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Abstract 
  Polymers are long string-like molecules made up of the repetition of a simpler unit called 
monomers. They exhibit various mechanical and physical properties which one cannot observe 
in simple molecule systems. Especially, characteristic behaviors of polymeric systems in macro-
scopic scale are strongly affected by dynamics of polymers in microscopic scale. It is therefore 
crucially important for the design and processing of polymeric materials to understand the mi-
croscopic dynamics of polymers. Recently, coarse-grained molecular dynamics (CGMD) simula-
tions have attracted much attention since they offer some advantages such as prediction of mac-
roscopic behaviors, and observation of microscopic structure and dynamics. In this thesis, by us-
ing CGMD simulations and relaxation mode analysis (RMA) method, a new method for esti-
mating linear viscoelastic properties of polymer melts has been developed, and the conformatio-
nal dynamics of polymers in a supercooled melt have been examined.  
  Chapter 1 describes the objective and overview of this thesis. Chapter 2 gives brief introduc-
tion of this field. Chapter 3 is devoted to model and method used in this thesis.  
  Chapter 4 presents a framework to predict the relaxation modulus, linear response function 
under small perturbations, of polymer melts with the help of RMA method. Due to its large noisy 
signal and long relaxation time, quite a large computational effort, which is tens or hundreds 
times larger than the longest relaxation time of a polymer in the melt, is involved in the standard 
calculation of relaxation modulus of polymer melts. In the present method, the relaxation modu-
lus is evaluated by fitting its noisy data to the generalized Maxwell model whose relaxation 
times are already identified by the relaxation spectrum of a polymer obtained by RMA. It is 
demonstrated that this method reasonably predicts the relaxation modulus of polymer melts with 
one-tenth of the computational cost of the standard method. 
  Chapter 5 investigates the conformational dynamics of short flexible polymers in a super-
cooled melt. To analyze the dynamics around a local minimum of free energy landscape, the 
simulation time at low temperature is chosen to be the same order as the longest relaxation times 
of polymers. As the temperature is lowered, a slowing down of relaxation and a broadening of 
the relaxation rate spectrum are observed. Not only the conformation of each polymer fluctuates 
heterogeneously but also its dynamics deviates from that expected from the Rouse model. These 
results are regarded as direct evidence of dynamics heterogeneity at the level of conformational 
relaxation. By employing a much longer simulation than the longest relaxation times of polymers 
at each temperature, relaxational properties of supercooled polymers in equilibrium are also dis-
cussed. 
  Chapter 6 summarizes the conclusions obtained in this thesis.  

 


