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Understanding metal/metal oxide interfaces is important for variety of modern devices and processes
that depend on these heterointerface systems. Gamma alumina is metal oxide that is used as a support
for metallic nanoparticles and is a key material in catalysis due to its high specific surface area and
Lewis sites.! The microstructure of gamma alumina has been the subject of numerous experimental and
theoretical studies due to the catalytic significance of this metastable alumina phase.?* The goal of this
work is to gain atomic-level structural information of the Pt/y-interfaces through the comparison of
experimentally determined results and density functional theory (DFT) calculations..

Model y-alumina microstructures are formed using high energy ion implantation of Pt into single crystal
a-alumina wafers followed by thermal annealing.* Crystallization of amorphized alumina proceeds
through the metastable phase series y— 8— 60— a-Al,O3 with increasing temperature.® Choice of the
annealing temperature allows for control of the re-crystallized matrix phase. Platinum-implanted Al>O3
annealed at 800°C provides Pt/y-alumina interfaces in the form of faceted metallic platinum
nanoparticles embedded in a y-alumina matrix. Characterization using X-ray diffraction confirmed the
phase of alumina wafers post annealing. Characterization with transmission electron microscopy (TEM)
provides more crystallographic data and high resolution structural data. Paired with density functional
theory (DFT) simulations this provides a path toward a deeper understanding of the atomic level Pt/y-
alumina interfacial structure.

The recrystallization of implanted alumina occurs epitaxially to the underlying undamaged a-alumina and
results in the alignment close-packed O planes of (0006), |[(111), as determined using selected area
electron diffraction and aberration-corrected high-resolution TEM. Fig. 1 shows a bright-field/dark-field
pair of faceted Pt nanoparticles with a (111)pt||(111)Y orientation. Nanoparticles at high resolution
surveyed had (111)pt and (001)r: oriented interfaces as shown in Fig. 2. The observed faceting was the
basis for DFT interfacial structure calculations of possible chemical terminations shown in Fig 3, which
will be further compared to experimental data.
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Figure 1. Two-beam bright-field/dark-field TEM Figure 2. HRTEM image of embedded platinum
image showing embedded Pt nanoparticles with nanoparticles present predominantly (111) facets
(111)Pt]|(111)y orientation. confirming DFT calculations.
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Figure 3. DFT simulation of possible terminations
of Pt/y-Al;0s interfaces
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