42

Journal of Chemistry and Technologies, 2026, 34(1), 42-48

Journal of Chemistry and Technologies

[/ pISSN 2663-2934 (Print), ISSN 2663-2942 (Online).

journal homepage: http://chemistry.dnu.dp.ua
editorial e-mail: chem.dnu@gmail.com

UDC 678.742.3:547.458
ANTIMICROBIAL COPOLYMERS FROM PARA-AMINOPYRIDINE METHACRYLATE AND
METHYL METHACRYLATE: SYNTHESIS AND STRUCTURE-PROPERTY RELATIONSHIPS

Vusala A. Vahabova*, Kazim G. Guliyev, Gunel I. Gurbanli
Institute of Polymer Materials Ministry of Science and Education of the Republic of Azerbaijan, Sumgayit, Azerbaijan AZ5004, S.
Vurgun st., 124
Received 16 October 2025; accepted 9 December 2026; available online 23 March 2026

Abstract

Functional copolymers based on para-aminopyridine methacrylate (p-APM) and methyl methacrylate (MMA) were
synthesized via radical polymerization in benzene at 60 °C using azobisisobutyronitrile as the initiator. The
copolymerization parameters determined by the Fineman-Ross method (r; = 0.85 £ 0.04, rz = 0.45 * 0.03) indicated
a higher reactivity of p-APM, resulting in copolymers enriched in aminopyridine units. IR and 'H NMR analyses
confirmed that polymerization proceeds through the vinyl groups with complete retention of amino and pyridine
functionalities in the side chains. Thermogravimetric analysis revealed high thermal stability up to 380 °C, exceeding
that of polymethyl methacrylate. Mechanical tests showed enhanced strength (91-95 MPa) and Vicat softening
temperatures of 148-152 °C, surpassing commercial Plexigum M-272. Antimicrobial activity, evaluated by the agar
diffusion method, demonstrated pronounced inhibitory effects against both Gram-positive (Staphylococcus aureus)
and Gram-negative (Escherichia coli) strains. Copolymers containing 89.2 mol% p-APM exhibited the highest
antimicrobial efficiency, while moderate activity was observed at lower functional-monomer ratios. The biocidal
efficiency correlated with both the content and distribution of p-APM units along the polymer chain. The combination
of high thermal stability, mechanical strength, and antimicrobial activity suggests that p-APM-MMA copolymers are
promising materials for biomedical coatings, membranes, and polymer systems with controlled antimicrobial
properties.
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AHTHUMIKPOBHI KOITIOJIIMEPH 3 ITAPA-AMIHOIIIPUAUHMETAKPHUJIATY TA
METU/IMETAKPUJIATY: CHUHTE3 TA B3AEMO3B’A3KH MIK CTPYKTYPOIO TA
BJIACTUBOCTAMMU

