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1. Title: Nanoscale Disorder in Crystalline Materials

2. Contact: Ray Osborn, Stephan Rosenkranz

3. ANL Divisions Involved: MSD, APS, IPNS
4. Sponsor: DOE, Office of Science
5. Outside Collaborations and Especially Interested Parties: Spallation Neutron Source, the materials science community.
6. Goal: Our plan is develop a comprehensive program studying complex nanoscale disorder in crystalline materials using neutron and x-ray diffuse scattering combined with theory and computational analysis.  At present, these techniques are constrained by limitations in both instrumentation and data analysis.  We will build on recent advances in the use of high-energy x-rays and pulsed neutrons for single crystal diffuse scattering that generate data over large three-dimensional volumes of reciprocal space, and exploit developments in computer simulation combined with theories of defect self-organization to make the data analysis tractable.
7. Costs: $1M continuing operational funding
8. Status: DOE LAB03-03 funding for prototype instrument at IPNS (FY04-06), Letter of Intent for Spallation Neutron Source instrument with anticipated funding through SING-II project, well-advanced development of x-ray diffuse scattering at APS.
9. Next Steps: Obtain funding for an instrument at the Spallation Neutron Source and for additional staff with expertise in the simulation and modeling of defect structures.
10. Expectations: Development of a leading program in understanding the role of nanoscale disorder in the bulk properties of crystalline materials, particularly transition metal oxides. 
11. Benefit Perspective: Transformation of a powerful, but rarely used, technique into a standard tool for the investigation of disordered materials.

12. Risk Perspectives: 
a. Scientific: Low since there are many examples which illustrate the power of the diffuse scattering technique to elucidate complex defect structures.

b. Funding: Moderate since it is likely that an SNS instrument will be funded, and the DOE is likely to provide the necessary resources for its full exploitation.
13. Discussion:

It is extremely important to develop our understanding of materials in which the nanoscale self-organization of defects play a vital role in their bulk properties. Examples include magnetoresistive oxides, superconducting cuprates, ferroelectric relaxors, fast-ion conductors, negative thermal expansion compounds, molecular solids, and microporous frameworks. The most powerful technique for probing the conformation of complex defect structures embedded in crystalline materials is single crystal diffuse scattering.  We have been at the forefront of recent instrumental developments using both neutrons and x-rays. We are currently building a prototype diffuse scattering instrument at IPNS, with DOE funding, that will make novel use of the cross correlation method to enable the efficient measurement of large three-dimensional volumes of reciprocal space with energy discrimination.  This will provide the basis for the design of an instrument at the Spallation Neutron Source.  We have also developed the use of high-energy x-rays to produce complementary information with high throughput at the Advanced Photon Source.

This initiative will help bring these projects to fruition and provide the theoretical and computational support necessary to facilitate the analysis of the extremely large data volumes generated by these experimental techniques. 

