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> Curvature-induced metallization of
semiconducting double-wall carbon-nanotubes

[Okada & Oshiyama: PRL 91, 216801 (2003), and unpublished results. ]

- Balance of 2 nano-curvatures makes it. The similar
happens at metal contacts.

> Cgo badminton shuttlecock: possible
mag netism [Okada et al: CPL 399, 157 (2004). ]
- Attachment of molecules becomes nano-scissors.
> Formation of Si seeds In S10, upon laser
Irradiation [Boero, Silvestrelli & Oshiyama: 2005. ]

- Higher electron temperature that simulates
electron-excirtation-induced materials formation

> What we are planning to do on PACS-CS



Hamada, Sawada & Oshiyama: PRL 68, 1579 (1992)
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[ Toshiya Okazaki (A1ST, Japan):
Sm@C82@CNT ]

Electron beam makes
peapods DWNTs

What do we expect for
DWNT5s?




Energetics of (7,0)@(n,0)
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Electronic Structure of (7,0)@(16,0)
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Electronic Structure of (7,0)@(17,0)
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Curvature Induces s-p mixing and
It depends on radii

Extension of enerqgy bands near EEin (7,0)@(17,0)
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Common to Tubular Structure

S. Okada, S. Saito & A. Oshiyama: PRB 65, 165410 (2002)
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Nanotube/Metal Interfaces:

a role of hybridization
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Curvature could control number of injected
electrons

Thinner (9,0) CNT on Al surface

Fermi Level is above original =* due to
small curvature, or in other words, to
larger s mixing, and then

1.1 x 10 © cnrielectrons are infected
from Al to CNT
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» Curvature-induced metallization of
semiconducting double-wall carbon-nanotubes

[Okada & Oshiyama: PRL 91, 216801 (2003), and unpublished results. ]

- Balance of 2 nano-curvatures makes it. The similar
happens at metal contacts.

> Cgo badminton shuttlecock: possible
mag netism [Okada et al: CPL 399, 157 (2004). ]
- Attachment of molecules becomes nano-scissors.
» Formation of Si seeds In S10, upon laser
Irradiation [Boero, Silvestrelli & Oshiyama: 2005. ]

- Higher electron temperature that simulates
electron-excirtation-induced materials formation

» What we are planning to do on PACS-CS
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Chemical modifications
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M. Sawamura et al., Nature, 419, 702 (2002)

biphenyl (C12H10)
methyl (CH3)
(C6H5)—Me
(C6H5)—polyacetylene, etc...



Let’s calculate following Nano-scale
Shuttlecock

CeoH-(biphenyl)s
Ceo(biphenyl)s

Ceo(Methyl)s

They are all synthesized



Geometric Structure of C60H-
(biphenyl)5
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Ce0-Ceo = 10.66 A
cf. 10.0 A for fcc Cg,

Geometric hindrance (H atom & Ce0) results in the large
Intermolecular spacing.



Electronic Structures: C60H-

(biphenyl)5
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Compare: Electronic Energy Bands of

Solid C,,
SC phase FCC phase
BT BV =
5 ]

Energy (eV)

Energy (eV)

Energy Gap Is a half eV, much larger than 20-50 meV
Cso-Cyp distance. 10.0(fcc) vs 10.6(shuttlecock)




New 7T Electron Network

LUMO

HOMO

Cso

Cs

»Shuttlecock chain is a new 1T electron system in which
attached molecules divide the C60 into C5 and C50 units.



Hydrogen Removal could Modify Electron
States of Shuttlecock

CeoH-(biphenyl)s Ceo-(biphenyl)s




Geometric Structure of CGO—(biphenyI)5
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Electronic Structure: C60(biphenyl)5
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Decoration of Fullerene Makes It
Magnetic Shuttlecock

Energy (eV)

-

o

1
=

Total Energy (meV/C60-Meb)

Ferro -48
AntiFerro -58
No spin 0

- !llumo
——— —homo spin density

......
e e

Antiferromagnetic order!!



PACS-CS

» Curvature-induced metallization of
semiconducting double-wall carbon-nanotubes

[Okada & Oshiyama: PRL 91, 216801 (2003), and unpublished results. ]

- Balance of 2 nano-curvatures makes it. The similar
happens at metal contacts.

