Multiple Phases of Block Copolymer Micelles formed via Electrospray-Enabled Interfacial Instability
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[bookmark: _GoBack]With application in biological imaging, energy platforms, and computational systems, nanoparticles continue to be an important area of technology development. Both development and use of functional particles are areas for further nanotechnology research. Here, we describe a promising method to synthesize nanoparticles that combines electrospray and an interfacial instability process to form micelle structures from amphiphilic block copolymers. In this approach, block copolymers in an organic phase are introduced to an aqueous solution and form micron-scale emulsion droplets. Transient interfacial surface tension changes then result in micelle formation. The technique can be adapted to encapsulate smaller functional nanoparticles within micelles, including quantum dots (QDs) and superparamagnetic iron oxide nanoparticles (SPIONS), effectively co-localizing fluorescent and magnetic material in a ~30 nm diameter particle.

Previously, micelle formation via interfacial instability was performed in a batch process and resulted in spherical micelles comprised of poly(styrene-block-ethylene oxide) (PS-b-PEO). In this study, we use the electrospray method and control both the temperature and polymer loading in order to increase the rate of PS-b-PEO micelle production as well as access different polymer assembly phases.  We used the electrospray synthesis approach with stable spray conditions that mimic batch settings, and produced spherical micelles at an increased number and rate.

By increasing polymer concentration in the organic phase of the electrospray and controlling the temperature of the emulsion, we were able to further increase the polymer throughput and the production rate of the spherical micelle formation process. This result alone is encouraging, and suggests optimal conditions for spherical micelle production in the electrospray process. Further variation of temperature and concentration yielded wormlike micelles, a finding consistent with previous research on amphiphilic polymer phase diagrams. This technology can be used to create empty and loaded micelles in either phase that have potential application in drug delivery, imaging, separations, and diagnostics.
