Versatile biocomposites fabricated by harmonizing metal
nanoparticle and mace extract with anionic polyacrylamide /
itaconic acid matrix doped with polysaccharides
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Based on the multiple functions of the network and its dynamic interactions with the
surrounding matrices, biocomposites are innovative materials with a biopolymeric structure
reinforced with natural fibers [1]. As the most abundant biopolymers, polysaccharides offer
a green alternative to synthetic polymers in the preparation of soft nanomaterials [2]. The
significance of the application potential of biocomposites is based on the unique properties
of polysaccharides, such as biocompatibility, abundance, and low cost. The need to control
the structural-physical and functional property relationships of these polysaccharide-based
structures has gained importance.

Within the scope of the proposed study, the starting monomer acrylamide was modified with
the anionic comonomer itaconic acid, and bio-based hybrid materials were designed through
polymerization in the presence of natural polymers with different chemical characteristics
(anionic, cationic, and neutral). The design of hybrid networks containing acrylamide and
itaconic acid in a one-pot synthesis is based on investigating the effect of various
polysaccharides on the network structure. The copolymeric gels were synthesized by free
radical polymerization at two different temperatures to obtain both hydrogel and cryogel
formations, while a series of syntheses were carried out by adding carboxymethyl cellulose,
sodium alginate, hyaluronic acid, and carrageenan. The aim was to understand the effect of
polysaccharide addition on the swelling and mechanical properties of the designed
materials. The mechanical data showed that polysaccharide addition to the network caused
a decrease in the strength of the materials, while cryogelation also altered the mechanical
strength of synthesized gels. Hybrid gels were characterized using XRD, FTIR, and TGA
analyses. This study demonstrates that the addition of polysaccharides significantly alters
the structural and mechanical behavior of acrylamide-itaconic acid hybrid gels. The results
revealed that tunable swelling properties and different network architectures were achieved,
particularly under cryogelation conditions. These findings highlight the potential of bio-based
hybrid gels as customizable functional materials.
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