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Challenger disaster in 1986
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Feynman as the chairman of the
Challenger Committee (1986)
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Iron on Cu(111)
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Dr Heini Rohrer and Shinohara research team
(2002.11.13)
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Fuller’s Geodesic Dome at Expo 1967 at Montreal



Buckminster Fuller’s Dome in Montreal (May 1997)
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Kraetschmer, Shinohara, Dunsch
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Price of Fullerenes / gram

$ 10,000 |
¢ ¢ Arc Method
$ 1,000 & -®- Combustion Method
.\
$ 100 * o4
*e
$ 10 *46€
k' 40 tly
FCC pilot sample .,
$ 1 2002/5~ *q- 00y
FCC current *oal 1500 tly
2003/5~
$ 0.1 —_—

1988 1992 1996 2000 2004 2008

Year



HhRINTI1575—L>BROM

] L9557
;Ii"')'}‘/?‘ik"')lb TILT2 :MAJESTY, EXIM NANO, Daiwa:Glll
(B&ILk ”'")T / + 43— :Exelight, YONEX:CYBERSTAR NANOV
S  —
o5y N\
HhRIL-L(RH) 1

NWFIUMY &TZAF9h (YONEX)
#wh~”NANOCUBIC” (GOSEN)
1E¥EdR (VCBOBR)  1vu x4 8 1770 FA4 )L (Bahdahl)



75—l LR



77—L 077X )—

C 'D d
C C10 -Dsp, 80 "5
60 'Ih

Ci20-Tg
C84 _D2d 1



SBna75—-L>

SLBTER
TaKata et al. Nafure (1995)



Kroto@Cs0



REE M FORESH (MR1) BOERZH

Mikawa et al,
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Serendipity

The natural ability 1o make
interesting or valuable discoveries

by accident,
(Longman Dictionary of contemporary English)
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Helical microtubules of
graphitic carbon
Sumio Njima
NEC R t
34 Miyukignoka, Tsukuba, tbaraki 208, Japan
THE systhesis of molecular carbon in the form of C,, v
und other fulleremes' has stimulated imtense interest in the struc-
tures sccessible to graphitic carbon sheets. Here I report the -
preparation of @ new type of Bnite carbon structare comsisting of C

needle-like tubes. Produced using an tn-dlsebugo tupomin
method similar to that wsed for full
grow at the -mduedd(lecbuule-dlulklndh&nﬂ.
Electron microscopy reveals that each seedle comprises coaxial
tubes of graphitic sheets, ranging in number from 2 up to about
50. On each tube the carbom-atom are arranged in »
helical fashion about the needle axis. The helical pitch varies from
needle to needle and from tube to tube withia 2 single needle. It
appears (hat this helical structure may aid the growth process.
The formation of these needlex, ranging from s few to a few tens
of nasemetres in diameter, suggests that eaginecring of carbos
structures should be possible on scales considerably greater thas
those relevant to the fullerenes.

Salids of elemental carbon in the £p° bonding state ¢an form
a variety of graphitic structures. Graphite ﬁlumznls can be

fil

F1G. 2 Cinagrighic v of 8 possie SIructural Mooe! for A Arapnitic Lbue.
Each oylinder represents a coscal chosad ywr of carton heaagons, The
meaning of the labeis V and M |s sxplaned In the test

graphite filaments’. The apparatus is very similar to that used
for mass production of C,, (ref. 9). The needles seem o grow
plentifully on onlyctmm L of the el de. The ¢l

on which carbon was & d also con d polybedral parti-
cles with spherical shell structures, which were 5-20 nm. in

produced, for i when b . The needle str were ex d by tr
formed by thermal d position of hy b pecies are  electron mmo;copy Lelectron energies of 200 keV).
subsequently graphitized by heat tr 1 Graphi High micrographs of typical needles show

filaments can also grow directly from the vapour-phase deposl
ton of carbon®®, which also produces soot and ather novel
structures such as the Ca molecule™".

G rmm 41030 nm in diameter
and up 10 1 wm in length, were ; gmwn on the negative end of
the carbon electrode used in the d.c. arc-discharge evaporation
of carbon in an srgon-filled vessel (100 torr), The gas pressure
was much lower than that reported for the production of thicker

OO0 o

o graphitc carbon. Parale!
Mlmmmwmmnmmmmvmn A Cross-5ection
of sach tbule is Hustrated. & Tube consisting of five graphitic sheets,
dameter 6.7 nm. 0 Two-sheet tube, diameter 5.5nm. o Seven-sheet tube
dameter 6.5 nm, which his e smalest halow dameter (2.2 nm)

220

{00"} lattice images of the graphite structure along the needle
axes (Fig. 1). The appearance of the same number of lattice
fringes from both sides of n needle suggests that it has 2 seamless
and tubular structure. The thinnest needle, consisting of only
two carbon-hexagon sheets (Fig. 1b), has an outer and inner
tube, aepamcc by a distance of 0.34 am, which are 5.5 am and
4Enmind .The tehes that In bulk graphite,
Wall thicknesses of the lubulﬂ range from 2 to 50 sheets, but
thicker tubules tend 10 be polygonized. This low di sonality
and cylindrical structure are extremely uncommon features in
inorganic crystals, although cylindnical crystals such as
serpentine’” do exist naturally,

The smallest tube observed was 2.2 nm in diameter and was
the innermost tube in one of the needles (Fig. 1¢). The diameter
corresponds roughly to a ring of 30 carbon hexagons; this small
diameter imposes strain on the planar bonds of the hexagons
and this causes two neighbouring hexagons on the ring to meet
at an angle of ~6°. For the C,, molecule, the bending angle is
42°, which s much larger than lor these abes. The C-C bond
energy calculated for the Cg, molecule is smaller than that of
graphite'', suggesting that bending the hexagons in C, lowers
the bond energy. A similar effect of the bending on bonding
energies might apply here. One of the key guestions about the
tubular structure is how the ABAB hexagonal stacking sequence
found in graphite is relaxed, as il is impossible 10 retain this
ideal graphite structure for coaxial tubes. There should be a
shortage of 8-9 hexagons in going from one circumference of
1 mbe 1o (hnl mmk u Dmmimd graphitic stacking i knowﬂ
as turb but no detailed of
patterns in such structures have been reported. The ar;umm(
here is also applicable to the spherical graphitic particles men.
tioned earlier®

All the electron dmmulon patterns (Fig. 3) taken (rom
individual card are indexed by the {h0I) and {Ak0)
spats for b v. The p always show strong
{00!) spots when the needle ua are perpendicular to the [001]
axis, supporting the idea of a coaxial arrangement of graphitic
tubes. As shown in Fig. 2, twa side portions of each tube (indi-
cated by shading and labelled 'V') will be onented so that the
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Stretching CNT... Armchair (10,10)
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simulation :2200 atoms, 13.3nm, 240 processor x 12hours
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Pure H, Fuel Cell
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S. Maruyama: Visualization Program for MD
http://www.photon.t.u-tokyo.ac.jp/~maruyama/pvwin/pvwin-j.html
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Al or Ti

/

Ti—

SiO, (15nm)

S. J. Wind, et al.,
APL 80(20), 3817 (2002)

SWNT
HARY 1530
Si-MOSFETOQZEM E

CNT-FET Si-pMOS
Lg (nm) 260 15
t,, (nm) 15 1.4
Vi, (V) -0.5 -0.1

l,, (MA/mm) 2100 265
J, (MS/mm) 2321 975
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K. Suenaga et al. Nano Letfers (2005).
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Thank you for your attention.




