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The best things in life are beyond money, their price is agony and sweat and
devotion...

- Robert A. Heinlein in Starship Troopers

The Scientific man does not aim at an immediate result. He does not expect that his
advanced ideas will be readily taken up. His work is like that of the planter — for the
future. His duty is to lay the foundation for those who are to come, and point the
way. He lives and labours and hopes.

- Nikola Tesla

Any sufficiently advanced technology is indistinguishable from magic.

- Arthur C. Clarke
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Summary

The amazing electrical and mechanical properties of carbon nanotubes (CNTs)
make them ideal for use in a variety of applications, many of which require the CNTs
to be surface bound. Here the applicability of nanostructures based upon CNTs
chemically attached to silicon to the fields of water filtration, field emission and as

biomaterial interfaces is investigated.

Initial experiments studied the chemical attachment and alignment of different
CNT types to silicon. Single-walled carbon nanotubes (SWCNTs) were found to
form vertically aligned arrays on both flat silicon and porous silicon (pSi). Double-
walled carbon nanotubes (DWCNTSs) were found to exhibit both vertical and random
alignment while multi-walled carbon nanotubes (MWCNTs) exhibited an exclusive
horizontal orientation. The variation in alignment is attributed to the level of
crystallinity and functionalisation of each CNT type as determined by Raman

spectroscopy.

The control of the placement of SWCNTSs on silicon was further investigated by
fabricating both surface coverage gradients and patterns of SWCNTSs. Gradients were
fabricated following two protocols, both of which produced surfaces which consist of
all possible SWCNT coverage’s. SWCNT patterns were produced by forming an
initial chemical pattern on the silicon surface for subsequent selective SWCNT

chemical attachment.

CNT membranes for water filtration were fabricated by chemically attaching
SWCNTs to permeable pSi membranes. Gaps between the SWCNTSs were filled by
spin coating polystyrene onto the surface. The SWCNT tips were revealed by etching
the polystyrene matrix via water plasma treatment. The fabricated membranes were
found to have a water permeability of 0.022 mm® cm™s™ atm™. Comparisons to
commercial nanofiltration membranes and other published CNT membranes are

made and improvements to membrane fabrication are discussed.

Field emission experiments were completed for all CNT types chemically
attached to silicon. All samples exhibited field emission of electrons with

characteristics varying with CNT diameter and vertical alignment. The emission
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stability of each CNT type was investigated with the SWCNTs exhibiting the most
stable emission. Comparison of emission characteristics and stability to other CNT

field emission substrates are made.

The behaviour of a mammalian neuronal cell line on SWCNTs chemically
attached to porous silicon was investigated. Fluorescence microscopy revealed that
the cells had a strong affinity for the SWCNT substrate and that the SWCNTs may
compromise the cell membrane allowing small fluorescent molecules to enter the
nuclear envelope. Experiments to determine if plasmid DNA could be inserted into
the cell via the SWCNTs was completed with results indicating the SWCNTSs did not

promote DNA transfection for the neuronal cell line.
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FTIR fourier transform infrared
G-band graphene band
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HEK human embryonic kidney
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LCD liquid crystal display
MD molecular dynamics
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pAl porous alumina
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Definition
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RBM radial creathing mode
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RO reverse Osmosis
Rubpy ruthenium based dye
SA self assembly
SAM self assembled Monolayer
SEM Scanning Electron Microscopy
Si Silicon
SK-N-SH mammalian neuroblastoma cell line
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SWCNT single-walled carbon nanotube
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Science is made up of so many things that appear obvious after they are explained.

- Frank Herbert in Dune

We are at the very beginning of time for the human race. It is not unreasonable that
we grapple with problems. But there are tens of thousands of years in the future. Our
responsibility is to do what we can, learn what we can, improve the solutions, and
pass them on.

- Richard P. Feynman

You want a reason? How’s about “Because”?

- Joshua Homme in Turnin’ on the Screw
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