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Figl.1 Fullerene family.
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1.2.4

1.2.4.1
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Fig. 1.3 CVD method.



1.2.4.2

DMFC ( Direct methanol fuel
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Fig. 1.10 Comparison of relative rate constant.
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2.1
2.1.1
Fig. 2.1 FT-ICR
(50117s) (3001/s)
1x 10-10-1x 108
6 Tesla
Table 2.1 FT-ICR
Table 2.1 Parts of FT-ICR
ULVAC SUS316
ULVAC GDV-200A
ULVAC UTM-300
6 Tesla Superconducting Magnet
lonization Laser [ a
Gate Valve Excitation & Detection
Deceleration  Cylinder Electrical
Tube Feedthrough
Front Do\jr ' f}ck Door /
S .
"\ Probe
Screen Door Eﬂ Laser

/Turbopum
| — p\

J

= A

A

T

A 100 cm

Fig. 2.1 Experimental apparatus (FT-ICR).

16



17

2.1.2
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Fig 2.2 Cluster source of FT-ICR
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Arbitrary Waveform
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Fig 2.3 Excitation and detection cylinder ( ICR Cell)

Back Door
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2.1.4
Fig 2.4
2 Thermalize
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009-0637-900 ( Reaction Gas)
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Fig. 2.4 Schematic view of a gas line and a thermalize gas line.

19



2.1.5

Fig 2.5
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Fig. 2.5 6 Tesla super conduct magnet.
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Fig.2.6
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Fig. 2.7
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Fig.2.7 Control and measurement system.
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Fig.2.8 Delay pulse generators connection.
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2.2 FT-ICR

2.2.1

FT-ICR Fourier transform ion cyclotron resonance

ICR-cell
2
B q m
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VoAV, =4V, +V,° ) r
mv 2
rxy =qv,, B (21)
(4]
Y,
w=-"= 98 (2.2)
r m
f
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27zm
qg/m
q
1 ( 2 3
) m
deceleration tube front door back door
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Fig.2.9 Schimatic view of ICR cell.
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Fig.2.10 FT-ICR
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Fig. 2.10 Mass analysis tubes layout and ion trap timing chart.
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H, ENZihnw-“k (2.13)
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SWIFT(Stored Waveform Inverse Fourier Transform)
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Electrode \

Fig.2.11 Disposition of excite electronodes and X-Y coordinate.

r
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gE, dt

_A=x= t

nmv © 4
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Fig.2.12 x*y’and X- Y coordinates relation.
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2.3.3

SWIFT
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Fig. 2.13

[18] Fig.2.14(a)
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Fig. 2.13 Relation among time division frequency division total time and total frequency.
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Fig. 2.14 Conversion of spectra (a)frequency (b)mass.
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Fig.2.15

Voltage (arb.)

SWIFT 10 kHz 900 kHz

50 ns 1M 50 ms
Ce0(123.8 kHz)

Intensity (arb. units)

|
500 1000
Frequency (kHz)

Fig. 2.15 Excite and detect waves example(Ceo).
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2.4
FT-ICR
SWIFT
2.4.1
Fig.2.16 -10 VvV
15 20eV ICR
amu 1 000 amu Si27  Sise
Siss  Sisa
Fig.2.16
Fig.2.16
(Si28:92.23% Si29:4.67 % Si30: 3.10 %)
SWIFT
SWIFT
'(a')'_'llo'\/"'I""I""I""I""I""I""
llll lllllln
(b) —20v
b l lh.
(c) —30V
Al “.“lﬂh.u__ﬁ

(d) —40V

Intensity (arbitrary)
%

Number of Silicon Atoms

Fig.2.16 Mass selection by deceleration tube.
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2.4.2 SWIFT
SWIET
Fig.2.17 ICR Si20 Si23 Si26
(Fig.2.17(b))
ICR
25 kHz 300 kHz
Si20 Si23 Si26
(Fig.2.17(a))[19]
(a) SWIFTed
Siz
>
o
5
S |lu . .
N 17 T
%‘ (b) SWIFT Wave
c
9
<
N N N N N N N | N N N
15 20 25 30

Number of Silicon Atoms

Fig.2.17 SWIFT wave example.
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2.5.1

SWNTs

2.5.2

SWNTs

2.5.3

(1)
(2)
(3) (He)
(4) (He)
(5)
(6)
(7)

(1) 24 mJ [/ pulse 22 mJ / pulse
(2) 5s

(3) 3.9kA He 10

(4)Co 435us Pt 440ps

(5)Co 30V 8-20 Pt 30V-90V
3-8

(6) 5V 10V

(7) 430us
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FT-ICR
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1.3
3.1.1
Fig. 3.1 12amu ( atomic
mass unit ) 200 amu
[20]
6
( Table 3.1)
Fig. 3.2 600 amu
3
3
Deceleration tube 30-120V 2-10
3-7
Number of Pt Atoms
5 10
L] 1 L) L] 1 L ] | 1
(a) 30V
- -~ =L1 L;_ & e
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©
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& L
2 [ o
@ {c) 90V
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Fig. 3.1 Ptn* cluster spectrum with decelerating volts changed.



