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	b.  Publications

Members of the group published twenty-two articles in peer-reviewed journals, including one in Nature Physics, six in Physical Review Letters, nine in Physical Review B, and one in the Journal of Applied Physics.

c.  Purpose

The Neutron and X-ray Scattering group pursues several important objectives in its work:

· The primary goal is to ensure that the Materials Science Division can conduct strong multidisciplinary research programs that are only possible if neutron and x-ray scattering capabilities are combined with other experimental techniques.  Members of the group play lead roles in several of these programs.

· We initiate new research programs that anticipate the science that will be fully enabled by the Spallation Neutron Source (SNS) at ORNL and to build these programs to world-class strength by the time the SNS instruments becomes fully operational. This activity will expand the use of neutron scattering in the US into areas that are presently under-served or not served at all.

· We help to prepare the US science community to fully utilize the SNS by pursuing active collaborations with university research groups and training young scientists in neutron scattering techniques.  Our group sponsors and helps direct the two-week long National School of Neutron and X-ray Scattering each summer at Argonne. 

· Members of the group are involved in the development of SNS instrumentation.  This includes the development of ideas for new instrument concepts, frequent service on SNS advisory panels and DOE reviews, active membership in SNS Instrument Development Teams, and collaboration with SNS instrument scientists.   

· We are also active in developing new x-ray scattering instrumentation and techniques for use at the Advanced Photon Source. 

· Scientists in the group utilize instruments at the Intense Pulsed Neutron Source (IPNS) for their own science and in collaboration with other users.
e.  Approach

R. Osborn (100%), G. P. Felcher (100%), U. Perez-Salas (100%), S. Rosenkranz (100%), S. G. E. te Velthuis (100%), S. Ancona (Postdoc, 100%), O. Chmaissem (STA with Northern Illinois University, 25%), B. Dabrowski (STA with Northern Illinois University, 25%); 

In addition to the ongoing programs in:

· Orbital Correlations, Frustration, and Self Organization

· Magnetic Behavior in Constrained Geometries

· Complex Oxides with Important Transport, Magnetic, or Dielectric Properties

we have started a new program in Biological and Polymeric Membranes described below.  

We continue to develop two instrument proposals for the SNS:

· Spin-Echo Resolved Grazing-Incidence Scattering (SERGIS) at the SNS
· Diffuse Scattering Diffractometer at the SNS

We continue to sponsor and help direct the National School of Neutron and X-ray Scattering each summer.

Biological and Polymeric Membranes

We are starting a new program in biological membranes. Biological cell membranes, from the cell's outer wall to the enclosing boundary of the different organelles in the cell, are highly selective barriers. Membranes are predominantly impermeable lipid bilayers and their selectivity comes principally from the specific membrane proteins embedded in and spanning the lipid bilayer. These membrane proteins form complexes that control transport through the lipid bilayer and are responsible for most of the communication between intracellular compartments and between the cell and its environment. Understanding the structure of these complexes has been the focus of intense research. However it is clear that lipid composition and other associated membrane components, like cholesterol, also provide the membrane with specific structural characteristics that enable their function. This is evident from the range of topologies found in cell membranes: some are folded and form a stacked system while others remain extended. Mixed lipid solutions have the potential to be robust model biomimetic systems that will shed light on the structural differences found in biological membranes.

Even though in-plane membrane structural information down to approximately 200nm could be extracted by existing neutron and xray scattering techniques, having access to shorter length scales is essential. The development of spin-echo-resolved methods, such as SERGIS, within our group will improve the spatial resolution by nearly an order-of-magnitude which would have a significant impact in our understanding of in-plane organization and structure in cell membranes.

f.  Technical Progress

The following highlights illustrate the breadth of our progress in the present research areas during the last year.

