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Abstract.

This study investigates the synthesis and green polymerization of nitrogen- and sulfur-
containing heterocyclic monomers derived from biorenewable sources. The research aims to
develop functional polymers with enhanced antibacterial and anticorrosion properties using
environmentally friendly synthesis methods. Aqueous and solvent-free polymerization routes
were employed to minimize the ecological footprint. The obtained polymers exhibited high
thermal stability, biocompatibility, and selective antimicrobial activity against E. coli and
S. aureus. The study demonstrates that bio-based N,S-heterocyclic polymers can serve as
sustainable materials for applications in coatings, packaging, and biomedical devices.
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Introduction. In recent years, the design of bio-based
and environmentally benign polymers has become one of the
main directions of sustainable organic chemistry.
Conventional polymerization processes often rely on toxic
solvents and petrochemical feedstocks, which contribute to
environmental pollution and resource depletion. Therefore,
the development of green polymerization methods using
renewable sources is a significant scientific challenge([1-4].

Nitrogen- and sulfur-containing heterocycles are
particularly interesting due to their biological and chemical
reactivity. These structures can introduce antimicrobial and
antioxidant functionalities into ©polymer matrices. When
synthesized from natural precursors such as amino acids,
thiols, or plant-derived aldehydes, such monomers offer a
promising alternative to conventional materials. This
research explores the synthesis of N,S-heterocyclic monomers
from renewable feedstocks and their polymerization under
mild, eco-friendly conditions[5].

Bio-based aldehydes (e.qg., vanillin, furfural) and
natural amino compounds were used as starting materials. The
condensation reactions between aldehydes and thiourea
derivatives vyielded novel N, S-heterocyclic monomers under
aqueous reflux conditions. All reactions were carried out
without toxic catalysts. Green polymerization was conducted
in water at 70 °C using potassium carbonate as a mild base
catalyst. The monomers were polymerized via step-growth
mechanism to form high-molecular-weight polymers. The
reactions required no organic solvents or metal catalysts.
FTIR and NMR spectroscopy confirmed the formation of
heterocyclic rings and polymer backbones. Thermal stability
was evaluated using TGA, and morphological features were
analyzed by SEM. Antibacterial tests were performed using
agar diffusion method against E. coli and S. aureus[6].

Results and discussion. The synthesized polymers showed
characteristic FTIR absorption bands of C-N and C-S groups,
confirming the successful incorporation of nitrogen and
sulfur into the polymer chains. The obtained materials
exhibited decomposition temperatures above 250 °C, indicating
excellent thermal stability. SEM micrographs revealed smooth,
dense surfaces suitable for coating applications.
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Antibacterial tests demonstrated strong inhibition zones,
particularly against Staphylococcus aureus, suggesting the
effective release or surface interaction of biocactive N,S
groups. Furthermore, corrosion resistance experiments on mild
steel indicated a 70-80% inhibition efficiency, proving their
protective potential in aqueous environments. The green
polymerization route offered reduced energy consumption and
high atom economy, aligning with the principles of green
chemistry.

Antibacterial Activity of Bio-Based N,S-Heterocyclic Polymers

i E. coli (mm)
S, aureus (mm)

20

=
L

=
=)

Inhibition Zone (mm)

0
cu(e‘a\

1 \\Jam\\‘m—""“‘
P

Figure 1
Antibacterial Activity of Bio-Based N,S-Heterocyclic Polymers

The bar chart illustrates the antibacterial performance

of three synthesized polymers — Pl (Vanillin-Thiourea), P2
(Furfural-Thiourea), and P3 (Vanillin-Thiosemicarbazide) —
against two Dbacterial strains: Escherichia coli (Gram-—
negative) and Staphylococcus aureus (Gram-positive). The

inhibition zone diameters (mm) were measured using the agar
diffusion method.

Among the samples, P3 exhibited the highest antibacterial
efficiency, showing inhibition zones of approximately 18 mm
against E. coli and 22 mm against S. aureus. This enhanced
activity is attributed to the presence of both nitrogen and
sulfur heterocatoms, which strengthen the polymer-bacteria
surface interaction and improve Dbioactive functionality.
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Overall, the results confirm that incorporating N, S-
heterocyclic moieties into bio-based polymers significantly
enhances their antimicrobial potential, making  these
materials suitable for environmentally friendly coatings,
packaging, and biomedical applications[[7,8].

Conclusion. The research clearly demonstrates that the
green polymerization of Dbio-based nitrogen- and sulfur-
containing heterocyclic monomers represents a sustainable and
innovative direction in modern organic polymer chemistry. By
utilizing renewable raw materials and avoiding toxic reagents
or organic solvents, this approach supports the core
principles of green chemistry — atom economy, reduced energy
consumption, and environmental safety. The developed
synthesis route not only minimizes waste generation but also
enables the production of functional polymers with valuable
technological properties.

The polymers obtained from N,S-heterocyclic monomers
exhibit high structural integrity, thermal resistance, and
strong adhesion to metallic and non-metallic surfaces, making
them suitable for practical use in coating technologies. Their
demonstrated antibacterial activity against both Gram-
positive (Staphylococcus aureus) and Gram-negative
(Escherichia coli) bacteria highlights their potential for
biomedical and hygienic applications, such as protective
films, medical device coatings, and packaging materials.
Additionally, the remarkable anticorrosion properties
observed 1in the study indicate that these materials can
effectively inhibit metal oxidation processes, which 1is
crucial for extending the lifespan of industrial equipment
and infrastructure.

From a scientific perspective, the successful integration
of green chemistry principles with heterocyclic polymer
design bridges the gap between environmental responsibility
and material performance. This work opens new research avenues
for the development of next-generation polymers that are both
functional and sustainable. Future investigations will focus
on optimizing polymer chain architecture, exploring catalytic
alternatives from biogenic metals, and studying the long-term
biodegradability and environmental compatibility of the
synthesized materials.
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In summary, the ©present study contributes to the
advancement of eco-conscious polymer science by proving that
renewable N, S-heterocyclic monomers can yield
multifunctional, durable, and environmentally safe materials.
These findings can serve as a foundation for further
interdisciplinary —research 1linking chemistry, materials
science, and environmental engineering.
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