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The Nanoscale Science & Engineering Center (NSEC) for Integrated Nanopatterning and Detection Technologies, headquartered at Northwestern University, provides substantive contributions to nanotechnology scholarship, infrastructure, and interdisciplinary education.1 The overarching research objective is to develop new and powerful detection technologies for biological and chemical analytes based on nano-engineered materials. The specific aims of the Center are: (1) to develop a suite of high-throughput parallel nanolithography tools with soft matter compatibility for patterning materials on surfaces with sub-100 nm spatial resolution and evaluate their potential for building the targeted devices, and (2) to develop detection systems with novel receptors and signal transduction methods that can be realized through these novel lithographic tools. The ultimate goal is to create a handheld detection system that can sense low levels of target molecules without needing external target amplification. To address these challenges, the Center has been organized into three synergistic research groups (SRGs).
SRG 1: Nanopatterning (Mark Hersam, Leader; Richard Van Duyne Co-Leader)

The mission of the Nanopatterning SRG is to develop and refine sub-100 nanometer patterning methods that can template the assembly of functional biological and chemical nanosensors. Specific issues addressed by the Nanopatterning SRG include: (1) improving spatial resolution; (2) increasing yield and throughput via automation and parallelization; (3) generalizing nanopatterning techniques to substrates and molecules that are relevant to biological and chemical sensing; (4) integrating nanopatterning with conventional lithography and surface chemistry; and (5) characterization and theoretical modeling of the structure and chemistry of nanopatterns.

Novel nanopatterning techniques developed by the Nanopatterning SRG include: (1) Dip-Pen Nanolithography (DPN); (2) Nanosphere Lithography (NSL); (3) Scanning Probe Microcontact Printing (SPμCP); (4) Liquid Phase Nanolithography (LPN); (5) Laser-Assisted Embossing (LAE); and (6) Electrochemical Whittling (EW). Previously developed nanopatterning techniques refined and improved by the Nanopatterning SRG include: (1) Microcontact Printing (μCP); (2) Feedback Controlled Lithography (FCL); (3) Field-Induced Oxidation (FIO); (4) Cathodic Electrografting (CEG); (5) Electron-Beam Lithography (eBL); (6) Photolithography.
SRG 2: Signal Transduction and Receptor Design (Milan Mrksich, Leader; George Schatz, Co-Leader)
The Signal Transduction SRG focuses on the development of sensing strategies for transducing the binding of an analyte to a receptor into a measurable signal, and on the initial implementation of these strategies for the detection of biological and chemical analytes. These strategies take advantage of the unique optical and electrical properties of nanoscale structures, and in many cases involve the use of nanopatterning technologies developed in the Nanopatterning SRG. Advances in sensing strategies are accomplished by (1) synthesis and characterization of new nanomaterials for optical, electrochemical, or mass spectrometric sensing, (2) chemistries for controlling analyte binding at receptor sites on the nanoparticles, and (3) integration of the new detection technologies and analyte/receptor materials into functioning sensors. Successful applications will be transitioned to the I-Chip SRG (below) for integration and testbedding.
SRG 3: Integrated Biodetection Chip (Vinayak Dravid, Leader)
The Integrated Biodetection Chip (I-Chip) SRG incorporates developments in the Nanopatterning and the Signal Transduction SRGs in order to engineer and validate I-Chip systems for important analytes. This is achieved through cross-disciplinary collaboration among engineers (electrical, mechanical and chemical), chemists, materials scientists, biologists, and medical practitioners who focus on infectious and neural degenerative diseases. The goals of the I-Chip SRG are to: (1) develop chip-based sensors for bio-detection using nanomaterials and electrical/electrochemical signal transduction processes; (2) engineer an integrated chip with biosample processing and sensing capabilities; (3) develop novel materials and methods for chip-based DNA and protein separation and purification; (4) develop a fundamental understanding of the process of DNA hybridization and melting; (5) develop capabilities for important medical targets (i.e., Alzheimer’s, cancer, and HIV).
The Center recognizes that higher-risk projects can often lead to major advances, and therefore provides seed funding for one or two projects each year in new and emerging areas.  Successful seed projects that are in-line with the overall goals of the Center may fold into an existing SRG or be the base of a new initiative.
Center members represent a broad spectrum of disciplines from 4 schools and 15 academic departments. Partnerships created by the Center comprise researchers from Northwestern University, the University of Chicago, the University of Illinois at Urbana-Champaign, and Argonne National Laboratory. These partners join collaborators from industry, academic institutions, and national laboratories with a common goal to create an accelerated pathway from conception to application through commercialization. State-of-the-art facilities and instrumentation, significantly enhanced by funding from the State of Illinois, supports the research agenda.

