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Shining light on oxidation mechanisms: In situ x-ray measurements at the Advanced Photon Source have resolved a long-standing debate concerning the oxidation mechanisms of metallic alloys. By monitoring the temperature-dependent development of compressive growth stresses as oxides nucleate and grow, it was demonstrated that significant new growth occurs within the existing oxide, rather than only at the oxide-atmosphere or oxide-metal interfaces.  Moreover, the oxide layer was seen to mechanically deform in response to the growth stresses that develop as oxidation proceeds.  Additional strain and deformation were observed when temperature-dependent structural phase transitions occur in the oxide.  These studies show that the strain state in the oxide is determined by the interaction of growth stresses and by plastic flow, which provides strain relief.  In situ measurements at oxidation temperatures are required to distinguish between different contributions to the overall strain. The insights from these studies will impact the development of new materials with improved high temperature protective oxide coatings, which would benefit applications such as turbine blades for aircraft and land based energy generation systems.

Contact:  Boyd Veal veal@anl.gov
Bringing nanostructures into sharper focus.  A new design of electron microscope has been developed that can revolutionize how we study not only today’s state-of-the-art electronic, magnetic, and photonic devices, but also those of tomorrow. This new instrument, the Scanning Confocal Electron Microscope (SCEM) provides large fields of view and nanometer scale spatial resolution.  These capabilities allow easy imaging of buried features of sub-micron size in these complex materials with resolution not attainable in presently available techniques. Moreover, the SCEM functions as much as 100 times faster than present approaches and can be made widely available.  The SCEM can be constructed and operated at a small fraction of the cost, located in a conventional laboratory setting, and operated by a single researcher. The SCEM is the first US Government patented electron microscope design in 25 years and represents an innovative and cost effective alternative to present methods for characterization of non-optically transparent engineered microelectronics.

Contact: Nestor Zaluzec zaluzec@aaem.amc.anl.gov

Novel Synthesis of Shaped-Controlled Nanostructures
Fabrications of various nanostructures such as nanowires and nanodots play a central role in nanoscale science and technology. We developed a novel kinetic electrodeposition process to self-assemble a plethora of controlled-shape nanostructures on flat surfaces.  The technique is based on applying an electric field to reduce ions onto graphite substrates immersed in an aqueous solution. The applied voltage changes the shape of a nanoparticle due to its shape-dependent chemical potential. We have succeeded in growing a large variety of voltage-controlled shaped-nanostructures such as cubes, pyramids, pentagons, hexagons, nanowires and snowflake patterns in classic physical systems of superconductors (Pb) and ferromagnets (Co) as well as in emerging application systems such as catalytic silver and hydrogen sensing palladium. These unique nanostructures provide a new theater to explore shape-effect on quantum confinement and present new opportunities for novel nanoelectronic applications.

Contact: Zhili Xiao xiao@anl.gov, Wai Kwok wkwok@anl.gov
Imaging magnetic domain structures of future spintronic materials 

A new collaboration between Notre Dame University and Argonne National Laboratory has succeeded in directly visualizing the magnetic domain structure of the magnetic semiconductor Ga1-xMnxAs using a high-resolution magneto-optical imaging technique developed at Argonne.  This material is among the most promising candidates for bringing a new paradigm of information processing and storage technology based on the spin of the electrons (spintronics) to realization.  The images reveal the existence of large magnetic domains with well-defined magnetization directions.  This result is significant, since operation of spin-based electronic devices require uniform and precisely controlled magnetic structures.

Contact: Ulrich Welp welp@anl.gov, Vitalii Vlasko-Vlasov vlasko-vlasov@anl.gov
Modulated gas-fluidized bed reactors

Gas-fluidized bed reactors are widely used in industry for catalysis, combustion and other applications. In most industrial realizations, a reactor consists of a vertical column containing a layer of granular material of some kind (e.g. catalyst) energized by the flow of a gas or liquid pumped through the bottom. A so-called uniform fluidization, the most desirable regime for all industrial application is often prone to bubbling instability: bubbles of clear fluid created at the bottom of the column traverse the granular layer and destroy the uniformity of the granular/fluid mixture.  A collaboration of researchers at Argonne National Laboratory has developed a new method for dramatically improving the efficiency of fluidized bed reactors. For the first time, it was demonstrated that controlled and systematic modulation of air flow can be an alternative and more effective way of imparting vibrations on the particles in the bulk of the bed reactors.  The flow modulation leads to effective suppression of bubbling, dramatic improvement of fluidization, and consequently, to significant energy and raw materials savings. 

