
Jim Jorgensen

Scientists in MSD have a solid record in selecting world-class research programs and achieving important high-profile results.  The awards and other recognition received attest to this and the U of C Review Committee acknowledged these achievements.  Yet, the same committee questioned whether there was a clear process in place to insure that this level of achievement will continue and, more importantly, to move the Division is a deliberate way to higher levels of performance.  The challenge they put to us should be taken seriously.  There are ways to create a more effective culture of long-range strategic planning that will lead to even greater achievements.

Fundamental Principles for Establishing an Effective Strategic Planning Culture in MSD

To establish a culture in MSD that will consistently lead the Division to world-class research achievements, some fundamental principles must guide thinking and actions. The most important are:

· Scientists must have a passion for the research.  Such passion will be the strongest force to motivate them to learn new things and move into new areas.  Division seminars and workshops can stimulate scientists to think about new areas.  However, some new directions will only come about as new staff are brought to the Division.

· Research programs must be closely related to DOE missions and long-range objectives.  In many cases, Division staff can help DOE in creating vision by proactively participating in committees, workshops, and reports.  There recent examples of this are: (1) The hydrogen economy workshop and report; (2) The growing interest in organizing a multi-lab materials synthesis thrust; and (3) The success of the neutron and x-ray scattering group in focusing the DOE on developing the US scattering community by leveraging the leadership of DOE-lab-based scattering scientists.

· Research programs must fully exploit the unique capabilities of MSD.  The most important of these are:  (1) The ability to assemble comprehensive research teams that include materials synthesis, characterization, scattering, and theory; and (2) Easy access to major DOE facilities (presently, IPNS, APS, and EMC, but CNM becoming increasingly important).  A unique strength never fully exploited is the potential to link basic and applied research programs.  Forging this link is, unfortunately, not now encouraged by DOE funding mindsets.  We may be able to play a proactive role in helping DOE change this mindset in a way that opens new opportunities.

Actions Based on These Principles

Fostering Passion for Good Research:

· Encourage seminars on topics outside current research interests in the Division.

· Encourage sponsoring of, or participation in, workshops that could lead in new directions.

· Continue using Division seminars and other venues to foster collaborative research among Division staff.

· Enable the required turnover in staff to seed and support new ideas.

· Help staff realistically evaluate the viability and importance of new (or ongoing?) programs through the use of external advisory committees who can provide candid evaluation and advice.  Advisory committees were used to very good advantage in the STCS.

Aligning with DOE Missions:

· Maintain close and candid contact with DOE sponsors.  All group leaders should do this and others should be involved as appropriate.

· Be willing to assist DOE with committees, workshops, etc. that DOE used to explore new directions and, strengthen its programs, and develop long-range strategies.

· Explore energy-related basic research.  This is the most likely long-range comprehensive mission of DOE and there are many excellent energy-related basic research problems.

· Be major users of DOE facilities and help others use DOE facilities.  DOE likes to have their facilities be successful and they want widespread use.  DOE likes to support world-class research that uses their facilities.

· Take leadership roles in DOE initiatives to forge multi-lab thrusts (such as the materials synthesis effort).

· Help DOE define its mission.  DOE-BES needs a unifying mission in addition to large facilities.  Can we help them define it?  At the present, they seem to be defining themselves as a major funding agency for basic research, but this mission doesn't differentiate them from the NSF, and, thus, doesn't attract special attention from Congress.  

Exploiting Unique Division Strengths:

· Reward comprehensive research teams with priority for equipment money and in other ways.

· Use internal or external advisory/review panels to evaluate programs in terms of their ability to make impact as a result of research-team effort.  Encourage research programs that combine materials synthesis, characterization, scattering (i.e., use of major facilities), and theory.  

· Encourage efforts to link with applied work at ANL and to seek funding sources for doing this.

Alexei Abrikosov: Room-Temperature Superconductivity

    The value of room-temperature superconductivity is evident, but a search for it, which is not based on some guiding idea, is rather senseless. Therefore it is quite reasonable to think about different possibilities. I think that all recent experimental data have shown that the basis of superconductivity is Cooper pairing, which is due to attraction of electrons, mediated by exchange of phonons, spin fluctuations, or excitons. Contrary to some early statements, there is no limit for the possible critical temperature in the cases of the phonon and exciton mechanisms, and a possible limitation exists for the spin fluctuation mechanism. 

Up to now the highest critical temperature reached experimentally was 134K (160K under pressure) in  HgBa2Ca2Cu3O8+. This substance belongs to the high-Tc layered cuprates, and in these substances the mechanism of electron attraction is mostly due to phonons. Another popular substance is MgB2 with Tc = 39K. The mechanism is also phonons.

First of all, a question appears whether it has sense to search for another substance in the cuprate group with a still higher critical temperature. I find that unlikely. According to my theory, the critical temperature in these substances is limited by disorder at high dopings (d-wave order parameter), or disconnection of the CuO2 layers at small dopings. The latter leads to a two-dimensional situation, when superconductivity is destroyed by fluctuations. Attempts to find superconductivity with an exciton mediated Cooper pairing failed until now.

In 1978 I proposed a possible mechanism of Cooper pairing, which is a sort of “hybrid” between an exciton and a phonon mechanism (A. A. Abrikosov, JETP Letters, 27, 219 (1978), see also Journal of Less Common Metals, 62, 451 (1978)). It was based on an idea by C. Herring about the possibility of “crystalline excitonium”(see in the review by B. I. Halperin and T. M. Rice, Rev. Mod. Phys. 40, 755 (1968)). If a metal contains carriers of opposite sign, and the mass ratio exceeds a certain limit: m2/m1>50, the heavier carriers form a Wigner crystal. In this case we get a solid, resembling a metal, where the role of positive ions is taken over by heavy carriers. Taking into account that even, if the mass ratio m2/m1~100, the heavy carriers are still 100 times lighter, than ions, and hence, their corresponding “phonon” frequency is 10 times higher, than the usual phonon frequency, and since the critical temperature is proportional to the phonon frequency it increases 10 times. In fact, since the carrier density depends on the band overlap, so at small overlaps it can be small, and this will lead to a reduced Debye screening and to a stronger electron attraction, and hence, to larger Tc. 

The hardest task here is to find a semimetal with a large mass ratio. This could be expected, e. g., if the valence band would be formed mostly by d-, or f- electrons, whereas, the conduction band, by s-, or p- electrons. On can also try to use some “sandwich” of some cuprate with Bi, where the effective mass of electrons is of the order of10-2m0 (m0 – mass of a free electron) and rely on the boundary layer.

  In order to try to realize this idea it is necessary to create a team of experts on superconductivity, band structure computation and chemists for synthesis. One has to understand, of course, that this search is very far from sure and promising.

Mike Norman:  The Nature of Inhomogeneous Correlated Electron Systems

Most of the materials of recent fundamental interest in condensed matter physics, such as the 2D electron gas, cuprates, manganites, and heavy fermion metals, are increasingly showing signs of being electronically inhomogeneous at the nanoscale level.  The reason for this is that several possible electronic ground states are nearly degenerate in energy.  This behavior is a particular challenge, in that the electronic states in the system cannot be fully described in either a real space or a momentum space picture.  My proposal is a collaborative team, involving transport and tunneling (Gray, Zasadzinski), photoemission (Campuzano, Kaminski), neutron scattering (Jorgensen, Osborn, Rosenkranz), x-ray scattering (Isaacs, Sinha), crystal growth (Mitchell, Hinks), STM (Fradin, Iavarone, Karpetrov), and theory (Norman, Matveev, Koshelev) for the purpose of characterizing and understanding the static and dynamic behavior of these systems in a theoretical framework which encompasses both r-space and k-space pictures.

Wai Kwok: Superconductivity by Designs

One of the tenets of condensed matter physics is to predict and or explain new physical phenomena as they occur.  Analogously, one of the primary goals of materials science is the synthesis of materials with tailored properties.  The fundamental pathway to achieving both objectives is the underlying need for a set of precise rational design principles.  Although much progress has been made both theoretically and experimentally in various areas of condensed matter physics, a set of rational design principles with predictive capabilities is yet a far reaching goal.  However,  in recent years, we have come very close to narrow the gap between experiment and theoretical predictions in the two-band superconductor MgB2. Such close encounters bring us one step closer to fine tune the necessary set of rational design parameters which can someday lead to the prediction of new multi-band superconductors and perhaps high temperature superconductors.  