Orbital Correlations, Frustration, and Self Organization

Charge/Orbital Order in Bilayer Manganites: In conjunction with the Emerging Materials group (58916), we have performed detailed studies of the charge and orbital order at close to 50 and 60% doping in the bilayer manganites, using samples that had been well characterized by transport measurements.  Neutron and X-ray results indicate that the true ground states of samples with 50 and 60% hole-dopings are the charge/orbitally ordered phase. The reentrant behavior commonly reported for these doping levels, in which A-type antiferromagnetism destroys the charge and orbital order at low temperature, is due to sample inhomogeneities, leading to small deviations of the stoichiometry.

Competing order in La1-xSrxCoO3: Diffuse neutron scattering studies revealed the formation of short range, incommensurate spin correlations competing with the ferromagnetic order associated with the metallic state. The incommensurate wavevector increases continuously with doping, with the intensity of the IC correlations increasing in the insulating phase with doping, but dropping in the metallic state. This IC order is likely to result from correlations between local Co3+-Co4+ clusters in the form of short-range stripes.
Spin glass order in PrAu2Si2 induced by dynamic frustration:   PrAu2Si2 is a stoichiometric compound with a well-ordered crystal structure, so it is extremely surprising that it shows all the characteristics of a spin glass. We have performed inelastic neutron scattering measurements of the crystal field excitations, which show that PrAu2Si2 has a singlet ground state and that the exchange coupling is very close to the critical value to induce magnetic order. We have proposed that fluctuations of the crystal field levels are enough to destabilize the induced moments and prevent phase-coherent long-range order, and that spin glass freezing results from this dynamic frustration rather than any intrinsic static disorder.  This represents a new mechanism for producing a frustrated ground state, involving neither static disorder nor a geometrically frustrated lattice.
Magnetic Behavior in Constrained Geometries

Ferromagnetic/superconducting superlattices: Superlattices composed of alternating ferromagnetic and superconducting layers offer the possibility to study the competition between superconductivity and magnetism on the nanometer scale. In collaboration with Jacobo Santamaria (Universidad Complutense, Madrid, Spain) and Axel Hoffmann (Magnetic Thin Films Group, 58918), we studied superlattices of superconducting YBa2Cu3O7 layers spaced by ferromagnetic La0.7Ca0.3MnO3. With polarized neutron reflectometry (PNR), we have found reductions of the magnetization at the interfaces correlated to charge transfer. Variations in coercive fields across manganite layers lead to antiparallel alignment of the ferromagnetic layers, which is correlated with a large magnetoresistance below the superconducting temperature of YBa2Cu3O7. For very thick YBa2Cu3O7 layers the magnetoresistance and variation in coercive fields disappears, but as the differences in magnetization do not, there is evidence for coupling between the manganite layers.
Digitally layered oxides: We are collaborating with Anand Bhattacharya (Magnetic Thin Films Group, 58502 and 58920) on the study of the role of disorder in digitally synthesized complex oxide films. Using PNR, we have obtained exciting preliminary results on digitally layered LaMnO3/SrMnO3 superlattices, that in overall composition, are the same as the ferromagnetic random alloy La0.67Sr0.33MnO3. For relatively thick layers, where the average electronic behavior of the system is no longer consistent with that of a random alloy, PNR shows that the magnetization is modulated within the superlattice in an unexpected way. It is not solely localized at the interfaces nor is it commensurate with the periodic structure of the superlattices.

Complex Oxides with Important Transport, Magnetic, or Dielectric Properties

In collaboration with B. Dabrowski and O. Chmaissem (Northern Illinois Univ.), the design rules we previously developed were applied to guide the synthesis of entirely new perovskite compounds with interesting magneto-transport properties and extend the stability ranges of known compounds for advancement of fundamental understanding of the relationships between physical properties and internal structural parameters. For example, Ba-substituted La1-xSrxMnO3 materials have been synthesized and found to display exciting phase competition and interplay between ferromagnetic, antiferromagnetic and orbital and charge ordered properties.  The complete series allowed us to describe and model the behavior of the ferromagnetic or antiferromagnetic ordering temperatures in terms of ionic size, size variance, strains and other structural parameter effects. Materials research on strongly correlated transition metal perovskites with atomically organized local structures provided highly accurate data upon which comprehensive theoretical insights can be pursued.
Single Crystal Diffuse Scattering at the SNS and APS

