
Abstract
It is well--established that physical phenomena occurring at the macroscale are the result of underlying 

molecular mechanisms that occur at nano--scales.

Understanding these mechanisms at the molecular level allows the development of semicrystalline polymers 

with tailored properties for different applications.

Molecular Dynamics~(MD) simulations offer significant insight into these mechanisms and their impact on 

various physical and mechanical properties.

However, the temporospatial limitations of all--atomistic~(AA) MD simulations impede the investigation of 

phenomena with higher time-- and length--scales.

Coarse--grained~(CG) MD simulations address the shortcomings of AAMD simulations by grouping atoms 

based on their chemical, structural, etc., aspects into larger particles, beads, and reducing the degrees of 

freedom of the atomistic system, allowing achievement of higher time-- and length--scales.

Among the approaches for generating CG models, the bottom--up approach is capable of capturing the 

underlying mechanisms at the molecular level.

In this dissertation, a new bottom--up method is developed for the systematic coarse--graining of 

semicrystalline polymers that uniquely blends the potential functions of both phases.

The obtained blended potential not only faithfully reproduces the structural distributions of multiple phases 

simultaneously but also allows control over dynamics of the obtained CG models employing a tunable 

parameter.

Given that accelerated dynamics of the CG models hinder the investigation of phenomena in the crystal 

phase, such as $\alpha$--relaxation, by utilizing the developed method, this phenomenon was successfully 

modeled for a semicrystalline polyethylene~(PE) system with obtained values for the diffusion constant at 

room temperature and the activation energy in close agreement with experimental results.

In a subsequent study, a family of potentials was developed for a sample semicrystalline polyethylene~(PE) 

to investigate the impact of different potential functions on some physical properties, such as crystal 

diffusion and glass transition temperature, and their correlation with some mechanical properties obtained 

from uniaxial deformation.
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