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Abstract

Hydrogel is a network composed of hydrophilic polymer chains and a large amount of 
water. It offers promising opportunities for applications in many fields such as in tissue 
engineering, drug delivery system, sensor and actuators. However, conventional 
chemically crosslinked hydrogels have several significant limitations, especially weak 
mechanical properties, due to their inhomogeneous network structure. So the scope of 
hydrogel applications is severely limited by their mechanical weakness. To date, many 
attempts have been made to prepare hydrogels with excellent mechanical properties, 
such as optimizing network structures, and crosslinking by multifunctional crosslinker. 
The outstanding representatives of these prepared hydrogels, such as double network 
(DN) gel, topological (TP) gel, nanocomposite (NC) gel and hybrid gel show great 
improvement in mechanical properties. Some researchers made hybrid hydrogels 
which can dissipate mechanical energy and achieve tough hydrogels. However, all these 
hydrogels are chemically crosslinked hydrogels in nature. 

In this study, in order to achieve superior stretchable and tough physical nano-composite 
hydrogels, several kinds of vinyl hybrid silica nanoparticles (VSNPs) with different 
diameters are firstly synthesized. Then Acrylic acid or Acrylic amide monomers are 
grafted from the surface of VSNPs and the grafted polymer chains formed, of which one 
side are attached to one VSNP and the other one side are free to form a gelator. Thus, 
a nano composite physical hydrogel(NCP gel) is achieved by intermolecular hydrogen 
bonds forming between the polymer chains in the gelators. Consequently the VSNP in 
the gelator could spontaneously work as chemical crosslinking point in the gels, i.e. an 
analogous crosslinking point. The obtained PNC gels have superior stretchability and 
high tensile strength simultaneously. The elongation at break and tensile strength of the 
gels are as high as 4000% and 1000 kPa respectively. The toughening mechanism should 
be attributed to the structure of physical and chemical bonds coupled the PNC gel. Under 
tensile condition, break of the physical bonds will dissipate mechanical energy, then the 
recombination of physical bonds could homogenize the network structure, finally the 
analogous crosslinking point of VSNPs should disperse and share the stress in the gels. 
Thus super tough physical nano-composite hydrogels could be achieved
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