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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 in collaboration with the University of Illinois at Urbana-Champaign and Los Alamos National Laboratory.  Our Nanoscale Science and Engineering Center (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.  Our efforts in this area include synthesis of nanoparticles, fundamental experimental and theoretical studies of their structure, phase behavior and viscoelastic properties in the fluid suspension, glass and gel states, and the use of nanoparticle gels as inks for the direct-write assembly of 3-D structures with potential application as advanced ceramics, porous membranes, sensors, and photonic materials.  Our NSEC has elucidated the structure and properties, and developed 3-D writing, of nanoparticle gels; interfacially tailored fillers in polymer nanocomposites; and discovered a unified relationship between polymer nanocomposite and thin-film thermomechanical behavior. 

Thrust 2: Nanostructured Biomolecule Composite Architectures is focused on 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. Having positioned the thrust squarely at the interface of the biological, chemical, and materials sciences, our NSEC has been oriented toward both the fundamental properties and potential applications of hierarchical biomolecule/nanomaterial hybrid composites with tailored structures and functions. We have also begun to integrate more fully with Thrust 3 by investigating biologically-functionalized nanoscale materials and their impact on human biology and toxicology.  Our NSEC has had success in exploring, understanding, and exploiting protein-nanomaterial interactions; biomimetic templating; and DNAzyme-catalyzed assembly and sensing.

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 NSEC has created the Molecularium® science-literacy shows “Riding Snowflakes” and “Molecules to the MAX”, the book Nanocomposite Science and Technology, and three startup companies, DzymeTech, Solidus Biosciences and The Paper Battery Company, based on NSEC technology.  

Selected major accomplishments reported by our NSEC in the past year include:

· Molecular Level Assembly of Novel BioHybrid Materials. We have shown that biological function can be conferred to carbon nanotubes. Specifically, direct attachment of tubulin dimer cytoskeletal protein onto multi-walled carbon nanotubes (MWNT) form tubulin-MWNT conjugates.  The geometries of these conjugates are a function of the tubulin concentration.  MWNT-templated tubulin undergoes self-assembly with free tubulin in solution to yield functional nano- and mesoscale architectures, which can be manipulated in synthetic, non-physiological environments by surface-attached kinesin molecular motors.
· Self-organization of Water Induced by Electrons.  Fundamental understanding of self-assembly in water requires knowledge of water structure and dynamics in the vicinity of solutes, specifically in the hydration shells.  In an NSEC collaboration, UIUC and RPI used a new hybrid experimental-computational method, Linear Response Imaging (LRI), to reconstruct the dynamical behavior of water from a library of dynamical structure factor data measured at 3rd generation synchrotron X-ray sources.  The Green’s function of water is extracted from and subsequently used to reconstruct the space- and time-dependent behavior of water at femtosecond timescales and Ångstrom lengthscales.

· Imaging the Structure and Flow of Gels in Microchannels.  For the first time, our NSEC has directly imaged the structure and flow behavior of colloidal gels in microchannels using confocal microscopy.  Silica particles are first coated with a cationic polyelectrolyte, and then flocculated by the addition of an anionic polyelectrolyte.  In the quiescent state, the suspension is an isotropic and homogeneous gel.  Under shear flow, the suspension contains dense clusters that yield at intercluster boundaries, resulting in network breakup at high shear rates. These structural changes coincide with a transition from plug-like flow at low pressures to fluid-like behavior at high pressures.

· Understanding the Role of Interfacial Cohesion in Polymer Nanocomposites.  A first of its kind combined theory-experiment analysis of adsorbing polymer mediated structural reorganization (depletion aggregation, full dispersion, bridging) of silica nanoparticles in equilibrated miscible polymer nanocomposites of variable chemistry and adsorption affinity has been performed.  Quantitative comparison of microscopic theory calculations with small angle X-ray scattering experiments demonstrate the theoretical approach properly accounts for the effects of adsorbed polymer layers on nanoparticle concentration fluctuations over all length scales for a wide range of volume fractions and interfacial cohesion strengths.  A distinctive microphase separation like peak in the collective polymer structure factor is predicted.  Nanoparticle potential of mean force calculations suggest a criterion for the onset of kinetic gelation.  Remarkably small changes in nanoparticle surface or polymer chemistry are shown to result in dramatically different equilibrium and nonequilibrium nanocomposite behavior and properties.  This opens up new ways of thinking about the processing of polymer nanocomposites and controlling the state of particle dispersion.

· Imax Show Completed in 2D and 3D – “Molecules to the MAX”.  The second Molecularium® show, “Molecules to the MAX” played at the Giant Screen Cinema Association (GSCA) in 2D in Los Angeles in March 2009.  In September 2009, it was in 3D at the GSCA International Conference and Trade Show in Indianapolis.  This 42 minute long large format (e.g., Imax) film takes you on a ride to NanoSpace with Oxy and her crew to boldly go where only atoms have gone before!  Aboard the Molecularium, the most fantastic ship in the universe, you will fly through the crystalline structure of a snowflake, explore the metallic maze of a penny, blast through the far reaches of space, escape the tangled polymers of chewing gum, and discover the molecular machinery of a living cell. This animated adventure brings audiences into amazingly small places and fascinates them with incredibly big ideas.  Coming soon to IMAX®, IMAX 3D® and other Giant Screen Theatres near you!

· Five Local High Schools Adopt Nanotechnology Curriculum After Attending Rensselaer’s Nanotechnology Curriculum Development Summer Institute.  A synergistic effort between the NSEC, the National Center for Learning and Teaching, WSWHE BOCES, and the Workforce Consortium for Emerging Technologies last summer resulted in 5 new local high schools introducing nanotechnology curricula into their classrooms.  Each high school contributed $10,000 to the program to pay their teachers and buy supplies.  This four week program started with a week on the Rensselaer campus being introduced to nanotechnology and taking part in already developed curricula. The high school faculty then spent 3 weeks developing their own curricula ranging from a new course year-long course that combines chemistry and technology, to modules introduced to existing physics and chemistry courses throughout the year.  Hundreds of new high school students will be introduced to nanotechnology this year as a result of this program.

