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The molecular origin of various rheological properties of material is studied. Depending on time and temperature, 
 homogeneous polymeric materials exhibit typical features of glass, rubber, and viscous fl uid while heterogeneous 
 polymeric systems exhibit plasticity in addition to these features. For a basic understanding of the features, the molecular 
motion and structures of various scales are studied for polymeric systems in deformed state. Measurements are 
 performed of rheological properties with various rheometers, of isochronal molecular orientation with fl ow birefringence, 
and of auto-correlation of the orientation with dynamic dielectric spectroscopy. Direct observation of molecular motion 
is also carried out with fl uorescent microscopy and molecular simulations.
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DNA Diffusion in Aqueous Solution in
Presence of Suspended Particles

Although nano-particles, which are comparable in size 
to polymer chains, are widely used as fi llers to polymer 
matrixes for developing functional and high performance 
materials, the dynamics of polymers constrained between 
solid particles has not been well elucidated. In this study, 
dynamics of individual polymer under such condition 
was investigated with fl uorescent microscopy using DNA 
solutions as model systems as shown in Figure 1.

For individual T4 and λ DNA molecules in aqueous 
suspensions of spherical polystyrene particles with dia-
meter of 1 μm, it was found that i) the radius of gyration 
of DNA is independent of the particle volume fraction, φp, 

ii) DNA diffusion is not sensitive to φp up to a certain
 critical φp where the average distance between particle
surfaces is close to DNA size, and iii) the DNA diffusion
becomes slower at higher φp. The diffusion coeffi cient of 
DNA was larger, by a factor of 2, in the suspensions at 
 intermediate φp than in the corresponding confi ned geo-
metry (channel/slit between fi xed walls), while this differ-
ence asymptotically vanished with increasing φp (see 
Figure 2). This result suggested that the DNA diffusion in
the suspensions with intermediate φp is accelerated by the
 particle motion. In fact, the diffusion coeffi cient measured 
for DNA in the suspensions was semi-quantitatively de-
scribed by the Rouse constraint-release model considering
the matrix effect on the probe chain diffusion.
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Figure 2. Normalized diffusion constant plotted against the normalized 
characteristic length of the constraint. Filled and unfi lled circles are for 
T4 and λ DNA, respectively. Square and triangle are data for DNA in
confi ned geometries. Solid lines are for the blob scaling theory and the
reptation theory. Solid curves are prediction of the Rouse constraint-
release  model for T4 DNA. Horizontal broken line shows D/D// 0=1.

Figure 1. Typical snapshots of the probe T4-DNA (upper photos) and the 
particles (lower photos) at various particle volume fractions of (a) 4.9×
10–4, (b) 4.9×10–3 and (c) 9.8×10–2.
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