Effect of water on structure and molecular dynamics of chitosan films
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The good mechanical properties of chitosan films, comparable to many medium-strength commercial synthetic polymers, as well as the excellent oxygen-barrier properties in dry conditions, are closely related to its structure, and in particular to the hydrogen bonds network1,2. The relationship between such properties and the polymer structure under various environmental conditions however requires a better knowledge. The hydroxyl groups and the highly reactive amino group concomitantly participate in intra- and intermolecular hydrogen bonds, resulting in the formation of different polymorphic forms whose properties may vary considerably. Chitosan films (having an acetylation degree of 10%) were prepared by the solvent casting method using an acetic acid medium, and they were exposed to water activities ranging from 0.11 to 0.89 at 20°C. Low-field NMR revealed that the sorption of water in chitosan films involves two distinct polymer mobility domains, below and above ~0.6 water activity. A higher mobility is reached for 
moisture content above that value. It is concomitant to a significant decrease in the acetate ion amount trapped in the inter-chain structure of chitosan. The latter participates in the molecular architecture of polymer by electrostatic interactions. This is also emphasized by DSC analysis, which firstly showed a change in the glass transition temperature at this point, and more interestingly the existence of two distinct amorphous domains in the chitosan film consecutively to acetic acid release, both amorphous domains being sensitive to water. The influence of water / acetate ion on the structure of chitosan was further investigated on a molecular scale with solid state NMR, using in particular Frequency-Switched Lee–Goldberg (FSLG) 1H–13C Heteronuclear Correlations (HETCOR) NMR, in order to better understand the influence of water / acetate ion on hydrogen bonding structure of chitosan-based film. It aims at comparing a weakly hydrated state of chitosan film to a more hydrated state, focusing in particular on the hydrogen bond network. This study enabled to get better insight in the relationship between structure and functional properties of chitosan-based films according to the hydration level. The acetate ions trapped in the chitosan act as structuring agents between chitosan chains for the low hydration state. But, increasing the moisture content induces spontaneous removal of acetic acid and a subsequent modification in the film structure, with an increase in local ordering. The multiplicity of signals for most of the observed carbon atoms and in particular those implied in the glycosidic linkage revealed different water-induced conformational states. Changing the water content therefore allows to modifying the polymer structure and therefore to modulate the properties of such chitosan-based films.
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