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The UW NSEC on Templated Synthesis and Assembly at the Nanoscale was founded in September 2004 with the mission to revolutionize nanomanufacturing and foster exploration and discovery of new materials and material architectures through directed assembly. The UW NSEC has become a fertile ground for collaboration, interdisciplinary research, and discovery that has truly changed the nature and scope of research at the University of Wisconsin, particularly at the interface of chemistry and engineering. To date, the UW NSEC has been characterized by its high productivity, its impact on technology and fundamental science, its success in incorporating underrepresented groups into scientific pursuits and, perhaps most importantly, the intellectual environment that it has created for well over a hundred undergraduate and graduate students, faculty, and industrial and academic collaborators. The activities of the NSEC are crafted to evolve the mission of the center on all fronts, including technology, innovation, discovery, societal implications, public engagement, and education at all levels. To that end, the NSEC includes four research Thrusts, Societal Implications research, and a focused Education and Outreach group.
Thrust 1: Directed Assembly of Block Copolymer Materials: Block copolymers have tremendous potential for patterning and assembling functional material architectures at the nanoscale because their constituent, compositionally distinct blocks spontaneously form ordered structures (domains) with dimensions of 3 to 50 nm. The dimensions and shapes of the structures in the bulk represent a delicate balance of interfacial energy between blocks (a-b) and the configurational entropy of the polymer chains.  Unfortunately self-assembly results in the creation of features riddled with imperfection and non-uniformities.  Intervention is required to overcome trapping of low energy defects. In our primary research approach, block copolymer films are equilibrated in the presence of chemical surface patterns that 1) have dimensions similar in size to individual domains, and 2) illicit strong differing interfacial interactions between the surface and the blocks of the copolymer film (s).   By manipulating the geometry of the chemical patterns, and the magnitude of s in comparison to a-b, we can direct the block copolymer to assemble into essentially defect free arrays over arbitrarily larger areas.  Assembly is relatively insensitive to the details of the underlying chemical pattern with respect to dimensional uniformity of the domains and inter-domain roughness. Furthermore, systems can be designed to induce the domain structure of the block copolymer film to assemble into morphologies not observed in the bulk, including the canonical set of structures used in the fabrication of integrated circuits or more complicated three-dimensional architectures.  The same strategies may be used to assemble functional materials such as block copolymer-nanoparticle composites.  In a second approach, block copolymer films are graphoepitaxially assembled on chemically and topographically patterned surfaces to induce well-ordered cylindrical and lamellar domains that are oriented perpendicular to the substrate and are therefore amenable for pattern transfer.  Based on these achievements and their relationship to the most critical issues facing the continued development of lithographic materials and processes, which remains the enabling technology for semiconductor and related industries (dimensional uniformity of patterns, line edge roughness, and resolution), Thrust 1 has adopted a test-bed approach to investigate the insertion point of block copolymer lithography in nanomanufacturing.
Thrust 2: Directed Assembly of Sequence-Specific Heteropolymeric Nanostructures revolves around investigations of the design, directed assembly and functional properties of organic nanostructures synthesized from a class of non-natural amino acids called -peptides.  Research in Thrust 2 has revealed that oligomers of  -peptides provide access to organic nanostructures with exact control over shape and complex surface nanopatterns of chemical groups. This level of control over chemical patterning is made possible through specification of the sequence of the  -amino acids within the folded oligomers.  Using -peptides that fold into “nanorods” as a prototypical system, Thrust 2 has exploited exact and systematic manipulation of the surface chemical patterning of nanostructures to (i) yield insights into the mechanical and thermophysical properties of individual patterned nanorods, (ii) advance our understanding of the ways in which nanoscopic chemical patterns mediate interactions on the nano-scale, (iii) unmask a range of unexpected and rich assembly behaviors in the bulk and at interfaces that are directed by surface nanopatterns, and (iv) reveal a high level of control over the functionality of these nanostructures, including activity in biological systems.  This progress has been made possible through the combined participation of faculty with expertise in synthetic organic chemistry, nanostructure characterization tools, spectroscopic methods, statistical mechanics and computational methods, single molecule force spectroscopy, and microbiological and biotechnology.
Thrust 3: Driven Nano-Fluidic Self Assembly of Colloids and Macromolecules relies on driven, nanoscale assembly at equilibrium and beyond equilibrium. Nanoscale assembly and self-assembly processes have traditionally relied on thermodynamic equilibrium to reach desirable end states. By focusing on driven assembly beyond equilibrium, Thrust 3 has sought to expand the accessible states and strategies available for nanofabrication. Research in Thrust 3 has systematically considered the use of fields to drive the assembly of different nanoscale elements, including nanoparticles and macromolecules, in a variety of media. The emphasis has been to identify and understand the general, underlying principles that govern driven assembly across a wide range of complex fluids and materials. To that end, Thrust 3 has developed equilibrium and non-equilibrium theories, multiscale formalisms, and models that capture the coupling between external fields and the structure and dynamics of systems of interest, and has engaged experimentalists in a complete cycle of prediction, validation and exploration that has led to rapid fundamental and technological advances that capitalize on such couplings. These advances have been transformative, and include development of the fastest algorithms for calculation of the coupling between hydrodynamic forces and macromolecular structure out of equilibrium, development of optical mapping platforms for high-throughput analysis of entire genes, and development of liquid-crystal plasmonic based sensors for toxicants and biomolecules. 
