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Abstract: 

Soft materials emerging on the interface between engineering and biological systems are 

constantly challenging our fundamental knowledge, inspiring technological innovations, and 

enabling impactful applications. For instance, mammalian skeletal muscles can achieve actuation 

stress and strain up to 400 kPa and 40% with energy efficiency over 70%. Animal skins and 

plant leaves can develop hierarchical topographical patterns which lead to extraordinary 

functions such as camouflage and superhydrophobicity. Cartilage, a natural hydrogel that 

contains ~70% water, can maintain impressively high fracture toughness (i.e., >1000 Jm-2) 

under millions of cycles of loads equivalent to body weights. At MIT SAMs Lab, we integrate 

theory and experiments to understand the physics and mechanics of these intriguing biological 

materials and phenomena, and seek bio-inspirations to develop new multifunctional materials 

and structures. 

 In this talk, I will focus on our recent work on the design of hydrogels with extraordinary 

properties. While biological hydrogels such as cartilages are extremely tough, antifatigue and 

self-healable, common synthetic hydrogels such as food Jellos, contact lenses and diaper fillers 

are mostly weak, brittle and non-healable after damage. The limited physical properties of 

synthetic hydrogels stem from their conventional networks, i.e., polymer chains randomly 

connected by low-functionality crosslinkers. Inspired by biological hydrogels, we propose to 

design unconventional networks that possess unconventional chains (such as folded chains), 

unconventional crosslinkers (such as reversible crosslinkers and high-functionality crosslinkers), 

unconventional chain-length distributions (such as multimodal), and/or multi-polymer 

combinations (such as interpenetrating networks). We show that judicious designs of 

unconventional networks can indeed enable new soft materials to achieve unprecedented 

properties, such as extremely tough (>30,000 Jm-2), stretchable (> 20 times), self-healable and 

programmable. Applications of the tough and bioactive hydrogels will be further discussed, for 

example, by 3D printing them into various prototypes for soft electronics, robots and medical 

devices. 
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