin miiqayisasi; ikinci iso, foza
maneolori (sterik faktorlar) naticasindo yaranan sterik gorginlik.
Arasdirmada iki ovozloyicili sistemlordo SgAr mexanizminin
kinetik vo termodinamik osaslari, arenium ionunun davamliligi
vo avazlayicilarin elektron effektlorinin sinerjisi tohlil edilir. Bu
todqgiqat spesifik kimyovi sintezlordo izomerlorin nisbatini
prognozlasdirmaq veo yiiksok ¢iximla mohsul alde etmok iigiin
elmi asaslar yaratmagi hadofloyir.

Noazari asaslar

Benzol niivesinds elektrofil avazlonmao reaksiyalarinin siirati vo
istigamati halqaya avvalcodon birlogmis avozlayicilorin elektron
donor va ya akseptor xassalari ilo miioyyan edilir. Bu tosir iki
osas mexanizm — induktiv (I) vo mezon (M) effektlori vasitosilo
reallasir.

1. induktiv effekt (I): Sigma rabitosi boyunca elektron sixliginmn
elektroneqativlik forqino goro yerdoyismosidir. Elektron
akseptor qruplar (masolon, -NO;, -CN) halgadan elektron
sixligint 6zlorina ¢okorok onu deaktivlosdirir, elektron donor
gruplar (mosalon, alkil qruplari) iso induktiv effektlo elektron
sixligini artirir.

2. Mezon (Rezonans) effekti (M): Benzol halqasindaki pi-
elektron sistemi ilo ovozloyicinin p- vo ya d- orbitallar
arasindaki qarsiliglt tosirdir. Miisbot mezon effekti (+M)
gostoron qruplar (masalon, -OH, -NH», -OR) halqaya elektron
sixligimi Gtiirorok onu aktivlesdirir vo orto/para mdvqelorinda
elektron sixligini artirir. Monfi mezon effekti (-M) goOstoron
gruplar (masalon, -CHO, -COOH, -NO») iso halgadaki elektron
sixligint azaldir vo metafaza yonoldir.
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ovazlayicilarin tasnifati

I név ovozlayicilor (aktivlosdiricilor): Halgani aktivlegdirir vo
elektrofilin asason orto- vo para- mdévgelorine hiicumuna sobab
olur. Bura -OH, -NH>, -NHR, -OR, -CH3 kimi qruplar daxildir
(Istisna:  Halogenlor aktivliyi azaltsa da, orto/para-
istigamatlondiricidir).

II név ovozlayicilor (deaktivlesdiricilor): Halganin elektron
sixligii kaskin azaldir vo elektrofilin asason meta- moévqeyino
hiicumunu sartlandirir. Bura -NO3, -SOsH, -CHO, -COOH, -CN
kimi qruplar aiddir.

Bu effektlorin comi (I+M) avozloyicinin imumi tosirini vo araliq
mohsul olan arenium ionunun (sigma-kompleks) enerjisini
miloyyon edir. Iki ovozloyicili sistemlordo bu qiivvelorin
vektorial comi reaksiyanin hanst movqedo daha siiratlo
gedocoyini gostoron osas meyardir. Benzol niivesindo iki
ovozlayici movecud olduqda, elektrofilin (E+) hiicum edocayi
movqge bu iki qrupun birgo tosirinin noticosidir. Bu halda
"raqabaot" prinsipi iso diisiir vo asagidaki fundamental qaydalarla
miuoyyan edilir:

1. Aktivlosdirici qrupun istiinlilyii: Ogor ovozloyicilordon biri |
nov (aktivlesdirici), digori II név (deaktivlosdirici) qrupdursa,
istigamatlonmoni asason / név avazlayici miiayyon edir. I nov
gruplar halqadaki elektron sixligmi artiraraq kegid halimin
(sigma-kompleks) enerjisini asagi salir vo reaksiyani
stiratlondirir. Bu halda elektrofilin hiicumu I név qrupun orto-
Vo para- movgeloring yonalir.

2. Ovozlayicilorin giicii vo sinerjisi: Iki eyni név ovozloyici
(masalon, har ikisi I nov) halgada olduqda, istiqgamoatlonmo daha
giiclii aktivilasdirici grup torafindon idars olunur. Masalon, fenol
toromolorinds -OH qrupu, -CH3 qrupuna nisboton daha giiclii
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aktivlosdiricidir vo elektrofilin hiicumunu 6z movgelaring (orto
v para) istiqgamatlondirir.