While a set of rational design principles with predictive capabilities for certain fundamental phenomena is not currently available, it does not preclude our progress to apply known materials to construct novel hybrid structures where two well studied phenomena complete with each other and give birth to new events.  

One proposed area for longterm (20yrs) future research in superconductivity will be to determine the fundamental rational design principles which will lead to predictive capabilities in multi-band superconductors where certain subsets such as BCS theory and strong and weak coupling phenomena are already well studied and can be applied.  In the interim, studies on new hybrid magnetic and superconducting structures could also serve as probes to shed light upon rational design parameters relevant to the latter structure.

The Materials Science Division in collaboration with other ANL Divisions possess the theoretical, computational and materials characterization prowess required to pursue such a bold endeavor.  Furthermore, the Division has a  long successful history of research in this area highlighted by several recent awards.

Mike Pellin: Net Shape Materials Built with Atomic Precision.

A plethora of new self assembly techniques bring to materials science the ability to nanostructure for the first time macroscopic (rather than semiconductor device size) materials. While most research in this area focuses on the "microscopic" properties of materials (conductivity, coercivity, catalytic reactivity, photonics) with the ability to assemble macroscopic structures comes the ability to control macroscopic properties such as tensile strength.  It is already clear that nanostructuring can dramatically improve material strength -- both with "conventional" methods such as precipitation hardening and with new nanocrystalline alloys.  The functionality is not simply smaller is better, however, rather there appears to be an optimum particle size.  Despite the need for lightweight, high strength materials, presently our predictive understanding of this process is totally lacking.

It seems possible to develop a detailed scientific program to synthesize macroscopic new materials using the atomic level precision provided by a variety of self assembly and more conventional surface growth techniques 

Sam Bader: Hybrid Direction


Hybrid materials enable the creation and tailoring of new properties from known component materials. This is especially interesting when dealing with materials whose properties tend to be mutually exclusive (i.e. as in magnetic and superconducting materials, hard and soft materials, organic and inorganic materials). There are many directions that can be pursued, but I would suggest that we work to continue to strengthen our theory and computational efforts within MSD so that that sector generates the provocative predictions that tend to focus and mobilize experimentalists to prove or disprove the theorists’ claims. Strategically this will also require investing in our synthetic, instrumental and facilities infrastructure because the best quality materials and characterizations always tend to require access to state-of-the-art and sometimes even one-of-a-kind equipment. With this vision that bootstraps theory, experiment and facilities we are certain to have a bright and rewarding future. The unique properties of the hybrids also will tend to suggest new applications or address existing needs and so that base will be covered as well.

John F. Mitchell: Materials Synthesis

Materials synthesis in MSD does not stand on its own.  Rather, it drives forward and responds to scientific directions of interest to collaborators across the Division.  Likewise, new materials cannot typically be predicted (witness high-Tc superconductors, MgB2, etc.), implying that a strategically positioned synthesis program must be ready to respond quickly and authoritatively.  It is thus in the strategic interest of the Division to foster considerable flexibility in its materials synthesis efforts.  This flexibility applies to infrastructure, staffing, fields of emphasis (inorganic, bio, nano, etc.).  Furthermore, the planning for materials synthesis must be considered within the context of strategic directions of allied efforts, such as scattering.  An emphasis in this arena that will grow over the next 10 years will be revolutionary advances in the study of short-range ordering effects and their impact on macroscopic physics.

With this in mind, some potential thematic directions may be identified that link historical and current interests with future opportunities and/or missing pieces in the understanding of solid state phenomena.  No attempt is made to identify specific systems or even how one might go about making such materials.

· Orbital physics in non-oxide materials:  Why are high-Tc, high dielectric, CMR, etc. materials essentially all based on oxides?  Can other materials be found that have these properties, and if not, why not?  Do these features appear in such materials but only on short length scales?  Can materials for applications be built around such systems?

· Disordered materials (chemically, structurally, etc.):  We have concentrated on materials with periodic structures (crystals) because the standard concepts/explanations of the solid state have rested on this during the 20th century.  Materials that are purposely disordered—not just as a perturbation—may provide new functionality. We  know that disorder is important in ferroelectricity and CMR for example, but have been at the mercy of nature during materials preparation.  The grand challenge will be to incorporate and control the level and distribution of disorder during the synthesis.  The ability to characterize this a disorder nd its impact via diffuse scattering, etc. will be critical.

· Smart materials:  Materials that respond to external stimuli, adapt, self-repair etc.  These may or may not be of biological derivation, but probably will be based on biological paradigms (e.g., healing of wounds).  Such materials can be of interest both in basic and applied science.

Dieter Wolf: Multiscale Simulation of Complex Materials

We have developed a hierarchical multiscale approach for the simulation of the thermo-mechanical behavior of nanocrystalline materials that incorporates all the relevant length and time and length scales, ranging from the atomic level to the continuum.  For the model case of fcc metals, this approach has provided novel insights into the atomic-level processes governing microstructural evolution during deformation and grain growth. Most importantly, the approach has demonstrated how these insights can be transferred into mesoscopic and, ultimately, continuum types of simulations, thus enabling macroscopic materials behavior to be probed in experimentally accessible length- and time-scale regimes. The opportunity now exists to develop the same type of approach for other types of materials and phenomena, such as complex oxides and the self-assembly of nanostructures.  

Complex oxides.  We have in recent years developed extensive atomistic simulation capabilities for ionic materials, such as perovskite and zirconia-based complex oxides.  These could be used as the foundation for the development of a hierarchical multiscale approach that would enable prediction, for example, of the ionic-transport behavior of fuel-cell materials, ferroelectric phase behavior of thin films and of nanocrystalline microstructures, and the thermo-mechanical behavior of thermal-barrier coatings.  This generic simulation capability could play an important role towards the development of an integrated basic/applied strategy in a number of application areas.

Nanostructure assembly.  In response to DOE’s initiative on Theory, Modeling and Simulation in Nanoscience, last year we have developed a detailed road map entitled “A virtual fab lab for solution-phase nanostructure assembly”. Complementary to corresponding experimental approaches, these simulations would provide the fundamental insights into the forces, mechanisms and rules governing solution-phase nanostructure assembly that are needed to transform nanofabrication from an experimental art into a science. Although the project was not funded, this might be an important direction for MSD to pursue in close coordination with the CNM.

Xiao-min Lin: Building Novel Macroscopic Materials Using Bottom-Up Approach:

Tradition materials science research relies on making materials through macroscopic techniques such as alloying, thin film deposition, with the main emphasis to control the material properties on large level.  With our research focus shifting toward mesoscopic region, we should also shift our material synthesis efforts towards a new direction, especially paying more attention to bottom-up chemical synthesis. These techniques will allow us to control material properties on the nanoscale single particle level.  There are great challenges remains in this direction, which I listed as follows, and  making progress in each of these directions can be extremely rewarding. 

Grand Challenges:

1. Control growth of nanostructures with well defined morphology, intrinsic properties, surface chemistry. 

2. Understanding the dynamics self-assembly process to obtain macroscopic 

3. Physical manipulation of materials on both the single particle level and macroscopic level. 

4. Understand physical properties of single particles as well as collective coupling effects in large assemblies. 

Seth B. Darling:  Bottom-up and top-down assembly

Materials science has come upon a crossroads.  Traditional top-down material microfabrication technologies are rapidly approaching their fundamental limits.  Self-assembly is evolving as a powerful bottom-up approach for constructing nanoscale materials capable of extending the length scale limitations associated with lithography.  Bottom-up approaches have a significant further advantage in that they are, by nature, parallel in contrast to largely serial top-down approaches.  However, purely bottom-up methods generally fail to produce the long-range order required by most anticipated devices.  The solution is to combine top-down and bottom-up approaches in a hierarchical scheme thereby transcending the limitations of both methodologies.  This approach is especially valuable when the simplicity and control associated with the self-organization of organic components is merged with the physical properties of inorganic components to make hybrid systems.  This is the grand challenge of the future in nanomaterials.  The MSD needs to address the challenge to create and characterize structures whose length scales transcend present-day lithographic limits--the goal is not only miniaturization, but also, most importantly, the creation of entirely new materials with unique properties and applications.  While some nascent aspects of this problem can be addressed in the next few years, ongoing development of the overriding manufacturing/scientific philosophy is likely to extend well into the foreseeable future.

