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Synthesis of Novel Hydrogels from Linear Polyampholytes and Analysis of Their 
High Toughness and Viscoelasticity 

(線形両性電解質高分子による新規ハイドロゲルの合成とその高靱性と粘弾性機能の解析) 

 

Hydrogels attract great attention as biomaterials as a result of their soft and wet nature, 
similar to that of biological tissues. Recent inventions of several tough hydrogels show their 
potential as structural biomaterials, such as cartilage. Any given application, however, 
requires a combination of mechanical properties including stiffness, strength, toughness, 
damping, fatigue resistance and self-healing, along with biocompatibility. This combination is 
rarely realized.  

This study reports for the first time that polyampholytes, polymers bearing randomly 
dispersed cationic and anionic repeat groups, form tough and viscoelastic hydrogels with 
multiple mechanical properties. These physical hydrogels are synthesized by random 
copolymerization of oppositely charged ionic monomers around the charge balance point at 
high concentration. The randomness makes ionic bonds of a wide distribution of strength. The 
strong bonds serve as permanent crosslinks, imparting elasticity, whereas the weak bonds 
reversibly break and re-form, dissipating energy. These physical hydrogels of supramolecular 
structure can be tuned to change multiple mechanical properties over wide ranges by using 
diverse ionic combinations. This polyampholyte approach is synthetically simple and 
dramatically increases the choice of tough hydrogels for applications. As the materials have 
the wide spectrum of excellent mechanical properties even in physiological solutions, they 
have high potential as structural biomaterials, for example, as artificial cartilages with high 
fatigue resistance, and shock-absorbing mouth guard for sports players. In addition, they are 
non-toxic and anti-fouling to cell adhesion, suggesting the potential use in hygiene and 
medical fields, for example, as contamination-free surgical gloves, blood bags, syringes, 
contraceptives, and implantable devices.  

In conclusion, the author has developed a new class of tough hydrogels from linear 
polyampholytes, and discovery of these novel polyampholyte hydrogels makes a large 
contribution to polymer materials science. Therefore, we acknowledge that the author is 
qualified to be granted the doctorate of Science from Hokkaido University. 
 

 


