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Revealing the mechanism between nanostructures
and physical properties of soft matter
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\‘& T | e ! g ,5 I | E { ) We are engaged in understanding the polymer structure and dynamics of soft materials, including polymer solutions, gels,

" = ( elastomers, micelles, colloids, and cells. We employ a combination of scattering techniques (neutron, X-ray, and light),

b cudlo.dl . rheological measurements, and spectroscopy to reveal the underlying mechanism between nanostructures and physical
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Polymer solution
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properties. We also develop new high-performance soft materials using the revealed mechanism from the structure analysis.
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Controlling the flowability of gels using DNA
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Structural analysis of hyper-homogeneous gels using scattering

Packed pregel solution
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Fully developed gel
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Focusing on the stability of the DNA double helix structure is greatly affected by the DNA base
sequence, and we have succeeded in creating a new gel cross-linked by the DNA double helix
structure. The macroscopic flow time of the gel was found to coincide with the dissociation time of the
DNA double helix structure in a wide range of time. Therefore, it is possible to synthesize hydrogels
with arbitrary flowability by using this method.

It was found that by densely filling the polymer in the solution before gelation, it is possible to maintain a
uniformly dispersed state even after gelation. Such a gelation process is called bond percolation and has
been considered as a theory for a long time, but it was realized for the first time in an actual system. With
such a simple method, we succeeded in synthesizing an extremely uniform gel that overturns the
common sense of soft materials.
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