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Fig. 1.2(a) Laser Ablation Technique
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Fig.1.3 ACCVD method.
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Fig.1.7 Reaction mechanism of cobalt cluster with ethanol.
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Fig. 1.8 Comparison of relative rate constant.
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16

10 10Hz
Waiting Room
Fe/Co Mo, Co/Mo ,

Waiting Room

FT-ICR
1.8% 10° m/s

10mm 0.5mm

Waiting Room

Table 2.1 Parts of FT-ICR.

SUS316
GDV-200A
UTM-50, UTM-300

| Window
\ — —
] 5
i)
83
S
©
-t > r
r
=N
Fast Pulsed Valve
To Cell
L. L
Expansion
Cone
] .
N “Waiting” Room
Target Disc

Fig.2.2 Cluster beam source of FT-ICR.
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Fig. 2.3 Schematic view of FT-ICR cell.
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Fig. 2.4 Schematic view of a gas line and a thermalize gas line.
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Fig. 2.6 Optical system of FT-ICR.
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Fig.2.9 Schimatic view of ICR cell.
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Fig.2.11 Disposition of excite electronodes and X-Y coordinate.
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Fig.2.12 x"-y"and X-Y coordinates relation.
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Fig. 2.13 Reration 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
50 ns 1M 50 ms
Ceo(123.8 kHz)

S [ Excite Detect
o F
(@)
8
O
>

0 10 20 30 40 50

Time (ms)

T | | | | | | | | | 7
_g e y ; . -
S | / -
i Excite .
L
> | > + )
=1 ~Cgo Detect .
C _‘ / _
sfill 1 A
- | | | | | | | | |

0 500 1000

Frequency (kHz)

Fig. 2.15 Excite and detect waves example(Cg).
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FT-ICR
SWIFT
2.41
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Number of Silicon Atoms

Fig.2.16 Mass selection by deceleration tube.
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Fig.2.17 ICR Sizg, Siz3,Size
(Fig.2.17(b))
ICR
25kHz 300 kHz
Siz0, Sia3,Siag (Fig.2.17(a))[14]
SWIFT
(a) SWIFTed

-

©

=

o

[

iU/ o4 ' "

2 | (b) SWIFT Wave

e

9

=

|

15 20 25 30

Number of Silicon Atoms

Fig.2.17 SWIFT wave example.
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3.1

(1)
(2)
(3) (He)
(4) (He)
(5)
(6)
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(1) , 23~30mJ
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(4)
(3) 39KkA(4) 435us
(5) . 30
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3d Ti, V, Co, Ni, Fe, ... 4d Pd,Ag 5d Pt, Au

[15-19]

Number of Cobalt Atoms
8 12 16 20

Intensity (arbitrary)

-]..L il I .‘m .I“Lll lll‘l Loal 1 fu IJ 1-

400 60 800 000 1200
Mass (amu)

Fig. 3.1 Mass spectra of as injected cation cobalt clusters.
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Fig.3.1 FT-ICR
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ol | P 1 1 1 I
600 650
Mass (amu)

Fig. 3.2 Mass spectra of cobalt clusters with 10atoms.
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10

Fig. 3.1
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3.3
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Fig. 3.3
Fig. 3.3(a) (b), (¢)
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2
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..||||||..I.||
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‘| ., |Il l|l\Al|l\ l|l\ llll lll AT I I B

(c) 3.0 sec
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‘ L H “lll ||J “.\ llll TV 70 I O O |

600 800 1000 1200
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Fig. 3.3 Chemical reaction of cobalt clusters with C,Hy.




