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Polymer hydrogels crosslinked by dynamic bonds are of increasing
interest in fundamental and applied soft material studies. Unlike
conventional static covalent gels, such hydrogels, thanks to the dynamic
nature of the bonds, typically have controlled lifetimes, enhanced
toughness, self-healing or stimuli responsive properties. However, most
dynamic polymer hydrogels are constructed using a single type of
dynamic bonds, either supramolecular interactions (e.g., hydrogen
bonds, metal-ligand coordination bonds, host-guest interactions) or
dynamic covalent bonds (e.g., C=N bonds, disulfide bonds, boronic ester
bonds). The objective of this thesis is to construct dynamic hydrogels by
orthogonal combination of supramolecular interactions and dynamic
covalent bonds, and to investigate the effects of these combinations and
of different network topologies on the hydrogel properties. Combinations
of metal-terpyridine coordination bonds (zinc(II)-terpyridine and iron(II)-
terpyridine bis-complexes) and reversible C=N bonds (acylhydrazone and
oxime) were selected as crosslinks for interpenetrating polymer networks
(IPN), dual-crosslinked networks (DCN) and double networks (DN). We
have first systematically investigated the effect of four crosslink
combinations on the dynamic oscillatory mechanical properties and pH
responsiveness of IPN hydrogels. Then, the rheological behaviors of IPN,
DCN and DN hydrogels based on the same combination of hydrolytically
stable oxime bonds and labile zinc(II)-terpyridine bis-complexes as
crosslinks were compared. Finally, we compared the rheological
properties of two DN hydrogels made from either a combination of labile
zinc(II)-terpyridine bis-complexes and stable oxime bonds, or a
combination of labile acylhydrazone bonds and stable iron(II)-terpyridine
bis-complexes.


