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	b. Publications: 

89
c. Purpose: 

• in conjunction with the TEAM project, develop and test aberration correcting optics that correct for both spherical and chromatic aberrations 

• develop new capabilities for in situ electron microscopy studies of catalytic behavior, including an environmental cell compatible with gaseous and liquid environments

• carry out in situ studies of magnetization processes, linking microstructural features to domain motion

• establish the correlation between medium-range order and the behavior of amorphous materials, especially the radiation resistance for amorphous nuclear waste forms

• quantify the defect structure and “pinning landscape” for high temperature superconductors, identifying crystallographic defects responsible for enhanced flux pinning in high temperature superconductors

e. Approach: 

B. Kabius (100%), M.A. Kirk (100%), D.J. Miller (100%), N.J. Zaluzec (100%); R. E. Cook (Scientific  Associate, 100%), J. Hiller (Scientific Associate, 100%), P. Baldo (Scientific Associate, 35%); A. Liu            (Post-doc, 100%), R. Arenal (Post-doc, 100%), X. Chen (Cedarville College, Visiting Scientist), Y. Ito    (Northern Illinois Univ., Visiting Scientist); R. Koritala (Special Term Appointee, 50%), E. Ryan (Special      Term Appointee, 35%).

f. Technical Progress: 

We completed the first 3D reconstruction of a solid oxide fuel cell (SOFC) anode using dual-beam focused ion beam scanning electron microscopy  (FIB-SEM).  From this reconstruction, we were able to extract critical quantitative microstructural data (volume fractions, surface areas, triple-phase boundary lengths, and gas-phase and interface connectivity and tortuosity) that provide key insight into the processing and electrochemical performance of these materials.

We have used a coordinated set of characterization methods to help identify the underlying causes of poor performance in high temperature superconductor coated conductor specimens. These studies pinpointed specific microstructural and chemical defects that can be correlated with sections of these tapes exhibiting lower critical current.  We found that a reaction between the growing Y-Ba-Cu-O film and the CeO2 buffer layer is a contributing factor to poor performance.  While the reaction to form BaCeO3 is rather common, compositional fluctuations during deposition of the Y-Ba-Cu appear to promote this reaction.  The reaction to form BaCeO3 drives phase separation and leads to poor texture in the remaining YBa CuO film.

We used electron diffraction patterns (EDP) from individual boron nitride nanotubes (single-, multi-walled) as well as from bundles of boron nitride nanotubes (BNNTs) to measure their helicity and chiral indices.   From this analysis, we showed that ≈12% of the BNNTs are zig-zag, while the distribution of the other helicities is uniform. We conclude that the distribution of helicities is due to the catalytic growth of the tubes.

We used energy dispersive spectroscopy (EDS) to show that CSL boundaries in Al alloys contain less solute segregation compared to general high angle boundaries.  This research provides a greater understanding of the trends in solute segregation at specific grain boundaries.  With this information, the control of grain boundary engineering and the nucleation and growth of coincidence site lattice boundaries will provide a better method for monitoring the amount of specific solutes that play a role in an alloy’s performance.

We have identified site-specific defects located at the tips of TiO2 nanorods. The defects are related to the size and shape of features on the nanoparticle.  The small dimension and high radius of curvature found at the nanorod tips creates a defect by constraining the atomic arrangement of titanium (Ti) atoms. This confinement, occurring within about five atomic layers from the tip, imparts an under-coordinated atomic character to the Ti metal sites and results in lengthening of the Ti-Ti atom distances along the [100] direction of the nanocrystal. We find an increase of approximately 0.3A° to the Ti-Ti bond length of the defect area when compared to the bulk material. At the defect, the Ti-Ti spacing is 3.96 ± 0.20A° whereas the non-defective spacing measures 3.70 ± 0.19A°. Upon exposure to dopamine, relaxation of the extended corner defect spacing, to values associated with bulk material, occurs. We hypothesize that binding of dopamine is the result of optimal matching of the enediol groups of dopamine to the under-coordinated titanium atoms at the defect site and causes the atomic reorganization.

In order to characterize nanoscale spin behavior, we have used high-resolution Photo-Emission Electron Microscopy and Lorentz Transmission Electron Microscopy to identify a size- and geometry-dependent transition from non-uniform (vortex-like) in-plane magnetization distribution to antiparallel collinear states in patterned F/N/F dot arrays, whereas the out-of-plane polarization of the magnetic vortex core (“up” or “down”) was revealed using Magnetic Force  Microscopy. This work is an important step in understanding the behavior of geometrically confined magnetic materials by resolving their internal spin configurations.  In order to further these efforts, a method for measuring magnetic linear dichroism in an electron microscope has been developed.  This methodology complements the similar techniques that are performed on synchrotron sources and thus opens up a new avenue to explore magnetic properties at higher spatial resolution.

New measurements using high angular resolution electron channeling electron spectroscopy (HARECES) from the graphite K edge were evaluated to compare to theoretical predictions of the variation in the Energy Loss Near Edge Structure (ELNES) with orientation.  The comparisons indicate that the present theoretical formulations are lacking.  The work demonstrates that HARECES data provides a versatile and continuous data set that may be used for the close comparison with theory required to refine an understanding of the effect.

g. Future Accomplishments: 

The major future activity for the EMC will be to operate as one of BES’ Scientific User Facilities.  The EMC already maintains an active User program.  A key accomplishment will be the continued growth and improvement of capabilities and expertise within the EMC to support the research activities of a growing user base.

In addition to maintenance and growth of scientific capabilities, the EMC addresses broad challenges for electron beam characterization.  Key science directions include: 3-D characterization of the atomic scale morphology, composition, and chemical state – ideally in a real environment;  dynamical studies of ferroelectric and magnetic processes, observed in-situ with atomic resolution and in real time;  the interaction between biological and hard materials;  and the behavior of nuclear materials and associated damage mechanisms.

At the same time, advancing the capabilities of electron beam characterization is also a major activity.  To this end, we are pursuing: aberration-correcting optics and lens design for the TEAM project and to revolutionize our capability to carry out in-situ experiments; the continued development of computationally mediated methodology that enables researchers to carry out experiments that would have been considered unachievable in a traditional microscopy facility; an Aberration-corrected Lorentz TEM (ALTEM) that will utilize a new lens technology to provide unprecedented capabilities for imaging and measurement of local magnetic/ferroelectric structure; new rf-based pulsed electron sources; and novel experimental methods and detector systems for spectroscopic analysis of materials.

Major research themes in the EMC are closely associated with strategic research activities at Argonne and across the scientific community as evidenced by our Technical Progress.  These scientific advances are fostered through strong collaborative interactions.  The capabilities developed within the EMC lead to new opportunities for research that will be exploited by these programs. 
h. Relationships to Other Projects: 
The EMC is a collaborative partner in the Transmission Electron Aberration Corrected Microscope (TEAM) project.  Partners in this project include microscopy groups at Lawrence Berkeley National Lab, Oak Ridge National Lab, Brookhaven National Lab, and the Frederick Seitz Materials Research Laboratory at University of Illinois, Champaign-Urbana.  
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



