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1.5.5. Special electric properties related to carbon nanotubes (NT)

Carbon nanotubes (NT) are formed from C atoms built in a cylinder-
shaped hexagonal-type lattice and cupped at their ends by one half of a
fullerene-like molecule (Fig. 1.26).

Carbon Nanotubes

Diameter: 0.4 nm (SW) +100 nm (MW)  Length: up to 20 cm!

Fig. 1.26. Carbon nanotubes.

There are two types of carbon NTst: single walled nanotube (SWNT) and
multiwalled nanotube (MWNT). The main guiding property for building
a NT is the chirality (Fig. 1.27). The electrical properties of NTs are the
most challenging features because both calculations and experiments
show that they are expected to be metallic or semiconducting, depending
on their structure (chirality):

— Armchair NTs are metals.
— Zig-zag and chiral NTs are
o metals for n — m = 3k (k is an integer)
o semiconductors for n — m # 3k; E, ~ 1/diameter.

Their metallic properties also are very promising because of the tensile
strength, which is about 10 times larger than that of a steel wire. They
have a very huge aspect ratio (length/diameter) and low density (6 times
smaller than that of steel).



Laser-Matter Interactions 33

m=0 — zig-zag NTs
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Fig. 1.27. Building of nanotubes based on chirality.

1.5.6. Magnetic properties

The magnetic properties of nanostructured magnetic materials are
dominated by super paramagnetism, which has a very developed size
dependence. The coercivity and saturation magnetization increase with a
decrease in the grain size (an increase in the specific surface ratio). The
most important magnetic materials are:

magnetite (y-Fe,O3)

magnetite (Fe;O,)

Co-ferrite (CoFe,0,)

— MnZn-ferrite (MnZnFe,0,).

They are in the form of:

—  dry powders (size: 10~100 nm; specific surface: 8—150 m?/g).

— surface functionalized powders, where such functionalization is
essential through strong dependence of the properties on structure.

— magnetic liquids, consisting of super-paramagnetic nanoparticles
with narrow particle size distribution around 10 nm covered with a
thin inorganic or organic dispersant.
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