
Research Accomplishments

Education and Outreach    

Expansion of SCIENCountErs to
four additional sites in four
states. Program meeting at six
clubs weekly

Completed Small Science Big
Decisions project and dis-
seminated nationally through
the NISE Network

Outreach activity designed to engage adults in a 

discussion on nanotechnology

Installation and grand
opening of the Carbon
Playground at the
Discovery Center Museum
in Rockford, IL

Playground structures 
built with     x-ray 
crystallography data as 
blueprints 

Facilities          

Bulk FT_IR UV/VIS
Ellipsometer

The Main SML LabCreation of a Soft Materials 
Laboratory: Characterization and 
Patterning of Polymers and a 
new course in soft materials 

SML lab director Anna Kiyanova with 
401 class in a lab session with the 
Rheometer in the SML

Societal Implications

Thrust 1-Directed 
Assembly of Block 
Copolymers Materials

Thrust 2- Sequence-
Directed Assembly of 
Organic Nanostructures

endothelial cells fibroblasts
smooth muscle cells

Cell-Selective Substrates for Tissue Engineering

(a)
(b)

(c) (d)

Thrust 3- Driven Assembly at 
the Nanoscale

Thrust 4- Environmental Health and 
Safety Implications of Nanomaterials

Industrial 
Partners 

Academic Partners

NSEC on Templated Synthesis and Assembly at the Nanoscale
University of Wisconsin-Madison

PI: Padma Gopalan, Director; Robert Hamers, Associate Director

Vision: Foster transformative and
interdisciplinary research in directed assembly;
investigate interactions between science, media
and public; education teachers, students and
public in nanoscale science and engineering.

Vision                 

“material architectures” “new materials”

“societal implications”

SCIENCountErs

“environmental 

implications”

“revolutionize”

“diversity”

Mission                                                    

Mission: UW NSEC addresses grand challenges
associated with directed assembly of nanoscale
materials into functional systems and architectures
through the use of self-assembly, chemical
patterning, and external fields. Science-media-
public interactions, and environmental health and
safety research are integral components of the
Center.

Self-Assembly of Strongly Phase Segregated Block 
Copolymer Thin-films  

Hiroshi Yoshida, Hyo Seon Suh, Abelardo Ramírez-Hernández,
Jeong In Lee, Kouhei Aida, Lei Wan, Yoshihito Ishida, Yasuhiko
Tada, Ricardo Ruiz, Juan de Pablo, Paul F. Nealey

Nylon-3 Co-Polymers:  Discovery of New Bioactive Materials
R. Liu, X. Chen, S.P. Falk, B. P. Mowery, A. J. Karlsson, B. Weisblum, 
S. P. Palecek, K. S. Masters, S. H. Gellman

Nanopatterned Brushes Templated by Block 
Copolymers 

Daniel Sweat, Samantha Schmitt, Myungwoong Kim, 
Xiang Yu, Padma Gopalan

The chemistry of the dual functional coating which has an
embedded initiator for growth of polymer brushes, and as
functions as a non-preferential layer for the assembly of a
overlying block copolymer (BCP) film is shown on the left side.
The right side of the figure shows the process of removal of
the minority domain, exposure of the embedded initiator, the
growth of polymer brushes in the confined cylinders, and the
removal of the BCP template to create high density
nanopatterned brushes on the substrate.
*Langmuir 2013, 29, 12858−12865

Phase diagram of AB block copolymer films assembled
between topcoat polymer C and chemical template was
evaluated. A top-down SEM image of the Ps-b-P2VP film
assembled between a PMMA topcoat and the chemical
template is shown, along with a crossectional image and
Monte Carlo Simulation. JPST 2013 26(1), 55
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Tuning the Strength of Hydrophobic Interactions using 
Immobilized Ions

C. Derek Ma, Chenxuan Wang, Claribel Acevedo-Vélez, Samuel 
H. Gellman, Nicholas L. Abbott

(a) structure of the β-peptides designed to be globally amphiphilic (GA),
proximal ammonium ions strengthen hydrophobic interactions mediated
by ACHC nanodomains, while adjacent guanidinium ions abolish
hydrophobic interations. (b) Structure of mixed monolayers of
organosulfur compounds on gold films that presented methyl groups
along with either amine or guanidine groups, (c) schematic of the single
force measurements, and (d) adhesion force histograms of mixed
component methyl/amine/ammonium monolayers interacting with a
hydrophobic AFM tip.

Presentation of Large DNA Molecules for Analysis as 
Nanoconfined Dumbbells

Kristy L. Kounovsky-Shafer, Juan P. Hernández-Ortiz, Kyubong Jo, 
Theo Odijk, Juan J. de Pablo, Daviid C. Schwartz

Microchannel-nanoslit device supporting the formation of
molecular dumbbells. (A) PDMS device adhered to cleaned glass
coverslip, immersed in buffer, for electrokinetic loading of DNA
molecules. (B) Dumbbells form when loaded T4 DNA molecules
exceed the nanoslit length (28 μm); molecule ends flanking
nanoslits become relaxed coils within the microchannels (lobes),
thereby enhancing the stretch of intervening segments within the
nanoslits to (0.85 ± 0.16, I = 0.51 mM); yellow traces show
fluorescence intensity variations along molecular backbones. (C)
λ−DNA molecules (48.5 kb, 21.8 μm) are too short to form
dumbbells and are thus completely confined within the nanoslits.

An Experimentally-informed Coarse-grained 3-site-per-
nucleotide Model of DNA: Structure, Thermodynamics, 
and Dynamics of Hybridization
Daniel M. Hinckley, Gordon S. Freeman, Jonathan K. 
Whitmer Juan J. de Pablo

(a) Comparison of all-atom and 3SPN.2 coarse-grained excluded
volume representations of the Drew-Dickerson dodecamer (5′-
CGCGAATTCGCG-3′). (b) Coarse-grained sites of 3SPN.2
superimposed on the all-atom representations. The coarse-grained
sites are located at the centers of mass of the phosphate, sugar, or
base. (c) Schematic representation of the angle-dependent non-
bonded interactions acting between the base sites. The green
arrows represent the base stacking potential U BS , the blue arrows
represent the base pairing potential U BP , and the orange arrows
represent the cross-stacking potential U CS .

Phototoxicity Assessment of Graphene Oxide Nanosheets using Zebrafish
Embryos as a Vertebrate Model

Min-Sik Kim, Jamie Wheeler, Joel A. Pedersen, Robert J. Hamers, Richard E. 
Peterson, Warren Heideman

Representative micrographs of 120 hpf larvae exposed to fishwater (control)
or GO (500 µg/mL) with or without illumination; PE: pericardial edema, YE:
yolk sac edema, CFM: craniofacial malformation, OY: opaque yolk and BAC:
body axis curvature.

Confocal Raman Imaging of Graphene Oxide Uptake into the 
Developing Zebrafish Embryo (Danio rerio)

Min-Sik Kim,1 Min Yan,2 Joel A. Pedersen,1 Robert J. Hamers, Richard E. 
Peterson,1 Warren Heideman

Live zebrafish larva following water-borne exposure to graphene oxide
nanosheets, with the Raman spectrum zebrafish gut showing prominent peaks
indicating the presence of graphene oxide nanosheets