J. Samuel Jiang:  Molecular Spintronics

Efforts in nanoscience and technology concerning molecular materials have so far focused on the configurational aspect of molecules. It is the functional properties of molecular materials, integrated via nanoscale self-assembly, that will propel them into the next frontier of device applications. One physical property of molecular materials worthy of exploration is the electronic transport, or more specifically, spin-polarized transport.  An inspiring success in harnessing the spin degree of freedom is the giant magnetoresistance (GMR) effect in metallic structures, which has revolutionized the magnetic information storage industry. Because of the coherency of molecular electronic processes, the impact of the spin degree of freedom in molecular electronic structures might rival or even surpass that in their inorganic spintronic counterparts. A program in molecular spintronics will draw upon MSD’s expertise in magnetism, spintronics, and materials chemistry, utilize the CNM facilities, and foster stronger connections with University of Chicago.

Hsien-Hau Wang: With focus on Material Chemistry

Available equipments:

	2004
	Location
	2005 or 2006
	Location

	e-beam
	401
	Nanoimprint lithography
	401

	x-ray diffractometer
	200
	NSOM
	?

	Raman microscope
	200
	Confocal microscope
	?

	UV-Vis
	200
	
	

	AC susceptibility
	200
	
	

	Fluorescence spectrometer
	200
	
	

	GPC
	200
	
	

	EPR
	200
	
	

	TGA/DSC
	200
	
	

	Thin film deposition
	200
	
	

	AFM/SPM (mid-2004)
	200
	
	


MSD future directions:

1. Quantum confinement and proximity effect – Clearly demonstrate the working principles in quantum confined region.  There are still potential new phenomena from the interplay between superconductivity and magnetism can be learned. 

Current strength: Superconductivity and Magnetism, Nanoscale fabrication: nanowire, 
nanotube arrays, etc.

Needs development:
Nanostructured materials: core-shell nanowires, multilayer 
nanowires (spin valves), Nano-scale manipulation, physical property 
measurements, and application.

2. Photonics: Current effort within MSD is weak.  Many new photonic crystals, photonic lattices, and photonic materials can be developed.  The goal is to manipulate light (emit, stop, bend 90º, etc.) in confined space (micrometer or sub-micrometer).  AAO templates with rare earth oxides nanorods, nanotubes, and inexpensive photonic crystals can be fabricated here.  Both experimentalists and theorists in optics are needed.

3. Catalysis program, chemical and biochemical sensors can all be developed here.  Current effort is limited.  

4. Molecular electronics: Despite of the Lucent set back, molecular electronics is making slow but steady progress.  It is still a forefront research.  Current effort in MSD is weak.  Some manpower is already here but organic synthesis expertise is lacking.

Staff level core capability needs to be built-up:

Core teams:

A. Lithography – Photo-, e-beam, and nanoimprint

B. Microscopy – SEM, TEM, STEM, 

C. Scanning Probe Microscopy – AFM, MFM, STM, Electrochemical-AFM, etc.   

D. Synthesis – Solid state, nanofabrication, inorganic and organic synthesis, etc.

Valentyn Novosad & Marcos Grimsditch: Magnetization dynamics

MSD has contributed significantly to the field of magnetism in confined geometries.  Most of this work has centered on the static aspects of magnetization stability in these systems.  The next step in developing magnetism based devices at the nano-scale, will be to understand their dynamics.  All high speed devices will require a deep understanding of these phenomena.  Argonne has the potential to become a leader in this field.  Many of the resources and techniques already exist at Argonne and only need to be harnessed into a coherent program.  Among the techniques at our disposal

are: 

Computational expertise within MCS (Leaf & Kaper)

Time resolved x-rays APS (Srajer, Attenkorfer, Novosad)

Magneto-optic-microscopy MSD (Welp, ??)

Time resolved optical studies MSD (Widerrecht, Novosad)

Inelastic scattering from magnetic excitations MSD (Grimsditch)

Fabrication techniques (Novosad, Hoffmann)

Axel Hoffmann: Spintronics

Spintronics is the idea of using the spin degree of freedom to incorporate new functionality in electronic devices.  This idea is already utilized in some technological applications, such as magnetic read-heads and non-volatile memory.  In these current applications the traditional digital information of semiconducting electronics is encoded in parallel or antiparallel magnetization states within a magnetic heterostructures.  However the potential of spintronics reaches far beyond digital information storage, since the manipulation of information encoded in magnetic states can be more complex than standard logical information.  To this end, spintronics is among the more promising pathways towards a quantum computer implemented with solid-state devices.  In any case, spintronics is directly relevant DOE’s energy related research; since at the very least it promises electronic devices with less power consumption (due to its non-volatility) and in the best case delivers more efficient information manipulation (with novel device concepts).  Along the way to the later there are many interesting basic science stepping-stones, such as:

· A thorough understanding of the interplay between magnetic interactions within a heterostructures and the magnetostatic energies due to its restricted geometry.  Examples, are the use synthetic antiferromagnets as free magnetic layer in spin-valves and magnetic tunneling junction in order to avoid dipolar coupling.

· Lateral spintransport through heterogeneous systems.  While the spin-diffusion length in clean materials can exceed several m, impurities and interfaces can reduce spin-polarization significantly.  This may very well be the bottleneck for using spin-encoded information processing.

· Precessional devices, where information is encoded and manipulated in the precession of spins.  Similar techniques are already widely used in nuclear magnetic resonance and measurements with polarized neutrons.  The ultimate goal would be a magnetoelectronic spin-echo.  Since spin-precession can be at very high frequency and does not require a net energy in-flow to be sustained, this may be the pathway to very fast, low power magnetoelectronics.

· Complete new ways of utilizing spin-polarization in solid-state devices.  Among one of the many new ideas:  Is there a spin-Hall effect, and if so how can it be detected?

In conclusion, the area of spintronics is just in its beginnings, but already extremely vital and many very creative new device concepts are generated at the moment.  The expertise in magnetic thin films and complex oxides, make MSD ideally situated to be one of the key players in this rapidly growing field.

Ken Gray

Interfaces have never been more important than now, with the quest for ultra-thin-film heterostructures, 3d nanoconfinement as exemplified by the CNM and our recent discovery of nanoskins on manganite surfaces.  Transport and particle-related spectroscopy invariably rely on interrogation of a material through an interface.  As the sizes of nanoobjects decrease, surface effects can also dominate thermodynamic properties.  For the present, we are well placed to address some of issues using the APS, EMC and various scanning probe instruments.  However, there will be a need for novel approaches to investigate single nanoparticles and this could tap into MSD's

experience base.  

Stephan Rosenkranz

Investigate and model the relationship between microstructural correlations (defects, correlations between defects, frustration induced short range  ordering etc) on the underlying physical properties and design materials with specific, advanced properties.

In many materials of current scientific and technological importance, the physical properties of interest are controlled by microstructural correlations. Examples include colossal magnetoresistance, relaxor ferroelextricity, fast-ion conductivity. The former two belong to the class of strongly correlated electron systems, which are generally studied by many groups within MSD. The later are probably less studied now, but they are important to the Labs mission because of their potential as electrodes, electrode catalysts, solid electrolytes in fuel cells etc. MSD already has  extensive expertise in many techniques that would be necessary for such a detailed understanding, i.e., determination and influence of average structure under various conditions (temperature, pressure), investigation of microstructural properties by means of single crystal diffuse scattering and various microscope probes, investigation of electronic properties by ARPES and tunneling, and of course investigation of bulk properties and the ability of producing high quality samples. Current developments, such as the development of tools for efficient data acquisition and analysis for diffuse scattering both with X-rays at APS and neutrons at SNS, the development of high resolution microscopes, will even strengthen the abilities to investigate in detail microstructural properties and correlations. The challenge would be twofold. First, there is the basic science aspect of finding a general basis for understanding and relating the unusual properties of such complex systems, which has become a challenge of greatest importance in condensed matter physics. The second would be to use this detailed understanding to model and design new advanced materials with very specific properties (i.e., colossal dielectric constant, super ionic conductivity at room temperature).