Bycana A. Baxa6oBa, Kasiwm I'. 'ynieB, I'yness L. ['yp6ani
IHcmumym noaimepHux mamepianie Minicmepcmea Hayku i oceimu Asep6atidxcaHcvkoi Pecny6aiku, Cymeaim, A3epbaiioxcaH
AZ5004, eya. C. BypayHa, 124
AHoTarnig
dyHKIiOHAIbHI KonoIiMepH Ha OCHOBI Napa-amMiHonipuaguHy Metakpuiaary (p-APM) Ta meTuaMmerakpuiaaty (MMA)
Oy/JM CUHTe30BaHi NUISAXOM pajuKajabHOi moJsiMepusanii B ©GeH3oni 3a 60°C 3 BHUKOPUCTAHHAM
a306ici3o6yTUpPOHITPUIY fK iHiniaTOopa. [lapameTpu KonosiiMmepu3anii, BuU3HauyeHi 3a metogom Paiimana-Pocca (r1 =
0.85+0.04, r2=0.45+0.03), BKaza/iu Ha BUILY peakLiiHy 3jaTHicTb p-APM, 1o npuBe/0 A0 OTPHUMAHHA
KomoJiiMmepiB, 36arayeHux aMiHONipUAMHOBUMHU JIaHKaMH. AHasti3 14 ta 1H SMP migTBepauB, 110 moJiiMepu3sanis
NMPOXOAUTH Yepe3 BiHiJIOBi rpyny 3 1OBHUM 36epeKeHHAM aMiHO- Ta NipuAMHOBUX PYHKIiOHAJILHUX IPpyn y GiYHUX
naHnorax. TepMmorpaBiMeTpUYHMH aHali3 BUABUB BHUCOKY TepMidyHy cTabijbHicTh Ao 380 °C, mo mepeBUILyE
CTaGi/IbHiCTh MoOJliMeTU/IMeTaKpuaaTy. MexaHiuyHi BUNIPOGYyBaHHS MOKa3a/M miJBHILeHy MinHicTh (91-95 MIla) i
TeMIlepaTypy po3M’sikmieHHs 3a Bikatom 148-152 °C, mo nepeBuiye NoKa3HUKH KoMepiiiiHoro Plexigum M-272.
AHTUMiKpOGHA aKTUBHICTB, OlliHeHa MeToA0M arapoBoi Audys3ii, npogeMoHcTpyBaJia BUpaKeHUH iHriGywouuii epexr
SIK NPOTH IrPaMNoO3UTUBHUX (Staphylococcus aureus), Tak i rpamHeraTuBHux (Escherichia coli) mramiB. Konosimepu,
110 MicTATh 89.2 M0J1b% p-APM, NpoeMOHCTPYBaJIi HaliBUILY aHTUMIKPOOGHY e(peKTHUBHICTh, a NOMipHAa aKTUBHICThb
crnocrepirajacs 3a HUXKYMX CHiBBiAHOMEeHb QYHKIIiOHAIbHUX MOHOMEPIB. BionuaHa epeKTUBHICTh KOpewBaa K
i3 BMicTOM, Tak i 3 posnogisiom oguHunb p-APM y3a0BK nosiiMmepHoro JiaHuora. [lIoefHaHHA BHCOKOI TepMi4yHOI
CcTa6iIbHOCTi, MexaHIYHOI MiIJHOCTi Ta aHTUMiKPOGHOI aKTUBHOCTI CBiYUTH NpO Te, 110 KonoJiimepu p-APM-MMA e
nepcneKTUBHUMM MaTepia/iaMu AJ1s1 6ioMeAUYHUX NOKPUTTIB, MEMOPAH Ta NOJIiMEPHHUX CUCTEM 3 KOHTPOJIbOBAHUMH
AHTUMiIKpPOGHUMH BJIACTUBOCTAMU.
Karouosi cnoea: p-aMiHONipUAMHMETAKPHUIIAT; METUIMETAKPHUIIAT; KOTIOJiMePH; Giol[U/IHA aKTUBHICTb.
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Introduction

Polymers containing functional groups exhibit
a wide range of biomedical activities and are
widely used as bactericides, fungicides, and
pharmaceutical materials [1-6]. In recent years,
vinyl monomers and new monomeric systems
containing carbonyl and amino functional groups
have attracted significant attention due to their
potential biological activity [7-12]. It is well
established that compounds containing amino
groups often demonstrate enhanced antimicrobial
properties and are relatively safe biocidal agents
[13-17].

Methyl methacrylate (MMA) is a widely used
monomer in the synthesis of polymeric materials
due to its good optical transparency, mechanical
strength, chemical resistance, and ease of
processing [18-20]. Polymethyl methacrylate
(PMMA) is extensively applied in biomedical
fields, including dental materials, optical devices,
and prosthetics, owing to its biocompatibility and
stability [21-23]. However, PMMA exhibits
limited antimicrobial properties and poor
interaction with biological systems when used in
environments prone to microbial contamination,
which significantly restricts its application in
biologically active and antimicrobial systems.

