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March 9, 2007
Dear Friend:

We would like to take this opportunity to inform you of an exciting research opportunity for talented undergraduates in your institution who are interested in performing cutting-edge research in New York City during the summer of 2007. This program, the NYU-CCNY REU for the Science and Engineering of Soft Materials and Interfaces, was recently established with financial support from the National Science Foundation. SESMI unites emerging young scientists and engineers from four-year colleges and research universities with New York University and City College of New York research groups, in which they will perform interdisciplinary research spanning materials science, chemistry, physics, and chemical engineering. This will be achieved through research projects aligned with NYU and CCNY efforts in soft materials and interfaces, ranging from colloidal assemblies to biomolecular scaffolds to organic crystals to molecular monolayers. Through a series of REU-wide workshops held each Friday morning, the SESMI program also will provide the students with professional development exercises, including scientific writing and presentations, and workshops related to ethics of research and publication. SESMI students also will benefit from interactions with a larger group of domestic and international NYU and CCNY research undergraduates during the workshops and various organized social activities. We hope you will encourage your students to apply.

This summer (2007), the SESMI program will operate from May 27 – August 4. SESMI research students will receive a stipend of $4000 and will be reimbursed for travel expenses up to $500. The students also will receive a research grant of $1200 for materials and supplies. All SESMI students, regardless of whether they are performing research at NYU or CCNY, will be provided, at no cost, with dormitory style housing in the Palladium Residence Hall, conveniently located across from vibrant Union Square in the heart of lower Manhattan. We have enclosed herein a list of representative research projects as well as a flyer, which we invite you to post at your institution in a location that would be visible to your undergraduates. More information will soon be available at http://surface.engr.ccny.cuny.edu/~SESMI/ . 

Interested students should send the following application materials by Email to Ms. Erin Plati, the NYU Department of Chemistry Administrator, at erin.plati@nyu.edu. Unfortunately, the rather late notification of the award by NSF, combined with a need to confirm housing arrangements, requires that all applications be submitted by Wednesday, March 21. Applicants will be notified of admission within a few days of receipt of the application, on a rolling basis. We would need to know the student’s decision no later than Friday, March 30. 

The Email with application materials should contain the subject heading “Application for the Y2007 SESMI REU Program” and the following items should be included as attachments:

(1) A one-page curriculum vitae

(2) A statement of career interest following undergraduate school

(3) A statement indicating the preferred faculty advisor(s) and/or project

(4) An unofficial transcript

(5) Two letters of recommendation

We hope that you can help us identify talented undergraduate students with an interest in science and engineering who would enjoy a unique research experience in the SESMI program. If you have any questions, please do not hesitate to contact either of us.

Sincerely yours,

Michael D. Ward

Professor of Chemistry and Director, Molecular Design Institute, New York University
Editor, Chemistry of Materials

Director, SESMI REU program 

Alexander Couzis

Herbert G. Kayzer Professor of Chemical Engineering, City College of New York

NYU-CCNY REU for the Science and Engineering of Soft Materials and Interfaces (SESMI)
Faculty Advisors
New York University
James Canary, Chemistry. Supramolecular chemistry, chirality, DNA-polymer materials.
Paul Chaikin, Physics. Condensed matter physics.
David Grier, Physics. Mesoscopic physics, optical trapping. 

Kent Kirshenbaum, Chemistry. Protein design and dynamics.

David Pine, Director, Center for Soft Condensed Matter Research, Physics. Self-assembly, colloid physics and mesostructures.
Nadrian C. Seeman, Chemistry. DNA nanotechnology and architectures, DNA-polymer materials.
Michael D. Ward, PI, Director, Molecular Design Institute, Department of Chemistry. Crystal engineering, organic solid-state chemistry, nucleation and growth, scanning probe microscopy.

City College of New York

Alexander Couzis, co-PI, Chemical Engineering. Polymer surfaces, self-assembled monolayers, interfacial transport.

Morton M. Denn, Director, Benjamin Levich Institute, and Chemical Engineering and Physics. Rheology, polymer blends, transport at interfaces.
Joel Koplik, Physics. Molecular simulation, transport in randomly disordered materials.
Ilona Kretzschmar, Chemical Engineering. Molecular and nanoparticle self assembly,.
Charles Maldarelli, Chemical Engineering. Interfacial phenomena, microfluidics.

Jeff Morris, Chemical Engineering. Suspension fluid Mechanics.

