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By definition the nanoscale begins at lengths below 100 nm; is there anything unique about this length scale? I believe there is and thermodynamics are shown to reside on geometric concepts to allow miscible systems from chemically dissimilar materials. For example, it is apparently possible to mix any organic or inorganic nanoparticle with organic polymers to produce a stable blend as long as proper protocols are followed. We have developed one heuristic that seems to be extremely important in this regard; the nanoparticle radius should be smaller than the polymer radius of gyration to make a stable blend. Furthermore, the nanoparticle geometry is crucial since solubility is driven by it gaining molecular contact with the polymer compared to its pure phase separated state. In other words, the nanoparticle gains enthalpic or cohesive energy when it is dispersed. However, even when the mixed state is stable it is possible to destabilize it near solid substrates to self assemble layered structures similar to those seen in nature. The dynamics of this self assembly process are quite rapid since the diffusion rate is determined to be over 100 times faster than predicted by the Stokes-Einstein relation. These unique observations can be combined to produce unique polymeric materials with unusual properties such as: a lower viscosity (non-Einstein effect), increased modulus, greater toughness, higher electrical conductivity, more compressible material, improved thermal degradation properties, etc. So, to answer the above question, yes there is something unique and in this seminar I will discuss our findings to show there is the possibility of creating entirely new materials.