Contact: Igor Aronson aronson@msd.anl.gov, Wai Kwok, wkwok@anl.gov
New Path to High Temperature Superconductivity Revealed

The discovery of 40 Kelvin superconductivity in Magnesium Diboride, a compound made of just two light elements has ignited new interest in the fundamental physics of superconducting technology.  Argonne Scientists used the Intense Pulsed Neutron Source to establish that the high superconducting temperature could be explained by the same coupling between electrons and lattice vibrations, or phonons, that occurs in conventional superconductors.  The light boron atoms vibrating at high frequencies play a major role in the superconductivity of this material.  By measuring the change in the superconducting transition temperature caused by different isotopic masses of Mg and B, researchers could show that the magnesium atoms only play a minor role.  Furthermore, using a specially designed cryogenic Scanning Tunneling Microscope capable of probing electrons at the atomic level, Argonne Scientists have unambiguously identified a novel two-band feature in this compound unlike any known superconductor.  The two-band feature is analogous to having two different superconductors in one compound and coupled with the electron-phonon mechanism, may provide a new recipe for producing high transition temperatures.  The remarkable discovery of two-band superconductivity in MgB2 suggests that other simple binary compounds await to be discovered with perhaps even higher transition temperatures.

Contact: Wai Kwok, wkwok@anl.gov
Dynamic Self-Assembly and Pattern Formation of Microparticles

The progression toward smaller and smaller electrical and mechanical components presents tremendous challenges to engineers and scientists as they strive to create devices on scales measured in microns and nanometers. One solution may be to develop materials that automatically arrange themselves in useful patterns. A collaboration of researchers at Argonne National Laboratory has developed a new method for encouraging microscopic particles to self assemble into a series of desired complex patterns. The technique is inspired by the patterns formed in shaken mixtures of much larger granular materials. It was demonstrated for the first time that a large ensemble of metallic microparticles immersed in a poorly conducting liquid self-assemble into a rich variety of novel phases in the presence of a strong electric field.  These phases include static honeycombs and two-dimensional crystals, in addition to spontaneous dynamic rotating vortices and pulsating rings. Direct electrostatic excitation of small particles offers unique new opportunities compared to traditional techniques of self-assembly driven by thermodynamic forces. It enables one to handle extremely fine nonmagnetic and magnetic powders that are not easily controlled by other means and adds a new control knob to produce novel patterns that are typically not accessible in equilibrium.  

Contact: Igor Aronson aronson@msd.anl.gov, Wai Kwok, wkwok@anl.gov
Telling Left from Right

When light shines on a material, electrons are emitted.  This is the famous photoelectric effect that Einstein explained in his Nobel prize-winning work.  The modern successor of this technique is angle resolved photoemission spectroscopy (ARPES), one of the most powerful probes of electronic properties of materials.  Argonne scientists developed an innovative form of ARPES using circularly polarized light to probe the symmetry of a mysterious pseudogap state displaying both resistive conductivity and a superconducting-like energy gap.  This puzzling state is a precursor to the unconventional high temperature superconductivity of the copper oxide materials and is thought to be a key piece to the puzzle of its origin.   The startling result of the new ARPES experiment is that the number of electrons emitted in the pseudogap state under the influence of circular polarized light is unequal for left and right polarization.   The normal state symmetry between left and right is broken by the pseudogap state.  This experiment shows that the psuedogap state is a fundamentally new phase obeying different symmetry than the metallic states of conventional materials.   This new insight provides not only a window on the mystifying behavior of superconductivity in the copper oxide metals but also a pointer to the subtle surprises that these fascinating materials hold for the future.  