Raymond Tu, Chemical Engineering. Peptide-nucleotide interactions, self-assembly, microrheology.
NYU-CCNY REU for the Science and Engineering of Soft Materials and Interfaces (SESMI)

Representative Research Projects
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Self-assembly of designer particles. The Kretzschmar and Pine groups examine directed assembly of nanoparticles and colloids, respectively, and they are studying the role of symmetry and molecular recognition on assembly across multiple length scales, producing particles capable of assembly into networks according to particle symmetry. SESMI students will learn microemulsion colloid and nanoparticle synthesis, surface modification techniques for each class of particles, and microscopic and rheological characterization methods applied to these materials. SESMI students will examine holographic optical trapping in the Grier group, to guide assembly of these functionalized objects into well-defined 3-dimensional arrays.
Packing of anisotropic particles. Despite their irregular shapes, organic molecules readily crystallize, but in different ways than micron-sized colloids, which are spherical. Ellipsoidal particles can pack more densely than spheres, arguing the shape is critical to packing of anisotropic objects. Working with the Pine, Chaikin and Ward groups, SESMI students will use colloid synthesis and principles of self-assembly, symmetry and crystal packing, to explore assembly of two-dimensional and three-dimensional arrays. 

Directed assembly of peptidomimetic scaffolds. Biomimetic peptoids synthesize in the Kirshenbaum and Ward groups, modified with ligands capable of coordinating metals, have the potential to produce unique nanoscale protein scaffolds that promise a new generation of responsive materials, catalysts, sensors, membranes, and crystallization templates. SESMI students will synthesize peptoid oligomers with diverse metal chelating side chains and evaluate the influence of metal coordination on conformation, characterizing the networks with circular dichroism, scanning electron microscopy, and atomic force microscopy. 

Ordered molecular networks. Hydrogen-bonded frameworks synthesized in the Ward group from crystalline, liquid crystalline, and organogels materials, revealing interesting connections between organic crystals and soft matter microstructures. SESMI students will be introduced to crystal engineering concepts by synthesizing molecular building blocks and crystallizing new materials. They also will be introduced to X-ray diffraction methods for solid-state structure determination.

Morphology of Liquid Crystal/Polymer Blends. Blends of liquid crystals in a PDMS polymer matrix, which are relevant to applications in display technologies and self-reinforced composite materials, are studied in the Denn group. These systems exhibit interesting morphologies, particularly when trapped at the smectic-nematic transition. SESMI students will form the liquid crystal blends and image them using a polarizing microscope to the influence of processing variables on texture. These experiments will coincide with light scattering studies of the same materials in the Pine laboratory.
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Adsorption of Surfactant From Micellar Solutions. The transport mechanisms associated with the adsorption of surfactant from aqueous micellar solutions on an air/aqueous interface are studied by the Maldarelli, Koplik, and Couzis research groups. These studies rely on molecular dynamics simulations to examine whether the micelles adsorb directly and the interface or as individual molecules following disintegration near the interface. SESMI students will conduct surface tension measurements using the sessile bubble methodology and will be introduced to molecular dynamics simulation methods. 

Nylon-DNA polymers. Duplexes of nylon-DNA strands and DNA complements are synthesized in the Canary and Seeman groups, with the aim of creating a DNA nanomachine capable of synthesizing exotic polymers having tailored optical, electrical, and stereochemical properties. SESMI students will be introduced to molecular design and synthesis by synthesizing modified oligonucleotides using organic and automated DNA synthetic techniques. As such, they will be introduced to the biotechnological tools essential to DNA structural nanotechnology.

Directed assembly of virus particles. An icosahedral bacteriophage MS2, 27 nm in diameter, with over 500 copies of a gadolinium chelate, was recently reported by the Kirshenbaum and Canary groups. This promises a route to the creation of virus particle networks through multiple ligation of the metal centers. SESMI students will evaluate the sequestration of anionic polymers within the virus capsid, and they will perform experiments designed to elucidate the influence of the number of functional groups and the strength of interactions on the kinetics of crystal assembly. 

Assembly of Peptide-based Materials: Research in the Tu group focuses on the rational design of self-organized materials from biological molecules to engineer drug delivery vehicles, implanted materials, and molecular medicines. SESMI students will synthesize model peptides using facilities at the Rockefeller Institute and will examine their organization at the air-liquid interface in a Langmuir trough through measurement of pressure-area isotherms and Brewster angle microscopy.
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Crystallization on monolayer domains. The Couzis and Ward groups examine the role of chemical composition and size confinement of these monolayer domains in the crystallization of organic crystals and calcium-containing biominerals. SESMI students will prepare these monolayers, characterize the phase segregation with AFM, crystallize target materials on the monolayers, and characterize the crystallization products using powder X-ray diffraction. 

Membrane Receptor Microarrays Based on Quantum Dot Barcoded Lipobeads. The Morris, Maldarelli, and Couzis groups are developing an ultra-miniaturized microarray platform for the display of cell surface membrane receptors, based on lipobeads that are optically bar coded for identification by embedded fluorescent quantum dots. SESMI students will prepare polystyrene microbeads embedded with quantum dots using miniemulsion polymerization, and they will characterize bead size and spatial distribution using light scattering and confocal microscopy, respectively.
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Octahedral clusters of colloid particles.
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An oligomeric segment of a DNA-nylon conjugate
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AFM height image of amine terminated domains in a matrix of octadecyltrichlorosilane. (right) Calcium carbonate crystals deposited on this surface. The phase of the crystals has been inferred as vaterite base on electron diffraction performed on the larger crystals.
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