Knowledge transfer at the Center is evidenced through prolific publication (726 to-date), invention disclosure (144 to-date), and patent filing (67 to-date). Center researchers routinely give lectures on their research globally, as well as organize and present workshops, seminars, and short courses (1,444 to-date). 

The Center has initiated innovative programs that significantly impact knowledge transfer and strengthen collaboration. The Nanotechnology Corporate Partners (NCP) program supports Center research and increases opportunities for new collaborations. Eighteen companies have joined the NCP program and provide financial support.

Sixteen nanotechnology-based start-up companies have been launched since 2001, with several initiated through the Small Business Evaluation and Entrepreneurs (SBEE) program – an innovative partnership with the NU Kellogg Graduate School of Management. Over $400M in venture capital has been invested in these companies to-date.

The Center organizes the Frontiers in Nanotechnology Seminar Series which brings world-renowned researchers on campus to inspire students and enhance synergistic collaborations (96 to-date). Finally, the Center co-sponsors the annual International Institute for Nanotechnology Symposium which attracts over 650 registrants each year for a full day of presentations by world-renowned domestic and international researchers.  

The Center is also committed to training the scientists, technicians, and teachers of tomorrow. Undergraduate students, graduate students, and postdoctoral associates are a vital part of the Center research community and have a voice through the NSEC Board of Student and Postdoctoral Researchers. The Center has provided 165 graduate student years of support and awarded 75 degrees since inception. Additionally, 27 new courses have been developed, 57 have been modified to include Center research, 4 textbooks written and 16 modules developed.
 Innovative educational outreach programs are closely linked to Center research, including: 

· Research Experience for Undergraduates (REU) program that includes hands-on research and professional development activities (technical writing course, public speaking workshops, field trip to Argonne National Laboratory and laboratory tours, and a closing symposium and final paper). Fifty percent of the 208 undergraduates who have participated in this program to-date have been female and 50% have been underrepresented minorities. Center REU participants have published 90 papers.
· The Center publishes Nanoscape: The Journal of Undergraduate Research in Nanoscience annually which includes articles from undergraduate researchers from institutions around the country and teaches undergraduate students the process of scientific peer review and publishing. The journal is available on-line (www.nanoscape.northwestern.edu) as well as in print, and is mailed to over 1,000 institutional libraries each year. 

· The Research Experience for Teachers (RET) program combines hands-on research with curriculum development, which ensures that the students of the participating teachers are also impacted.

· The DiscoverNano website, introduces nanotechnology to the lay audience. The site includes a Nano 101 primer, Nano Historical Timeline, projects for classrooms, and video interviews with professors and students. Over 900,000 visitors from around the world access the site each year (www.discovernano.northwestern.edu)
· The Center developed an inquiry-based Nanoscience Module for precollege classrooms that includes student and teachers manuals and meets national standards. The module is being disseminated world-wide by the NCLT.

· The Center also organizes and presents Nanotechnology Town Hall Meetings each year to inform and engage the public on current topics in the nanotechnology field.
· Finally, numerous outreach events are presented each year including the All Scout Nano Day, Science Cafés, and NanoDays (in partnership with NISE-Net).

Increasing diversity in the fields of science, mathematics, and engineering is an important goal of the Center. A diversity plan is fully implemented and has resulted in the Center consistently surpassing national diversity averages. Partnerships with the National Society of Black Engineers, National Society of Hispanic Engineers, Society of Women Engineers, Society for the Advancement of Chicanos/Latinos, and Native Americans in Science contribute to this success.
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