Silk fibroin-based multiple-shape-memory organohydrogels
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Unlike synthetic gels, biological systems such as cells and tissues have synergistic biphasic structures
composed of both hydrophilic and lyophilic domains. This dual-phase organization gives them unique
properties, including adaptive mechanical behavior and resistance to freezing. Inspired by these
systems, hydrogels that integrate hydrophilic and lyophilic components known as organohydrogels
(OHGs) have emerged as promising materials capable of replicating such biological functionalities
and offering broad application potential.

We will present a simple method for fabricating adaptive OHGs with controllable and programmable
mechanical properties, as well as multi-shape-memory capability [1]. The designed OHGs consist of
a continuous silk fibroin (SF) hydrogel phase and dispersed hydrophobic microdomains formed from
semicrystalline poly(n-octadecyl acrylate) (PC18A) and several long-chain saturated hydrocarbons
(HCs) with various chain lengths between 14 and 32 carbon atoms [2]. Notably, SF acts as a natural
self-emulsifying agent, enabling the formation of oil-in-water emulsions without external chemical
emulsifiers, making it an environmentally friendly alternative.

First, a stable oil-in-water emulsion was prepared by dispersing n-octadecyl acrylate (C18A)
monomer and HCs in an aqueous SF solution. To enhance emulsion stability over time, gelation of
the SF continuous phase was triggered by adding ethanol, which induces a conformational transition
in SF from random coil to B-sheet structures. Next, the C18A+HC droplets within the emulsion were
polymerized in situ under UV irradiation in the presence of a photoinitiator. This process produced
high-strength OHGs exhibiting effective triple- or quintuple-shape memory behavior.
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