Guidelines from DOE:

FWP #: 58510
FWP Title: Molecular Materials
B&R Code: 
Principal Investigator (last name first): Curtiss, L. A.
Work Proposal Description: A description of the proposal in 200 words or less, highlighting the purpose and the technical approach to be taken should be entered. 

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.
Details Required:  
a. Facility Requirements: Not required. 
b. Publications: 25 publications during the last year.
c. Purpose: Supply a short (few lines) bulletized statement of goals for FY 2007-2008.
· Advanced electronic materials for potential applications in spintronics, spring magnets, memory devices, superconducting devices, and sensors. 
· Tailored framework materials for storage, catalysis, and separations.
d. Background: Not required.
e. Approach: U. Geiser (80%), J. S. Schlueter (100%), H. Wang (100%), L. A. Curtiss (10%), J. J. Lu (Postdoc) (50%) 

f. Technical Progress: Supply a brief statement of highlights for FY2004-2005 progress.
In work on magnetic framework materials we are developing anionic M(dca)3– [dca = dicyanamide, N(CN)2–] frameworks as potential magnetic components for hybrid systems because these systems have potential for strong magnetic superexchange and their relative solubility permits growth of high quality single crystals and enables processing. We have electrocrystallized the (BEDT-TTF)2M(dca)3 hybrid salt which contains a novel triangular (spin frustrated) anionic lattice. 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 also prepared and structurally characterized the (PPh3)Cu4(dca)11 salt, which is the first example of an anionic Cu(II) dicyanamide framework. 

We have also carried out a study of porous molecular framework materials based on ternary networks incorporating zinc, AmTAZ (AmTAZ = 3-amino-1,2,3-triazole), and an auxiliary coordinating anion, such as hydroxide, sulfide, and carbonate.  While each of these materials possesses a unique structure, each possesses void spaces that are suitable for occupation by guest molecules.   The carbonate-containing material possesses an extraordinary triply interpenetrating, three-dimensional pore network comprised of complicated channels and junctions.  We have established that the frameworks are structurally stable upon thermal removal of the guest molecules, without significant decomposition to temperatures as high as 370°C.  Despite their structural variety of these materials, we have identified several structure-defining building blocks (among them, a Zn3AmTAZ6 trimeric unit with eight connectors to adjacent units) that will be exploited in the design of modified frameworks with larger pores and with guest-specific pore shapes.

During the past year, we have successfully prepared a new type of nanostructure, nanowells, over aluminum surface.  The nanowells are ordered shallow pores packed in hcp pattern with pore diameters between 40 and 100 nm and pore depth from 10 to less than 1,000 nm.  It is envisioned that the nanowells can be used for chemical storage or preparation of magnetic nanoparticles.  In addition, we have made Pd/nanowells that show high sensitivity and fast response time toward hydrogen gas.  The performance was superior to Pd over glass thin films even with the nanowell depths less than 20 nm.  The efficiency is comparable to Pd/AAO nanotube hydrogen sensors.

AAO membranes were used in several different ways to develop Ag and Au nanoparticle arrays for photonic and surface enhanced Raman scattering (SERS) studies including (1)  thermoevaporation of Ag or Au led to form nanoparticle dot arrays on Si wafers, (2)  electrodeposition of Ag and Au nanorods, (3) Ag nanoparticle aggregates over  nanowells and the barrier layer.  With the aforementioned methods, partially ordered Ag and Au nanoparticle arrays with particle sizes between 10 and 100 nm  have been prepared.  These samples will be used for SERS enhancement in the future.
g. Future Accomplishments: This is the heart of the technical proposal. In a few paragraphs, give adequate information for the program manager to judge the worth of the proposal.
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 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 divalent chromium and vanadium. 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. We will also attempt to prepare the TTF derivative, which would possess a more compact conducting layer through which a stronger RKKY-type interaction could be anticipated. Finally, we propose to investigate the use of tetracene based electron-donor molecules, such as TTT and TSeT, which would be expected to have stronger interactions between the HOMO of the cation radicals in the conducting layer and the anionic magnetic lattice.
We will focus our effort in the metal-AmTAZ molecular materials on the synthesis of electrically neutral frameworks.  Many of the compounds synthesized so far possess a net positive charge on the framework that is compensated by guest ions such as nitrate and hydroxide.  These guest ions prevent the pores from being fully emptied during thermal treatment and may even cause some neutral solvent to be retained, thus impeding with the transport of gaseous molecules of interest through the pore structure.  In collaboration with researchers in the Chemical Engineering Division, we will study the gas sorption properties of these materials.  Together with quantum chemical calculations and dynamic simulations, this will ultimately lead to a better understanding of the guest-host interactions, the identification of specific binding sites, and to a model of gas separation kinetics.  The presence of available Lewis base sites in the AmTAZ framework holds promise for their application as catalysts for acid-base reactions.  We will further explore the catalysis potential 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.

Two approaches will be taken to improve the long range order in the AAO templates.  For a typical AAO membrane, the domain size is approximately 20 times of the pore-to-pore distance.  For example, with a 110 nm pore distance, the domain size is around 2 m.  The pores are highly ordered within each domain but there is generally lack of correlation between domains.  We plan to use the e-beam facility at CNM to prepare SiC tip arrays.  The tip arrays will be applied to generate indents on Al surface to facilitate anodization.  However, a feature size less than 200 nm is not straight forward even for e-beam techniques, we expect to work with CNM staff and combine the e-beam with anodization in order to accomplish the challenges.  Alternatively we will utilize the new focused ion beam (FIB) facility within the electron microscopy center (EMC) to directly etch Al surfaces to create indent arrays.  The pre-patterned Al surfaces are designed for nanomagnetism and photonic applications.

We plan to continue two categories of multifunctional nanotubes and nanowires. The nanowires contain high quality ferromagnet/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. This will be done by modification of the new template-based methods that we have established for the preparation of nanowires and nanotubes consisting of metals, semiconductors, and metal oxides. 

The concept of AAO nanowells will be developed further.  We plan to prepare CoPt and CoFe magnetic nanoparticles with the nanowell templates.  In addition to the shallow wells (~20 nm) that are suitable for making nanoparticles, short pores with different aspect ratio can be prepared.  With these templates, CoPt and CoFe rods with different aspect ratio can be synthesized.  These materials may be used for magnetic storage.   Finally, our  work on development of hydrogen sensors for corrosion prevention will continue in collaboration with a team from the University of Illinois-Chicago.  The sensitivity and response time toward hydrogen gas for the Pd/AAO nanowells and Pd/AAO nanotubes are comparable.  The Pd/AAO nanotubes showed longer chemical stability.  We plan to combine the two types of sensors and develop short Pd nanotubes aiming toward high sensitivity and long stability in the ambient conditions. 
 h. Relationships to Other Projects: Include only if collaborations or coordinated efforts are important in accomplishing the proposed work.  The Molecular Materials Group has developed extensive collaborations with a number of research projects within the Materials Science Division at Argonne. These include Nanostructured Thin Films (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), and the Electron Microscopy Center (58405).  In addition, we 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
j. Explanation of Milestone (if applicable): N/A
k. Deliverables: N/A
l. Performance Measures and Expectations: N/A
m. ES&H Considerations: Normal ES&H considerations associated with laboratory work as outlined in Argonne’s ES&H manuals will apply
n. Human or Animal Subjects Activities: N/A
o. Security Requirements: N/A