Thrust 4: Environmental Health and Safety Implications of Nanomaterials seeks to reduce uncertainty about the environmental health and safety implications of nanotechnology by elucidating fundamental principles governing biological responses to engineered nanomaterials and investigating the environmental behavior of nanomaterials. Thrust 4 research focuses on in vivo biological responses to nanocomposite materials before and after environmental “weathering”. While the majority of prior studies examining biological responses to nanomaterials have relied on cell culture systems (in vitro), such studies cannot capture the diversity of biological processes that may lead to adverse outcomes in whole organisms (in vivo). Thrust 4 seeks to identify and understand the properties of nanomaterials that contribute most significantly to in vivo biological responses using the zebrafish (Danio rerio) embryo as a model. Genes, receptors and molecular processes are highly conserved across animal phyla. Studies with zebrafish have a high probability of being representative for other animals, including humans. Once released into the environment, nanomaterials may undergo biogeochemical processing, or weathering. Almost nothing is currently known about the biogeochemical processing of engineered nanomaterials. Thrust 4 aims to elucidate the fundamental degradation chemistry of polymer-modified nanoparticles and nanocomposite materials and how such transformation may alter their effects on the embryonic development of zebrafish.
Thrust 1 examines situations and processes in which the self-assembly of mesoscopic materials and the resulting nanostructures can achieve a state of thermodynamic equilibrium. Thrust 2 considers synthetic routes that are also governed by thermodynamic equilibrium and nanoscale templates, but this time at the level of individual atoms and chemical reactivity. Thrust 3 is concerned with nanoscale self-assembly far from equilibrium, driven by the influence of external fields and severe confinement. Thrust 4 considers environmental implications of the development, design, reception, and uptake of self-assembling nanotechnological systems.  Each group integrates the five essential elements required for forefront research in nanoscale science and engineering: synthesis, theory, structural characterization, property evaluation, and applications. An aggressive Seed program operates in a manner to foster innovation and promote growth and evolution into new, unexplored areas of opportunity. The established Thrusts and Seed projects share a common view, namely the precise synthesis of nanoscale elements, their assembly into nanostructured systems through the use of templates, self-organization and confinement, and the creation of materials, devices, and processes with hitherto unattainable functions. 
Societal Implications research has focused on developing effective mechanisms for actively engaging citizens, scientists, and government agencies in dialogues and decision-making about nanotechnology’s benefits and risks. Successful projects include: (1) Six highly innovative and unique Nano Cafes, engaging nearly 300 lay citizens and many NSEC scientists; (2) Two comprehensive nanotechnology information websites used worldwide by citizens, government, researchers, and industry; (3) a highly successful and well-attended nanosafety workshop and two pilot projects to better understand nanotechnology EHS issues in workplaces; and (4) the development of an inter-agency government working group involving six state and federal agencies and NSEC scientists.
NSEC Education and Outreach activities are designed to educate teachers, students, and the general public about nanoscience.  Programs for teachers include Research Experience for Teachers, professional development workshops offered through the Wisconsin Summer Science Academies program, and an annual conference for teaching science to students with visual impairments. NSEC supports programs directed toward K-12 students including projects that help build diversity within the scientific community. The Sci ENCountErs program partners with the local Boys and Girls clubs to excite teenagers and middle school students about science and engineering. The NSEC has developed a novel method to produce large scale tactile models of nanoscale surfaces for teaching blind and visually impaired students about nanoscale science and engineering. For undergraduates NSEC hosts an annual Research Experience for Undergraduates program in nanotechnology to train our next generation of nanoscientists and engineers. NSEC programs for the general public include an active collaboration with the Discovery Center Museum to build and distribute museum exhibits on nanoscience and engineering incorporating the large scale tactile models developed by the UW-Madison NSEC. 
The NSEC activities include the establishment of a Graduate Fellowship Program to recruit the most talented young scientists and engineers to the interdisciplinary field of nanoscale science and engineering and to foster a community of diversity. We have also established links to international laboratories on three continents that support living expenses of our students while they participate in substantive collaborative co-supervised research projects. 
The shared experimental facilities of the UW NSEC serve internal and external users in academia and in industry and include the only open-access extreme ultra violet lithography tools in the nation and a new soft materials synthesis and characterization facility (SML). The number of users of the SML has increased by a factor of three in the last year. This facility will house a new Bio-AFM/Fluorescent microscope instrument that will provide optically guided AFM imaging with direct correlation of fluorescence and sample topography. It will be equipped for nano-mechanical studies on cells, surfaces and tissues, including: elasticity, molecular (un)folding, ligand-receptor interactions, etc.).
For further information about this project link to www.nsec.wisc.edu or email nealey@engr.wisc.edu