Fig. 3.3(b) (c)
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Fig. 3.4 Fig. 3.3(c) 13-15
Fig. 3.4 ( ) 26 amu, 28 amu
1 9-21 26 amu
1
28 amu Co, + CHy - (Cop, Cy, Hy)' (R-1)
26 amu Co, +C,H; - (Co,, Co, Hy)" +H, (R-2)
Fig. 3.4 50 amu, 52 amu 2
52 amu 52 26 1
2 50 amu 52 amu
2 2 56 amu
1 2
2
4,6 2
52 amu (Cop, Cy, Hy)" + C,H, — (Co,, Cu, Hy)' + Hy (R-3)
50 amu (Cop, Co, Hy)"+ C,Hy — (Co,, Cy, Hy)™ +2H, (R-4)
(a) 13 atoms 26
—~ + 52 +
> Con v Coy 76 78
© 28 50
S ' | '
.‘: Il A u | 1 L l
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+ +
> i C014 v C015 1
= 1 74
2 JN | N 1 l Y
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=
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15 j v Coys
l N | 1 | A Ly

Mass (amu)

Fig. 3.4 Assignment of reaction pattern of cobalt clusters with 13-15 atoms.
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Fig. 3.4 74 amu, 76 amu, 78 amu 3
3 10 8 6 2
78 amu 26 (R-3) , (R-2)
76 amu ) (R-4) (R-2) ) (R-5)
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3
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) (Cop, Cq, Hy)" + CoHy - (Coy, G, Hy)' + H, (R-6b)
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16 Fig.
3.5 Fig. 3.5 16 24 amu 24 amu
4
4 4
2 52 amu 2
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l L] L] L] L] L] L] L] L] L] l L] L] L]
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=+ Cors 50 76 -
Ne) + 76, 78amu
| -
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L M A I | I | 1111 | I R A
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Fig. 3.5 Assignment of Co,¢ + C,Ha.



Fig. 3.6(¢c)

Branching fraction
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76 amu, 74 amu Fig. 3.5 41 amu
3
1-3
2 4, 6 3
6-10
1-3
Fig. 3.6
3 10-20 16
1 T T | T T T T T T T T | 4
| (a) 1 molecule adsorption
O Co,(C,H,)"
Coy(CaHy)" — H,
0.5
0.5} 0 Co(C,H,) = 2H, (b) 2 molecules]
Co,(C4H,)" - 3H,
| |
osk T Cop(CeHg)" — 3H, (c) 3 molecules]
Co,(CgH,)" — 4H, 1
Coy(CgHy)" — 5H,

Cluster size

Fig. 3.6 Branching fraction of Co, + C,H,.



3
15 8-21
Fig. 3.7 19
8-18 10-18
[11]
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Fig. 3.7 Reaction rate of Co, + C,H,.
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34
3.4.1
SWNTs
[11]
2 2
2
1210 Torr Fig. 3.8
Fig. 3.8(a)
(®) (o)
4
2
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Number of Cobalt Atoms — C2HOH (42amu)
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Fig. 3.8 Chemical reaction of cobalt clusters with C,HsOH.
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[11]
Fig. 3.8(c) 10-12 Fig. 3.9 Fig.3.9  42-46 amu
(-2H, -4H)
11-18 [11] 10
(Fig. 3.9(a)) thermalize
1
46 amu Co, + C,HsOH - (Co,, C,, Hs, 0)" (R-8)
44 amu Co, +C,HsOH - (Co,, C,,H;, O)" +H, (R-9)
42 amu Co, + C,HsOH - (Co,, C,, H,, 0)" +2H, (R-10)
42-46 amu
Fig. 3.10
COlo+ COlg+ COI,‘;r
LI L L O B I A
Co10+ (a) 10 atoms
18 Coyq
46
v
—_ 44
P
cU n l
=
S (b) 11 atoms Cot
= o]
& Coyq" "
Py
‘n 42 v
c
2
< Ll
+ (c) 12 atoms
Co
12 Co13+
M 68 70
L ’
| . " [
I T T T A A A 0 O A
Mass (amu)

Fig. 3.9 Assignment of reaction pattern of cobalt clusters with 10-12 atoms.
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T T T T T T T T ! i ' ' ' ! '
— - _2.0sec, 1.0x 10° Torr i
g 15_ » O —2H2 —
= —3.0sec, 0.7x 10 "Torr 0 —H
Q i 2 ]
| -
= i _
B2 i 7
-
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S 10t h
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f‘ i _
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= i _
c
5 i _
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Number of Cobalt Atoms

Fig. 3.10 Dominant reaction type of cobalt clusters with ethanol.

