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Suenaga, et al. Nature Nanotech. 2007
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2mm symmetry —» chirality

R. Franklin, 1952
( by Lucas)
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Phase diagram of carbon

Diamond

—
|- S
©
O
=
~—
D
|-
=
(/)]
(/7]
D
LS.
(a

Graphite

Temperature (10°K)



Reprinted with permission from Nature
Vol. 314, No. 6042, pp. 162163, 14 November 1985

DI85 Macmillun Magazines Limited

Ce: Buckminsterfullerene

J. R. Heath, S. C. O'Brien, R. F. Curl

Rice Quantu
Engineering,

Departments of Chemistry and Electrical

b

ouston, Texas 77251, USA
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The technique used to produce and detect this unusual
molecule involves the vaporization of carbon species from the
surface of a solid disk of graphite into a high-density helium
flow, using a focused pulsed laser. The vaporization laser was
the second harmonic of Q-switched Nd:YAG producing pulse
energies of ~30 mJ. The resulting carbon clusters were expanded
in a supersonic molecular beam, photoionized using an excimer
laser, and detected by time-of-flight mass spectrometry. The
vaporization chamber is shown in Fig. 2. In the experiment the
pulsed valve was opened first and then the vaporization laser
was fired after a precisely controlled delay. Carbon species were
vaporized into the helium stream, cooled and partially equili-
brated in the expansion, and travelled in the resulting molecular
beam to the ionization region. The clusters were ionized by
direct one-photon excitation with a carefully synchronized
excimer laser pulse. The apparatus has been fully described

3.4

Fig. 1 A foothall (in the
United States, a soccerball)
on Texas grass, The C,
molecule featured in thas
lettor is suggested to have
the truncated icosahedral
structure formed by
replacing each vertex on the
scams of such a ball by a
carbon atom

graphite fused six-membered ring structure. We believe that the
distribution in Fig. 3¢ is fairly representative of the nascent

from a graphite fragmentation, this result scems impossible:
there is not much to choose between such isomers in terms of
stability. If one tries to shift to a tetrahedral diamond structure,
the entire surface of the cluster will be covered with unsatisfied
valences, Thus a search was made for some other plausible
structure which would satisfy all sp® valences. Only a spheroidal
structure appears likely to satisly this criterion, and thus Buck.
minster Fuller's studies were consulted (see, for example, ref,
7). An unusually beautiful (and probably unique) choice is the
truncated icosahedron depicted in Fig. 1. As mentioned above,
all valences are satisfied with this structure, and the molecule
appears to be aromatic. The structure has the symmetry of the
icosahedral group. The inner and outer surfaces are covered
with a sea of w electrons. The diameter of this C, molecule is
~7 A, providing an inner cavity which appears to be capable
of holding a variety of atoms”.
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Catalyst assisted CVD Growth
of CNTs
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Carbon - metal vapor

Hongwei et al. Small, 2005
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Two-vyears progress in
Super-Growth SWCNT technology

Hata et al. Science 2004

Substantial cost down
and efficiency!

Futaba et al., PRL 2005
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"Scientific knowledge used in practical ways
In Industry”

(from Oxford dictionary)
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CNT-FET #transistor

LAY

Z#R5 (NEC) 2003
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Stroke(mm)

cf. Tensile stress: 1GPa... = 102kgf/mm?
cf. MWCNT: 460MPa, 850MPa after embedding in polymer
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Atomic Defects Induced by Inter-layer

Coupling
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Urita, et al., Nano Letter, 2004




Structure analysis of individual

molecules

Z. Liu, et al. Nature Nanotech. 2007
D5d-C80 Y. Sato, et al. Nano Lett. 2007
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L|u et al. Nature Nanotechnology 1 July 2007
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Chuanhong Jin et al, 2007
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Awano (Selete)
Metallic CNT: hi-conductance, Hi-current density, Hi-Young modulus

Insulator

NENOITIEN Wiring metal

* Low resistivity CNT with high density
* Low resistive & ohmic contact tube growth
Metal catalyst / Low ohmic electrode materials
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1/ - RAANOGH(DDS)

Ajima et al. Molecular Pharmaceutics 2005

* Drug: Cisplatin,
Dexamethasone
(anti- inflammatory agent )

Targeting material



Photodynamic Therapy (PDT)

Photosensitizer
(PS)

( Cancer
NAN>

M So
Light 600-800 nm

(Therapy window) Singlet oxygen attacks tumor

Tumor Is destroyed. \@
'*“»is.ex"/

Cancer

(

ZnPc: Possible PS for PDT, but water insoluble.

ZnPc@Liposome or Polymer: Liposome or polymer is_biodegraded.
ZnPc@NHox-modified (hydrophilic)
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