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Reversible polymer networks with dynamic cross-links 

have drawn increasing attention for their potential in 

creating tough, self-healing, and environmentally adaptive 

materials. I will present a series of studies demonstrating 

how host–guest interactions can be harnessed to design 

polymer networks with water-responsive mechanical 

properties. (Figure 1). 

The first study focuses on hydrogels formed via β-

cyclodextrin (βCD) and adamantane (Ad) host–guest pairs. 

These reversible cross-links allowed the network to adapt 

to hydration changes. Mechanical toughness improved 

significantly with higher non-freezing water (NFW) and 

intermediated water (IMW) content, owing to enhanced 

mobility of the dynamic junctions and efficient stress 

relaxation. The results reveal how the presence and 

behavior of NFW and IMW modulate supramolecular 

dynamics under hydrated conditions. 

We developed movable cross-linked polymers where 

guest units were covalently tethered to the network. This 

design further enhanced cross-link mobility in hydrated 

conditions, improving mechanical flexibility and 

toughness. The networks showed hydration-dependent 

relaxation behaviors, suggesting that IMW facilitates not 

only plasticization but also dynamic rearrangement (Figure 2). 

We also examined how the phase state of NFW, IMW vs. free water (FRW) affects biocompatibility. By tuning 

water distribution in the hydrogel matrix, we could control protein adsorption and promote cell adhesion, with 

reduced protein denaturation. This underscores the impact of water structuring in designing functional 

biointerfaces.   

These studies offer a coherent strategy for tuning hydrogel mechanics and biofunctionality through molecular 

mobility and hydration control, with applications in biomedicine, soft robotics, and sustainable materials. 

 

1) M. Osaki, M. Tanaka, Y. Takashima, et al Macromolecules 2021, 54, 8067-8076. 

2) K. Nishida, R. Ikura, T. Inoue, G. Matsuba, M. Tanaka, Y. Takashima, Macromolecules 2024, 57, 7745-7754. 

3) Y. Kawai, Y. Ikemoto, M. Tanaka, T. Kato, Y. Takashima, Y. ACS Appl. Polym. Mater. 2025, 7, 7767-7776. 

PROFILE 

Yoshinori Takashima（The University of Osaka, Professor） 

[1] Ph.D., Graduate School of Science, Osaka Univ. (2003), Assis. Prof., Graduate School of Science, Osaka 

Univ (2004), Lecturer, Graduate School of Science, Osaka Univ. (2014), Prof., Inst. for Advanced Co-Creation 

Studies, Osaka Univ. (2016), Prof., Grad. Sch. Sci., Osaka Univ. (2023–present). Research interests: molecular 

adhesives, reversible/movable cross-linked materials, stimuli-responsive materials. [2] Specialized field: 

Polymer Chemistry, [3] Prizes: the Young Scientists’ Prize by the Minister of MEXT (2014), [4] Your focus 

paper and books: Nat. Chem. 2016, 8, 625-632. Adv. Mater. 2020, 32, 2002008. Chem 2025, 11, 102327, [5] 

Others: Cleaning helps me relax and reset my mind., takasima@chem.sci.osaka-u.ac.jp） 

 
Figure 1. Schematics of a hydrogel cross-linked 

with host-guest interaction in the presence of 

waters. 

 

 

Figure 2. Proposed structures of the hydration in 

movable cross-linked polymers. Relationship 

between the mobility and ratio of IMW. 
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