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Madification of polymer chains can give new and better properties of polymeric
materials. In this work, both molecular simulation and experimental techniques were
employed to study polymer electrolytes to gain a better understanding of the
correlation between the structure and property of the modified polymers. To Increase
the ionic conductivity of polymer electrolytes, some of the possible approaches are
to find ways to decrease the amount of polymer crystallinity, increase the degree of
ion dissociation, and modify the chemistry of the polymer chain.

The addition of molecular fillers and the effect of modified chain stiffness for
decreasing the degree of polymer crystallinity were investigated by experiment and
computer simulation. For experiments, material characterizations were done including
the crystallization behavior and thermal properties of polymers which are related to
their ionic conductivity. For computation, Monte Carlo simulation was used to study
polymer crystallization and chain dynamics to correlate experimental observation. To
study a new polymer host, multiscale simulation for structural and material properties
of amorphous perfluoro-poly(ethylene oxide), PF-PEO, was investigated and compared
with normal poly(ethylene oxide), N-PEO. Full atomic models at bulk densities were
obtained. Properties including torsional angle distribution, solubility parameter, atomic
pair correlation function, and scattering structure factor were compared with
experimental data. In addition, the solvation structure of small molecule models for
new host polymers i.e. 1,2-dimethoxyethane (DME) and N,N-dimethyl ethylenediamine
(DMEDA) which are the small molecules to represent the repeating unit of PEO and

PEI, respectively, complexed with salt were compared using the combined method of



molecular dynamic (MD) simulation and Synchrotron extended X-ray absorption fine
structure (EXAFS) spectroscopy.

The first part is the experimental study of the effect of adding low molecular
weight poly(ethylene glycol), PEG, and urea fillers on the crystallization and
morphology of the PEO. High (20,000 ¢/mol)/low (400 g/mol) molecular weight PEG
can accelerate/delay the crystallization of PEO (4,000,000 g/mol), respectively, while
the crystal sizes for the PEO blended urea sample are decreased. In the second part,
the effect of chain stiffness in controlling polymer crystallization from the melts was
studied using the Monte Carlo simulation of the coarse-grained model. Simulation
results indicate that the rate of structural formation and the degree of crystallinity are
increased for normal PE chains. Our study implies that only polymers with the
appropriate chain stiffness can exhibit clear evidence for crystallization. In the third
part, the multiscale molecular simulation has been used to generate and equilibrate
the amorphous polymeric materials of PF-PEO and N-PEO. The calculated results were
in good agreement with those experimental results. The final part is to study the
solvation structures of cations in DME and DMEDA. The results obtained from this
technique were the type of neighbor atoms, the distance between the probed ion and

neighbor atoms, and the coordination number which are related in both methods.
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