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Abstract:

Nanometre-sized diamond grains are commonly found in certain primitive meteorites, but their
origin is puzzling. Using evidence from atomistic simulation we have identified a mechanism by
which nanodiamonds form abundantly in space in a two-stage process involving condensation of
vapour to form carbononions (nested fullerenes) followed by transformation to nanodiamond in
an energetic impact. This non-equilibrium process is consistent with common environments in
space and invokes the fewest assumptions of any proposed model.

The simulations identify an optimal energy window of 1-2 eV/atom in which carbon onions are
efficiently transformed into nanodiamond within a picosecond. The process differs substantially
from conventional mechanisms for accessing the diamond (sp3-bonded) phase which require high
temperature and/or pressure. Recently we commenced an experimental program to test this
hypothesis, commissioning a sputtering deposition system coupled to a custom-built pulsed power
supply. In parallel with the experiments we have also developed new mathematical schemes to
derive atomic coordinates for the carbon onions that are used as inputs for the simulations.
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