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The NSF Nanoscale Science and Engineering Center for Directed Assembly of Nanostructures (www.nano.rpi.edu) was founded in September 2001 at Rensselaer Polytechnic Institute, the University of Illinois at Urbana-Champaign, and Los Alamos National Laboratory. Our NSEC addresses the fundamental scientific issues underlying the design and synthesis of nanostructured materials, assemblies, and devices with dramatically improved capabilities for many industrial and biomedical applications. Directed assembly is the fundamental gateway to the eventual success of nanotechnology. Therefore, our NSEC strives to discover and develop the means to assemble nanoscale building blocks with unique properties into functional structures under well-controlled, intentionally directed conditions. We combine theory and computational design with experimentation to focus on discovery of novel pathways to assemble functional multiscale nanostructures with junctions and interfaces among structurally, dimensionally, and compositionally different building blocks. Our NSEC integrates research, education, and technology dissemination to serve as a leading national and international resource for fundamental knowledge and applications in nanoscale science and technology. The NSEC research program consists of three coordinated interdisciplinary and inter-institutional thrusts. 

Thrust 1: Nanoparticle Gels and Polymer Nanocomposites focuses on the synthesis, phase behavior, structure, and assembly of organic and inorganic nanoparticles with homogeneous or heterogeneous surfaces by means of chemical and / or physical control. Its goal is to guide the organization of nanoscale building blocks to create 3-D hierarchical materials with novel properties. We continue to focus on two primary research areas: nanoparticle gels and polymer nanocomposites, which are closely integrated through shared intellectual threads and a highly collaborative and interdisciplinary research team. During the past several years, we have synthesized organic and inorganic nanoscale building blocks with controlled size, composition, and surface functionality, studied the viscoelasticity, phase behavior, and structure of model nanoparticle-polymer mixtures, created 3-D hierarchical structures by means of direct-write assembly of nanoparticle inks, and synthesized, assembled, characterized, and modeled the behavior of polymer nanocomposites.

Thrust 2: Nanostructured Biomolecule Composite Architectures is focused on the incorporation of biological macromolecules into nanocomposite materials to enable specific applications, including directed assembly based on biorecognition and biocatalysis, which impact tissue engineering, biosensing, self-cleaning and self-repair capabilities, and the design of novel lamellar structures. Its goal is to enable the efficient and selective interaction of biomolecules with synthetic nanoscale building blocks to generate functional assemblies. Achieving fundamental understanding, both experimental and computational, of the molecular events that govern biological function and selectivity in nonbiological nanoscale environments is crucial to developing nanostructured biomolecule composite architectures. 

Our research team is well positioned at the interface of biological and material sciences, which enables us to integrate our extensive interdisciplinary expertise in biomolecular engineering; nanomaterial preparation, characterization, and functional assembly; and theory and simulation. During the past several years, we have focused on the preparation, fundamental understanding, and potential applications of biomolecule / nanomaterial hybrid composites with tailorable structures and functions.
Thrust 3: Serving Society through Education and Outreach has as its goal to serve society by: (i) raising public science literacy through informal and formal education, and reaching a diverse audience to broaden the technical reach of our NSEC through programs that are carefully designed to integrate nanotechnology research with education, and (ii) enhancing the responsible, safe, and efficient transfer of nanotechnology developments to industry, the primary route through which society can benefit from the fruits of our research. Hence, our continuing vision encompasses research, education, and outreach through interactions with students of all ages and researchers in universities, national laboratories, and industry. Our Molecularium® project (www.molecularium.com) continues to be highly successful in the important area of public science literacy. We have reached thousands of people so far, and are on our way to reaching ever-wider segments of society. 

Through our industry outreach program, we have already entered into several pre-commercial trials of technology developed in our NSEC laboratories. We are continuing our strong industry interactions, which not only provide a mechanism for transferring technology to benefit society, but also broaden the education of our undergraduate and graduate students. To better understand how technology is used by industry, we initiated a study of socioeconomic impacts that is providing an understanding of the role of industry, the role of collaborations, and the role of public perception in the development of nanotechnology. 

