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INTRODUCTION

The Michael addition reaction, a facile and efficient
carbon-heteroatom bond-forming reaction, provides
a convenient route for synthesizing functionalized
polymers and creating cross-linked networks
(Mather et al., 2006; Wang et al., 2024; Yi et al., 2017).
This reaction involves the nucleophilic addition of a
Michael donor (a nucleophile like an enolate, e.g.,
amine) to an activated Michael acceptor (,-
unsaturated carbonyl compound, e.g., acrylate)
containing an electron- withdrawing group
conjugated to a carbon-carbon double bond at the -
carbon of the acceptor (Liu, 2023; Mather et al., 2006;
Poon et al., 2002). Michael addition is a highly
efficient reaction for the development of cross-
linked polyamides, which have stronger
hydrophobic intermolecular forces, and therefore,
are used as oil-resistant coatings, composites,
adhesives, and adsorbents (Liu et al., 2024a; Mather
et al., 2006; Wang et al., 2024; Yi et al., 2017). The

recent development in this direction shows that a
sulfhydryl-Michael addition process was developed
to create a covalently cross-linked sulfhydryl-
modified chitosan, and this cross-linked material has
applications in the food industry as a sensor and
adsorbent (Hong et al., 2024; Quadrado et al., 2021).

Water pollution, arising from industrial,
agricultural, and domestic activities, poses a
significant threat and degradation to the
environment, ecosystems, human health, and
sustainable social development (Krishan et al., 2023;
Lin et al., 2022; Saxena, 2025; Zahoor and Mushtaq,
2023). The presence of various pollutants, including
heavy metals, organic dyes, pesticides, and
pharmaceuticals, in water bodies necessitates the
development of effective and sustainable
remediation technologies (Liu et al., 2024b; Sharma et
al., 2017). Adsorption has emerged as a cost-effective
and environmentally friendly method for removing
pollutants from water due to its simplicity of
operation, high efficiency, and potential for
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adsorbent regeneration (Satyam and Patra, 2024;
Sharma et al., 2017). Cross-linked polymeric
materials offer advantages over their linear
counterparts, including enhanced mechanical
stability, reduced solubility, and improved resistance
to harsh environments, making them suitable for
packed-bed applications in water treatment systems.
Therefore, polymeric adsorbents have gained
considerable attention in water treatment due to
their tenable properties, diverse functionalities, and
ease of synthesis. The incorporation of specific
functional groups onto the polymer backbone or
surface can significantly enhance their affinity and
selectivity towards target pollutants. Among various
functional groups, amine groups are particularly
effective for adsorbing a wide range of pollutants
through various interactions such as electrostatic
attraction with anionic species, coordination with
metal ions, and hydrogen bonding with organic
molecules.

This study explored the synthesis and
characterization of a novel heterocyclic amine-
functionalized cross-linked polyacrylate via a one-
pot Michael addition reaction. The synthesis of
cross-linked polyacrylate was achieved through a
simplistic Michael addition reaction between 1,3,5-
Triacryloylhexahydro-1,3,5-triazine (TAHT) and 2-
aminothiazole. The resulting compounds were
thoroughly characterized using 1H NMR, FT-IR
spectroscopy, elemental analysis, and molecular
weight determination to confirm the successful
synthesis and purification of the molecule.
Adsorption studies were subsequently conducted to
evaluate the cross-linked polyacrylate’s efficiency in
removing water pollutants, particularly fluoride,
under controlled experimental conditions. The
results indicated that the cross-linked polyacrylate
exhibited superior absorption capacities and can be
utilized to produce pollutant-free water for a safer
future. The synthesized heterocyclic amine-
functionalized cross-linked polyacrylate
demonstrated promising adsorption capabilities,
highlighting its potential as an effective molecule for
water remediation applications.

MATERIALS AND METHODS

Materials: The chemicals used for the synthesis of
heterocyclic amine-functionalized cross- linked
polyacrylate, such as TAHT and 2-aminothiazole,
were purchased from TCI Chemicals India, and
used without any further purification. Methanol and