Orlando Auciello

We all know that the MEP program (formerly called Metals and Ceramics) in MSD has fallen on hard fiscal times in recent years. While some of the underlying reasons are well beyond our control, most notably those related to the overall decline in BES funding, other factors can be influenced by us. To better position ourselves to exploit future opportunities, we need to initiate a focused effort towards the development of new themes within our MEP program. In doing so, we need to pay attention both to the recent reviews of MEP  by DOE and the UoC. 

Specifically, we need to pay attention to some critical recommendations of the panel from the UoC review as indicated in the reproduced comments below:

RECOMMENDATION 1:  The MSD should develop a strategic plan that includes: vision; mission; strategic objectives; hiring plans to address these and personnel diversity issues; metrics to gauge success; strategies for addressing future challenges and growth opportunities; concepts for working with the Univ. of Chicago and other organizations at ANL; engaging Industry; and exploiting other funding opportunities.

RECOMMENDATION 2:  The MSD should continue its very high level of scientific achievement

RECOMMENDATION 3:  The MSD would benefit from more awareness and exploitation of the potential applications that arise from its first rate science.  In some possible future scenarios, this awareness will be essential.

RECOMMENDATION 5:  MSD should continue its ongoing efforts to increase the staffing of its materials synthesis effort

The message, as I read it, from these recommendations is that we need to go aggressively for funding outside the traditional source of DOE-BES, such as DARPA, AFOSR, Defense, even NSF through collaborations with Universities (for example. I got a subcontract from NSF through my connection as Adjunct Professor at UIC), and Industry (John Carlisle and I are aggressively pursuing funding from Industries). These opportunities do not diminish our fundamental science efforts, but they strengthen them. In addition, we need to open new avenues of research to revitalize the MEP program. Most importantly, to stem the ongoing erosion of our funding we must convince our BES sponsors that our MEP program is scientifically as compelling, interactive and impacting as any large BES funded program. We must also position ourselves to more successfully compete for significant non-BES funding, not only to bring more post-docs on board but also to recover at least some of the staff effort that will likely continue to be lost in the current BES funding climate. In responding to these challenges, it is clear from the outset that any future actions to get us closer towards achieving these goals must be guided by a clear vision. 

Based on the discussion presented above, I provide my vision for MSD-MEP below.

Our attempt to rejuvenate and rebuild our MEP program must obviously be based on existing strengths. Important current scientific themes to build on include interfaces, complex oxides, nanocrabon, effects of alloying elements and dopants, materials microstructure and nanoscience. Key components to draw on in our approach include electron microscopy, ion-beam analysis and irradiation facilities, multi-scale materials modeling, thin-film synthesis and characterization techniques (i.e., access to novel, well-characterized materials), synchrotron x-ray scattering, and techniques for measuring thin-film properties. Equally important is the use of the set of world-class unique integrated thin film deposition / in situ characterization facilities developed by various MSD groups. We must also aim to develop stronger links among groups in MSD’s Condensed Matter Physics, Materials Chemistry, and Interfacial Materials programs, and take full advantage of ANL facilities. Clearly, our challenge will be to develop a vision for MSD’s MEP program that synergistically draws on most, if not all, of these existing strengths. This will then position us to successfully compete for new BES funding, including joint programs with the new engineering sciences component in MEP, and for external funding. 

Apart from having scientifically compelling, synergistically well-connected thrusts that enable us to enhance our BES funding, in order to successfully compete for significant non-BES funding future MEP programs must also aim to be ‘vertically integrated’. This means that any major new program that we envision should encompass a full spectrum of activities ranging from synthesis science and characterization, via property measurements, all the way to potential applications of these materials. Although our BES funding encourages thrusts of mostly fundamental importance, it is equally important that any new MEP programs connect naturally with applications. Together with the vertically integrated teams of PIs that we envision, these connections with applications should then enable us to attract major new, non-BES funding for more applied problems. The goal is that some of this funding will not only cover a fraction of staff effort but also trickle back down towards the more fundamental, BES funded work.        

Possible Future Program Directions

1.   Integration of Dissimilar Materials and Nanoscale Phenomena in Complex Oxide     Thin Films

Our fundamental and applied science program on perovskite ferroelectric thin films has been extremely successful because the Interfacial Materials group has achieved an excellent balance integrating fundamental science (both experimental and computer simulations) and applications. Most of the work on this field has been focused on understanding composition-microstructure-property relationships at the microscale. A new frontier is now opening in front of us involving science and technology of perovskite oxides at the nanoscale and integration of oxide thin films with complementary functionalities, such as the integration of ferroelectric and magnetic materials in multilayer structures where we can exploit ferroelectricity as a modifier of spin-transport properties in magnetic superlattices. 

We also have the opportunity of exploring ferroelectric phenomena at the nanoscale by producing nanostructures to explore the limits of ferroelectricity. We should connect this fundamental science with applications to the next generation of high-density ferroelectric memories. I have ad-hock interactions with Symetrix, a small company spear-heading the commercialization of ferroelectric memories in this country and abroad through strong collaboration with Asian Companies. These interactions should be strengthened through an official joint program established between our group in MSD and Symetrix, for which we need support from MSD. In addition, we should seek interactions with other companies involved in the development of these advanced technologies based on complex oxide thin films.

2.   Bio-Complex Oxide Interface Interactions

The integration of polarizable ferroelectric surfaces with biomolecules can open a rich new avenue for fundamental and applied science. I have started this new field of inquire in collaboration with Millie Firestone (Chemistry Division), by demonstrating that we can functionalize the surface of PbZrTO3 thin films for attaching DNA and other biomolecules. This is a very promising field of research where fundamental and applied science can be performed in a synergistic manner with a vision to applications to biosensors. This research program can also open the way for a synergistic collaboration between MSD and Chemistry, opening opportunities for seeking funding from Agencies like NIH and DARPA.

3. Transport mechanisms and storage of hydrogen in mixed phase solids 

This research program also presents an opportunity for an extended program in the mechanisms of transport and storage of hydrogen in solids. For example, in hydrogen separation membranes, ceramic-metallic (cermet) composites have been developed for improved hydrogen conductance. However, the differential thermal expansion between the metallic and ceramic components can lead to cracking and degraded performance. Similarly, cracking due to internal strains is a major obstacle in hydrogen storage. The information regarding crystal structure and stability under operating conditions provides the essential data necessary to develop improved conductivity and mechanical reliability through composite design. One exciting approach is to explore the compatibility of negative thermal expansion oxides with candidate hydrogen storage materials with the goal of designing new composites with improved resistance to failure during thermal and/or storage cycling. 

I performed work in recent years focused on investigating the interaction of hydrogen with perovskite thin films such as PbZrTiO3. This work revealed that hydrogen can be inserted in the unit cell of PZT in different sites. This phenomena lead to the deterioration of the polarizability of PZT due the formation of H-O complexes in the lattice. We demonstrated that we could drive the hydrogen out of the PZT lattice with gently heating. This work revealed that it is possible that perovskites may serve as hydrogen storage materials. In addition, recent work in the literature revealed that other oxides such as TiO2 absorb hydrogen and release it reversible at very low temperatures. The information presented above indicate that there is an opportunity for fundamental and applied science in the field of hydrogen interaction with complex oxides.

4.  Science and Technology of Integrated Dissimilar Materials

The Interfacial Materials and Surface Chemistry groups of MSD have been interacting strongly through a productive collaboration between O. Auciello and J.A. Carlisle in two critical fields of research, namely, complex oxide and nanocarbon. We recently opened a new avenue of research by demonstrating that we can integrate high-dielectric constant thin films with ultrananocrystalline diamond (UNCD). The initial investigation was focused on integrating BaSrTiO3 thin films with UNCD to produce a MISFET device (this is the first of its kind) that may open the way for a whole new generation of electronics based on integrated complex oxide / carbon materials. This integration opened an even wider field of fundamental and applied research with a view to applications to a new generation of micro and nanodevices. For example, the opportunity exist for integrating carbon nanotubes (CNT) with metallic electrodes (source and drain) with the CNT on high-dielectric constant layer that provide the action of an oxide gate as in a CMOS transistor. The integration of these dissimilar materials may be even further developed by doping one half of the CNT to make it hole conductor and the other half electron conductor. Then, by launching electrons from one side and holes from the other, electron-hole pair annihilation can occur resulting in light emission. This is but one of the many new phenomena at the nanoscale that can be triggered by the proposed integration of dissimilar materials. This field cannot only provide a platform for revolutionary fundamental science, but can open the way for equally novel applied science and revolutionary nanodevices.

