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1.1
1.1.1
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(fullerene) (nanotube)

Ceo
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Ceo
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Fig.1-1
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Fig.1-1

(b) Structure of La@Cs2
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Cso 1990 1991
Ceo
NEC
(MWNT :Multi
Wall Nanotube) [2]

2 1993 Bethune 1
(SWNT : Single Wall Nanotube)

(3]
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1.2.6

Table.l-1

%
Ni Co

Table.l-1

Fe

Co

Ni

Fe-Ni Fe Ni 1 1

Ni-Co Cao/Ni  0.6/0.6 %

Rh

Ru-Pd

Rh-Pd

Rh-Pt

La

Ni-Y Ni’Y 4.2/ %
or 0.6/1.7 %

Ni-La Ni/La 1.1/0.3 %
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1999 Ren Ni

Ni CvD

[5]

120mmx 100mmx 10mm

(http://www.itron-ise.co.jp/japanese/nanotube/)

1oV

10-9 Torr 10° Torr

Dillon Co
H> 273K 300Torr  H, 10
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K/s 150K
10
1.22nm 9,9
1.6 % 28kgH,/m®
1010 12,12
15,15 1.36nm 1.63nm 2.00nm
2.2 % 35kgH,/m® 31 % 45kgH,/m®
40 % 50kgH,/m* 6.5 % 62kgH,/m’
900
SC -SIC-Si
ScC
Table.1-2
Table.1-2
CIC
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21 FT-ICR
211
FT-ICR(Fourier Transform lon Cyclotron Resonance) [6] [7] [8]
FT-ICR
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2.2
FT-ICR
SWIFT(Stored Waveform Inverse Fourier Transform)
SWIFT
2.2.1
t h(t) f
H() ht)  H()
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h(t) ? "H(f)e”ifl df
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2 2
f.? K ?2k?F, %k? ’7ﬂﬂ’> (12)
N?T 2 2 29
(10)
H (k2F) 2 n(t)e™" dt
s |
? ? h(n?T)e?Z?lfnn?T 7T (12)
n?0
N?1 ?Z?ink
22T h(n?T)e N
n20
2_?i
W2 eN Hy
N?1
H, ?2? hw™ (13)
n?20
N h, N Hy
?T (12)
?T
h(t) h,
- H(f) H?T *)

(13) N2 N2 (13) k
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N
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1 K21
hy 2= HW™
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222 SWIFT
SWIFT(Stored Waveform Inverse Fourier Transform)

SWIFT

Fig. 2-3

n
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Fig. 2-3 X-Y
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24



Fig. 2-3
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Fig. 24 x-y X-Y
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Fig. 2-6(a) (b)
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Fig. 2-7

Voltage (arb.)

Intensity (arb. units)
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222
Fig. 2-7
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FT-ICR
SWIFT
2
2.3.1
Fig. 2-8 ?210V
15 20eV
ICR
750 amu 1,000 amu
Si27 Si36
?220V
Siss  Sisa
Fig. 2-8
Fig. 2-8
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Number of Silicon Atoms

Fig. 2-8
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232 SWIFT

Fig. 229
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24.1
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24.2

CH, NO

thermalize

thermalize

CH, C

NO

thermalize

NO
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2-4-3
Fig.2-10
Thermalize(1)
SWIFT
thermalize SWIFT
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SWIFT
<
Injection Thermalize(2)
<
Reaction
<
Excite

Fig.2-10
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3.1FT-ICR
3.11
Fig.3-1
Gate Valve

Cluster Source
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Gas Addition
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—
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Table31 FT-ICR
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3.13ICR
Fig.3-3 FT-ICR
ICR Fig.3-3 2
(Excitation : 120° sectors) 2 (Detection : 60° sectors)
(LW420A : LeCroy)
(
22mm)
Excite Electrode
Detect Electrode
Front Door Back Door
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Fig33 ICR
( )
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TOF

3.14

Fig.3-4

thermalize
0.02 0.03[MPa 0.1 0.2[MPq]
Window & Reaction Gas Addition System FT-ICR
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General Vave Corporation
9-683-900 Buffer Gas/ Ar
009-0637-900 (Reaction Gas / ethylene)

THE MULTI-CHANNEL IOTA ONE
Genera Valve Corporation

General
Valve
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ION
gauge Reaction Thermalize
Gas gas
lLiquid He
Liquid N,
3.156Teda \], o
Fig.3-5 6Teda |O| ﬂ
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FT-ICR < >
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3.1.6

Fig.3-6

Yag Laser —{sHe | —M\
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Fig. 3-6
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Fig. 37
. . GP-IB -
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41.2
SWNT (
)

1.

2.Ni Co (Ni Co 0.6%)

3.Ni Co (Ni Co 1.2%)

(Ni203, 00203) 1200
Ni, Co
La Y & Ce Gd
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4.2.1 Ni/ColC

Fig. 41 Ni,

(C2n+1)

(b)
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Co 1.2% ICR
Fig. 4-1(a) (b)
FT-ICR
@
(s )
(Can) []
IPR(Isolated Pentagon Rule )
Ceo IPR
@
[10][11]

Ni Co
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422
Fig. 42 (a)
(b) Ni/Co/C (1.2%)
@, (b) (@ (b)
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T
5 L,
= |
8 _(b) Ni/Co/C |, |
L
£
Cro’ |
Ce' |
il tm
40 80 120

Number of Carbon Atoms
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4.2.3

Fig. 41 (b) Ni/Co/C (1.2%)

421
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Fig. 44 Fig. 43  720amu
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Fig. 44
Fig. 45-1
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Table42 Fig. 455

Table4-2 Ni/Co/C

Ceo 100
CeoH" 35
NiCss 53
CoCsy 36
Ni,Cso 12
NiCoCsq 27
Co,Csy 7
Ni,C490 " 15
NiCs4(H,0)" 6
CoCs4(H,0)" 8
Ceo 100
Ceo Table 41 Fig. 44
C, CH MC, M,C, Table4-1
Table 41 NiCss CoCss Ni Co
Ni  Co
Ni Co
7 3 Ni

F1
+ 0.5 Ni Co 7
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424

FT-ICR

10V 60V Fig. 46 Fig. 47
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425
Fig. 48-1 Fig. 482 Fig. 48-3 Ni Co 1.2% 0.6%
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426
Fig. 49 F1 Ni/Co/C
He
Waiting room
Fig. 49 880 890amu
(Fig. 4-10) 0.1
0.6amu Table42 C H O Ni Co
Ni Co
amu
C H O
(Ni Co)
Table 4-2
| sotope Atomic Mass Natural
Abundance(%)
2c 12.000000 98.892
C B¢ 13.003355 1.108
H 1.007825 99.985
H ’H 2.014000 0.015
%0 15.994915 99.76
o o 16.999131 0.04
80 17.999160 0.20
Co *Co 58.933198 100.00
BNi 57.935346 68.077
ONi 59.930788 26.223
Ni *INi 60.931058 0.140
®2Ni 61.928346 3.634
®4Ni 63.927968 0.926
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4.2.7
4.2.6 Fig. 4-11
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4.2.8 NO
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