> Cgo badminton shuttlecock: possible
mag netism [Okada et al: CPL 399, 157 (2004). ]
- Attachment of molecules becomes nano-scissors.
> Formation of Si seeds In S10, upon laser
Irradiation [Boero, Silvestrelli & Oshiyama: 2005. |

- Higher electron temperature that simulates
electron-excrtation-imnauced materials formation

» What we are planning to do on PACS-CS
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Si Crystal from SiO, upon Electron
Excitation

> Electron injection through wires
causes local reduction of SiO,,

generating Si crystal

[Nohira, Yasuda & Itoh: Nature Materials 2,
397, (2003)]

> Femto-second laser pulses seem

to generate Si crystal

[Sokolowski-Tinten et al: PRL 87, 225701
(2001); K. Hirao et al: Jpn APS Meeting K.
Murakami: unpublished]

!
|
RS

New technique to grow materials? Free Energy MD

IT yes, then how is it made? — | Calculation with
Excited electrons




Electron Excitation
= Electron Temperature Increase

Laser pulses of different frequencies may be
simulated via finite electronic temperature
molecular dynamics within the Free Energy
functional formalism

This Is supposed to reproduce what occurs when
SiO, Is perturbed as in femto-second laser
experiments.

3 different electronic temperatures are considered,
corresponding to 3 different laser frequencies:

T[e] =20000 K «— hw=172eV
T[e] = 25000 K +«— j7w=216¢eV
T[e] =30000 K <«— f@w=259eV




Free Energy Molecular Dynamics

Free Energy is written as
H—
F (0. {R1}] = - 2kg Te Indef[ 1+ exp(~ )] + e + Ej
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Then, equations of motion are introduced by the following forces:
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Here the electron charge density is given by
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[Alavi et al: PRL 73, 2599 (1994)]
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Simulation at 7_=20000 K (1.72 eV)

<Ton> = 304 K

Just
a thermal motion




Simulation at 7_=25000 K (2.16 eV)

<Ton> = 367 K
BUT!

Formation of
Si-Si bonds




Simulation at 7_=30000 K (2.59 eV)

<T,,,>=2870K

on

(T...=1883 K)

melt™

Just melt




Radial distribution functions for the
three electron temperatures
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Si1-Si RDF and integrated coordination
number for the two electron temperatures
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Final stable structure obtained at T_= 25000 K
(Si1-Si bonds in light blue)

Si-Si bonds
(d=2.51A -
2.64A)
are 20% of the
total Si related
bonds




lonic Temperature:
Si Formation below Melting Temperature

ionic temperatire (K)
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Diffusion Coefficients for Si1 & O

T[e] T., (K) | Dg (cm?/s)| Dy (cm?/s) | Si-Si
(K) bond
20000 | 304+/-151 | 1.004 x 10° | 1.252 x 10-° No
25000 | 367+/-102 | 4.100 x 10° | 8.489 x 10° Yes
30000 | 2870+/-220 | 1.415x 107 | 3.401 x 107 Yes
(but melt)

N;
;= <1 >0 (1) <o>>

Nj 1=1
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» Curvature-induced metallization of
semiconducting double-wall carbon-nanotubes

[Okada & Oshiyama: PRL 91, 216801 (2003), and unpublished results. ]

- Balance of 2 nano-curvatures makes it. The similar
happens at metal contacts.

> Cgo badminton shuttlecock: possible
mag netism [Okada et al: CPL 399, 157 (2004). ]
- Attachment of molecules becomes nano-scissors.
» Formation of Si seeds In S10, upon laser
Irradiation [Boero, Silvestrelli & Oshiyama: 2005. ]

- Higher electron temperature that simulates
electron-excirtation-induced materials formation

> What we are planning to do on PACS-CS

34 2 16 17 2005
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> Curvature-induced metallization of
semiconducting double-wall carbon-nanotubes

[Okada & Oshiyama: PRL 91, 216801 (2003), and unpublished results. ]

- Balance of 2 nano-curvatures makes it. The similar
happens at metal contacts.

> Cgo badminton shuttlecock: possible
mag netism [Okada et al: CPL 399, 157 (2004). ]
- Attachment of molecules becomes nano-scissors.
> Formation of Si seeds In S10, upon laser
Irradiation [Boero, Silvestrelli & Oshiyama: 2005. ]

- Higher electron temperature that simulates
electron-excirtation-induced materials formation

> What we are planning to do on PACS-CS
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