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Nanoscale Science Research Centers (NSRC) 

• Funded by the US Department of Energy Office of Science 

• 5 Centers constructed 
between 2004- 2008 

• User-oriented 
research centers 

• Advanced scientific 
instrumentation for 
research 

• All aspects (facilities 
and staff) available to 
external research 

community for free 
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Center for Functional Nanomaterials (CFN) 

Nanofabrication 
- Aaron Stein (stein@bnl.gov) 

E 
- Eric Stach (estach@bnl.gov) 

Synchrotron X-Ray Scattering (NSLS) 
- Kevin Yager (kyager@bnl.gov) 

Ultrafast Spectroscopy 
- Matt Sfeir (msfeir@bnl.gov) 

Theory/Computation 
- Mark Hybertsen (mhyberts@bnl.gov) 

u .e n 
- Peter Sutter (psutter@bnl.gov) 

Organic/Inorganic Synthesis 
- Weiqiang Han (whan@bnl.gov) 
- Barney Grubbs (rgrubbs@bnl.gov) 
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>300 Users/year from academia, 
government laboratories, and 
industries 
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Molecularly stimulated switchable nanosystems 

M. Maye, K. Mulige, D. Nykypanchuk, W. Sherman, and O. Gang; Nature Nanotechnology 6, 116, I?n~-;" 

Idea: Nanocrystal superlattice solid with a ustable lattice constant 
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Self-assembled block copolymer films 
T.P. Russell, M. T. Tuominen (UMass Amherst), C.J. Hawker (IBM) Adv. Mat. , 12, 787 (2000). 

polystvrene (PS) 

cylindrical 
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Nanowire array field-effect transistor 
IBM Research Appl. Phys. Lett. 87, 163116 (2005). 

Idea: Use block copolymer self assembly to substitute for high-resolution 
lithography 
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nanowire, nanotube, tri'gate, fin- FET 
(current - # of wires) 
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100nm 

7 

Good 
Lithography by self assembly: 

Use self-assembled material to 

template the final active structure 

Better? 
Self assembly of the active structure itself 
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Block copolymer micelle lithography 

J. Spatz et a/., Adv. Mat. 11, 149 (1999). 

Idea: Localize inorganic precursors within block copolymer micelles 

~ ____ ~DVANCED: ____ ~I 
MATERIALS 
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Mitellar Iaorganic-Polymer Hybrid S~tems-
A Tool for Nauolitbogrophy· · f: _ --aL_ 

1-' 
By JOGchim P. Spall, ThomaJ Htnog. Sit rMlaJ.-l)nIQnOI' 
PauJ Zinno.nn, and Martin MiJlle" toedId nw:::tIII 

1 plll""treltmtnt . . ' 

Loaded block copolymer 
micelles in solution 
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Catalyst design 
CFN Users Prof. Michael White, Robert Palomino (SUNY Stonybrook) 

Idea: Use block copolymer micelle approach to deSign catalysts, 

heterogeneous catalysts for solar water splitting, liquid fuel synthesis 

e.g., Rhodium; Rhodium-iron; Copper oxide (Cu 20) 

Goals: Control size, shape, heterogeneous composition, core-shell vs. alloy, .... 
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Selective precursor deposition 
--- -~==~~====~ 

CFN User Dr. K. Bosworth (Cornell Univ.) 

Idea: Load inorganic precursor after self-assembled pattern formation 

Goals: Different pattern geometries, improved pattern order 
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Load inorganic 
precursor from 
solution 

100 nm 
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Block copolymer/nanocrystal composites 

Idea: Control surfactant/polymer block 
interactions to localize solution-phase materials 

Y. Lin et al ., Natur. 434, 55 (2005). 
J. Chiu et aI., JACS 127, 5036 (2005). 
B. Sohn et aI. , JACS 125, 6368 (2003). 
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Block copolymer/nanocrystal composites 
Daniel Jacobsen (Harvard College) (undergraduate summer intern), Kevin Yager (CFN) 

Idea: Understand influence of nanocrystals on self assembly process 
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400 Nanocrystals added 
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Selective atomic-layer deposition 

~~,~~,~~,,=-------------------~~ 
Nanoscopic Patterned Materials with Tunable Dimensions 
via Atomic Layer Deposition on Block Copolymers 

By Qin, Put" 'I1I-Cftlh Twng. SetI! S. Dorli"i-* and Jr}frIy W. Eklm. 
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Q , Peng et aI., Adv, Mat. 22, 5129 (2010), 

load precursor from vapor phase 
e.g., AI(CH3), TiCI4, "", 

~ 1. Sd!e",* d,..,_ '" wIf .. IJembhc! PS+PMMA ttt.., 5lm "'"PIIt.d ,,..,!halt of 
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1) SeIactM! .tId se/f.4,mrted coord IUll(lll f'tId:!On btfwetn !MOl pM:YttOn: 8ftd c:albo'l)'l 
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Selective atomic-layer deposition 
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~8nm tall 
inorganic 
structures 
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Message 

The Center for Functional Nanomaterials: 
• Is one of five NSRCs funded/overseen by DOE 

Office of Science 
• Is a User-oriented research center 
• Has internal research programs in nanoscience 
• Makes all facilities/expertise available to 

external research community 
• (Come visit!) 

Polymer self assembly: 
• Provides access to sub-lithographic scales 

• Can be a lithography substitute for device 
fabrication 

• Provides a means to direct assembly of electrically-active materials, 
without need for traditional thin-film fabrication approaches 
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