3. Sterik amillorin (foza maneolorinin) tasiri: Istiqgamotlonmo
zamani tokco elektron effektlori deyil, hom do foza amillori
miihiim rol oynayir. Ogor aktivlesdirici qrupun orfo- movqeyi
boyiik hocmli bir ovazlayici ilo tutulubsa vo ya yaxinliqdadirsa,
elektrofilin buraya hiicumu ¢otinlogir. Bu halda reaksiya sterik
cohatdon daha slverisli olan para- mévqeyina dogru siirtisiir.

4. "Meta" istigamotlonmonin xiisusi hallari: Ogor hor iki
ovozloyici Il nov (deaktivlosdirici) qrupdursa, onlarin
aktivlosdirma giiclori ¢ox asagidir. Bu zaman elektrofil daha az
deaktivo olunmus moévqeyo hiicum edir. ki ovezloyicinin
qarsiliqlt meta- movqgelori elektron sixligiin on yiiksok oldugu
(vo ya deaktivlogsmonin on az oldugu) noqtolor kimi elektrofil
ticlin osas hadofo gevrilir.

Bu rogabot miihiti sintez strategiyasinda ¢ox vacibdir: oagar har
iki qrup ovozlonmoni eyni movgeyo yonoldirso (kooperativ
tosir), mohsulun c¢iximi1 yiiksok olur; oks halda, izomer
qarisiqlarinin - alinmas1  qagilmazdir vo  bu, mohsulun
saflasdirilmasini ¢otinlosdirir.

Elmi-praktiki naticalori aks etdiran yekun hissa

Benzol toromolorinde elektrofil ovozlonmo reaksiyalarimin
istigamoatlonmo ganunauygunluglarinin dorindon dork edilmosi
sintez strategiyasinin ugurla planlasdirilmasi tiig¢iin holledici
ohomiyyat kosb edir. Xiisusilo do ¢oxfunksiyali aromatik
sistemlorin sintezindo avozloyicilorin ardicilligit vo onlarin
elektron-foza tosirlori nozoro alinmalidir.
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Ardicilhg se¢imi: Sintez zamani avvalco halgani aktivlesdiron,
daha sonra iso lazim olan digor qruplarin daxil edilmasi
strategiyast izomer tomizliyi baximindan on effektiv
yanagmadir.

Analitik nazarat: Sintez edilmis mohsullarin qurulusunun
tosdiqindo NMR spektroskopiyasi (masolon, 2-merkaptonaftol
kimi miiasir sintezlords oldugu kimi) va IR spektroskopiya kimi
fiziki-kimyovi tisullardan istifado alinan izomerin (orto, meta,
yoxsa para) doqiq miisyyon edilmosino imkan verir.

Texnoloji optimallasdirma: Mixtalif sonaye qurgularinda
(mosolon, absorbsion qurgular) istifado olunan aromatik
reagentlorin sintezi zamani reaksiyanin temperatur rejimi vo
holledici miihiti elektrofilin hiicum istigamatini doyigorok
mohsulun ¢iximini tonzimlomays kdmok edir.

iki ovazlayicili benzol sistemlorinda elektrofil ovozlonma sadaco
elektron donor-akseptor raqabati deyil, hom do foza maneslori
vo kecid hallarinin enerjisi ilo idaro olunan kompleks bir
mexanizmdir. Bu mexanizmin riyazi vo struktur cohotdon
prognozlasdirilmasi, miasir kimya elminin, o ciimlodon
petrokimya vo iizvi sintez saholorinin qarsisinda duran osas
vozifalordondir. Aparilan tadqiqatlar gostorir ki, avazlayicilorin
tosirini diizgiin qiymatlondirmokls daha yiiksak seciciliys malik
vo yan mohsullardan tomizlonmis sintez metodikalarinin
islonmasi miimkiindiir.
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Bitki yaglarimin oksidlosma prosesinda
antioksidantlarin tasirinin (C vitamini)
yodometrik iisulla tadqiqi

Riiqayys Hasonova
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antioksidant, peroksid, yodometriya

Keywords: vegetable oil, oxidation, ascorbic acid, antioxidant,
peroxide, iodometry

Bitki yaglarinin saxlanmasi zamani bas veron oksidlogsmo
prosesi onlarin qida keyfiyyatinin vo bioloji doyarinin
azalmasina sabab olur. Bu todqiqatda rafino olunmus giinobaxan
yaginin fotooksidlogmaosi laboratoriya soraitindo
modellogdirilmis  vo askorbin tursusunun (C vitamini)
antioksidant tosiri yodometrik {iisulla keyfiyyot baximindan
qiymatlondirilmigdir. Miiqayisali miigahidslar gostormisdir ki, C
vitamini olava edilmis niimunoalordo oksidlosmo olamatlori
nozarot niimunasi ilo miiqayisado daha zoif olmusdur. Olde
olunan noticolor askorbin tursusunun sorbast radikal
reaksiyalari longitdiyini vo lipidlorin oksidlogsmosino garsi
goruyucu tasir gostordiyini tosdiq edir.

