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This dissertation presents the rational design, synthesis, and evaluation of four polymer systems developed to address limitations in biomedical adhesion, enzyme-responsive diagnostics, and functional polymer-surface interfaces. Biological environments impose challenges including hydrated and dynamic interfaces, selective biochemical triggers, and strict cytocompatibility requirements that conventional polymers often fail to satisfy. In response, this work integrates molecular architecture, interfacial chemistry, and network formation strategies to establish structure–property relationships that enable controlled, application-specific performance.
The first platform describes a multifunctional bio-inspired adhesive composed of a sulfonated polyelectrolyte and catechol-functional repeat units. By taking advantage of the benefits of mussel-inspired catechol gorup, the material achieves strong wet adhesion to tissue-relevant substrates while maintaining mechanical compliance in aqueous environments. Monomer composition was systematically tuned to balance electrostatic interactions and catechol-mediated adhesion, and the system further demonstrated localized drug retention and favorable cytocompatibility as a treatment for highly proliferative dermal fibroblasts.
The second project introduces a UV-triggered adhesive integrating thiol-ene photopolymerization with interfacial adhesion chemistry. The material remains inactive prior to light exposure and rapidly forms a crosslinked network under wet conditions upon brief irradiation. Variation of polymer architecture and stoichiometry established correlations between curing kinetics, crosslink density, mechanical properties, and adhesion performance while maintaining excellent biocompatibility and minimal adhesion strength loss in underwater environments.
The third platform investigates a polyamide engineered for enzyme-responsive degradation. Peptide-mimetic linkages were strategically incorporated into the polymer backbone to enable selective cleavage by aspartic proteases under gastric conditions while maintaining stability in non-enzymatic environments. Degradation kinetics were dictated by backbone geometry and scissile bond accessibility, establishing that enzymatic responsiveness in synthetic polymers arises from precise structural design and supporting the development of activity-based diagnostic materials for enzyme-governed diseases.
The final project investigates a novel procedure towards surface-initiated polymer growth from MXene sheets to tailor polymer-surface interactions and covalent polymer formation on the MXene surface. Controlled grafting of a thermoresponsive polymer enabled modulation of interfacial properties and confirmed the formation of functional polymer-2D material hybrids.
Collectively, these studies demonstrate that intentional molecular engineering transforms conventional polymer classes into multifunctional systems capable of adhering, curing on demand, degrading selectively, or interfacing with advanced substrates in complex environments. By integrating chemical structure, network architecture, and stimulus responsiveness, this work establishes adaptable design strategies for next-generation biomedical and functional polymer materials.
