BUD-11A (1-04)
U. S. DEPARTMENT OF ENERGY
Page 1
FIELD WORK PROPOSAL
	1.  WORK PACKAGE NO.:

	1a.  WORK PROPOSAL NO.:

	2.  REVISION NO.:

	3.  DATE PREPARED
04-15-04
	3a.  CONTRACTOR NO.:
56095

	4.  WORK PACKAGE TITLE:
Materials Science
	4a.  WORK PROPOSAL TITLE:
Smart Structures Based on Electroactive Polymers

	5.  BUDGET & REPORTING CODE:
KC-02-03-01
	6.  WORK PROPOSAL TERM:

Begin:
End:



	7.
IS THIS WORK PACKAGE IN-

CLUDED IN THE INST. PLAN?

 FORMCHECKBOX 
  YES
 FORMCHECKBOX 
  NO
	7a.  PRINCIPAL INVESTIGATORS:
Wang, H.



	8.  HEADQUARTERS/OPERATIONS OFC PROGRAM MANAGER:
 Dehmer, P. M. 
301-903-3081
	11.  HEADQUARTERS ORGANIZATION:

BES/Materials Science
	14.  DOE ORG. CODE:

SC

	9.  OPERATIONS OFFICE WORK PROPOSAL REVIEWER:

	12.  OPERATIONS OFFICE:
Chicago
	15.  DOE ORG. CODE:

CH

	10.  CONTRACTOR WORK PROPOSAL MANAGER:
 Crabtree, G. W.  630-252-5509
	13.  CONTRACTOR NAME:

University of Chicago/ANL
	16.  CODE:

12

	

	17.  IS THIS PROPOSAL TO DO WORK THAT INCLUDES A SECURITY INTEREST?
	 
	YES
	X
	NO

	

	18.  WORK PROPOSAL DESCRIPTION (Approach, anticipated benefit in 200 words or less):
The project is intended as one of the eight focused multi-laboratory efforts that comprise the DOE Center of Excellence for the Synthesis and Processing of Advanced Materials.  It also serves to integrate activities among staff engaged in polymer research at the National Laboratories, Universities and Industry.  Proposed fundamental research in this program involves the design, synthesis, and characterization of polymer-based materials that exhibit a reversible and predetermined response under the influence of an applied stress.  Since physical properties of a material are affected markedly by the micro- or nano-structure, property enhancements are to be expected for designed architectures.  This project involves synthesis and processing effort guided by a materials-by-design strategy.  It is geared toward developing strong ties with other DOE agencies and industry.

	19.  CONTRACTOR WORK PROPOSAL MANAGER:


	20.  OPERATIONS OFFICE REVIEW OFFICIAL:


	IF YOU NEED TWO LINES FOR SIGNATURE ADD BORDERS TO TOP OF THIS AND DATE CELL
	
	04-15-04
	
	
	04-15-04

	SIGNATURE
	
	DATE
	SIGNATURE
	
	DATE

	21.  DETAIL ATTACHMENTS: (See instructions.)  Task Proposals Attached.

 FORMCHECKBOX 

a.
Facility requirements
 FORMCHECKBOX 

d.
Background
 FORMCHECKBOX 

g.
Future accomplishments
 FORMCHECKBOX 

j.
Explanation of milestones
 FORMCHECKBOX 

b.
Publications
 FORMCHECKBOX 

e.
Approach
 FORMCHECKBOX 

h.
Relationships to other projects
 FORMCHECKBOX 

k.
Human or Animal Subjects Activities

 FORMCHECKBOX 

c.
Purpose
 FORMCHECKBOX 

f.
Technical progress
 FORMCHECKBOX 

i.
Environmental assessment
 FORMCHECKBOX 

l.
Other


BUD-11B (1-04)
WORK PROPOSAL REQUIREMENTS FOR OPERATING/EQUIPMENT
Page 2
OBLIGATIONS AND COSTS
	CONTRACTOR NAME
University of Chicago/ANL
	WORK PROPOSAL NO.

	REVISION NO.

