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Ionotropic gelation-based synthesis of chitosan-metal hybrid nanoparticles

showing combined antimicrobial and tissue regenerative activities.
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1. CS and hybrid CS-based nanoparticles preparation

CS and hybrid NPs were prepared using an ionotropic gelation technique. Various ratios between their
CS, TPP and/or inorganic NPs constituents were studied to find the best relation for obtaining the
highest NPs higher yield. In fact, sing an excess of CS, NPs were not formed. In turn, with an excess of
TPP amount, the precipitation Cs NPs is observed. This behaviour is explained by the CS-based NPs
formation mechanism [1]. CS is a polymer that shows amino groups that in acidic aqgueous media are
positively charged, thus, offering a large number of cross-linking sites. In these conditions a negative
charged molecules, as TPP, can interact with these charged amino groups and generating an ionic
cross-linked structure of CS. The presence of an excess of negative charges, led to precipitation,
probably due to a supersaturation of CS crosslinking sites that led to an engagement of more CS
molecules in a single NP formation. As a consequence, CS NPs with larger particle size and low surface
charge density were formed, followed by precipitation [2]. On the other hand, if the cationic cross
linking sites of CS are not sufficiently involved in the final network, CS NPs are not completely formed
and the suspension appear transparent.

For this reason, an optimal CS/TPP ratio (w/w) is crucial to obtain small and monodisperse CS NPs
showing an opalescent NPs suspension.

Even in the case of hybrid inorganic-CS NPs, the optimization of the ratio within the CS, TPP and/or
inorganic NPs constituents is fundamental for a successful synthesis. The incorporation of inorganic
NPs with a CS/ratio of 2.4 (w/w) was not successful. Due to a competition between TPP and negative
charged inorganic NPs for the same CS positive sites, precipitation phenomenon was observed. To
obtain the correct component ratio, TPP was gradually reduced until a CS/TT ratio of 2.5 (w/w) for Ag

and Au hybrid NPs and 2.6/1 (w/w) in the case of Fe3O4 NPs.



2. Supplementary Figures
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Figure S1. TEM micrographs and size distribution (log-normal fit) of a) iron oxide nanoparticles

(IONPs), b) silver nanoparticles (Ag NPs) and c) gold nanoparticles (Au NPs).
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Figure S2. TEM micrographs and size distribution (log-normal fit) of chitosan nanoparticles (CS NPs).
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Figure S3. Cytotoxicity assay of CS NPs in MEF cells.
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Figure S4. Wound healing assay of CS NPs and CS/ metal hybrid NPs at 24 and 48h.
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