5.  Nanoscience

Funding of the ANL Center for Nanoscale Materials is anticipated in the near future. With its impressive state-of-the-art equipment and collaborative research opportunities, this Center provides a forceful argument that can greatly strengthen research funding proposals throughout MSD. Our MEP program needs to seize this opportunity to compete in funding initiatives in support of nanoscale science. 

Current nanoscience activities within MEP include synthesis (inert-gas condensation, lithography, ion-beam patterning and shock-wave ejection), structural characterization  (electron, x-ray and ion-beam techniques), property (elastic, electronic, magnetic and transport) measurements and modeling efforts. The EMC expertise and advanced characterization facilities also provide obvious interfaces to the ANL Center for Nanoscale Materials. 

In considering “new themes” within our MEP program, we should bear in mind the leverage offered by these current activities for exploiting extant funding opportunities in nanoscale science. Successful leveraging of these existing strengths would simultaneously strengthen interactions across all of MSD’s (and many of CHM’s, APS’s, and PHY’s!) Office of Science supported research programs. Perhaps most importantly, however, pursuing new directions in nanoscience would interconnect our MEP program more closely with three important BES-sponsored user facilities, the EMC, the APS (via BESSRC and the Nanoprobe) and the new Center for Nanoscale Materials. In light of the fact that for many years BES-sponsored user facilities have done exceptionally well at attracting increased funding, we should strive to develop our nanoscience activities in a more concerted manner.

Jeff Eastman: In-situ studies of reactions at surfaces

Sub-themes:

1) Hydriding/dehydriding

2) Oxidation/reduction

3) Catalysis

4) Film growth (e.g., MOCVD, ALD)

All of these sub-themes involve atomic/molecular interactions on surfaces.  Instrumentation either recently developed or being developed will enable major progress to be made in obtaining an atomic-level understanding of the atomic interactions that control these processes. For example, the TEAM instrument could be used to examine the effects of controlled gaseous environments on microstructure. Scanning probe techniques are advancing rapidly in terms of being able to examine samples in elevated temperature gaseous environments. Instrumentation has already been developed at APS for studying MOCVD film growth and oxidation processes. Additional instrumentation could be developed for future x-ray studies of other reaction processes (e.g., x-rays could be used to investigate surface poisoning reactions during hydriding).

John Carlisle: Biosurfaces

MSD Personnel: John Carlisle, Jian Wang, Millicent Firestone, Larry Curtiss, Orlando Auciello

Collaborators: Bob Hamers (UW-Madison), Rob Carpick (UW-Madison), Marcus Textor (ETH-Zurich)

Functional surfaces & interfaces represent an area of growing interest of fundamental and applied research. Dramatic advances in the understanding of structure and function of biomolecules, combined with the ability to immobilize these molecules onto surfaces while retaining their functionality, will lead to whole new areas of research in bio-interfaces, biomolecular electronics, and bio-implants. This work will also impact other fields where surfaces dictate functionality, such as MEMS and NEMS-scale tribology, electrochemistry, and catalysis. The envisioned new program in Biosurfaces would encompass a broad area of fundamental and applied research in these areas, and will also involve collaborations with industry to incorporate these new functionalized surfaces in applications such as biosensors, bio-fuel cells, and bioassays for membrane protein drug targets. This program is the logical continuation of the very successful work started under both Nanoscience and National Security LDRDs focused on the photochemical and electrochemical functionalization of diamond surfaces, and also work born out of the supermolecular machines NSET program, the DOE-OBER project on artificial retinas, and work support by Intel and DARPA on the nanoscale tribology of diamond films. The expected program will be multidisciplinary and interdivisional, and able to draw significant external funding from NIH, DARPA, and other programs.

Grand Challenges:

· New immobilization chemistries and methods (electrochemical, photochemical, self-assembly, microwave plasmas)

· New materials (nanocrystalline diamond thin films, oxide thin films, integrated heterostructures of diamond, oxides, and metals)

· New approaches to computation/modeling surface chemistries and the dynamics of biomolecule/surface interactions.

· Bio-inorganic interfaces with amino acids, peptides, proteins that retain functionality

· Electrostatic/Electrochemical control of functionalization (tunable selectivity)

· Physio-chemical electrodes for nerve stimulation

· Selective & non-selective adsorption of biomolecules

· Hermetic coatings & the prevention of bio-foiling in implantable devices.

· MEMS/NEMS tribology: stable anti-stiction surface chemistries for dynamic MEMS/NEMS devices

· Novel electrochemistry

· Catalysis at the nanoscale

· Nanopatterning of biosurfaces using E-beam lithography, E-Chem AFM, nanoink, and nanoimprint technologies

· Characterization of biosurfaces (Synchrotron techniques, photoemission, NMR, environmental SEM, surface plasmon/waveguide).

Millicent Firestone 

One area of significant opportunity that could be expanded is the field of soft materials.  The funding of our recent NSET proposal in the area of biomolecular materials could be leveraged to initiate new programs devoted to:

· Biomimetic materials, focusing on the development of synthetic polymers that mimic the functionality of biomolecules such as proteins. 

·  Biomaterials, that is, synthetic materials that can be applied to solving problems in human health.  This field is ripe for carrying out fundamental research that can, in parallel, attract applied funding. 

· Materials applicable to areas not traditionally focused on, such as shape selectivity of nanoscale objects (e.g., nanoparticles)

· Biocatalysis

· Bioremediation / Green Chemistry / Environmental applications of materials.

In order to effectively expand efforts in materials synthesis (via chemical routes) that will impact growth research areas such as soft materials (including polymers, complex fluids and biomolecular or biomaterials) funding will be required to enhance existing Laboratory infrastructure.  For example, currently there is no working solution NMR, FT-IR/Raman (dedicated for solutions), or mass spectrometers available for open and ready access within MSD or CHM.  Such instrumentation should ideally be in an “open-access” laboratory space whereby trained users can simply walk-in and rapidly determine the success of a synthetic reaction.  These techniques are fundamental to any laboratory that desires to have a viable effort in the chemical synthesis of new materials.  Furthermore, such instruments are required to support routine synthesis capabilities and are essential for manuscript submission to many American Chemical Society journals. 

Jerry Moore: Genomes to materials.  

DOE has an active program called genomes to life (GTL - http://doegenomestolife.org/).  Beyond this already bold vision lies a probable future in using the machinery of life to create useful materials with unique properties.   A genome can ideally be programmed to express the proteins needed for a given purpose, for example sensing a chemical agent*, which would then be linked to a signal system such as a color change or an electrical impulse.  Where the MSD approach would differ from past biotechnology efforts is in exporting from the cell the simplest set of machines to achieve the result, and using materials that we understand well as substrates, templates, containers, and interaction (read-write) methods.  Other examples of end applications include directed assembly of nanowires via protein complexes, catalysis with a membrane that grows itself, and self-assembled functional biochips.  MSD expertise in electron microscopy, scanning probe techniques, neutrons, x-rays, ab-initio calculations and mass spectrometry will be crucial to establishing the efficacy and the mechanisms occurring in model systems.  Strong interactions with BIO and CNM will be helpful to developing this program fully.  Funding would be sought initially from the GTL program, but this would eventually become a major initiative with new funding lines.  

* This would be initially a high-priority effort in this area, applicable to both hydrogen sensing and problems in homeland security.

Dieter Gruen: Bioterrorism and Pathogen Detection

New research in MSD: Bioterrorism is very difficult to counter. It will take a massive research effort to make significant breakthroughs in the area of Class A pathogen detection. This is necessary to protect first responders, civilians and military personnel. Reasearch in this field is multidisciplinary: materials science, biology, bio and surface chemistry, electrical engineering, micromeritics etc. Nanoscience and microfabrication will be very much involved. National laboratories, all of them in my opinion, should lend a hand in solving these problems, some of which are likely to be long range ones. 