	CONTRACTOR NO.
«FWP_CONTR_NUM»
	DATE PREPARED
04-15-04

	22.
STAFFING (in staff years)
	
PRIOR
	
	
FY «Y1»
	
FY «Y2»
	
	
	 TOTAL TO

	
	
YEARS
	
FY «Y0»
	ESTIMATE
	
REVISED
	
 REQUEST
	 AUTHORIZED
	 
FY «Y3»
	FY «Y4»
	 COMPLETE

	a.
SCIENTIFIC


b.
OTHER DIRECT


c.
TECHNICAL SERVICES*


d.
TOTAL DIRECT

	
	«SCI_RY0»
«OTH_RY0»
«TSL_RY0»
«DIR_RY0»
	«SCI_EY1»
«OTH_EY1»
«TSL_EY1»
«DIR_EY1»

	«SCI_RY1»
«OTH_RY1»
«TSL_RY1»
«DIR_RY1»

	«SCI_QY2»
«OTH_QY2»
«TSL_QY2»
«DIR_QY2»

	
	«SCI_EY3»
«OTH_EY3»
«TSL_EY3»
«DIR_EY3»

	«SCI_EY4»
«OTH_EY4»
«TSL_EY4»
«DIR_EY4»

	

	23.
OBLIGATIONS AND COSTS


(in thousands)

a.
TOTAL OBLIGATIONS


b.
TOTAL COSTS

	
	«OBA_RY0»
«OBO_RY0»

	«OBA_EY1»
«OBO_EY1»

	«OBA_RY1»
«OBO_RY1»

	«OBA_QY2»
«OBO_QY2»

	
	«OBA_EY3»
«OBO_EY3»

	«OBA_EY4»
«OBO_EY4»

	

	24.
EQUIPMENT (in thousands)

a.
EQUIPMENT OBLIGATIONS


b.
EQUIPMENT COSTS

	
	«EBA_RY0»
«EBO_RY0»

	«EBA_EY1»
«EBO_EY1»

	«EBA_RY1»
«EBO_RY1»
	«EBA_QY2»
«EBO_QY2»

	
	«EBA_EY3»
«EBO_EY3»

	«EBA_EY4»
«EBO_EY4»

	

	25.  MILESTONE SCHEDULE (Tasks)
	
FY «Y2» DOLLARS
	
PROPOSED
	
AUTHORIZED

	
	
PROPOSED
	
AUTHORIZED
	
SCHEDULE
	
SCHEDULE

	
	
	
	
	

	26.  REPORTING REQUIREMENTS




*Technical services staffing includes ANL support divisions' scientific effort.
	BUD-10 (1-04)
	
	

	CONTRACTOR NAME

University of Chicago/ANL
	CONTRACTOR CODE


12
	CONTRACTOR NUMBER


56095

	WORK PACKAGE NUMBER



	WORK PROPOSAL NUMBER



	DATE PREPARED

04-15-04
	REVISION NUMBER




	21.  DETAIL ATTACHMENTS: (See instructions.)  Task Proposals Attached.
 FORMCHECKBOX 

a.
Facility requirements
 FORMCHECKBOX 

d.
Background
 FORMCHECKBOX 

g.
Future accomplishments
 FORMCHECKBOX 

j.
Explanation of milestones
 FORMCHECKBOX 

b.
Publications
 FORMCHECKBOX 

e.
Approach
 FORMCHECKBOX 

h.
Relationships to other projects
 FORMCHECKBOX 

k.
Human or Animal Subjects Activities

 FORMCHECKBOX 

c.
Purpose
 FORMCHECKBOX 

f.
Technical progress
 FORMCHECKBOX 

i.
Environmental assessment
 FORMCHECKBOX 

l.
Other


	b.  Publications
Thin Films and Surface Patterning with BEDT-TTF Based Charge Transfer Salts

H. H. Wang, C. Y. Han, D.-Y. Noh (Seoul Women's Univ., Korea), K.-S. Shin (Seoul Women's Univ., Korea), G. A. Willing, U. Geiser

Proceedings International Conf. on Science and Technology of Synthetic Metals, Shanghai, China, Jun. 29-Jul. 5, 2002, Synth. Metals, Vol. 137, 1-3, pt. 2 (2003) Spec. Si, pp. 1201-1202.

