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Hydrogels possess flexibility and biocompatibility, but their 

low mechanical strength has been a challenge for practical 

applications. To overcome this, introducing an interpenetrating 

polymer network (IPN) structure into the gel, where two 

independent polymer networks are physically intertwined, has 

gained attention. Typical IPN gels combine two types of 

networks formed from different polymer chains. In uniaxial 

tensile tests, this IPN gels show a higher initial elastic modulus 

and high elongation after yielding, resulting in exceptional 

toughness (Fig.1). Meanwhile,our laboratory discovered that homo-IPN elastomers using 

poly(2-methoxyethyl acrylate) (PMEA) exhibited J-shaped elongation characteristics: 

flexible in the initial elongation phase and a significant increase in stress during the later 

elongation phase. This strain-hardening behavior is also observed in biological soft tissues, 

enabling them to retain flexibility and toughness while containing large amounts of water. 

In this study, we combined polymer networks composed of poly(N-isopropylacrylamide) 

(PNIPA) to prepare a homo-IPN gel. Combining a 

“hard and brittle” 1st network with high crosslink 

density and a “flexible and highly extensible” 2nd 

network with low crosslink density resulted in 

material properties similar to biological soft 

tissues. We also investigated changes in 

mechanical properties by varying the crosslink 

density of each network. The results revealed that 

the first network governs the properties up to strain 

hardening, while the second network influences 

elongation after stress onset. 
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Fig.2 Stress-Strain curves of IPN gels 

composed of 1st networks with 

different crosslink densities 

Fig.1 Stress-Strain curves 

for several typical hydrogels 

and tissues. 