John Schlueter: Hydrogen storage

Vision: The establishment of an interdisciplinary team of scientists from within Argonne to develop the concerted, fundamental research program needed to explore new concepts for hydrogen storage. Insights to identify and develop high capacity hydrogen storage materials will not advance without a deeper understanding of materials properties at the molecular level. This will require integration of expertise from numerous disciplines, but the central focus is materials chemistry. The advanced analytical capabilities unique to ANL would be used to establish molecular-level details of hydrogen storage in a variety of novel nanoscale systems and would guide chemical tuning of the materials to maximize their hydrogen storage capacity. Ideally, this work would be supported by theory and simulation, utilizing state-of-the-art methods of computational quantum chemistry to study reactions of hydrogen in the materials synthesized in this program. These studies would help to interpret experimental data and will guide experiment in facilitating the design of new materials for hydrogen storage.

High Priority Research Direction: The complex surface interactions of hydrogen with nanostructured materials are relatively unknown due to the lack of a systematic approach to the problem in the past. The availability of materials that can be tailored in both their chemistry and engineered shapes will foster greater insight into the mechanisms by which hydrogen is adsorbed in confined environments specifically tailored for that purpose. The novel application of state-of-the-art analytical techniques, capable of probing molecular surface interactions and structure, would be the principal foundation of this research endeavor. New analytical techniques such as NMR imaging and pulsed-field gradient spectroscopy, and quasi-elastic neutron scattering (IPNS) would be used to study the fundamental molecular interactions of hydrogen and would be applied in tandem with structural tools such as XANES, EXAFS, SAXS, GISAXS (APS) and conventional sorption techniques for the characterization of several advanced materials: metal-organic frameworks, metal-atomic layered aerogels, metal-cluster and metal-hydride impregnated aerogels, and tailored carbon nanofibers.

Piotr Klamut

Novel nano-scale engineered hydrides and nanocomposite materials for the hydrogen storage.

Hydrides have quite a long history of research with the first intermetalllic hydride ZrNiH3 reported in 1958 [1]. Suda and Sandrock in a comment published in1994 [2] on the challenges in the hydrides research presented the list of material characteristics, which still can form guidelines in process of developing the practical hydrogen storage device:

Pressure-temperature (PCT) properties
- thermodynamics

Tailorability of PCT properties

Plateau slope and hysteresis
                    - inefficiencies to be considered

Hydrogen capacity 
               -weight and volumetric bases

Easy of activation
 - first time hydriding

Sensitivity to gas impurities  
- easy of deactivation

Reaction kinetics

Heat transfer
                                      -effective thermal conductivity, powder effects

Physical properties                                      
-density, volume change, decrepitation

Cyclic stability
                                        -disproportionation, capacity and isotherm changes

Safety
                           -pyrophoricity, powder handling, toxicity

Cost
                                    -ease of manufacture, batch to batch variability

Recently, prospects for engineering a practical hydride material (vehicular and stationary hydrogen storage device targeted) is gaining momentum with progressing availability of nanometer range probing experimental methods, as well as new concepts in the synthesis and functionalization of the surface of nanostructured material. On a practical note, the program for developing nanostructured complex-hydride materials would address two current major funding initiatives in the nation. Such program seems to represent substantial growth potential not only for its focus on guiding applications, but also as providing stable platform for supporting manifold research in areas of nanoscience, surface physics and catalysis, the latter also being recently recognized for federal funding stimulus.

Material properties listed above can be quite naturally approached for characteristics improvement by exploration of the novel nano-scale engineered materials. Below I indicated several classes of materials where the research might initiate. This description serves rather an exemplary purpose and a complete complex hydrides program would address broader range of materials as well as detailed consideration of experimental methods should be given. Not mentioned here are also promising carbon based materials [3], there new concepts for trapping hydrogen in the defective sites between layers of nano-structured graphite, or carbon nanotubes for constructing fast gas transporting media [4]. Recently achieved effective encapsulation of hydrogen molecules in the open-cage fullerenes also sets an interesting perspective [5]. A synergistic approach that besides experiment involves theory and computational studies seems to be necessary. Simulations of the molecular dynamics in real systems, modeling of cooperative processes occurring simultaneously at different length scales for sorption of hydrogen in complex hydrides should be build in.

Historically, two extremes in the hydride materials were researched separately: (i) interstitial hydrides which are easily reversible around room temperature (AB,AB2, AB5 intermetallics) for their essentially metallic hydrogen bonding – however they are limited to approx. 2.5 wt.% gravimetric H-capacity, and (ii) hydrides of ionic (e.g. LiH) or covalent (e.g. MgH2) H-bonding, with sufficient capacity (7-13 wt.%) however with operational temperatures in an unacceptably high range above 250C. New approaches involve designing of nano-composites, where interlaced films of two or more materials are combined for superior properties of then formed nano-scale device. Relevant seems to be here an example of the Pd/Mg multilayers being recently investigated for storage properties superior to the component materials (the Pd layer, itself forming hydride to low hydrogen capacity, plays the role of catalyst dissociating molecular hydrogen) [6]. Multilayered structures, also for involving other catalysts for improvement of the reaction kinetics could be envisioned for synthesis and investigation. The microstructure of such materials is expected to influence their hydrogen storage capacity; thickness of its components, dispersion of catalyst complexes, structural distortions, defects and quality of interfaces becoming important factors for determination of the device performance (example of columnar defects in the Mg layer for their role in providing migration paths for hydrogen [6]). Novel methods for dispersing catalysts, for example only emerging bio-concepts for growing and organizing nanowires and nano-complexes could be exercised [7]. Relevance of the nanostructured form of the material is well represented with example of the MgH2-(V, Nb) nanocomposite, which posses unexpectedly fast hydrogen sorption kinetics triggered by the presence of complexes of vanadium and niobium that ease penetration of hydrogen into the magnesium. Only recent synchrotron X-ray diffraction studies (APS, MIT-McGill-IBM beamline) of the real time hydrogen desorption by the MgH2-(V, Nb) nanocomposite provided evidence for a new metastable hydride phase in this material [8]. This finding, suggestive of the occurrence of long-range hydrogen ordering for facilitating its flow, sets focus on in-situ investigation of the dynamic sorption processes. The synchrotron x-ray techniques seem to be poised to play a vital role in this research.

Interesting material direction is set by the promise of successful application of Na-alanates for the onboard storage of hydrogen. NaAlH4 after incorporation of Ti was found to form the reversible storage with predicted almost 6 wt.% capacity and significantly improved hydrogen cycling performance [9]. Understanding of the reversible process enabled by addition of Ti complexes needs to be yet developed: several recent reports suggest dominance of the surface catalytic effect, while others mapped the bulk lattice distortion induced by Ti- and Zr-doping, associating this with improvement of the dehydriding properties [10]. Doping scheme would there involve formation of the Na+ vacancies in the crystal lattice for acting as traps for the hydrogen atoms. Number of defects can vary with effective oxidation state of the dopant ion, which in turn may depend on its concentration. Further research could be planned for elucidation of these effects, so and study of nanostructured multilayered form of the alanate based materials and modeling of surface reactions and hydrogen diffusion processes there involved. Correlations between surface compositions and hydrogen absorption-desorption properties can be seen by the example of properties of La-Ni-Al alloy glasses [11].

Recently, potential for new storage material was also indicated in class of lithium nitrides [12]. Despite difficulty of removing hydrogen from nitrides, lithium nitride and lithium imide were reported to reversibly store wt.11.5% and wt.6.5% of hydrogen. The reversible reaction of Li3N with H2 occurs in two steps with the intermediate formation of lithium imide (Li2NH) and lithium hydride (LiH), then lithium amide (LiNH2) and LiH [12]. So far investigated powder mixtures  show promising catalytic properties of Ni, Fe, Co and TiCl3 [13]. Especially the addition of TiCl3 was found to profoundly change the kinetics of hydrogenation reaction, what allowed to avoid a irreversible formation of the ammonia (2LiNH2 -> Li2NH + NH3) and satisfactory desorption of hydrogen at substantially lowered temperatures. This particular result can be quoted for its dependence on the morphology of studied material. Hydrides formed for several phases of transition metal doped lithium nitrides were only preliminarily investigated, for example Li3FeN2  recently reported with lower absorption/ desorption temperatures than Li3N [14]. Crystal structures of several compounds, as Li-Mg-N-H, has yet not been mapped [14].  These recent results seem to form rationale for investigation of hydrogen reactivity in a wider range of nitrides for development of nitride-based hydrogen storage material.

