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Nanoparticulate materials, including spherical, rod-like, and multi-armed particles, are critically important components of modern nano- and materials research and technology.  This project aims to harness the tendency of particles to segregate to interfaces of immiscible materials, for example in fluids and in soft polymers, to produce robust materials as encapsulants, membranes, and electronically active devices.  An overview of the concepts and materials associated with this NIRT research is given in Figure 1.
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Figure 1.  Ligand-functionalized nanoparticles are used for interfacial segregation, the preparation of robust, ultra-thin sheets, capsules, and membranes, and self-assembling devices.

Micron-scale particles have a long history of interfacial science associated with surfactant stabilization and purification of metals by flotation techniques.  Nanoparticles, due to their very small size, are subject to thermal fluctuations that destabilize their interfacial activity.  Nonetheless, PIs in this NIRT team have found that some nanoparticles, such as quantum dots and properly-functionalized gold nanoparticles, segregate readily to an oil-water interface, stabilizing droplets for a period of days-to-weeks.  The functionality that can be integrated into nanoparticles, by way of their stabilizing ligand periphery, enables a cross-linking of the particles at interfaces by polymerization chemistry, converting dynamic assemblies into robust structures.  Such cross-linking can be used to prepare nanoparticle-based encapsulants and sheets with unique permeability to small molecules and polymers.
In addition to materials for encapsulation, interfacial assembly of nanoparticles can be exploited for the preparation of electronically active devices, such as self-assembling transistors, as well as improved membranes, for example in water purification and gas separation.  Suitably-functionalized gold nanoparticles are seen to adsorb to the interface of liquid gallium and water, providing access to a structure that shows Coulomb blockade behavior.  Studies are also underway to understand the impact of ligand-functionalized nanoparticles, such as PEGylated particles, on the physical, mechanical, and surface fouling properties of water purification membranes. 

For further information about this project, contact PI Todd Emrick at tsemrick@mail.pse.umass.edu, 413-577-1613.
