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Both molecular simulation and experiment were employed to study the
fundamental factors to control the crystallization and ionic conductivity of polymer
nanocomposite electrolytes. There are four parts in this thesis. The first topic is the
experimental study on the effect of adding nanofillers on the crystallization and
morphology of high molecular weight poly(ethylene oxide), PEO. Five types of silica-
based nanofiller and PEO were studied including unmodified silica (SiO,), silica treated
with silane coupling agents (Sil-SiO,), silica modified with amino groups (A-SiO,),
Polyhedral Oligomeric Silsesquioxane (POSS) and Montmorillonite (MMT). From the
results, MMT can act as a good retarding agent for polymer crystallization assuming
that intercalation occurs.

For the second part of the thesis, molecular simulation was employed to study
the crystallization behavior of polyethylene (PE). A Monte Carlo simulation of coarse-
grained models of PE nanocomposites was developed to study the effect of nanofiller
shapes (nanosphere, nanoplate and nanostick) on polymer crystallization. PE
nanocomposites filled with nanostick and nanoplate tend to induce earlier crystalline
formation and have more ordered structures, especially nanocomposites with
nanoplate filler. In contrast, PE nanocomposites filled with nanospheres exhibit slower
crystallization with a lower amount of trans fraction and, as a result, form less ordered
structures.

Next, molecular simulation was also used to investigate the behavior of dense
polymer chains confined between two nanoplates with different polymer-surface
interactions. For PE films with stronger polymer-wall interaction, densities in the bulk
region are decreased and the chains tend to stay close to the wall surface. For dynamic

properties, chains in the inner region have relatively faster chain mobility due to lower



density. Chain dynamic decreases significantly due to attractive interaction with the
wall surface.

In the final part of the thesis, multiscale molecular simulation was used to
create the amorphous structure of a new polymer host for electrolytes. Poly(propylene
oxide), PPO, is a fully amorphous polymer with a repeating unit similar to PEO as
-[CH,CH(CH5)OJ-. Upon mixing LISCN and KSCN salt with the PPO matrix, the solvation
structures and ion dynamics of PPO-KSCN electrolytes were studied by molecular
dynamic (MD) simulation of the fully atomistic models. Li* ions show faster diffusion

than K*. On the other hand, K* exhibits a stronger solvation structure than Li*.
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