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 Abstract
[bookmark: _GoBack]Polyelectrolytes are polymers that bear ionic groups on their repeat units, which enable their self-assembly into a wide array of soft materials and complex fluids. These supramolecular structures are ubiquitous in applications ranging from household products (e.g., personal care, cleaning and paint formulations), to pharmaceutics, to water treatment and emerging energy applications. Despite this widespread use, however, the performance of these structures is often limited by an incomplete understanding of the molecular and colloidal interactions that underlie their properties. To this end, the overarching goals of our research are to: (1) advance the mechanistic understanding of the parameters that control polyelectrolyte-based soft material properties; and (2) exploit this understanding to develop new technologies. This seminar will provide two examples of our efforts toward these goals.    
On the fundamental side, I will present some of our work on micro- and nanoparticles for drug delivery. Biobased micro- and nanogels ranging from tens of nanometers to microns in diameter can be prepared by ionically crosslinking chitosan with tripolyphosphate (TPP). These soft materials attract widespread interest as potential drug and gene carriers. Accordingly, numerous experiments have been performed to characterize the effects of process and formulation parameters on their size distributions, stability and payload uptake/release properties. Despite these efforts, however, the mechanism of their formation has for many years remained poorly understood. This lack of understanding stemmed (at least in part) from the very rapid kinetics of chitosan/TPP gelation, which made the micro- and nanogel formation process very difficult to study. To address this, we used stopped-flow and dynamic light scattering (DLS), isothermal titration calorimetry (ITC) and transmission electron microscopy (TEM) to dissect the mechanism of ionotropic chitosan/TPP gelation in the presence of monovalent salt (NaCl). This revealed the micro- and nanogel formation rates to be extremely sensitive to TPP and NaCl concentrations, and to scale approximately with [TPP]5 and [NaCl]-5. By slowing down their formation using high NaCl and low TPP concentrations, we were able to probe the temporal evolutions in micro- and nanogel structure by DLS and TEM. The ionotropic gelation was shown to occur in two stages: first, the formation of small primary nanoparticles (average diameter ~ 30 nm); then, their secondary aggregation into larger micro- and nanogels. Moreover, by slowing down the ionotropic gelation process, we were able to enhance colloidal stability during chitosan/TPP mixing, and produce particles with more-uniform size distributions. 
On the application side, I will also describe how, by crosslinking poly (allylamine hydrochloride) (PAH) with either TPP or pyrophosphate (PPi), ionotropic gelation can produce gel-like coacervates that adhere to both hydrophilic and hydrophobic surfaces under water. These complexes can deliver short-term adhesion strengths above 105 Pa and can be dissolved on demand by changing the ambient pH. Their pH and salt sensitivity can also be utilized to tune their adhesion strength and to develop injectable adhesive formulations (which can be dispensed as low-viscosity dispersions that form adhesive films in situ). Furthermore, the high crosslink densities within the adhesive PAH/PPi and PAH/TPP networks enable them to serve as vehicles for sustained release (which for small molecules extends over multiple months). These properties suggest that ionic crosslinking of polyelectrolytes provides a simple route to preparing multifunctional materials, capable of both stimulus-responsive wet adhesion and long-term controlled release.
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