To overcome these limitations,
copolymerization of MMA with functional
monomers containing biologically active groups
has become an effective approach. Among such
monomers, para-aminopyridine methacrylate (p-
APM) attracts increasing attention due to the
presence of nitrogen-containing heterocyclic
fragments, which are known to impart biological
activity and antimicrobial properties to polymeric
systems.

The introduction of p-APM units into the MMA
chain is expected to enhance the antimicrobial
properties of the resulting copolymers while
preserving desirable mechanical and
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physicochemical characteristics of PMMA. In
addition, the presence of pyridine moieties

provides potential sites for further
functionalization and interaction with biological
targets.

The aim of this work is to synthesize novel
copolymers of para-aminopyridine methacrylate
and methyl methacrylate, investigate their
copolymerization behavior, determine their
structural and physicochemical characteristics,
and evaluate their antimicrobial activity.

Experimental part

Materials. Methyl methacrylate (MMA, Sigma-
Aldrich, 99 %) was purified by vacuum distillation
before use. Para-aminopyridine methacrylate (p-
APM) was synthesized in our laboratory.
Azobisisobutyronitrile (AIBN, Merck, 98 %) was
recrystallized from ethanol (C,HsOH, Sigma-
Aldrich, 99.8 %). Benzene (CgHe, Sigma-Aldrich,
99.5 %) was used as the solvent without further

purification.

Synthesis of para-aminopyridine methacrylate
(p-APM)

Para-aminopyridine methacrylate was
synthesized by  esterification of  para-

aminopyridine with methacryloyl chloride. The
reaction was performed in dry tetrahydrofuran
under a nitrogen atmosphere. Triethylamine was
used as an acid scavenger. The reaction mixture
was stirred at 0-5°C for the first 1 h and then
allowed to warm to room temperature and stirred
for an additional 5h. After completion, the
reaction mixture was filtered to remove
triethylamine hydrochloride, and the solvent was
removed under reduced pressure. The crude
product was purified by recrystallization and
dried in vacuum. The structure of the synthesized
monomer was confirmed by IR and 'H NMR
spectroscopy.

CHj,
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T
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Schema 1. Synthesis of para-aminopyridine methacrylate (p-APM) from para-aminopyridine and
methacryloyl chloride in the presence of triethylamine (TA).

Copolymerization procedure.

Radical copolymerization of MMA and p-APM
was carried out in benzene at 60 + 1 °C in sealed
glass ampoules under a nitrogen atmosphere.
AIBN was used as the initiator at a concentration

of 0.2 mol% relative to the total monomer content.
The total monomer concentration was maintained
at 2 mol/L. The sealed ampoules were placed in a
thermostated oil bath, and the polymerization was
carried out for 6 hours.
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Schema 2. Radical copolymerization of para-aminopyridine methacrylate (p-APM) with methyl methacrylate (MMA)
initiated by AIBN.

The reaction conditions were selected to
ensure that the monomer conversion did not
exceed 8-10% in order to minimize
compositional drift. The degree of monomer
conversion was determined by a gravimetric
method based on the mass of the dried copolymer
after precipitation and purification relative to the
initial monomer feed.

After polymerization, the reaction mixture was
cooled and poured into an excess of methanol to
precipitate the polymer. The precipitated
copolymer was filtered and dried under vacuum to
constant weight. For further purification, the
polymer was redissolved in benzene and
reprecipitated three times in methanol.

The copolymerization constants r; and r, were
determined using the Fineman-Ross method

based on the copolymer composition data [24].
The Alfrey-Price Q and e parameters were
calculated to characterize the reactivity and
polarity of the synthesized monomer [25].

The elemental composition (C, H, N) of the
synthesized copolymers was determined using a
PerkinElmer 2400 Series II CHN elemental
analyzer (PerkinElmer, USA).

