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Double network (DN) gels are synthesized by combining a hard and brittle 1st network with 

a soft and highly stretchable 2nd network, exhibiting high mechanical toughness [1]. 

Because of this excellent mechanical toughness, DN gels are expected to be applied as 

biomaterials such as artificial skin. However, since the rigid 1st network is developed 

throughout the entire structure, DN gels exhibit a high Young’s modulus and show an S-

shaped stress–strain curve. In contrast, animal skin exhibits a low Young’s modulus and a 

J-shaped stress–strain curve, allowing it to respond quickly to large deformations [2]. 

Therefore, it has been difficult for DN gels to exhibit skin-like mechanical properties. 

 

In this study, we developed a microgel composite DN (MCDN) gel composed of microgels 

formed via radical polymerization of N,N-dimethylacrylamide (DMAAm) and a polyethylene 

glycol (PEG) matrix formed via end-coupling reactions. The MCDN structure was formed 

by simultaneously reacting these two components independently. In contrast to 

conventional DN gels, the MCDN gel exhibited a low Young’s modulus and a J-shaped 

stress–strain curve. It also showed higher mechanical toughness than the PEG single 

network (SN) gel. Transmission electron microscopy confirmed that PDMAAm microgels 

on the nanometer scale were formed inside the MCDN gel. In addition, the MCDN gel 

exhibited hysteresis in stepwise cyclic tensile tests, indicating that its high mechanical 

toughness was attributed to energy dissipation.  
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