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RESEARCH AND SCHOLARLY ACTIVITIES

| am one of a small group of qualified crystallographers in Western Australia, having completed a PhD
degree in Physics, majoring in applied crystallography at Curtin University of Technology. My research
involves aspects of crystallographic texture, martensitic phase transformation and structure refinement in
polycrystalline materials with the aim of understanding the relationship between atomic structure,
microstructure and physical properties of materials. | have extensive experience in a number of areas -
Rietveld refinement of polycrystalline structures using neutron and X-ray diffraction data, texture
measurements with both neutrons and X-rays, and neutron strain scanning measurements of internal
stresses in engineering materials. Comparative evaluation of the March model and generalized spherical
harmonic texture models using X-ray Bragg-Brentano diffractometry for uniaxially-pressed molybdite and
calcite powders has been continuously conducted. Parallel neutron diffraction data of uniaxially-pressed
molybdite and calcite powders and also the technologically important polycrystalline nickel-titanium shape
memory alloy were measured using worldwide neutron facilities at ANSTO, GKSS, HMI, ILL, LANSCE and
NIST, in order to compare the bulk, or global, texture and strain information with near-surface
characterizations obtained by X-rays (Sitepu et al. (2005). Journal of Applied Crystallography, 38, 158-167).

| have used the third generation synchrotron X-ray source at the European Synchrotron Research Facility in
Grenoble to determine the crystal structure of the R-phase in Tisg 75-Nis7.75-Fe4.50 alloy. Combined refinements

using both the neutron and synchrotron diffraction data sets were carried out using the P3, P3 and P31m
space groups. For all three of these models the agreement between observed and calculated curves is

excellent, although only the refinement in space group P3 converges. Large shifts on the atomic positions
remain after many cycles of refinement in space groups P31m and P3, indicating that our data were not

sufficient to determine these parameters. Comparing the three models shows that P3 only contains 6 atom
parameters, compared to 17 for P3 and 11 for P31m. Given that the refinements would only converge using

space group P3 and that no significant improvement in fit is found for the other space groups, we conclude
that this space group with only six degrees of freedom in the atomic positions is sufficient to describe our
data. Comparison of the Rietveld fit shows that the peak intensities are quite different in the neutron and
synchrotron data sets. This is due to the negative scattering length for Ti, so that by exploiting combined
neutron and X-ray refinements there is excellent discrepancy between the two atomic sites. Trial refinements
initially using only the synchrotron data sometimes found a false minimum with somewhat worse goodness
of-fit indices, however, when both data sets were used the same minimum was always recovered (Sitepu
(2003). Textures and Microstructures, 35, 185-195; Sitepu et al. (2005). Mat. Sci. Forum, 495-497, 255-260).

Also, | have used the third generation synchrotron X-ray source at the Advanced Photon Source (APS) in
Argonne to develop semi-quantitative analytical tools for non-destructive in-situ identification and
characterization of mineral inclusions in diamonds. The data were collected at the Pacific Northwest
Consortium (PNC-CAT) 20-ID microprobe beamline and yielded the first high-resolution maps of Ti, Cr, Fe,
Ni, Cu, and Zn for natural diamond grains, along with quantitative synchrotron micro-X-ray Fluorescence
(WSXRF) of select chemical elements in exposed kimberlite indicator mineral grains. The results indicated
that (i) the distribution of diamond inclusions inside the natural diamond host, both visible and invisible using
optical transmitted-light microscopy can be mapped with synchrotron pXRF analysis, (i) the relative
abundances of chemical elements determined by uSXRF elemental analyses are broadly similar to their
expected ratios in the mineral and therefore can be used to identify inclusions in diamonds in situ and (iii)
synchrotron pXRF quantitative analysis provides accurate estimates of Cr contents of exposed polished
minerals when calibrated using the concentration of Fe as a standard. Corresponding Cr K-edge results
obtained from synchrotron micro-X-ray Absorption Near Edge Structure (WXANES) analyses on selected
inclusions yielded unique information regarding the formal oxidation state and local coordination of Cr (Sitepu
et al. (2005). American Mineralogist. In Press).

The objectives of my recent research are (i) to explore the changes in the crystal structures of calcite I, Il and
[l at high pressures and temperatures and to resolve the crystal structure of calcite lll; (ii) to determine the
pressure and temperature boundaries between calcite |, Il and Ill. The single crystal X-ray diffraction at high
pressure and neutron high pressures and temperatures results from this study will be presented to the earth
science community through COMPRES as part of an initiative to inform the earth science community about
the potential of in situ high-pressure, high-temperature neutron diffraction studies that determine structure,
texture and strain http://www.crystal.vt.edu/compres/ and (http://www.compres.stonybrook.edu/Newsletter).
Also, the results will be published at the referred journals.
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