Contact: Juan-Carlos Campuzano campuzano@anl.gov, Michael Norman norman@anl.gov
Oxides pave a path toward spin-electronics  

X-ray scattering studies of a class of magnetic oxides known as CMR manganites have shown that slow-moving distortions of the crystal lattice can confine electrons into nanometer-sized regions.  When the spins on the magnetic atoms align parallel, the distortions vanish, freeing spin-polarized carriers to conduct electricity.  The discovery of these nanoscale structural and electronic features provides an important step on the road toward spin-electronics, or "spintronics."  Spintronics is a future-looking electronics based on exploiting the spin of an electron as well as its charge.  Successful spintronic materials will require the spins of the current-carrying electrons to be aligned parallel.  With a high degree of such spin polarization, CMR manganites are promising candidates to fit this bill.  

Contacts:  R. Osborn, S. Rosenkranz, J. Mitchell  mitchell@anl.gov
Nanomagnetism:  Seeing and controlling a few spins

Utilizing magnetism on the nano length scale requires an understanding of what the spins (the magnetic moments) on individual atoms are doing in response to materials properties and external stimuli.  Neutron scattering techniques in which neutrons are scattered from magnetic systems at grazing angles are being used to understand these systems.  In recent achievements, these methods have been used to understand the so-called spin flop transition where spins pointing alternating directions (called antiferromagnetic ordering) are forced by an external magnetic field to all point the same way (ferromagnetic ordering).  It has been learned that the transition from one configuration to the other occurs in a surprising way.  Rather than the "down-pointing" spins just switching to be like the "up-pointing" spins, all the spins first "flop" into nearly horizontal directions, from which they continuously turn as a group into the up direction.  In other experiments, scientists are learning how roughness of the surface can have a remarkable effect on the magnetism in very thin layers.  Such surprises about how spins behave in nano-dimensioned systems are becoming part of the knowledge base that will enable the design of nanoscale magnetic devices.

Contact:  Suzanne te Velthuis tevelthuis@anl.gov
Order in disorder

Amorphous or glassy materials are defined by the absence of crystalline long-range ordering of the atoms, although they possess short-range order on the length scale of the nearest neighbor atoms.  Understanding the intermediate-range order in these materials has proved to be a vexing problem in understanding their structures.  A feature observed at low momentum transfer in the total structure factor of glasses and melts measured by neutron scattering is a characteristic signature of the order, but the specific origin of the feature has remained in dispute.  Crystal engineering principles have now been used to design intermediate-range order in a series of amorphous templated copper zinc chloride materials. Various molecular templates were selected to create voids of specific size and pattern in the metal halide frameworks.  The resulting correlations between interplanar spacings in the crystal and peaks established unequivocally the connection between the order and the template pattern. The ability to design order into amorphous structures is anticipated to lead to tailoring of specific optical, electronic and mechanical properties in these types of materials. 

Contacts: Lennox Iton <iton@anl.gov>, J. D. Martin, (North Carolina State U)

Directing Nanoscale Organization with Proteins

Control of self-assembly in soft materials holds the key to the fabrication of inexpensive, nanoscale devices. One of the primary goals of nanoscience is, in fact, to create functional devices such as sensors, light-driven motors and photovoltaics through self-assembly by simply mixing the molecular components in a beaker. Recently, we have found a way in which to direct and tune the structure of self-assembled materials (complex fluids) by the controlled addition of certain water-soluble proteins. Since structural control on the nanometer length scale is essential for regulating the functional properties of protein-based materials, this work represents a critical first step in harnessing natural systems for both functional and structural control. 
Contact: Millie Firestone  firestone@anlchm.chm.anl.gov
Self-assembly of nanocrystals in action

Self-assembly is an important process nature adopts to form much of the physical world around us. Self-assembling chemically synthesized monodispersed colloidal nanocrystals provide a simple model system to mimic this process. However, even for the simplest case of drying a nanocrystal colloidal droplet, many different super-structures can be formed, presumably due to different experimental conditions. An in situ x-ray scattering technique was used to study the formation of highly ordered nanocrystal superlattice monolayer in liquid film.  The results have shown that kinetic effects can play an important role in deciding the structure of the superlattices. Assembling of nanocrystal occurs preferentially at the liquid-air interface under the fast initial evaporation condition, and undergoes a transition from three dimensional aggregates to two dimensional nanocrystal superlattices. This is in sharp contrast with the traditional notion that self-assembling process occurs only on the liquid-substrate interface. These have led to new insights on how to build nanostructured materials from the bottom up for photonic, optical, and electronic applications. 

