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Keyword: Multiscale simulation, Amorphous polymer, Poly vinylfluoride (PVF), Poly
vinylchloride (PVC), Chain stiffness, Polymer surface, Monte Carlo simulation, Polymer

crystallization, lon Transportation, MD simulation, Polymerized lonic Liquid

Multiscale computer simulations were employed to investigate molecular
factors that can control structural properties of the host polymers in electrolyte
application. To Increase the ionic conductivity of polymer electrolytes, some possible
routes are proposed to modify the repeating units to adjust the intrachain stiffness and
intermolecular interaction that can affect conformational characteristics, molecular
dimension, chain perturbation near the surface, crystallization, upon cooling from the
melts, atomistic amorphous structures and the degree of ionic dissociation in
polymerized ionic liquids. There are 4 main parts in this thesis.

In the first part, multiscale molecular simulations for structural and material
properties of two polymer hosts for gel electrolytes were studied. The rotational
isomeric state (RIS) models derived from ab initio electronic structure calculation were
employed to predict the conformational statistics of poly(vinyl fluoride), PVF, in
comparison with poly(vinyl chloride), PVC. The chain stiffness, as represented by the
characteristic ratio, is significantly larger for PVC chains. PVC and PVF chains were
coarse-grained and mapped onto the second nearest neighbor diamond (2nnd) lattice.
The on-lattice properties such as molecular size and conformational statistics agree
well with theoretical prediction. Fully atomistic amorphous PVF and PVC models can
be obtained by reverse-mapping to restore the missing atoms. After energy
minimization, all results are reported and compared between PVF and PVC.

In the second part, the role of chain stiffness on structural and molecular
properties for the free surface of polymer melts was examined by MC simulations of

the coarse-grained (CG) polyethylene PE-like chains on the 2nnd lattice. PE-like models



Y

were proposed by multiplying the RIS statistical weights with the chain stiffness
parameter (k) to represent more flexible (k = 0.0 and 0.5) and stiffer (k = 1.5 and
k = 2.0) chains than normal PE (k = 1.0). For the melt-vacuum surfaces of stiffer chains,
bulk densities become lower with broader surface profiles. Based on intra- and
intermolecular energetics, more flexible chains have a larger amount of gauche
conformation with denser bulk structures, but they adopt more trans conformation
near the surface.

In the third part, the role of the intermolecular interaction related to the chain
packing in the condensed phase, which can be intimately associated with polymer
crystallization was investigated via MC simulations of CG PE-like models to study the
effect of intermolecular interaction on polymer crystallization from the molten state.

PE-like models with different Lennard-Jones (LJ) potential energy parameters i.e. the
same bead size (G = 0.44 nm) but different potential well depth (€), in the range of
185 K< €/KT < 205 Kand 125 K < €/KT < 185 K, respectively, for more attractive and

more repulsive interaction than those for normal PE chains (G = 0.44nm, €/KT = 185
K).  Overall results suggest that only PE-like chains with the appropriated
intermolecular interaction can be effectively formed the ordered structure at the
crystallization temperature.

In the final part, the structural, dynamics, and ion transportation properties of
imidazolium-based  polymerized ionic liquids (ILs) blended with 1-butyl-3-
methylimidazolium bis(trifluoromethanesulfonyllimide: (Bmim-TFSI) electrolytes were
investigated using molecular dynamics (MD) simulations. Results showed that the
addition of ILs electrolytes facilitates faster segmental dynamics of the polymer chains
and enhances the ionic conductivity, in agreement with what was observed in the
experiments. The study of anion association statistics suggests that the intrachain
transportation mechanism is the dominant mode compared to other transport

mechanisms.
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