The modification of the CHEX beamline at the IPNS for installation of the prototype correlation chopper diffractometer is nearly complete. The secondary detector flight path is installed and the data acquisition system is being assembled. The complete linear position-sensitive detector system has been assembled, tested and calibrated with assistance from the Spallation Neutron Source detector group. 

In our continuing development of the use of high-energy x-rays for diffuse scattering, using APS beamlines on sector 1 and 11, we have performed the first studies of the time-dependence of the X-ray induced diffuse scattering in CuIr2S4.

Spin-Echo Resolved Grazing-Incidence Scattering (SERGIS)

Our analysis of measurements of self-assembled porous membranes and ensembles of polystyrene droplets on a silicon surface performed on the prototype SERGIS instrument at the Institut Laue-Langevin (ILL) in Grenoble have confirmed the strengths of the SERGIS method. The recorded intensities are naturally recast in the form of a real space correlation function, which is the best method of studying imperfectly ordered assemblies. In collaboration with Roger Pynn of Indiana University, we have tested novel spin-echo elements, such as solid-state neutron spin rotators and white beam flippers, that would optimize the operation of SERGIS at a white beam pulsed facility such as the SNS. A Letter of Intent presenting the preliminary design criteria for building a SERGIS instrument has been submitted and presented  to the SNS Neutron Scattering Science Advisory Committee.
National School of Neutron and X-ray Scattering

There were 125 applicants to the National School of Neutron and X-ray Scattering held at Argonne in the summer of 2006.  We could only accommodate 60 students, who performed four experiments chosen from the sixteen that were offered.  The feedback from the students was once again extremely positive.  We regularly get applications from former students for post-doctoral appointments.

g.  Future Accomplishments  

Orbital Correlations, Frustration, and Self Organization
Orbital Frustration in Transition Metal Compounds:  One of the themes that we are exploring is the way that competing interactions with different length scales produce extended defect structures, with a morphology that is determined by the competition. Systems dominated by short-range repulsion tend to produce Wigner lattices, whereas those dominated by long-range interactions tend to phase-segregate, or form micro-emulsions. However, when the interactions are delicately balanced, as they are in many transition metal oxides, systems tend to form other intermediate phases, involving short-range stripe or ladder formation. We propose to study this behavior by measuring single crystal diffuse scattering in orbitally frustrated systems using new instrumentation under development at the IPNS and eventually the SNS.  

For example, in collaboration with the Emerging Materials Group (58916), we will study the transition from an orbital solid to an orbital liquid in single crystals of thiospinels, such as MnSc2S4 and FeSc2S4 by the use of diffuse x-ray scattering. We also propose to measure the suppression of spin ladder formation in the orbitally ordered system La4Ru2O10 by doping with orbitally inactive transition metal ions, such as zirconium. The length scale of the resulting defect structures will help to determine the balance between long-range strain and local orbital and magnetic exchange interactions in stabilizing the orbitally ordered state.  

Dynamic Frustration in Singlet Ground State System: Following our observation of dynamic frustration in praseodymium systems with singlet ground states close to an induced moment instability, we will perform measurements to confirm that spin glass freezing results from the “avoided criticality” produced by magnetic fluctuations. Polarized neutron scattering measurements are planned to determine if there is a “central” peak associated with the spin glass transition.  Single crystals of PrAu2(Si,Ge)2 will be grown to allow detailed measurements of the correlation length of this central peak as a function of temperature and composition.
Magnetic Behavior in Constrained Geometries

The basis for understanding magnetism in thin films and multilayers lies in understanding how the macroscopic phenomena such as magnetization and magnetoresistance are related to the physical properties such as magnetic anisotropy and coupling. We will use polarized neutron reflectometry and scattering at grazing incidence, principally exploiting the reflectometer POSY1 at the IPNS, in order to probe this magnetic structure within each layer of the film, at interfaces, and within individual domains. The unique capabilities of POSY1, including the three-directional XYZ magnet and a wide angle polarization analyzer, provide exceptional flexibility in the types of possible measurements.

