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Nanocrystals absorb
light then re-emit the

light in a different color
— the size of the
nanocrystal (at the
Angstrom scale)
determines the color

Six different quantum
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Basic Structure of QD’s
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carbon structure consisting of

Helical microtubules of graphitic carbon needle-like tubes

SUMIO IUIMA

NEC Gorparation, Funsamenial Ressaren Lasoratonies, 4 Wiyusigaoes, Taueusa, Iarst 205, Jasan

THE synthesis of molecular carbon in the form of C g, and other ! has stimul4ted intense interest in the ible to graphitic carbon

sheetsL Here T report the preparation of a new type of fnite carbon structure consisting of needle-like mhes[ Produced using an arc-discharge evaporation method
similar fo hat used for Tullerene synthesis, the needles grow af fhe negative end of the electrode used for the arc discharge. Electron microscopy reveals that each
needle comprises coaxial tubes of graphitic sheets, ranging in number from 2 up o about 50. On each tube the carbon-atom hexagons are arranged in a helical fashion)
about the needle axis. The helical pitch varies from needle to needle and from tube to tube within a single needle. Tt appears that this helical structure may aid the
growth process. The formation of these needles, ranging from a few to a few tens of nanometres in diameter, suggests that engineering of carbon structures should be
possible on scales considerably greater than those relevant to the fullerenes.
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C.P. Poole, F.J. Owens, Introduction to nanotechnology, John Wiley & Sons, Inc, USA, 2003.
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The atoms in amolecule or nanoparticle continually vibrate back
and forth.

Each molecule has a specific set of vibrational motions, called
normal modes of vibration, which are determined by the
symmetry of the molecule.

Example:
Carbon dioxide CO,, O=C=0, is a bent molecule with three normal modes.
1. bending of the molecule

2. symmetricstretch C& GA OA%)
3. asymmetric stretch Q

1 3 vz
symmetnc stretch asymmetric stretch bend
X ¥ z
librations
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Vibrational Properties

E,qmode: involves a squashing of the tube
A4 mode: involves an “in and out™ oscillation of the where it squeezes down in one direction and expandsin
diameter of the tube. the perpendicular direction essentialy oscillating
between a sphere and an ellipse.

51

Vibrational Properties

400 P T TTTPITTTI T T T TT

The frequencies of these 350F .

two modes depend on the b -

radius of the tube. [ ]
5k

The dependence of this & *°F g

frequency on theradiusis g I ]

now routinely used to £ 200 B

measure the radius of ol B

nanotubes. i 1

100:nuIunlunInuluulunln||Iunlnn\uu:

2 25 3 35 4 45 5 55 6 65 7

RADIUS (A)

Plot of the frequency of the Raman A, vibrational normal
mode versus the radius of the nanotube.
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Bhirde A, Patel V, Gavard J, Zhang G, SousaAA, Masedunskas A, Leapman RD, Weigert R, Gutkind JS, Rusling J&: Targeting killing of cancer 60

cellsin vivo and in vitrowith EGF-directed carbon nanotube-based drug delivery. ACSNano 3, 307-316 (2009).
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between the individual strands of a
sheet of carbon fiber becomes the
weakest part of the material.

By impregnating the resin with G
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Gaps containing only resin
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Conceptual drawing of an electronic circuit composed of inter connected
graphene nanoribbons (black atoms) that are epitaxially grown on steps
etched in silicon carbide (yellow atoms). Electrons (blue) travel ballistically
along theribbon and then from oneribbon to the next via the metal contacts.
Electron flow is modulated by electrostatic gates. (Courtesy of Georgia
Tech/John Hankinson) ( )
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Resonance shift of the plasmonic nanoparticle upon molecular binding. The high refractive
index of the adsorbed molecules compared to water causes a redshift of the resonance.
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