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CTPOEHUE TPAPUTA U AAMA3A

Bond length 1.4 nm
Stacking distance 3.4 nm

DIAMOND
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n bonds (weak)

sp? hybridised
bonds (strong)

sp2 carbon sp2 carbon Carbon-carbon double bond
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BPALLLEHUE CAOEB IrPAPEHOB

« Nanotubes can be rolled in different
angles between 0 and 30 degrees.

« They are classified by the chirality
vector given by the base lattice

vectors a, and a,: C = n a,+m a,
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Multi-walled nanotube (MWNT)

+5-50 walls interspacing: 3.5 nm (like graphite)
*diameters normally around 10-50 nm

(can be up to 200 nm)

*Can be very long, several 100 um

*Walls slide easily inside each other (like graphite)
*The layers have independent chiralities

(one may be armchair, the next zig-zag)

Nanotube rope

Like graphite, the layers slide
easily on each other

Stick together by

van der Waals forces
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MeToAbl dOPMUPOBAHUSA



METOAbI NMOAYHEHUA HAHOTPYBOK
» Arc discharge “

— Carbon is evaporated by a plasma of Helium . This is ignited by a high
current passing through a graphite anode and cathode

B

 Laser evaporation L 0 ‘

— Direct laser vaporization of transitional metal (e.g. Co-Ni,1%) graphite
composite electrode targets is done in helium atmosphere at high

temperatures (1200°C).

« Chemical vapor deposition w

— Organic gas is decomposed (e.g. Methane) in an oven containing
catalyst particles, at 600-800C. The diameter and type of catalyst
particles determine the nanotube diameter and properties.
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AasepHoe ucnapeHue rpacdouTta

furnace at 1,200 Celsius

water-cooled
copper collector

argon gas

nanotube “felt” growing N
along tip of collector

graphite target

neodymium-yttrium-
aluminum-garnet laser




MeToA XMMUYECKOTO OCODKAEHUA U3

napa
CVD i i i i i 1 quartz tube
— A hydrocarbon gas is decomposed 'L_{”'e‘ gag outlet
i &J—;FJ
at a high temperature Jr ) )
— Carbon diffuses into catalyst particle C.H, N, qua/rtz § ? ? f ? Y ‘sample
Ni, Fe and is expelled in form of a 2 2 boat ——
nanotube 720°C
MWNT:
— Acetylene, 600 — 800°C.
SWNT

— Carbon monooxide, 900 — 1200°C
(SWNT have higher formation
energy)

Result:

— SWNT and MWNT of moderate
quality

— Many impurities and defects

— large quantities, can be
lithographically positioned
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Catalyst Support

‘Base’ Growth Wodel TEIV data showing particle-tube relation

The catalyst particles grow from the base, and keep growing as long as the
process continues and the catalyst is not encapsulated by carbon soot

CVD tubes (Stanford)



Catalyst printing e CVD tubes (Stanford)
« Catalyst material is :
lithographically
deposited on a surface.
The nanotubes grow
straight up in thick
ropes matching the
footprint of the catalyst

« Applications> field
emission displays .
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