Complex oxide superlattices: High quality superlattices consisting of complex oxide materials are proving to be a promising class of materials showing a wide range of interesting phenomena. Due to the wide range of physical properties that these oxides can have, (e.g., ferromagnetism, antiferromagnetism, superconductivity), some of which can be varied by doping, the versatility in their applications is large. We will study phenomena such as exchange bias, exchange coupling, and interactions between ferromagnets and superconductors, for various systems with polarized neutron reflectometry. Unlike metallic systems, the chemical or electronic composition of complex oxides can change close to the interface, thereby influencing the physical properties. Such phenomena have already been observed for various manganite films. In order to determine whether or not these variations are inherent to the complex oxide materials used or simply growth-related, it is important to do detailed measurements of the magnetic, electronic, and chemical properties close to these interfaces. We will continue to collaborate with Jacobo Santamaria (Universidad Complutense, Madrid, Spain) and Axel Hoffmann (Magnetic Thin Films Group (58918)), in the study of superconducting YBa2Cu3O7/ferromagnetic La0.7Ca0.3MnO3 superlattices and expand our new collaboration with Anand Bhattacharya (Magnetic Thin Films Group, 58502 and 58920) in the study of digitally layered oxides.

Complex Oxides with Important Transport, Magnetic, or Dielectric Properties

We will continue to systematically pursue our studies of complex oxides with promising transport (ionic or electronic), magnetic or multiferroic properties. Owing to their unusual chemical versatility and structural adaptability, complex oxides can be designed to attain unique characteristics through selection of the ionic sizes, fractions and valences, their spin states and orbital orderings, as well as the oxygen content and vacancy ordering. Our program has three facets.  First, we will continue to develop methods for making desired compositions with cation/oxygen ordered structures that are beyond what has been previously explored.  This will include extending our "design rules" to the multi-component compounds and the high-pressure regime.  Second, we will determine how these compositional and structural variables control physical behavior.  Third, we will then attempt the synthesis of new materials with desired properties.  Some examples of our objectives are:

· Mixed conductors that have increased ionic and electronic conductivity and enhanced stability in high-temperature environments over a wide range of oxygen partial pressures.

· High-temperature half-metallic magnetic materials.

· Multiferroic materials in which ferromagnetism coexists with ferroelectric behavior.
· Novel compounds with unusual ground states arising from competing magnetic, superconducting, and ferroelectric interactions.
· Colossal magnetoresistive materials in which the temperature of the maximum CMR effect is tuned to room temperature.
Biological and Polymeric Membranes

Research will focus on investigating the physical properties of biological membranes and obtaining structure information of in-plane membrane domains using solutions of lipid mixtures with and without membrane proteins (bacteriorhodopsin initially) as model systems. Membrane proteins, lipid composition and other associated membrane components, like cholesterol, give a membrane not only its functional specificity, but also lead to specific structural characteristics that enable a particular membrane’s function. These structural variations are evident from the range of membrane topologies found in cells: some are folded to form a stacked system while others remain extended. Further, locally, these membranes are not uniform or static. For example, local changes are needed to form or incorporate (fuse) vesicles which are small, spherical, membrane-enclosed compartments responsible for transporting compounds inside and in and out of the cell. Or rafts, which are possibly small domains of associated protein and lipid components embedded in the native membrane.