Bitki yaglarinin torkibindo yiiksok miqdarda doymamis yag
tursular1 oldugundan, onlar oksigen, isiq vo temperaturun tosiri
altinda asanligla oksidloasirlor (Abbasov, 2020).

Naxg¢ivan Dovlat Universiteti, bakalavr, Nax¢ivan, Azorbaycan
E-pogt: thsnvarugayye@gmail.com
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Rigayys Hasonova

Bu proses noticasinds hidroperoksidlor vo digor ikinci doracali
oksidlosmo mohsullar1 omolo golir ki, bu da yaglarin dadina,
goxusuna vo qida doyorino monfi tosir gostorir. Oksidlosmo
stiratinin azaldilmasi {i¢lin tobii vo sintetik antioksidantlardan
istifado olunur. Tobii antioksidantlardan biri olan askorbin
tursusu sorbost radikallarla reaksiyaya girorok zoncirvari
oksidlosmo reaksiyalarini zoiflodo bilir (Sliyev, 2018). Buna
goro do C vitamininin bitki yaglarinin oksidlogsmasing tosirinin
Oyronilmasi hom qida kimyasi, hom do qida mohsullarinin
saxlanilmas1 baximidan shomiyyatlidir (Frankel, 2016).

Todqgiqatda rafino olunmus giinobaxan yagi, tobii C vitamini
monbayi kimi limon siresi, buzlu sirko tursusu, xloroform,
kalium yodid (KI), 0,01 N natrium tiosulfat (Na2S203) mohlulu
vo nisasta indikatorundan istifads edilmisdir.

Iki niimuns hazirlanmisdir: birinci niimuna nazarat qrupu kimi
yalniz giinebaxan yagindan, ikinci niimuno iso giinabaxan
yagma limon sirasi olave edilmoklo hazirlanmisdir. Hor iki
niimuns 72 saat arzindo birbasa giinos isiginda saxlanilmisdir.
Sonra yag niimunslorinds omalo golmis peroksidlorin miqdari
yodometrik tisulla keyfiyyot baximindan gqiymotlondirilmisdir.
Analiz zamani yag nlimunosi sirko tursusu—xloroform
qarisiginda hoall edilmis, kalium yodid slave edilorok ayrilan
sarbast yod natrium tiosulfat mohlulu ilo nisasta indikatorunun
istiraki ilo titrlonmisdir.

Aparilmis miisahidolor gostormisdir ki, nozarst niimunosindo
yodun ayrilmasi daha intensiv olmus vo titrlomo zamani rong
doyismosi daha aydin miisahido edilmisdir. Bu hal yagin
oksidlosmasi noticosindo daha ¢ox peroksid birlosmolorinin
omals goldiyini gostarir.
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C vitamini olave edilmis niimunado iso rong doyismosi zoif
olmus, sorbast yodun ayrilmasi daha az miisahids edilmisdir. Bu
notico askorbin tursusunun sorbast radikallar1 neytrallagdiraraq
lipidlorin oksidlosmoa prosesini longitmasi ilo izah olunur.
Belolikls, C vitamininin antioksidant tosiri noticesindo yagin
oksidlogmo doracosi azalmisdir.

Keyfiyyot miisahidolori gostorir ki, yodometrik tisul bitki
yaglarinda oksidlogma prosesinin miiqayisoli
qiymotlondirilmasi ii¢lin sade vo etibarli laboratoriya
metodlarindan biri hesab edilo bilor. Aparilan todqiqat
noticosindo miioyyon edilmisdir ki, askorbin tursusu bitki
yaglarinin  oksidlosmo prosesini zoiflodon effektiv tobii
antioksidantdir. C vitamini olavo edilmis niimunoslords
oksidlosmo olamotlorinin azalmasi onun sorbost radikallarin
aktivliyini asagi saldigini gostormisdir. Yodometrik tisul iso
oksidlosmo prosesinin keyfiyyatco qiymsotlondirilmosi {i¢iin
sado, praktik vo etibarli metod kimi 6ziinii dogrultmusdur.
Golocok todqiqatlarda miixtalif antioksidantlarin vo onlarin
miixtalif qatiliglarinin yaglarin oksidlogma sabitliyine tosirinin
komiyyat baximindan dyranilmasi magsadouygun hesab edilir.
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