Examples of major accomplishments in our NSEC program reported in the last year have been: 

· Room Temperature Assembly of Germanium Nanoparticle-based Photonic Crystals:  Through a rapid and low-cost self-assembly process, a nanoparticle-based photonic crystal, a three-dimensionally periodic material with unique and powerful optical properties, was formed. Our photonic crystals exhibited the greatest photonic strength to date of any nanoparticle- based systems, and in addition, we demonstrated, for the first time, that germanium nanoparticles could be directly used to create a photonic crystal. Reflectance spectroscopy, in conjunction with appropriate theoretical models was used to determine that the germanium photonic crystal had a refractive index contrast of 2.05, the largest refractive index contrast obtained to date for any nanoparticle-based system.

· Chain Conformations and Bound Layer Correlations in Polymer Nanocomposites:  A combined experimental and theoretical approach has been employed to address the open question of chain conformation and adsorption in polymer nanocomposites. Small angle neutron scattering (SANS) on mixtures of polystyrene and nanosilica has unequivocally shown that polymers adopt random coil shapes, whose sizes are independent of molecular weight and nanofiller concentration. Our novel microscopic statistical mechanical theory of polymer nanocomposites also predicts the existence of a thin thermodynamically stable bound layer of polymer surrounding dispersed fillers. The experimental polymer scattering signature of this phenomenon is a peak in the SANS spectrum, whose intensity and location are controlled by nanoparticle size and volume fraction. The neutron scattering data are consistent with these predictions thereby providing the first evidence for the existence of nanoscale layers that play a critical role in promoting miscibility and good filler dispersion.
· Enzyme-catalyzed Directed Assembly of Organogels:  Organogelators with excellent ability to gel a broad range of organic solvents as well as natural oils (olive and vegetable oils) were synthesized using all natural building blocks (sugars, fatty acids, and enzymes). This is an example of exquisitely selective enzyme-catalyzed directed assembly – chemical synthesis of the gelators results in poor gel properties due to the lack of selectivity. With their ability to assemble at the nanoscale, and to be prepared from all natural building blocks (sugars, fatty acids, and enzymes), these gelators may be used to encapsulate pharmaceutical, food, and cosmetic products and to build 3-D biological scaffolds for tissue engineering.
· Cellulose Nanotube Composites as Flexible Power Sources:  Nanocomposites have been developed that have enhanced biocompatibility while still exhibiting important properties associated with nanomaterials. Nanoporous cellulose-heparin composites were prepared as blood compatible membranes for kidney dialysis and as electrospun fibers for woven vascular grafts. Of significant interest in combining biological and materials applications, cellulose-oriented carbon nanotube composites have been prepared, which contain ionic liquids as batteries and supercapacitors and a patent application filed. These flexible, biocompatible devices are being evaluated in a number of applications including as implantable and wearable power sources for medical assist devices.
· Self-Assembly of Decorated Nanoparticles in Polymer Nanocomposites:  The self-assembly of nanoparticles into complex superstructures with precise geometrical form is typically controlled through particle shape or directional interparticle interactions. A more subtle issue is the creation of anisotropic structures from isotropically interacting spherical particles. While one-dimensional strings can be formed from such particles at high particle loadings, the formation of extended assemblies (cylinders, sheets) at low particle loadings is typically attributed to particles with directional interactions. We have shown that spherical nanoparticles uniformly grafted with polymer chains dispersed in a homopolymer matrix with the same chemistry as the “brush” can self-assemble into highly anisotropic sheets even at low particle loadings.  This self-assembly process, which is analogous to the behavior of block copolymers and other surfactants in selective solvents, can have profound implications for applications in which it is well established that a small amount of highly anisotropic filler can lead to significantly improved properties.

· Nanotube-Assisted Protein Deactivation: There is currently substantial interest in understanding and achieving remote control over protein function on nanomaterials. We have demonstrated for the first time the remote and specific nanotube-mediated deactivation of proteins using near-infrared irradiation (wavelengths 700-1100 nm). The observed deactivation is mediated by a photochemical reaction involving free radicals generated on irradiation of the carbon nanotubes. Such an event has been used to design polyvalent nanotube-peptide conjugates that target and destroy anthrax toxin and to design optically transparent nanotube coatings that possess “self-cleaning” activity following either near-infrared or visible irradiation. Nanotube-assisted deactivation, therefore, represents a general and facile strategy for the targeted destruction of proteins, pathogens, and cells, with applications ranging from antifouling coatings to proteomics and novel therapeutics.

