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Fundamental and applied research on neutral non-polar homopolymers as well as
block copolymers over the last four decades have played major roles in advancing
various areas such as organic electronics, photonics, cosmetics and chemical
separation/filtration. Nonetheless, increasing energy demands and novel
technologies require significantly improved materials for modern applications such
as in the area of energy storage, polymer batteries and water purification
membranes, to name a few. Ionic and zwitterionic polymers synthesized by
introducing charges on the monomers have been shown to be promising materials
with desirable responses to various stimuli in applications such as actuators,
capacitors, membranes and polymer batteries. However, the simple introduction of
charges leads to dramatic changes in structure and dynamics of the polymers. These
changes get reflected in the responses of the polymers to temperature, applied
electric fields and solvents used in the processing. Presence of a large parameter
space and lack of our understanding about the fundamental electrostatic
correlations greatly hinder any hope for systematic designs of the ionic and
zwitterionic polymers for various energy applications. In this talk, I will present our
recent theory and simulation work in developing fundamental understanding of
electrostatic correlations in ionic and zwitterionic polymers. In particular,
importance of often-neglected gradients/non-local effects of electric polarization in
affecting electrostatic correlations in polar polymers will be discussed. Furthermore, effects of electrostatic correlations and
their close connections to polarization will be discussed in light of experimental results obtained using scattering and
reflectivity measurements, broadband dielectric spectroscopy, and atomic force microscopy-based measurements.
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