Patterning of Micro- and Nanostructures through Direct and Indirect Templating

G. A. Willing, C. Y. Han, V. Novosad, M. H. Grimsditch, H. H. Wang

International Conference on Composites/Nano Engineering, Proceedings of the 10th International Conference on Composites/Nano Engineering, David Hui, Ed., New Orleans, LA, July 20-26, 2003.

Nanoparticles from a Controlled Polymerization Process

V. R. Tirumala (Michigan Technological Univ.), G. T. Caneba (Michigan Technological Univ.), Y. Dar (Nat. Starch and Chem. Co., New Jersey), H.-H. Wang, D. C. Mancini (ANL-APS)

Advances in Polymer Tech. 22 (2), 126-136 (2003)

c.  Purpose

This project develops a framework for the rational design of self-assembled nanostructured block copolymers that offer significant advantages over conventional materials.  Some targeted areas include: optical and thermo-optical switches for sensors; ion-selective membranes for battery and fuel cell applications; self-healing and repair of composite structures; and thermally driven phase change material for smart insulation applications.  In order to realize such advanced materials, a multi-disciplinary program with a strong fundamental science underpinning is mandated.  The proposal involves modeling and simulation at the molecular level and the nano-architecture level (G. Exarhos, PNNL) as well as synthesis and characterization of block copolymers (all participating National Laboratories).

e.  Approach
Hsien-Hau Wang (10 %), Catherine Y. Han, Gerold A. Willing

Diblock copolymers are a special class of material that consists of two covalently linked homopolymer segments.  When these two segments are made from polymers with incompatible chemical affinities, such as hydrophilic versus hydrophobic in nature, it is well known that diblock copolymers undergo micro-phase separation due to intrinsic incompatibility.  While a water-oil mixture shows macro-phase separation, diblock copolymers are constrained by covalent linkages and only lead to microphase separation in the 1 to 100 nm regions.  A materials-by-design approach is used to drive the synthesis of block copolymer systems that have a targeted nanostructure and an associated predetermined response to an externally applied stimulus.  Specific work plan for ANL is to develop block copolymer materials that respond strongly to external stresses such as light irradiation, applied electric current, or magnetic field.  The proposed approach is to construct diblock copolymers with two incompatible segments in order to induce micro-phase separation for the control of resulting morphologies.  Typical incompatibility can result from hydrophilic versus hydrophobic nature and/or rigid versus flexible polymer chains.  To develop built-in functionality, we have chosen known photoluminescent materials such as phenylenevinylene and thiophene oligomers.  By systematic variation of the segment length, various morphologies such as sphere, cylinder, and lamella, are expected.
f.  Technical Progress

Nanostructured materials based on block copolymers  

Over the past few years, microphase separation in OPV-PEG [oligo(phenylenevinylene)-poly(ethylene-glycol)] based diblock copolymers has been studied in details.  Lamella phase in melt and cylindrical micelles (nanofibers) in solution have been characterized.  While the length of the OPV segment defines the diameter of the nanofiber, the length of the PEG segment affects the overall length of the nanofiber.  This year the effect of changing the PEG segment to PPG (polypropyleneglycol) was studied.  Due to the slight increase of hydrophobicity in PPG, the OPV13-PPG70 went through three distinct stages in tetrahydrofuran (THF)/water solutions.  In pure THF, OPV-PPG totally dissolved and there was no aggregation.  As water concentration increased, OPV-PPG formed nanofibers with random orientation.  When water concentration reached 14%, there was enough water adsorbed in the PPG segment and the hydrophilicity caused the nanofibers to self align into ordered nanofiber bundles.  These fiber bundles were isolated and tested for photoluminescence.  A single fiber bundle was excited at one focused spot (~2 m) with 400 nm laser light (with S.K. Eah) and the fluorescence was imaged with a photo detector.  The emission at 480 nm clearly came from the entire fiber bundle that was longer than 35 m.  The result demonstrated the photoluminescent as well as wave guiding properties of these self assembled nanofibers.