Contacts: Xiao-Min Lin xmlin@anl.gov, Suresh Narayanan, Jin Wang (APS)

Photoluminescent cables through self-assembly

Chemical self-assembly is used to create light emitting cables that are micrometers in diameter and can be used as display devices or sensing equipments. This remarkable process is based on block copolymer materials.  One segment of the polymer chain consisted of a photoluminescent and oil-like block while the other segment was a water-like block.  In organic solvent the self-assembly process of the polymer is triggered by the water content of the solution.  With about 10% water, the oil-like blocks grouped together to form nanofibers with photoluminescent inner cores around 10 nm in diameter.  When water content was increased to about 20%, the water-like outer shells swelled and forced the randomly oriented nanofibers to align.  The self-aligned nanofibers form fiber bundles a few micrometers in diameter.  These fiber bundles were observed directly with a fluorescence microscope.  This simple process demonstrates the use of weak forces to build nano-structured materials for interesting photonic applications. 

Contact: Hau Wang hau.wang@anl.gov
Diamond Biosensors  

In order to function, biosensors must utilize functionalized surfaces on which molecular recognition units are robustly attached, and the degree of adsorption of non-targeted molecules must also be low enough so that the sensor can have sufficient sensitivity. The demonstration of robust, stable, functionalization of ultrananocrystalline diamond (UNCD) surfaces and the selective adsorption of complementary analytes onto these surfaces, represents a fundamental advance that sits at the cross-roads of nanoscience, microbiology, and chemistry. This work should enable the development of a whole new generation of biosensors with unprecedented sensitivity and reliability. The combination of the ability to covalently attach DNA or proteins on UNCD surfaces with the ability to fabricate UNCD microelectromechanical systems (MEMS) devices, to either gravimetrically or electrochemically detect bioterror pathogens (such as Bacillus anthracis and its spores), may in fact make it possible to build lightweight biosensors that could, in principle, work in real-time. 

Contact: John Carlisle carlisle@anl.gov, Dieter Gruen, Orlando Auciello

Nanoporous Catalytic Membranes

Nanoporous catalytic materials, predominantly in the form of zeolites, have gained wide acceptance as industrial catalysts for oil refining, petrochemistry, and organic synthesis, particularly for molecules with kinetic diameters below 1 nm.  We have demonstrated a new, flexible, facile route to the synthesis of ultra-uniform heterogeneous catalytic membranes.  These materials are membranes rather than the conventional powders offering unique catalyst environments which: 1) provide larger pores than conventional mesoporous materials (for containing large clusters or arrays of catalyst sites, for efficient in-diffusion of large/elaborate molecular precursors or feedstock molecules, and for out-diffusion of large/elaborate product molecules), 2) permit tailoring of channel size and wall composition in an atomic layer by atomic layer fashion (including tailoring the pore wall surface hydrophobic, or hydrophilic nature), 3) constrain catalyst mobility, thus hindering agglomeration, 4) control flow of reagents in and out of the catalyst.  

Contact: Mike Pellin pellin@anl.gov, Peter Stair (NU), Hau Wang, John Elam

World Leading Trace Analysis

From Leeuwenhoek’s microscope to the Hubble Space Telescope breakthroughs in measurement science have led to dramatic and often unanticipated scientific breakthroughs.  Continuing development under the auspices of OS-BES has led to a Secondary Neutral Mass Spectrometer (SNMS) capable of sub part per trillion analyses on samples containing as few as 10 atoms of interest.  This combination of sensitivity and discrimination is several orders of magnitude better than any other instrument.  It allows for the first time quantitative trace analytical measurements of nanomaterials, airborne particulates, and next generation semiconductor devices.  It is being used to investigate phenomena ranging from the detailed workings of stars to the oxidation of molten Al.

Contact:  Mike Pellin  pellin@anl.gov









