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Abstract of Thesis

Interest in environmentally friendly polymers has surged due to concerns over fossil fuel depletion and global
warming. Bio-based polymers are appealing for their recyclability, sustainability, biocompatibility, and carbon
neutrality. Polysaccharides, abundant natural polymers, come from diverse sources, making them useful in
various applications like biomedical, food, energy, and textiles. Chitosan (CS), derived from chitin, is
biocompatible, non-toxic, and biodegradable, with a cationic nature that allows solubility in acidic solutions and
enables functionalization and cross-linking. Cellulose, a primary plant component, and its derivatives, like
cellulose nanofibers (CNFs) and water-soluble carboxymethyl cellulose (CMC), offer mechanical strength and
stability, effectively cross-linking with chitosan to enhance material properties. This doctoral thesis presents
the fabrication of chitosan-cellulose composite materials functionalized with multiple cross-linking techniques
for different applications.

In Chapter 1, stimuli-responsive all-polysaccharide composites were prepared using CNFs and CS. Bacterial
cellulose (BC), as a natural hydrogel based on CNFs, was oxidized to dialdehyde BC (DABC) and combined with
CS to create a pH-sensitive hydrogel composite. These composites exhibited higher mechanical properties under
acidic conditions and lower mechanical properties under basic conditions due to the difference in protonation
and deprotonation of chitosan. Osmotic pressure was built up under acidic conditions, increasing the mechanical
strength of the composites. The composites maintained three-dimensional stability in varying pH environments,
owing to the rigid network of CNFs. This research addressed the limitation in applying pH-responsive hydrogels
due to their concomitant swelling and shrinking.

In Chapter 2, sponge materials comprising chitosan nanofibers (CSNFs) and dialdehyde carboxymethyl
cellulose (DACMC) were synthesized using a freeze-thaw method and post-cross-linking during thawing. This
novel approach used ice crystals for pore formation, in the freezing steps of CSNFs media, leading to
condensation of the CSNFs-rich phase with stable porous structures. In the thawing step, gradual diffusion of
DACMC from the melted part of CSNFs media enables to form stable porous structures through the cross-
linking formation via ionic interaction and imine bond. The resulting sponges have enhanced mechanical
stability, shape recoverability in wet state, stable porosity, and are lightweight in dry state. Compared to
commercial foams, these materials offer superior fire retardancy, thermal insulation, and effective adsorption
of dyes and metal ions. This eco-friendly technique presents a promising avenue for creating multifunctional
materials with various industrial applications.

In Chapter 3, co-assembled micro-clusters (MCs) were fabricated using CSNFs cross-linked with DACMC.
These MCs form stable structures under aqueous conditions due to imine bonds, ionic interactions, and hydrogen
bonds, enabling clusterization-triggered emission (CTE). MCs exhibit stable fluorescence behavior under
aqueous conditions. Composite gels of MCs and poly(vinyl alcohol) was synthesized to create CTE hydrogels.
The gels demonstrated the ability to detect specific metal ions like Cu?* and Fe3* by emission quenching. This
strategy broadens the application of water-containing fluorescent materials in sensing and biomedicine.

Multiple strategies have been used to construct polysaccharide-based materials utilizing cross-links as key
structures. The usage of cross-linking and multiple interactions was crucial in achieving these functionalities.
This approach enables a wide range of functionalities to be realized, expanding the scope of practical

applications, and improving the environmental benefits of using sustainable resources in material engineering.
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