n-propylamine were purchased from
Synthesis of heterocyclic amine-functionalized
cross-linked polyacrylate: The heterocyclic amine-
functionalized cross-linked polyacrylate was
synthesized through the Michael addition reaction
between TAHT and 2-aminothiazole, following the
procedure previously described by Rim and co-
authors in 2009 (Rim et al., 2009). In this typical
synthetic procedure, 1.000 g (4.01 mmol) THAT and
10 mL methanol were added to a thoroughly
cleaned round-bottom flask. The resultant
suspension was continuously stirred, and 1.205 g
(12.03 mmol) 2- aminothiazole and 10 mg n-
propylamine were then added. The TAHT
suspension dissipated, yielding a clear solution.
After 60 minutes of continuous stirring, the solution
was filtered using Whatman filter paper. After that,
the synthesized compound was subsequently dried
under reduced pressure and collected as
heterocyclic amine-functionalized cross-linked
polyacrylate as an amber-white solid.
Yield: 97.55%. Molecular Weight: Found – 247.19 g/
mol, Calcd. – 249.64 g/mol. CHNS Analysis: Found
– C 43.52, H 4.75, N 20.49, O 7.98, S 17.21, Calcd. – C
45.88, H 4.95, N 22.93, O 8.73, S 17.50.
Method for the adsorption of fluoride from
drinking water: A standard stock solution of 1000
ppm fluoride was prepared by dissolving sodium
fluoride (NaF) in ultra-pure water. The stock
solution was then diluted to create standard
solutions of 100 ppm. In a typical procedure, take
100 mL standard fluoride solution of 100 ppm in a
150 mL conical flask and add 10 mg synthesized
compound. The solution was then shaken at room
temperature for about 90-120 minutes. After that, the
suspension was filtered through a Whatman filter
paper and collected as the filtrate. The fluoride
concentration in the filtrate was measured using a
fluoride electrode. The amount of fluoride removed
by the compound and its adsorption capacity in
mg.g–1 was calculated using the following equation:

C0–CfAdsorption capacity (mg.g–1) = v
m

Where C0 and Cf are the initial and final
concentrations of fluoride (ppm or mg.L–1),
respectively, m is the mass of compound (g), and v is
the volume of the solution (L).
Characterization: 1H NMR and FT-IR spectroscopy
of the synthesized compound were performed on an
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Agilent Varian 400 MHz and Perkin Elmer Spectrum
IR Version 10.7.2 instrument, respectively. Elemental
(CHNS) analysis of the synthesized compound was
carried out using a CHNS Analyzer. Fluoride ion
concentration in water was measured
electrochemically using an ion-selective fluoride
electrode.

RESULTS AND DISCUSSION

This study conducted the synthesis of a novel
heterocyclic amine-functionalized cross-linked
polyacrylate using a one-pot Michael addition
reaction. This cross-linked polyacrylate is designed
for the potential application in the adsorption of
water pollutants. The successful synthesis and the
physicochemical properties of the cross-linked
polyacrylate were confirmed through the various
analytical techniques. Fig. 1 illustrates the basic
reaction scheme and the synthesized cross-linked
polyacrylate. The Michael addition reaction was
performed between TAHT and 2-aminothiazole in
methanol at room temperature. The progress of the
reaction was evident by observing the TAHT in the
reaction mixture, which was relatively insoluble in
the solvent. After certain minutes of reaction
initiation, TAHT dissolved completely, indicating
the rapid progress of the reaction. The reaction
reached completion within 20 minutes. Following
the reaction, the solution was then filtered through
Whatman filter paper. The synthesized cross-linked
polyacrylate was then dried under reduced
pressure, yielding a white solid with a 97.55% yield.
This product typically does not require further
purification. The synthesized cross-linked

polyacrylate was characterized by 1H NMR, FT-IR
spectroscopy, and elemental analysis.

1H NMR signal of novel heterocyclic amine-
functionalized cross-linked polyacrylate was
recorded and found 1H NMR (400 MHz, DMSO): 
2.50 (–CH2–CH2–CO–, 6H, t), 3.16 (–HN–CH2–CH2–
, 6H, d), 3.32 (3H, s), 4.10 (>N–CH2–N<, 6H, m), 6.53
(3H, d), 6.92 (–S–CH=CH–, 3H, d), 7.25 (–CH=CH–
N=, 3H, d).

¹H NMR spectral interpretation (400 MHz,
DMSO-d) reveals distinct chemical environments
corresponding to the structural features of the
synthesized heterocyclic amine-functionalized
cross-linked polyacrylate molecule.  2.50 ppm
(triplet, 6H) corresponds to –CH2–CH2–CO– groups,
arises from methylene protons adjacent to a
carbonyl group, typical of acrylate-based backbones.
 3.16 ppm (doublet, 6H) corresponds to –HN–CH3–
CH2 units, the splitting pattern and chemical shift
suggest methylene protons next to a nitrogen atom,
indicating the presence of secondary amine
linkages.  3.32 ppm (singlet, 3H) likely due to a
methyl group attached to a nitrogen or oxygen
atom, possibly part of a heterocyclic ring or a
terminal functional group.  4.10 ppm (multiplet,
6H) assigned to –N–CH2–N< moieties, typically
reflects methylene groups flanked by nitrogen
atoms, consistent with heterocyclic amine structures
such as piperazine or similar rings.   6.53 ppm
(doublet, 3H) indicates aromatic or vinylic protons,
possibly part of a substituted ring system or
conjugated vinyl group.   6.92 ppm (doublet, 3H)
attributed to –S–CH=CH– protons, suggests the
presence of a vinyl group adjacent to a sulfur atom,
possibly from a thiophene or similar heterocycle. 

