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The molecular origin of various rheological properties of material is studied. Depending on time and temperature, ho-
mogeneous polymeric materials exhibit typical features of glass, rubber, and viscous fluid while heterogeneous poly-
meric 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 per-
formed of rheological properties with various rheometers, of isochronal molecular orientation with flow birefringence, 
and of auto-correlation of the orientation with dynamic dielectric spectroscopy.
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Molecular Rheology by Simulation and DNA

Molecular motion is main resource of polymer rheology 
since conformational entropy is dominant in free energy. 
Although for several simple cases such as monodisperse 
linear polymers description of the molecular motion has 
been established by the Rouse, Zimm and tube models, 
the polymer dynamics is still an open problem due to huge 
degree of freedom in material design of polymers with 
branching, molecular weight, molecular weight distribu-
tion, blends, copolymerization, etc., and hence challenges 
have been being in progress. 

An interesting method to investigate the polymer dy-
namics is fluorescent microscopy with DNA. Although 
DNA is a rigid polyelectrolyte indicating distinguished 
characteristics from synthetic polymers, under certain 
conditions the observed DNA motion is consistent with 
the dynamics of synthetic polymers. In addition to the 
conventional analysis on the fluorescent images we have 
been developing a method to map the molecular configu-
ration by means of a Monte Calro method where the ob-
served fluorescence is converted to an effective potential 
field as shown in Figure 1.

If the polymer dynamics can be captured in a certain 
model, simulations would be achieved to predict the poly-
mer dynamics and rheology. We have been developing a 

multi-body simulation for entangled polymers utilizing 
our primitive chain network model where the polymer dy-
namics is calculated in real 3D space similarly to ordinal 
molecular dynamics simulations and differently from tube 
theories.  Figure 2 shows a typical snapshot and a result of 
the prediction.
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Figure 1. (a) A fluorescent image of a DNA molecule and (b) the con-
structed polymer configuration.
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Figure 2. (a) A typical snapshot of the simulation and (b) the prediction 
of linear viscoelasticity for various polymer melts.
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