Patterning with layer-by-layer approach toward three dimensional structures
Recently we successfully combined the “dip-pen” nanolithography with “layer-by-layer” approach.  The procedure allowed us to define a pattern on a surface through AFM tip writing.  The patterned areas were first derivatized with hydrophilic polyethyleneimine (PEI).  Nanoparticles such as FePt and Co (with X. M. Lin and J. Schlueter) bound efficiently through the amine groups to the patterned surface.  Each layer thickness is on the order of 8 nm.  The procedure can be repeated to develop a thick composite layer.  MFM images were obtained on the Co/PEI three-layer system to verify the magnetic nature of the patterns.  This new procedure opens up possibility for soft/hard magnetic as well as ferromagnetic/superconductive multi-layers.
g.  Future Accomplishments

Surface patterning in sub-100 nm region  
Nanofiber manipulation in the sub-100 nanometer region remains a challenge.  At present, both hydrophobic and hydrophilic patterns can be directly drawn on a gold surface with the use of an AFM dip-pen writing procedure.  We plan to develop method to deposit nanofibers in pre-defined areas and image the patterns with fluorescence detection.  For feature size larger than 1 micrometer, we can use the inverted microscope/photo detector technique.  For 500 - 200 nm features, we will explore far field two-photon excitation (~850 nm) and near field scanning optical microscope (NSOM) detection (480 nm) approach.     

Nanostructured materials based on block copolymers  
The OPV segment in the OPV-PPG diblock copolymer is known to be photoluminescent.  We have demonstrated that individual self-assembled OPV-PPG nanofiber bundle retained the photoluminescent behavior.  We plan to explore the electroluminescent property in this material.  Instead of pumping the nanofibers with light, we will excite the nanofibers with injected electrons. Initially OPV-PPG fiber bundles will be deposited on a transparent semiconductive ITO (Indium Tin Oxide) substrate to cover a well defined area.  A layer of metal (Ca, Al or Au) will be deposited on top for the electron injection electrode. Images of the fluorescence emission will be collected through a photo detector.  The radius of the nanofiber inner core is 5.2 nm and the radius of the nanofiber is ~8 nm.  It will be very interesting to find out whether electrons can tunnel through the outer shell layer.  Once we gain experience for the proper experimental conditions, we will test the possibility of addressing each individual OPV-PPG nanofiber bundle.  We will gain many fundamental knowledge such as electron tunneling, quantum efficiency of the nanostructured materials in this process.    

Conductive and magnetic dot array nanocomposites  

We propose to use diblock copolymers to prepare and align nanoparticles through a novel self assembly process.  The poly (styrene)-poly(vinylpyridine), PS-PVPY, block copolymer with hydrophobic PS segment and hydrophilic PVPY segment forms micelles in organic solvents.  In nonpolar solvent such as toluene, PVPY segments form the hydrophilic inner cores with PS hydrophobic segments exposed to the organic solution.  Metal salt that is mixed with the micelle solution is expected to be trapped in the nanometer sized hydrophilic cores.  Our preliminary results from mixing PS-PVPY toluene solution with HAuCl4 salt, followed by chemical reduction and casting onto a substrate, resulted in the formation of Au nanoparticles.  We plan to utilize the aluminum anodization process to prepare an aluminum surface with highly ordered hexagonally close packed dimples.  We expect to align these gold containing micelles with the highly ordered dimpled surface.  We plan to develop highly ordered conductive and magnetic nanoparticle arrays with sub-100 nm particle distance. 
h.  Relationships to Other Projects

This work is closely related to FWP58510 on Self Assembled Nanostructures within ANL.  This proposal is also part of a multi-laboratory effort for the design and synthesis of smart structures based on electroactive polymers.  The participating National Laboratories include: Ames, ANL, BNL, UI/MRL, INEEL, LBNL, LLNL, ORNL, PNNL, and SNL.  A “Smart Materials Derived Through Molecular Assembly” symposium took place at Santa Fe, NM, 9/29-10/1, 2002.  Progress will be exchanged with other National Laboratories in future workshops.

j.  Explanation of Milestones

We have demonstrated that the photoluminescent property of the oligomer (OPV13) was retained in the nanostructured fibers (OPV13-PPG70) by carrying out emission measurements on a single nanofiber bundle.  The results further suggested that the nanofiber bundle has wave guiding behavior.  These proof-of-concept experiments demonstrate that one can control the morphological structure (the 18 nm diameter nanofibers) as well as the desired physical properties (photoluminescence and wave guiding).  This is one step closer to the true “smart materials by design” concept.



