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World-class fundamental research to develop new chemistry for synthesizing molecular and nanoscale building blocks to create macroscopic materials that have unique architectures, and ultimately to create new materials that have novel functional properties. The focus of the research is in two areas. The first is the tailoring of molecular framework architectures through supramolecular chemistry. The second involves the control of size, shape, and functionality of nanoscale building blocks and the integration of these units into materials with desired properties.  This program uses a strong interplay of synthesis, characterization, and theory to study these materials and understand their unique properties. Advanced techniques are used for the characterization of the new materials. This program involves multi-investigator and multi-disciplinary research with numerous collaborations within the ANL Materials Science Division. We also make substantial use of major user facilities at ANL such as the Advance Photon Source, Intense Pulsed Neutron Source and the Electron Microscopy Center. We will also be utilizing the facilities at the Center for Nanoscale Materials being built at Argonne.


	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
	
	
	
	
	

	SIGNATURE
	
	DATE
	SIGNATURE
	
	DATE

	21.  DETAIL ATTACHMENTS: (See specific attachments.)  

 FORMCHECKBOX 

a.
Facility requirements
 FORMCHECKBOX 

e.
Approach
 FORMCHECKBOX 

i.
NEPA requirements
 FORMCHECKBOX 

m.
ES&H considerations
 FORMCHECKBOX 

b.
Publications
 FORMCHECKBOX 

f.
Technical progress
 FORMCHECKBOX 

j.
Milestones
 FORMCHECKBOX 

n.
Human/Animal Subjects 

 FORMCHECKBOX 

c.
Purpose (mandatory)
 FORMCHECKBOX 

g.
Future accomplishments
 FORMCHECKBOX 

k.
Deliverables
 FORMCHECKBOX 

o.
Security requirements
 FORMCHECKBOX 

d.
Background
 FORMCHECKBOX 

h.
Relationships to other projects
 FORMCHECKBOX 

l.
Performance Measures/Expectations
 FORMCHECKBOX 

p.
Other (specify)




[image: image1.png]Bue-118 (605) WORK PROPOSAL REQUIREMENTS FOR OPERATING/EQUIPMENT

Pace2 ‘OBLIGATIONS AND COST
CONTRACTOR NANE WORKPROPOSALNC. | REVISIONNO. CONTRACTOR No. DATE PREPARED
Uchicago Avgonne LG 26051 58510 021082007
21 STAFFING (m st yesrs) aon Fraos e
e T N
5 Soenste 20 ) )
5. Other Dvect 2 ) 00
o Teonics Servoss® 0 ) 00
o Tor Diect a2 00 00
22 OBLIGATIONS AND COSTS
(i trousans)
5 ToslOnigations ) =) o5 o o
o Tosl Costs o3 o7 o3 o o
24 EQUPMENT n trousancs)
= Exuiprent sligstions o 100 100 o o
o Exuipment Cos's 0 10 10 o o
SCHEDULE (Tasks) DoLLARS
PROPOSED AUTHORIZED
SCrEDULE SCREDULE
AUTHOR






	BUD-10 (1-07)
	
	

	CONTRACTOR NAME

UChicago Argonne, LLC
	CONTRACTOR CODE


12
	CONTRACTOR NUMBER


58510 

	WORK PACKAGE NUMBER


 
	WORK PROPOSAL NUMBER


 2695.1
	DATE PREPARED

03/15/2007
	REVISION NUMBER


 

	21.  DETAIL ATTACHMENTS: (See specific attachments.)  

 FORMCHECKBOX 

a.
Facility requirements
 FORMCHECKBOX 

e.
Approach
 FORMCHECKBOX 

i.
NEPA requirements
 FORMCHECKBOX 

m.
ES&H considerations
 FORMCHECKBOX 

b.
Publications
 FORMCHECKBOX 

f.
Technical progress
 FORMCHECKBOX 

j.
Milestones
 FORMCHECKBOX 

n.
Human/Animal Subjects 

 FORMCHECKBOX 

c.
Purpose (mandatory)
 FORMCHECKBOX 

g.
Future accomplishments
 FORMCHECKBOX 

k.
Deliverables
 FORMCHECKBOX 

o.
Security requirements

 FORMCHECKBOX 

d.
Background
 FORMCHECKBOX 

h.
Relationships to other projects
 FORMCHECKBOX 

l.
Performance Measures/Expectations
 FORMCHECKBOX 

p.
Other (specify)



	b. Publications: 
21 publications during the last year.

c. Purpose: 
· Synthesis and characterization of new magnetic framework materials.
· Incorporation of catalytic sites in microporous  framework materials using techniques such as atomic layer deposition

· Control of functionality of nanobuilding blocks for novel applications

· Computational studies of catalytic sites in microporous framework materials
e. Approach: 
U. Geiser (25%), J. S. Schlueter (80%), H. Wang (100%), L. A. Curtiss (20%), G. Halder (Postdoc)

f. Technical Progress:
· In work involving neutral magnetic framework materials, we have recently grown single crystals of a Cu(II) coordination polymer with an innovative bufluoride, HF2–, building block. The product, {[Cu(HF2)(pyz)2]BF4}n, is the first coordination polymer to contain bridging bifluoride ions. The copper ions bond with the pyrazine molecules in a planar square; the HF2– ions sit above and below the copper ions, completing cube arrangements around each of them. This simple structure is very thermally stable due to the exceptional strength of the hydrogen bonds within it – bifluoride contains the strongest known hydrogen bond. The magnetic properties of the material have been studied by a technique that uses muons as mini-magnetometers. Below a temperature of 1.54 K, complete antiferromagnetic ordering of the spins occurs. This work was featured on the December issue of Chemical Communications and in over 30 international press releases.

