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The Columbia University Nanoscale Science and Engineering Center (NSEC) is dedicated to developing the highest level of fundamental understanding for many important phenomena of electron transport through single molecules, carbon nanotubes, graphene, and nanoscale molecular assemblies [1].  Our research program is exploring three broad scientific propositions:

· Molecular Conduction: The fundamental phenomena for electron transport through a single molecule represent an exciting opportunity for scientific discovery.

· Molecular Assembly: Through combination of “bottom up” creation of specific chemical systems and “top down” fabrication, we can explore transport properties of two dimensional nano-structures.

· Nanoscale Characterization: Characterization of nanoscale molecular assemblies closes the functional design loop linking molecular properties, pathways for assembly and electrical function.

Our interdisciplinary program pursues the synthesis, fabrication, and characterization of three different types of nanoscale molecular systems in intimate contact with electrical contacts: (1) single walled carbon nanotubes, (2) two-dimensional molecular systems including graphene and (3) single molecules.  The Nanocenter program brings a common intellectual approach to create a fully integrated multidisciplinary program built upon these molecular systems.

Electron Structure and Dynamics in Single Walled Carbon Nanotubes.  We have made significant advances toward the characterization and understanding of isolated single walled carbon nanotubes.  We have developed a unique form of Rayleigh Scattering Spectroscopy which provides rapid spectral signatures for individual nanotubes.  This discovery has dramatically influenced how the entire scientific community explores the fascinating phenomena associated with carbon nanotubes.  These capabilities are allowing us to explore the electronic properties of carbon nanotubes and carbon nanotube devices that have been structurally identified.  These fundamental measurements will open up new perspectives in our understanding of the electronic transport properties of carbon nanotubes and corresponding devices.

Two Dimensional Molecular Nanostructures.  We have begun to develop methodology for the fabrication and electrical characterization of two dimensional planar graphene.  We have confirmed the theoretical predictions based on band structure of the ideal system and we have begun to define the practical capabilities for this system.  These discoveries form the basis for extensive explorations of these exciting new two dimensional systems.  Thus we are exploring the electronic properties on nano-scale ribbons of graphene as potential new electronic devices which can be fabricated using planar processing techniques.  We are examining the role of defects and edges on the electronic properties.  We are also examining the implications of chemical modifications of graphene.

Single Molecule Conduction.  The fundamental characterization of conduction phenomena in single molecules has proven to be a major scientific challenge.  Our discovery of diamine-gold systems has allowed us for the first time to undertake systematic explorations of the influence of chemical structure on molecular conductance.  These experiments thus point the way toward a definition of chemical “design rules” for molecular conduction phenomena.  Our demonstration of direct measurement of conductance for a single molecule covalently bonded across a nanometer-scale carbon nanotube junction has created a new platform for single molecule conductance studies.  These experiments are already demonstrating a rich variety of behavior and should become a primary tool for explorations of molecular conductance.

New Paradigms for Multidisciplinary Research.  Within the communities of Columbia University, Barnard College, City College of New York, and Rowan University, we have created a new paradigm for multidisciplinary research.  Our program has been extremely effective in generating excitement about nanoscale science and engineering and the rewards of interdisciplinary research.  We have generated new perspectives to the graduate and undergraduate student body through examples of successful interdisciplinary research, strong and vital seminar programs, new courses and major changes in existing or basic courses.  The Columbia Nanocenter has made major impact on the research infrastructure and methodology for carrying out interdisciplinary research in the university setting.
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