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Hybrid nanostructures: Getting to the core
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Simulations showing the potential growth of quantum dots on the ridges and
facets of nanowires with square (left) and hexagonal cores (right). Credit: 2013
American Chemical Society

Material scientists expect the new multifunctional properties of hybrid
nanostructures will transform the development of high-performance
devices, including batteries, high-sensitivity sensors and solar cells.
These self-assembling nanostructures are typically generated by
depositing ultrasmall objects with different properties on the surfaces of
tiny semiconducting wires. However, the factors that govern their
formation remain elusive, making these structures difficult to control
and design.
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To fill this gap, Bharathi Srinivasan and co-workers from the A*STAR
Institute of High Performance Computing have developed a
computational approach that sheds light on the self-assembly of these
nanostructures on multi-sided, or polygonal, nanowires. They first
identified how different nanostructure patterns grow on nanowires by
conducting energy calculations in a theoretical analysis before analyzing
these patterns by performing numerical simulations.

Srinivasan's team designed two- and three-dimensional (2D and 3D)
models of nanowires with a square, hexagonal or octagonal core
surrounded by various shell configurations. Analysis of the energy
profiles of these configurations showed that the researchers could
control shell morphology by changing the core size. The theoretical
analysis also revealed the transitions between these different
configurations—a valuable insight into the self-assembly mechanism.

For the numerical simulation, the researchers constructed a 'phase-field'
model, which mathematically defined the phase transitions of the shell
material. This allowed them to simulate the self-assembly process of the
nanostructures on the nanowires after depositing the 'seed' in the form of
'quantum dots', which are miniature semiconductors. The equations used
in the simulation describe both the thermodynamics and the kinetics of
self-assembly, Srinivasan notes.

Both the 2D and 3D simulations showed that the deposited shells
underwent morphological transformations that mirrored the energy
calculations. At the initial deposition stage—the lowest size range—the
shells consisted of perfect cylinders in the 2D model, and they formed
ultrasmall rings, or 'nanorings', stacked along the vertical direction of the
nanowire, in the 3D model.

As the core expanded, the 2D models indicated that the shells could
break into smaller wires. For the intermediate-sized cores, each wire sat
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on the sides of the core. For the largest-sized cores, they sat on the
corners. In the 3D simulations, the nanorings divided into quantum dots
that materialized into columns on the nanowire facets and migrated
towards the ridges upon further growth (see image). Simulations of heat
treatment yielded the same configurations as those during growth.

"Our future work [will be] to understand the growth of different hybrid
nanostructures, including quantum dots on shells, nanorings and other
quantum dots," says Srinivasan.

More information: Lu, L.-X., Bharathi M. S. & Zhang, Y.-W. Self-
assembly of ordered epitaxial nanostructures on polygonal nanowires.
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