Results and discussion

Copolymerization results

The radical copolymerization of para-
aminopyridine methacrylate (p-APM) with methyl
methacrylate (MMA) was studied over a wide
range of initial monomer compositions. The
dependence of the p-APM unit content in the
synthesized copolymers on the feed composition

is summarized in Table 1.
Table 1

Copolymerization of para-aminopyridine methacrylate (p-APM, M1) with methyl methacrylate (MMA, Mz):
composition of initial mixtures and resulting copolymers (mol%), copolymerization constants (r,, r;), activity
parameter (Q), and polarity parameter (e).

Composition of the initial mixture, Composition of the copolymer, mol r1 r2 Q1 el r1
mol % % * ‘T2

M; M: mi my
90 10 89.2 10.8
75 25 75.5 24.5
50 50 56 44 0.85+0.04 0.45+0.03 1.1 0.38
25 75 35.1 64.9 0.57
10 90 17.4 82.6

*The composition of the copolymer was determined at low conversion depths (6 - 12%).

As seen from the data, the condition ri>r;
indicates that p-APM exhibits higher reactivity
compared to MMA. This difference results in the
formation of a predominantly statistical
copolymer structure. However, noticeable
enrichment of copolymers with p-APM units is
mainly observed at the equimolar (1:1) monomer
feed ratio, while at other compositions the
copolymer composition more closely follows the
initial monomer ratio.

The higher reactivity of p-APM can be
attributed to the presence of electron-donating
functional groups in its structure. The
copolymerization constants r; and rz, determined
using the Fineman-Ross method, characterize the
relative tendencies of both monomers to
propagate. Additional insight is provided by the
Alfrey-Price Q-e parameters, where the Q
parameter reflects overall reactivity and the e
parameter reflects the electronic nature and
polarity of the monomer.
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These parameters provide a quantitative and
conceptual basis for interpreting the
copolymerization behavior of the p-APM/MMA
system and confirm that the electronic and
structural features of p-APM play a key role in
governing the copolymerization process.

Structural characterization

The structure of the synthesized copolymers
was confirmed by IR and 'H NMR spectroscopy.

In the IR spectra (Fig. 1), the absorption band
at 1715cm?! corresponds to the stretching
vibrations of the carbonyl (>C=0) group of the
ester functionality. The band at 1725 cm’,

characteristic of the ester carbonyl group of MMA,
and the band at 1380 cm!, corresponding to
deformation vibrations of the methyl group, are
also observed.

The disappearance of the characteristic vinyl
group absorption bands of the monomers at
950 cm! and 1640-1635cm! confirms that
copolymerization proceeds exclusively through
the vinyl double bonds. The presence of
absorption bands in the region 2800-2700 cm-
and 3007-3436 cm, related to pyridine and N-H
vibrations, confirms the incorporation of p-APM
fragments into the copolymer chain.
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Fig.1. IR spectra of the copolymer of para-aminopyridine methacrylate (p-APM) with methyl methacrylate (MMA)

The 'H NMR spectra (Fig. 2) further support the
copolymer structure. Signals at 6.5-7.2 ppm
correspond to aromatic protons of the

aminopyridine fragment, while signals at 1.8-
2.1 ppm are assigned to the methyl protons of the
MMA units.

Aminopyridine aromatjc protons (6.5-7.2 ppm)

1.0
0.8}
0.6

0.4

Intensity (a.u.)

0.2

0.0

H NMR (Bruker 400 MHz, CDCls)

PMMA methyl groups (1.8-2.1 ppm)

8 7 6 5

4 3 2 1 0
6 (ppm)

Fig. 2. 1H NMR spectra of the copolymer of para - aminopyridine methacrylate (p-APM) with methyl methacrylate
(MMA)

Thus, spectral analysis confirms that
copolymerization proceeds through vinyl groups
with preservation of the functional fragments of
both monomers.

Physical and mechanical properties

The  physicochemical and  mechanical
properties of the synthesized copolymers are
presented in Table 2. Compared to the commercial
PMMA grade Plexigum M-272, the obtained
copolymers demonstrate: higher tensile strength,
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improved impact toughness, increased Vicat
softening temperature.