2

2 92 amu 84-88

amu 84-88 amu 53.93 amu

84-88 amu
2 13-15
Fig. 3.11 Fig. 3.11 82, 84, 86 amu 68,
70 amu 2 82-84 amu
82-86 amu 2 (-2H, -4H)
86 amu (-2H, -4H)

84 amu 2 (-4H)
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82 amu 84 amu

L I ek ht an

(c) 15 atoms
| Coys Coye

1 6
1 28 amu
6
2
86 amu (Cop, Cy, Hy, 0)" + C,HsOH - (Co,, C4, He, 0,)" + H, (R-11)
84 amu (Cop, Cy, Hy, 0)" + C,HsOH - (Co,, C4, Hy, O,)" + 2H, (R-12)
82 amu (Cona C45 H4: 02)Jr - (COHB C47 HZ: 02)+ + H2 (R-13)
2
[21] -d6
Fig. 3.11 68 amu, 70amu
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Fig. 3.11 Assignment of reaction pattern of cobalt clusters with 13-15 atoms.
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Fig. 3.12 Chemical reaction of cobalt clusters with C4H ;0.
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Fig. 3.13
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Fig, 3.13
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42, 44amu
12 84 amu
2
42 amu 2
74 amu Co, + C4H;(0 - (Co,, C4, Hyp, O)" (R-14)
68 amu Co, +C,H,0 - (Co,, C4, Hy, O)" +3H, (R-15)
44 amu Co, + C4Hi0 - (Co,, Cy, Hy, O)" + (Cs, He) (R-16)
42 amu Co, + C4Hi0 - (Co,, Cy, Hy, O)" + (C», Hy) (R-17)
Fig. 3.13 58
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Fig. 3.13 Assignment of reaction pattern of cobalt clusters with 11-13 atoms.
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343 2
2 Fig. 3.14(a)
13 Fig. 3.14(b)
Fig. 3.14(a) 2 68 amu, 70 amu
68 amu  Fig. 3.14(b) 2
68 amu
Fig. 3.15

[11] 2
70 amu (Cop, C2, Hy, 0)" + C,HsOH - (Co,, C4, Hy, O)" + H,0 (R-18)
68 amu (Cop, Cy, Hy, 0)" + C,HsOH - (Co,, C4, Hy, O)" + H,0 +H, (R-19)
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Fig. 3.14 Comparison of reaction of Co;” with (a)ethanol and (b)ether.
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Fig. 3.15 Model of intermolecular hydrogenation process.
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Fig. 3.16 Chemical reaction of cobalt clusters with C,H¢O.
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Fig. 3.16(b)  13-15 Fig. 3.17
42-46 amu (-2H, -4H) 1
46 amu Co, + CHO - (Co,, Cp, Hg, O)" (R-20)
44 amu Co, + C,HO - (Co,, Cp, Hy, O)" +H, (R-21)
42 amu Co, + CHO - (Co,, Cy, Hy, O)" +2H, (R-22)
Fig. 3.17 13 16 amu
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Fig. 3.17 Assignment of reaction pattern of cobalt clusters with 13-15 atoms.

[T T rr 11T T T T T T T [ T 171 T T]
—~ +
=L Co; 16 42 b6
© [ + i
= Coy,
o r + 86amu + 92amu =
ren
g n _
_B\ n _
2 - 14 30 441 -
40-')- = M g8' 3v2 M —
I= ik Ll N N

I T T N TN NN T T N T T T N T N N T B L1

760 780 800
Mass (amu)