Above text presents a few groups of lightweight metal hydrides which could bring the payoff of developing practical storage. These can form the material base for constructing novel nanostructured devices, where efficient control and optimization of the catalytic action, diffusion paths for hydrogen, defects or composition gradients in alloying synthesis could be controlled at the nano-scale for superior storage characteristics. Increase of the diffusion rates and the decrease of the required diffusion lengths will strongly influence the thermodynamics and kinetics of hydrogen adsorption and dissociation. In the synthesis part of such program, selected chemical methods of thin film deposition would provide superior film conformality, while maintaining molecular size control over the thickness of deposited layers and interfaces, and simultaneously providing high uniformity of deposition and scalability of the process. Deposition on high surface area templates, on nanostructured functional templates, and multicoating of nanopowders can be envisioned as promising. The classical experimental methods for the investigation of the electronic structure and the macroscopic properties of sample compounds would also play important complementary role in the program.
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Igor Veryovkin

While many materials scientists realize the importance and promise of studying nanoparticles being a product of nanotechnology/nanoscience, one should not forget of particles of nanometer and sub-micron scale fabricated by Nature and widely distributed in the environment, from the outer space (interstellar or planetary dust etc.) to the air we all breath (atmospheric aerosols). While the benefits of research related to the former ones are truly appreciated in the MSD, the latter ones are currently not in our focus but mostly in that of atmospheric and health sciences. Recently, the importance of studying atmospheric aerosols being the largest uncertainty in the climate change research has been realized, and the DOE Atmospheric Science Program (ASP) is being completely reprioritized to focus on: (1) uncertainties associated with the loading, distribution, and fate of atmospheric aerosols, and their chemical and microphysical properties that affect the absorption and scattering of radiation, and (2) uncertainties associated with direct and indirect effects of aerosols on radiation and cloud properties. Active research in this field is going to be conducted for a long time (decades!) because of the must to deal with the consequences of air pollution, which will likely become a matter of survival for the humankind. Health sciences are also becoming very interested in aerosols that are thought to cause many respiratory deceases. On the other hand, fine aerosols used for drug delivery could help to treat some deceases. It should be emphasized that, because of the complexity of the particulate matter, the expertise of atmospheric and health scientists is often insufficient to deal with chemical and physical properties of the aerosols. At the same time, both the useful expertise and capable instrumentation are available in the MSD. Moreover, one should notice very much in common between what is needed for the nanoscience and that for the particulates research. This is an apparent niche for us in the truly multi-disciplinary field. Both experimentalists (such as those working with electron microscopy or mass spectrometry / ultra trace analysis) and theorists could contribute here. Occupying this niche might bring MSD new DOE research funding (first funds will be available soon under ASP) as well as external funding from NASA and NIH.

Wallis Calaway

While pondering new future directions for MSD in the long term is an important exercise and while asking staff to contribute to this exercise is a rational decision, there is a fundamental question that needs to be asked first. Are we as a division looking for new direction where funding is available, or should we be identifying and pursuing the important research areas that will beneficially impact society? Below are some thoughts inspired by your memo. They probably are too general to be of much value.

If we as a division wish to pursue research in an area where funding will be growing and where funding in the long term is likely, I would suggest that we grab onto the call of our President for a manned mission to Mars. NASA has already embraced this “new vision of our Nation’s space exploration effort.” There will undoubtedly be new (and large amounts of) funding for many years to come. While much of this funding will be engineering or too applied in nature for MSD, there are fundamental problems that will need to be solved. Two areas that immediately come to mind are development of light weight materials and radiation resistant materials. The Materials Chemistry Section is already receiving funding from NASA’s science programs, but not from its materials development programs. Another new area that could be pursued is instrument development for space flights. We have also participated in a proposal with JPL to develop an instrument for detecting past life on Mars by looking for fossil remains in Martian rocks. It is unclear to me whether DOE would look favorably on this new direction, but Los Alamos has maintained a rather large space science program without impacting its relationship with DOE.

If the Division wishes to position itself to contribute to important science of the future a different tact should be taken. Certainly, one of the most important scientific issues that will confront this country over the next twenty years will be global warming and consumption of fossil fuels. However there does not appear to be the political will to face this issue and thus to fund research, at significant levels, in areas that will lead to new directions. While the new hydrogen initiative needs to be pursued by MSD, hydrogen remains a fuel not an energy source. Within the next fifty years, a combination of renewable energy and nuclear energy, in conjunction with conservation (decoupling of an individual’s standard of living from energy consumption), must replace the use of fossil fuels. Materials Science can contribute to making this conversion facile in many ways, but finding funding for such research and developing it into a program is a quest for Don Quixote.

Igor Veryovkin: Charged particle optics

 

Intense microfocused beams of charged particles key our ability to characterize and to fabricate structures with nanometer dimensions. In this scale, aberration corrected transmission electron microscopy and microprobe mass spectrometry will be the key characterization techniques, while focused charged particle beams will be the key methods of patterning and surface modification. One should recognize that the nanoscience at ANL represents only a small part of a community using charged particle optics (CPO), which includes also scientists from RIA, APS, and X-Ray free-electron laser developers. At the same time, despite of the importance and such a wide use of the CPO, significant difficulties remain in predicting the properties and controlling the shape of charged particle beams. The detailed understanding here vanishes if the beams have to be focused into a few nanometers spot, especially if this is required for atmospheric pressure conditions and with corrections of aberrations. The emerging field of nanoscience also generates new interesting problems that need to be studied from the CPO perspective, such as, for example, understanding how arrays of nanotubes would work as field emitters, and how the emitted charged particles would behave in the vicinity of such emitters. Processes influenced by space charge effects such as those in laser plasmas or in beams of multiple charged particles are rather vaguely understood too, especially when one wants to use the space charge to improve the beam focus. One can expect a strong demand on the CPO research to come up with new explanations/interpretations and solutions of the problems. Then developing a new research program at MSD to advance the CPO field will be needed. Such a program would couple significant MSD missions with ANL programs at RIA and APS, and with important DOE missions such as LCLS.

Marquis Kirk: A Future of Nanoscale Defect Studies

The study of nanoscale defects provides an understanding of mechanical, electric and magnetic properties in many materials.  However, the origin, structure and chemical nature of defects has rarely been successfully determined and related to such properties.  

In collaboration with researchers at the Universities of Oxford and Illinois we have recently pursued new quantitative methods in electron microscopy which will provide a more powerful direction for future defect studies.  Building on our experience as a leading collaboration at the highest level of defect TEM studies, taking advantage of complementary techniques locally of neutron and x-ray scattering, and employing the defect modeling capabilities at the three instituions, we can become an unequaled  center of such studies.  Applying these divisional strengths, and in collaboration with the other two institutions, we can study the defect creation mechanisms during synthesis, the defect chemistry and structure, and their influence on properties, especially of those materials of current interest to MSD.  Such studies will also utilize the future capabilities for insitu experiments in the TEAM instrument, including the interaction of defects with internal electric and magnetic fields.   

This effort could involve existing personnel in the EMC, IPNS/MSD, APS/MSD, modeling efforts in Eastman, Curtis and Oxford groups, and those MSD groups with interest in materials defects.  Recently installed state-of-the-art electron microscope facilities in the EMC, UIUC and Oxford would be utilized.  Future funding growth would of course depend on near term successful studies in materials of current interest.  

Robert Birtcher

I envision a new program utilizing the EMC’s environmental scanning electron microscope to be purchased and installed on a beam line at the MSD accelerator facility. The effort will study microstructural changes induced or enhanced by electron and/or ion beam interaction with surfaces in gaseous environments. Possible additional directions include beam-enhanced catalytic reactions and nano scale patterning and use of laser beams.

Dean Miller, Nestor Zaluzec, Bernd Kabius: A Vision for Electron Scattering at Argonne

Our vision for electron scattering plays a central role in materials science.  Our goal is to revolutionize our capabilities to study the dynamics of processes at the atomic scale.  Imagine being able to measure electronic and magnetic properties with atomic-scale resolution during polarization processes.  Consider how we can expand our understanding of nanoscale self-assembly by observing those processes with atomic resolution in three dimensions as they take place, including chemical and biological processes that occur over multiple length scales down to single molecule chemistry.  These outstanding challenges will be addressed through the development of aberration-correcting electron optics, new stages for probing and manipulating samples, and pulsed electron sources that will bring atomic-level characterization and real time dynamics to a diverse community of materials scientists who never before used electron microscopy.