Table 2

Physicochemical and mechanical properties of copolymers of para-aminopyridine methacrylate (p-APM) with
methyl methacrylate (MMA): tensile strength (MPa), impact toughness (kJ/m?), and Vicat softening temperature

(°Q).
Tensile strength, MPa
During Specific impact Vicat softening
Polymers compression toughness, k] /m2 temperature, °C
During During testing
tensile testing flexural
testing
Copolymer
89.2:10.8 95 175 125 26-31 152
Copolymer
56:44 91 162 118 25-30 148
Plexigum M-
272 70 120 105 18-25 90
These improvements indicate enhanced while the polymer backbone remains stable up to

mechanical performance and thermal resistance
of the modified materials, which is particularly
important for their potential application in
biomedical and engineering fields.
Thermogravimetric analysis (TGA) shows that
the copolymer exhibits only about 22 % mass loss
at 380°C, indicating relatively high thermal
stability. The initial mass loss is attributed mainly
to the degradation of side-chain functional groups,

higher temperatures compared to conventional
PMMA.

Antimicrobial activity

The antimicrobial activity of the copolymers
against Escherichia coli (Gram-negative) and
Staphylococcus aureus (Gram-positive) was
evaluated using the agar diffusion method. The
results are presented in Table 3 and Fig. 3.

Table 3

Antimicrobial activity of copolymers of para-aminopyridine methacrylate (p-APM) with methyl methacrylate (MMA)
against Gram-negative E. coli and Gram-positive S. aureus bacteria, evaluated by agar diffusion method; inhibition
levels indicated as strong (+++), moderate (++), weak (+), or none (-).

Copolymer composition (p-APM : MMA, mol%) E.coli (Gram-) S.aureus (Gram+) Activity level*
89.2:10.8 +++ +++ Strong
56:44 -++ -++ Moderate
35.1:64.9 -+ -+ Weak
p-MMA (control) - - None

* Legend: +++ strong inhibition; ++ moderate inhibition; + weak inhibition; - none.

89,2:10,8 56:44

35,1:64,9

PMMA

Fig. 3. Antimicrobial activity of p-APM-MMA copolymers against Escherichia coli (Gram-negative) and
Staphylococcus aureus (Gram-positive) determined by the agar diffusion method. The diameter of inhibition zones
increases with p-APM content (89.2:10.8 > 56:44 > 35.1:64.9 >> PMMA control)



47

Journal of Chemistry and Technologies, 2026, 34(1), 42-48

The inhibition zone diameter increased with
increasing p-APM content in the copolymer. The
copolymer with a composition of 89.2:10.8 (p-
APM:MMA) exhibited strong antibacterial activity
against both bacterial strains.

However, the antimicrobial activity is not
solely determined by the overall p-APM content.
The spatial distribution of p-APM units along the
polymer chain and their separation by MMA units
also play an important role. This suggests that not
only composition, but also microstructure and
functional group distribution govern the biocidal
behavior.

The observed complete lysis of bacterial cells
indicates strong bactericidal action, while partial
lysis after 48-72h indicates a prolonged
antimicrobial effect. These properties make the
synthesized copolymers promising candidates for
biomedical and sanitary applications.

Directions for future research

Future research should focus on: extending
antimicrobial tests to a wider range of
microorganisms, including fungi, incorporating
other functional comonomers to enhance
biological activity, studying practical applications
such as coatings, membranes and biomedical
implants. Unlike earlier studies, which mainly
focused on structural or mechanical properties,
the present work demonstrates both improved
mechanical and biological performance of p-APM-
based copolymers, significantly extending the
scope of functionalized PMMA materials.

Conclusions

In this study, copolymers based on para-
aminopyridine methacrylate (p-APM) and methyl
methacrylate (MMA) were successfully
synthesized via radical copolymerization. The
composition, structural features, and reactivity of
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