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ABSTRACT

This thesis presents a detailed investigation into the design, synthesis, and utilization
of functional porous polymeric microparticles and macroporous antimicrobial polymer
gels, aimed at addressing key challenges in catalysis and antimicrobial applications.
Firstly, porous and nonporous microparticles via distillation-precipitation
polymerization has been done, wherein varying contents of amine functionality are
incorporated. These microparticles serve as catalysts for the Knoevenagel
condensation reaction between 4-nitrobenzaldehyde and malononitrile. Porous
microparticles exhibit superior catalytic activity, achieving complete conversion in
ethanol at 50°C, owing to their larger accessible surface area. The proposed
mechanism is determined by using density functional theory, elucidating the role of
basic nitrogen sites in catalysis. Further, the fabrication of macroporous antimicrobial
polymer gels (MAPGs) functionalized with quaternary ammonium cations of varying
hydrocarbon chain lengths has been done using cryogelation. Antimicrobial activity,
as well as the mechanical properties of the macroporous gels, was found to be
influenced by the alkyl chain length attached to the quaternary ammonium cations as
well as by the amount of crosslinker used for the fabrication of the gel. The gels based
on the quaternized C8 monomer displayed the highest antimicrobial activity and
mechanical stability as compared to the gels based on the C4 and C6 monomers. The
escalation in antimicrobial performance with increasing hydrophobic alkyl chain has
been attributed to enhanced hydrophobic interactions with bacterial cell walls.
Furthermore, porous and nonporous microparticles functionalized with quinuclidine
were synthesized for catalyzing the Baylis—Hillman reaction. Porous microparticles
exhibited exceptional catalytic efficiency, achieving full conversion within 16 hours at
50 °C. The optimized system demonstrated promising recyclability over multiple
cycles, underscoring its potential for sustainable catalytic processes. In addition, the
synthesis of macroporous antimicrobial polymer gels incorporating quaternized
quinuclidine with varying alkyl chain lengths has been done. Enhanced antimicrobial
activity has been observed with longer alkyl chains, validated by molecular dynamics
simulations elucidating the interaction with bacterial membranes.

Additionally, the synthesis of porous microparticles immobilized with DMAP for
catalyzing the Baylis—Hillman reaction has been done, which was optimized using DFT

calculations to determine the energetics of reaction pathways. The catalyst's
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reusability and efficiency across various reactants have been evaluated, offering
insights into reaction kinetics and mechanisms. Lastly, smart solvent-responsive
polymer gels functionalized with quaternized DMAP varying in alkyl chain length with
inherent antimicrobial properties are designed and fabricated. Extensive
characterization studies employing FTIR, and solid-state NMR provide insights into gel
properties. Molecular dynamics simulations further elucidate gel interactions with
bacterial membranes, contributing to a comprehensive understanding of their

antimicrobial efficacy.
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Tg iR Tarerde g, YRAWY, 3R BEidHS YRMEed UlciHe AgHIUT 3R
HhIURY TR GIead Ui o & foure, RidRm, sfik Suah &1 fawqd siere=
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B. subtilis
P. aeruginosa
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Universal Testing Machine
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