Fig. 3.18 Assignment of reaction peak of (Co;  + C,H¢O) + 14 amu
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14 amu
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Fig. 3.19 Reaction transition of Co," + C,H¢O.
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16 amu (Coy, Ca, Hy, O) = (Co,, O) + (Cy, Hy) (R-23)
14 amu (Cona CZa H29 O)Jr - (Cona C7 HZ)Jr + (Ca H4a O) (R_24)
30 amu (Cop, C2, Hy, 0)" = (Co,, C,H,, 0) +C (R-25)
46 amu
1
Fig. 3.21
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f .‘ :zbmuzﬂanm
VAU etwydrogenation - ”
3085808 = +$0

demmposlﬂun
@ aoygen 16 amu 2
() carbon
- © |:> 32 amu
Fig. 3.20 Reaction process of Co," + C,H;O.
(a) ethanol

%o = dée

O cabon (D) dimethyl ether

= dod = d0b >0

Fig. 3.21 Comparison of reaction type of cobalt clusters with (a)ethanol and (b)dimethyl ether.
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3.4.5

[11]
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[27, 28] Fischer-Tropsch
FT-ICR
[19] 1-12

1210 Torr
Fig. 3.22 Fig.
3.22(a) (b), (¢)
— CH;0H (32amu)
Number of Cobalt Atoms —2CH;OH (64amu)

10 15 20
I I I I I I I I I I
a) as injected

= Lll,L e T b L b I
o (b) 5.0 sec
e |
SRR
% |‘I | ‘ _ 1 ,JI.Jl‘I.IL‘IlIlI“JI
c
E (c) 15.0 sec

I|I|||I||II|II\|I||"|JJ¢'III " l..ll ]

400 800 1200

Mass (amu)

Fig. 3.22 Chemical reaction of cobalt clusters with CH3;0H.
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Fig. 3.22
32 amu 32 amu
64 amu
2
[19] 1-12
(8-21)
32amu Co, +CH;0H - (Co,, C,H,,0O)" (R-26)
64amu (Cop, C, Hy, O)" + CH;0H - (Co,, C,, Hg, 05)" (R-27)
Fig. 3.23 11-14
28, 44, 60 amu
28 amu 32 amu 4
11-19 15, 16
3-5 [19]
60 amu 2 4
56 amu
32amu 28 amu
2 8 56
IIIIIIIII+|IIIIIIIII|IIIIIIIII|IIIIIIII ! 327
CO1 ] 32 (;1) 1fatoms
64 o2
] 18 + (34
= = | 44 Con g,
5 Coyy + 64 Coy,’ g v |
'_"c:) E (b) 13atoms
s s /
> +
5 g | || i IR .
= a4 = (c) 14at i
C atoms
28 N 60
v | noise .
" ll.l[ " ) - l L ek COM v
T T T T T I I A I A B A I\ 28 v CO15:
640 660 680 700 720
Mass (amu) Mass (amu)

Fig. 3.23 Assignment of reaction pattern of cobalt clusters with 11-14 atoms.
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amu
28amu (Co,, C, Hy, O)F — (Co,, C, 0)" +2H, (R-28)
60amu (Cop, Cy, Hg, 0,)" = (Co,, C,, Hy, O5)" +2H, (R-29)
44 amu 2
Fig. 3.24
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Fig. 3.24 Comparison of reaction of Co;3" with (a)methanol and (b)dimethyl ether.
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Fig. 3.25 Model of reaction pattern of Co," with (a)methanol and (b)dimethyl ether.
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Fig. 3.26 Branching fraction of Co," + CH;OH.
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Fig. 3.28 Fig. 3.7 Fig. 3.27
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Fig. 3.28 Size dependent reaction rate.
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Table. 3.1 SWNTs
10° Torr
3.0 sec
1
SWNTs 3.0nm
[20]
[20, 22]
SWNTs
Table.3.1 Reaction conditions and results of experiments.
Polar molucule Nonpolar molecule
Ethanol Methanol | Methane | Ethylene | Dimethyl Ether | Diethyl Ether
Gas Pressure [Torr] 1.0x 10% | 1.0x 10® 10° | 1.0x 10°® 1.8x 10 0.6x 10
Reaction Time [sec] 34 15 10 3 4-5 10
Adsorption Molecules 2 2(3) 0 3 1(2) 1
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