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Coarsening and Microstructure Development

in Nanocrystalline Materials

Minerals with nanometer-scale dimensions (na-
nocrystalline materials) are extremely common co-
nstituents of the Earth’s surface (e.g., clays, oxy-
hydroxides of Fe, Mn, Ti, Al, etc.). These finely
crystalline particles are highly reactive and their
behavior directly controls the geochemical cycles of
many elements. In addition to crystallization as
products of chemical weathering, nanocrystals are
almost ubiquitous products of biomineralization re-
actions. A key question stimulated by reports of
possible evidence for life on Mars centers on how
biologically produced nanocrystals can be distinguish-
ed from abiotic phases in extraterrestrial and in
ancient Earth materials. This challenge raises issues
related to preservation of primary nanocrystalline
characteristics (especially morphology and defect mic-
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rostructure) over geologic time.

In ongoing experimental and theoretical work we
are evaluating the unique coarsening behavior exhibit-
ed by synthetic nanocrystalline materials under a
variety of low-temperature aqueous conditions. Our
results show that under some pH and solution chemi-
cal conditions nanocrystals exhibit self organization
via oriented aggregation. The driving force for
oriented attachment is elimination of a two dimen-
sional surface. However, coherence can be achieved
in more than one way. The result is either elongate
single crystals or twinned, intergrown crystals. For
titania, twin surfaces necessarily preserve a poly-
typically distinct slab and this may serve as a nucleus
for subsequent polymorphic phase transformation re-
actions.

Atomic-resolution transmission electron microscope image (inset) of the brookite (TiOg)
polytype formed at a twin interface in anatase (TiOy). Arrows indicate displacement required

for polytypic interconversion.

Penn and Banfield, Am. Min. submitted.
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