To investigate these systems, we will combine small angle neutron scattering with the new spin-echo-resolved methods, using instruments being developed at Los Alamos and the FRM-II reactor in Germany, which should improve the spatial resolution by nearly an order of magnitude.

Spin-Echo Resolved Grazing-Incidence Scattering (SERGIS)

We will continue to develop the new neutron scattering technique, Spin-Echo Resolved Grazing-Incidence Scattering (SERGIS), which couples grazing-incidence small-angle-scattering with spin echo encoding to provide a picture of the structure of rough surfaces and interfaces. The type and range of scientific problems that can profitably be addressed with SERGIS are still under investigation, but they include the structure of films with rough surfaces or structural and/or chemical inhomogeneity, e.g., surface landscapes that display islands, facets, self-affine roughness, and capillary waves. Most importantly, SERGIS may have a major role in studying the structure of biomembranes. 

Experience gained from the prototype that we built at the Institut Laue-Langevin (ILL) in Grenoble, France, has encouraged us to proceed with the design of a SERGIS instrument at a pulsed neutron source.  With the positive response so far received from the Neutron Scattering Science Advisory Committee of Oak Ridge National Laboratory, we are preparing to submit a full proposal for building a SERGIS instrument at the SNS in collaboration with Roger Pynn (University of Indiana). Once the project is approved and funded, we expect to play a guiding role in the development of the instrument and a leading role in the instrument development team. 
Diffuse Scattering Instrumentation at the SNS and APS

A major focus of our research is the development of both neutron and x-ray instrumentation to provide much more powerful probes of nanoscale disorder in crystalline materials. We are developing a novel technique to allow measurements of neutron diffuse scattering in single crystals that can discriminate elastic from inelastic processes while preserving the efficiency of white-beam Laue diffraction.  It achieves this by using a statistical chopper and the cross-correlation method. After receiving the positive recommendation of the SNS Experimental Facilities Advisory Committee, we are submitting a full instrument proposal to the SNS to be funded through the SING-II project. 

Following commissioning of the prototype correlation chopper instrument at IPNS, with standard samples that test the effectiveness of the energy discrimination, such as vanadium and PrAl3, we will measure single crystal diffuse scattering in systems with strong well-characterized disorder, such as yttria-stabilized zirconia, before proceeding to samples of greater current scientific interest, in which energy discrimination is vital.  These measurements will guide the detailed design of the SNS instrument, in which we will play an active role.  At APS, we will perform tests of new fast area detectors in order to increase the dynamic range of diffuse scattering measurements.  

National School of Neutron and X-ray Scattering

For the last eight years, Argonne has operated a two-week long summer school on neutron and x-ray scattering for US graduate students. It includes both classroom lectures from experts in the field and hands-on experiments at the IPNS and APS.  The school has been consistently oversubscribed by a factor two and many of the students subsequently apply for postdoctoral positions at Argonne and other neutron and x-ray scattering facilities.

We have started discussions with the Spallation Neutron Source at Oak Ridge to see whether the school could be expanded in the future to allow lectures and x-ray experiments to be conducted at the APS at Argonne National Laboratory and neutron experiments to be conducted at the SNS and HFIR at Oak Ridge National Laboratory. This would widen the range of neutron experiments that could be offered to students, including both pulsed source and reactor instrumentation.  A proposal will be developed for consideration by the DOE since increased funding will be necessary.

h.  Relationships to Other Projects

This work is carried out through important collaborations with the Argonne Materials Science programs on Magnetic Thin Films (58918), Emerging Materials (58916), Nano- and Confined Materials (57502), Condensed Matter Theory (59001), Synchrotron Radiation Studies (58926), and the Intense Pulsed Neutron Source (58700) as well as with university researchers.  
i. NEPA Requirements Required:   NEPA review and assessment has been completed in accordance with DOE NEPA Compliance Order 451.1B

m. ES&H Considerations:  Normal ES&H considerations associated with laboratory work as outlined in Argonne’s ES&H manuals will apply