· Our research on anionic magnetic framework materials involves the development of M(dca)3– [dca = dicyanamide, N(CN)2–] systems as potential magnetic components for multifunctional composites. Our (Cat)[M(dca)3] materials have potential for strong magnetic superexchange and their significant solubility permits growth of high quality single crystals of conducting/magnetic hybrid materials through electrochemical processes.  In order to develop materials with increased magnetic superexchange interactions, we have prepared a series of N(CnH2n+1)4M(dca)3 (n = 3-5; M = Mn & Ni) salts in which structure/property relationships can be developed. We have found that extension of this work to Cu(II) systems leads to new structural motifs. We have recently prepared, characterized and published our discovery of the (PPh3)Cu4(dca)11, (PPh4)Cu(dca)3(H2O) and (PPh3Bu)2Cu(dca)4 salts, which are the first example of anionic Cu(II) dicyanamide frameworks. 

· In work on nanobuilding blocks, we have investigated the growth of cobalt, iron, and platinum and their alloy nanoparticles with oleic acid and trioctylphosphine oxide as ligands. Both the ligand type and concentration are important in determining the final product of the reactions including molecular nanometer-sized particles and cluster complex species with oxidized metal centers. This work has provided information on how to control the products.  

· We have found that used arrays of AAO based nanowells can induce interference colors under white light irradiation.  This is due to the bilayer nanostructure with nanoporous alumina on the order of 20 to a few hundred nm thick over an aluminum substrate.  The reflectance spectra of the AAO nanowells can be analyzed with a thin film interference formula.  The nanowell based interference colors can be fine tuned with the nanopore diameter, pore-to-pore distance, and the pore depth. In addition, when a very thin metal layer (10 nm of Ag, Au, Pd, etc.) is deposited on top, the pale interference colors can be strongly enhanced.  The reflectance spectra will further shift when additional chemical species are adsorbed. 

· We have also investigated the nanowell arrays for sensing hydrogen and found that they have a fast recovery time.  This is likely because oxygen reacted with hydrogen atoms on and in the Pd to form moisture so that oxygen helped to drive off the adsorbed hydrogen.  Therefore, the hydrogen sensors worked faster in ambient condition.  However, the lower hydrogen detection limit under ambient condition was not as good as under an inert gas such as Ar.  This is likely due to the competition for Pd surface sites for small amount of hydrogen against the large amount of oxygen in the air.  
· We also have investigated the use of single wall carbon nanotubes (SWCNT) for hydrogen sensing. We sputtered Pd nanoparticles over a network of single wall carbon nanotubes (SWCNT) that were attached to a flexible plastic substrate.  The Pd/SWCNT composite showed very high sensitivity toward hydrogen with response time comparable to our Pd/AAO nanowells composites.
· Our computational studies have focused on nanoparticles structures and modeling of catalytic materials. We have examined a variety of face-centred cubic (fcc) nanoparticles in this <3 nm size regime. Our results indicate that the equilibrium shape of fcc gold nanoparticles less than 1 nm is the cubotahedron, but this shape rapidly decomes energetically unstable with respect to the truncated octahedron, octahedron and truncated cube shapes as the size increases. In catalytic materials studies we have investigated the surface structure of amorphous aluminum oxide. This will be used to help understand catalytic sites on alumina synthesized by atomic layer deposition. 

g. Future Accomplishments: 
· In the magnetic framework component of this project, we will work to develop other hydrogen-bound magnetic frameworks to further study the importance of hydrogen bonding for the stabilization of long-range magnetic ordering. Specifically, we will investigate the crystallization of metal fluoride hydrates which also posses strong hydrogen bonds. We will also work to increase the dimensionality of our bifluoride coordination polymers in an attempt to develop two- and three-dimensional systems. We will also search for possible Bose-Einstein condensates in S=1 nickel systems.