Intensity (arbitrary)

Table 3.1 Isotope abundance ratio.

mass Fraction (%)
189.9599 0.01
191.961 0.79
193.9627 32.9
194.9648 33.8
195.9649 25.3
197.9679 7.2

| | L _

580 584 588 502
Mass (amu)

Fig. 3.2 Identification of Pts cluster[20].



3.1.2
Fig 3.3 0-2s
1.0x 10-8 Torr
28 x namu (n: )
28 amu (6{0)] 2 H>
Ptnt + m CH3OH - Pt*(C,O)m+2mH:2 (3.2)
C O
CcoO CcO
C O 12 amu 16 amu
2H 2
H:2 4
H2
4 2 30amu
116 amu 112 amu
(Fig.3.4) Pt3(CO)s
1 2 CcO
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Fig. 3.3 Mass spectrum of Ptn* cluster reaction with methanol ( 1.0x 10-8 Torr ).
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Fig. 3.4 Identification of 116 spectrum of Pts* with methanol.

3.1.3
Fig. 3.5 5.0x 107" Torr
3.1.2 50
Co
2
(0]
Co
Baraj 7
co 10 [21] )
Co 6 Co 4
6 Co Co
Fig. 3.6 1 Co 4-8
4-8
Co
6 Co 5 6
6 6

Pt,"( CO )s + CHOH — Pts"( CO ),

1s

[22]

Co
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Pt,"( CO )s — Pty ( CO )+ Pt

Intensity (arbitrary)

Pt;CQO,
v FPLGO,
¥  p.co.
v
Pt,COy,
v
Pt,.COy
v Pt,CO-
Pt CO, v
|.|L T L' . i A
800 1200 16C0
Mass (amu)

Fig. 3.5 Mass spectrum of Ptn* with methanol ( 5.0x 107 Torr).

CO molecules / Pt atom

1 .5 T T T T T T
O

1 C O O .
o o °

0.5 -
0 1 1 1 L 1 1
4 6 8

Number of Pt atom

Fig. 3.6 Co molecules per Pt atom.
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3.1.4
Fig.3.7 1.0x10 8Torr 0 -5s
26 amu 26 amu C,H,
H2
Pt," +mCoHs — Pt,"(2C,2H )+ mH, (3.3
Hanmura [10]
( 8-20 )
[12] 2
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Fig 3.7 FT-ICR spectrum of Ptn* reaction with ethylene (1.0x 10-8 Torr).
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3.1.5 Pt,'(C0),
co Ptn*( CO )m
Ptn*( CO )m
15s 3.0s
Pt( CO )+ H,0 — Pt + CO, + 2H" + e-
DMFC
570 K
co
- Pt4(vCO)4 (a) 0.0 Torr
Pts(vCO)4 Pt;(CO),
v Pty(CO);
Y Pt,(CO),
¥ Pty (CO),
l v
dos i - Y -ﬁ.u -—y ad

(b) 1.0x 10" Torr
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H20
1.0x 107 Torr
Fig. 3.8

(3.4)

300-400 K

CO
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2 s B e %
(c) 1.0% 107° Torr
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400 800 1200 1600
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Fig 3.8 Mass spectrum of Pta*( CO )m reaction with H20 (3.0 s).



3.1.6

Fig 3.9
kK Ir Pt lo [ G] :

In(l, /1,) = —k[G]-t

5
4
1 OR ET
s i
S
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8 r i
(7))
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(0D
o
E L ]
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)
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w_
~ F
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Number of Pt atom

Fig 3.9 Relative rate constants of Ptn* reaction with methanol and ethylene.
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2a |2
ORr = ﬁ[E—TJ (36)
Langevin-Gioumousis-Stevenson [23] 2
o
32.3x 1025/ cm3  42.6x 1025 / cm3[24] k/a (Fig. 3.10) 2

—4&— ethylene
—— methanol

k/ o7 (arb.)

Number of Pt atom

Fig. 3.10 Relative rate constants divided by each polarizability.
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3.2.1
[13 25]
2 3
Fig. 3.11
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