Fig. 1. Synthesis of heterocyclic amine-functionalized cross-linked polyacrylate.
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7.25 ppm (doublet, 3H) assigned to –CH=CH–N=
protons, indicating a vinyl group conjugated with a
nitrogen-containing heterocycle, such as imidazole
or pyridine. The spectrum supports the presence of
a polyacrylate backbone with methylene and
carbonyl groups and cross-linking via heterocyclic
amines, likely involving nitrogen-rich rings.
Functional groups such as thiophenes or imidazole
contribute to the aromatic/vinylic signals.

The FT-IR spectra of the synthesized compound
demonstrate a high level of consistency across
samples, indicating the formation of a stable
chemical structure. Band at 3311 cm–¹ is
characteristic of N–H stretching vibration,
indicating the presence of amine groups. The
observed shift from 3285 to 3311 cm–¹ confirms the
formation of a new C–N bond, supporting the
successful reaction between TAHT and 2-
aminothiazole. Band at 2921 cm-¹ corresponds to C–
H stretching vibrations from aliphatic chains,
implying the presence of saturated hydrocarbon
segments, possibly from the polyacrylate backbone
or linker units. Bands at 1607 and 1520 cm-¹ are
typically associated with C=O stretching (carbonyl
groups) and C=C stretching (aromatic or conjugated
systems). Slight shifts from 1614-1621 and 1518 cm{¹
indicate subtle changes in electronic environments
due to conjugation or hydrogen bonding. Strong
absorption at 1228–1168 cm-¹ is attributed to C–O or
C–N stretching, and fingerprint region bands such
as 1105, 1032, 1000, 956, 900, 860, and 793 cm-¹ are
indicative of aromatic ring vibrations, C–H out-of-
plane bending, and substituent-specific patterns,

confirming the incorporation of heterocyclic and
aromatic units. Bands at 1420 and 1340 cm-¹ are
likely due to C–H bending or C–N stretching,
indicating the presence of aliphatic and aromatic
amine functionalities. Therefore, the FT-IR data,
combined with complementary 1H NMR analysis,
confirms the successful synthesis of a heterocyclic
amine-functionalized cross- linked polyacrylate. The
spectral features validate the formation of new
bonds and incorporation of functional groups
consistent with the proposed reaction between
TAHT and 2-aminothiazole, leading to a structurally
robust and chemically consistent polymeric
complex.

The developed heterocyclic amine-functionalized
cross-linked polyacrylate presents a promising and
sustainable way for the removal of excess pollutants
from polluted water. In a typical experimental

Fig. 2: 1H NMR spectra of heterocyclic amine-functionalized cross-linked polyacrylate.

Fig. 3. FT-IR spectra of heterocyclic amine-functionalized
cross-linked polyacrylate along with THAT and 2-
aminothiazole.



Synthesis of Heterocyclic Amine-Functionalized Cross-linked Polyacrylate via Michael 133

procedure, 10 mg of the cross-linked polyacrylate
was added to 100 mL of a 100 ppm standard
fluoride solution within a conical flask. The mixture
was then shaken at room temperature for 90-120
min, followed by filtration through Whatman filter
paper to optimize the adsorption of fluoride from
water. Studies on the fluoride adsorption by the
cross-linked polyacrylate indicated successful
removal of fluoride ions from the water. The
heterocyclic amine- functionalized cross-linked
polyacrylate demonstrated the fluoride adsorption
capacity ranging from 2.80 to 4.50 mg.g–1 under
varying experimental conditions.

Based on the characterization results and the
observed fluoride ion adsorption, a detailed
investigation into the plausible adsorption
mechanisms will be conducted. This research will
extend to a broad range of water pollutants, such as
heavy metal ions, organic dyes, pesticides, and
pharmaceuticals, that will significantly affect human
health. For anionic dyes, electrostatic interactions
between the protonated amine groups on the
polyacrylate and the negatively charged dye
molecules are anticipated to be a primary
adsorption mechanism. For heavy metal ions,
coordination complex formation between the amine
nitrogen atoms and the metal ions is likely the
primary adsorption mechanism. For organic
molecules, contributions from hydrogen bonding,
interactions, and hydrophobic interactions are likely
to govern the adsorption process. Consequently, the
heterocyclic amine-functionalized cross-linked
polyacrylate demonstrates significant potential as an
effective adsorbent for a diverse array of water
pollutants.

CONCLUSION

This study concluded the synthesis and
characterization of a novel heterocyclic amine-
functionalized cross-linked polyacrylate, a designed
potential adsorbent for the efficient and selective
removal of water pollutants. The cross-linked
polyacrylate was synthesized through a one-pot
Michael addition reaction between 1,3,5-
Triacryloylhexahydro-1,3,5-triazine (TAHT), and 2-
aminothiazole. 1H NMR, FT-IR spectroscopy,
elemental analysis, and molecular weight
determination confirmed the successful synthesis
and purification of the molecule. Subsequent
adsorption studies demonstrated promising results
for fluoride removal, with adsorption capacity

ranging from 2.80 to 4.50 mg.g–1 under varying
experimental conditions. This highlights the
potential of the synthesized polyacrylate as an
effective material for water remediation
applications, contributing to the production of
pollutant-free water for a safer future.
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