The next frontier in electron microscopy is to improve our capability to study the dynamical processes important in so many materials science issues.  This requires developing the capability to probe a sample by various means (in addition to the electron probe), at high resolution, and in the desired environment.  Beyond this, we need to expand to new regimes of temporal resolution.  Aberration correction plays a critical role in increasing the space available around a sample for various types of probes, yet without compromising resolution.  Further, aberration correction allows new lens designs that can improve capabilities to study a sample in non-vacuum environments.  This allows the development of new probes that can be placed inside the microscope to study a material in different environments.  Pulsed electron sources offer the possibility to extend temporal resolution into the picosecond and femtosecond regime – an improvement of six orders of magnitude compared to present capabilities. 

The scientific opportunities are exciting.  For example, with single-atom sensitivity and temporal resolution into the microsecond regime, we will be able to follow dopant and impurity atoms as they migrate toward moving defects such as dislocations.  In magnetics, the ultrafast dynamics of magnetization exhibits complex behavior that is poorly understood.  While ultrafast switching in the picosecond regime is attractive for energy efficient, fast memory, the dynamics of polarization has not been observed. Likewise, nanoscale self-assembly and chemical processes offer fascinating opportunities for new scientific discoveries. Through imaging on these new time scales, a rich new understanding of physical processes will emerge.

In order to meet these challenges, we must build our expertise in electron optics, in stage development, especially through MEMS, and in electron sources.  Through the TEAM project, we have begun to build a strong program in electron optics.  We have initiated research into the development of high-brightness pulsed electron sources in collaboration with accelerator physicists at the APS.  Our goal is to build on these activities to develop world-leading expertise that can meet the challenges outlined above.  A critical need is the infrastructure and staff to lead these efforts, especially for growing strong programs in in situ microscopy, and resources for the development of in situ stages and sample holders.

James Jorgensen: New Science with Neutron Scattering:  Twenty Years in the Future

Looking ahead twenty year and envisioning what science will be at the forefront may, at first, seem impossible.  However, a careful look at major accomplishments of the past using neutron scattering shows that a twenty-year vision has been conceived and executed many times -- perhaps without realizing that this was what was being done.  The most important achievements occur when new experimental techniques are developed in concert with emerging science questions that can be addressed by the new techniques.  The challenge is to envision both parts of this process and coordinate the time lines.  This has been done in the past.  I offer the following illustrations:

Neutron reflectometry and its application to magnetic depth profiling of surfaces and multilayers:

Gian Felcher conceived the concepts for neutron reflectometry in about 1980 and realized at that time that the technique would be particularly useful for unique studies of magnetic systems (especially if polarized neutrons could be used) and other systems where contrast could be enhanced by isotopic substitution (e.g., H/D substitution in polymers).  The instrumentation was designed and constructed and data analysis methods were developed over the next 10 years.  The important science enabled by this new technique has come forward during the last 10-15 years.  The new technique was in place at the time it was needed to address important problems in thin-film and multi-layer magnetism.  The time-line is now almost 25 years old and laboratories all over the world are using these methods.  The impact is universally recognized.

Neutron powder diffraction, Rietveld refinement, and high-Tc superconductors:  Rietveld refinement techniques for neutron powder diffraction data were first proposed in 1969.  In the early to mid 1970s, the first diffractometer to offer truly high resolution and fully exploit this new data analysis technique was built at the ILL, Grenoble, France.  In the late 1970's the design principles for achieving high resolution and high count rates using time-of-flight techniques were developed here at ANL; and, in 1980 two dedicated instruments were put into operation at IPNS.  These instruments (and others like them at other laboratories) and analysis techniques (which depended on rapidly developing computing power for their implementation) enabled a revolution in the study of structural features using powder diffraction data.  The eventual importance is best illustrated by the large amount of important work on high Tc superconductors done in the late 1980s and through the 1990s.  This time line is now 30 years long.  The most important results appeared about 20 years after the key technique developments.  This example differs from the previous one in that there were many contributors.  However, the key contributions were made by those who recognized the potential of new experimental methods for addressing emerging science problems.  

I can think of other important examples of this principle, such as the development of deep inelastic scattering techniques and application to quantum liquids and solids, the development of polarized neutron techniques and applications to magnetic systems, etc.  In every case, the time line for full realization of the science is about 20 years and the most important achievements are realized when a vision of the desired science drives the technique development in concert with the emerging science.

In our group, we give priority to activities that follow this model.  I believe we are now beginning work on some areas of instrumentation development and emerging science that have potential similar to these two examples and that the time lines for full impact of the research achievements will be about 20 years.  Here are three examples:

Diffuse neutron scattering and its application to nano scale charge, spin, and orbital ordering phenomena:  Recent work on systems such as high-Tc superconductors and magnetoresistive materials has highlighted the need to understand how nano scale ordering phenomena driven by the underlying physics controls macroscopic behavior.  However, instrumentation for the study of diffuse scattering is relatively slow and tedious to use.  The same scientists involved in this research have now conceived new experimental methods for diffuse neutron scattering.  These methods will be tested at IPNS and a full instrument will be proposed for the SNS.  This new capability will likely not be available until 2010 or later.  I predict an explosion in science related to nano scale self organization of charge, spin, and structural features beginning in about 2010 and extending for 10-15 years.

SERGIS and the science of membranes:  In a similar way, the new technique of Spin-Echo Resolved Grazing Incidence Scattering (SERGIS) will not be fully available until after 2010, when a new instrument will exist at the SNS.  This technique will enable the study of systems such as single biological membranes -- clearly, an area of science ripe for exploration .  

Momentum-resolved spectroscopies and the science of quantum critical phenomena:  The study of quantum critical phenomena, presently identified as one of the grand challenges of condensed matter physics, requires the use of multiple momentum resolved scattering techniques.  ARPES, whose rapid development has been motivated by the physics of high-Tc superconductors, is in place, but is still undergoing important development.  SNS will enable new capabilities in neutron inelastic scattering by about 2010.  This 20-year time line has already started.  The successful players will be those who can optimally integrate targeted materials preparation, scattering, and theory.  No one is better equipped to dominate

Gian Felcher and Suzanne te Velthuis: Neutron Microscopy

Premise

Neutrons have been heralded as an optimal probe to study the chemical composition, the magnetism and the dynamics of materials. The problem is that the neutron fluxes available up to now have been low: at the “Intense Pulsed Neutron Source” (IPNS) the retrieved information at best needs to be averaged  over  a sample area that is no smaller than 0.1x0.1 mm. If it were possible to focus the beam over a sample area of 10-5x10-5 mm (10x10nm) neutrons can be used to study the structure of nanomaterials piecemeal rather than in a statistical way. Is it possible to think of a neutron source that has an effective flux 108 times that of IPNS?

Neutron sources

Neutrons are produced by nuclear reactions in a target/moderator  assembly, from which  they exit with  a flight path open to a 4 angular distribution. Their velocity (wavelength) has a Maxwellian distribution. Traditionally, the sources were operating in a steady state and to obtain analytically valid results only one wavelength was utilized, while the others were tossed away. Jack Carpenter proposed to create pulsed sources, from which one can utilize all wavelengths by means of time of flight. Thus a spallation neutron source, operating at the same average power of a reactor, is ~103 times more efficient. This is the accomplishment of the last decade, crowned with the SNS facility in Oak Ridge (this has a flux ~102 times IPNS).

Still, the solid angle as seen by all instruments in a source does not exceed 10-5 times the 4 angular distribution. If neutrons were produced as directed beams, this factor would be closer to one, and neutron microscopy “off the shelf” becomes a tantalizing possibility even with a SNS flux. It is worthwhile to watch the developments that may make these effective fluxes possible and in the meantime to make ready the technology to improve the utilization of any available neutron flux.

Neutron microscopy

Technology: The focussing of the source light on the sample is achieved through the construction of an optical line, consisting of the assembly of certain optical elements. An adequate study should be made of the technology already available (refractive lenses, magnetic focussing, spin-echo tagging) and of the possible advances that are likely to provide a rich return.

Science: The ultimate returns of a source, that effectively has a flux 106 times that of SNS are mind-boggling. The structure/magnetism  of a single dot can be obtained for a nanostructured system. The dynamics of a single domain can be followed, as that of a single string of DNA or of a fluxoid lattice. The structure of composite or modulated systems can be sorted out, up to explaining in detail the role of the interfaces.