· We will extend our studies of N(CnH2n+1)4M(dca)3 salts to include smaller (n < 3) and larger (n > 5) cations to determine if the three dimensional anionic lattices observed for the (n = 3-5) salts can be forced into the two-dimensional arrays required for hybrid charge transfer salts. The incorporation of other divalent first row transition metals, such as cobalt, chromium, and vanadium into the N(CnH2n+1)4M(dca)3 series will also be investigated. It is anticipated that stronger magnetic superexchange, and thus, higher magnetic ordering temperatures will be achieved through the use of these metals. Second row transition elements will also be investigated because very little is known about these systems and novel structures/properties can be anticipated. We also plan to investigate bimetallic systems that have the potential for ferrimagnetic interactions. Hybrid materials with improved properties will also be developed. For example, we will try to replace the BEDT-TTF cation in the (BEDT-TTF)2M(dca)3 salt with BEDO-TTF. BEDO-TTF salts have a strong propensity to pack in a β-type packing motif and typically exhibit metallic behavior. 

· In work on mircroporous framework materials we will explore the catalysis potential of these materials by incorporating paramagnetic metals, such as manganese or cobalt, in order to catalyze redox reactions (in analogy to commercially important inorganic paramagnetic zeolites).  In order to accommodate a wider range of guest molecules, it will be essential that we can increase the pore diameters in these frameworks while retaining crystallographic order.  For this purpose, we will employ expanded analogs of the AmTAZ molecule, such as pyrazolopyridines and pyrazoloquinolines. We will also aim to incorporate functional groups, such as hydroxide, that can serve as reaction centers for atomic layer deposition. This novel process is expected to precisely place catalytic reaction centers within the pores of molecular framework materials.

· We will initiate research into a new class of materials: porous magnetic materials. The guest-dependent structures and properties of these materials will be manipulated to develop bi-functional materials which will detect and respond to both guest-exchange and external stimuli, such as temperature, pressure and light irradiation. The investigation of this new class of materials will include a range of specifically developed high-energy x-ray scattering methods (APS) and will exploit the high pressure and photomagnetic capabilities of our recently acquired SQUID magnetometer. Central to this proposal are bi-functional materials with integrated spin crossover metal centers in the porous host lattices. The co-existence of porosity and spin crossover in a molecular material is proposed to generate materials that switch electronic states simply as a function of guest-desorption and sorption. Ultimately, the combination of selective guest sorption and guest-dependent spin crossover may produce a new generation of molecular sensors.

· In our work on nanobuilding blocks, we will continue to investigate multifunctional nanotubes and nanowires. The nanowires contain high quality ferromagnetic/conductor interfaces that may pave the way to polarized spin injection materials, while the nanotubes are hard/soft magnetic alloys. This will be accomplished by extending our work on nanotubes and nanowires to the synthesis of core-shell as well as multi-segmented ones.

· We will continue our work in nanoparticle synthesis. The focus will be on controlling the size, shape, and properties of magnetic nanoparticles. This work will have potential applications in building blocks for new materials for a wide variety of energy related technologies such as solid state lighting. 

· Based on our initial success on the SWCNT for hydrogen sensing, we plan to prepare these materials with a CVD method on substrates and with use of AAO templates.  Due to SWCNTs’ semiconductive and metallic behaviors depending on their tube diameters, we plan to explore their gas sensing properties as well as efficient interfacial electron transfer materials for nanoscaled electrodes.

· In our work on AAO nanowells we will investigate when the controlling factors for their functionalization to sense colors. Color change upon adsorption of chemical species is highly desirable because of its simplicity and detection can be done through human eyes.  The design strategy will be starting from a light color substrate such as yellow, upon adsorbing a layer of chemical substance of certain thickness, a dark color (blue, green, etc.) will be the final targeted color.  Alternatively, the refractive index of the chemical species will also be an important factor for designed color change.  AAO nanowells with different pore diameter and depth, offer a large variety of substrates for potential chemical/biochemical sensors.

· Our computational studies will focus on several aspects of the proposed experimental studies. We will use density functional methods to investigate the catalytic sites in the microporous framework materials that will be synthesized in this program. The calculations will be used to study the structure and reactivity of the catalytic sites and provide understanding that can lead to new catalytic materials. We will also use our computational methods to study the structure of hydrogen sensing properties of carbon nanotubes.
h. Relationships to Other Projects:

The Molecular Materials Group has developed extensive collaborations with a number of research projects within the Materials Science Division at Argonne. These include Nanocarbons (57504), Laterally Confined Magnetism (58830), Biomaterials (57525) Neutron and X-ray Scattering (58701), Superconductivity and Magnetism (58906), Emerging Materials (58916), Magnetic Thin Films (58918), Interfacial Materials (58307), Quantum Computing (59003), Electron Microscopy Center (58405).  In addition, some of the nanoparticle work is related to the Solid State Lighting project supported by EERE. We also have collaborations at the major facilities at Argonne including the Advance Photon Source, Intense Pulsed Neutron Source and the Electron Microscopy Center. We will also be utilizing the facilities at the Center for Nanoscale Materials being built at Argonne. We also have many University collaborations.

i. NEPA Requirements Required: 

NEPA review and assessment has been completed in accordance with DOE NEPA Compliance Order 451.1B.
m. ES&H Considerations: 
Normal ES&H considerations associated with laboratory work as outlined in Argonne’s ES&H manuals will apply.



