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T[K] V[m/s] TI[K] E[meV] E,[mev] E|[mev] S 1.7/S DvIV DE/E
300 1740 4.6 63.0 64.6 63.6 126 0135 0.128 0.26
400 1980 7.4 82.0 86.1 84.5 114 0150 0.142 0.28
500 2205 109 101.5 107.7 1053 104 0.164 0.164 0.33
600 2410 145 121.4 129.2 1261 9.87 0172 0.169 0.34
700 2601 190 141.3 150.7 1466 928 0.183 0.182 0.37
800 2776 236 160.9 1723 1672 889 0191 0.187 0.38
900 2940 281 180.5 193.8 187.7 862 0197 0.192 0.39
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Intensity [arb.units]
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300 1486 7.04 184.1 212.7 207.7 174 0.098 0.098 0.195
400 1675 11.9 233.9 283.6 275.2 15.1 0112 0.115 0.229
500 1853 18.2 286.3 3545 341.6 135 0126 0.127 0.254
600 2012 255 3374 425.3 407.3 124 0137 0.144 0.288
700 2154 329 386.7 496.2 472.9 11.7 0146 0.155 0.309
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Intensity [arb.units]
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2-4

Drift Speed [m/fs]

2.2
=010 9,633 0%, 2195
4 09+30° 0.1¢2 1]
L= D10 B 59,633 01%, (T, - T) 2.196
4 09+30° 0.1¢2 1]
52  6.33 He CH, C
" V, Tg 2.77(9) (b E E, E, 2.78
2.7 CH,
T[K] V[m/s] T[K] E[mev] E[mev] E[mev] S 17/S DVNV DEE
300 1284 19.24 257.9 338.6 316.9 12.5 0.14 0.14 0.28
400 1446 32.25 327.3 451.5 415.1 10.9 0.16 0.15 0.31
500 1601 4949 401.1 564.4 508.5 9.70 0.18 0.18 0.35
600 1739 67.58 473.3 677.2 601.0 9.01 0.19 0.19 0.37
700 1860 90.11 541.8 790.1 688.4 8.36 0.20 0.19 0.39
800 1977 116.3 611.6 903.0 7717 7.81 0.22 0.21 0.43
900 2087 1354 681.8 1015.9 863.0 7.65 0.22 0.22 0.43
_| T | T | T T T T |_
2000 | 140 - »
E 120 — —
1800 2 00 ]
= I ]
5 'R0 _
1 600 % L i
= Or ]
1400
5 ol -
& I _
1200 - 20 1 ]
S N N BN B B o 1o 1o 111, H
300 400 500 00 T0O 800 900 300 400 500 600 T00 800 900
Nozzle Temperature [K]
Nozzle Temperature [K]
2.77 @ (b)
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2-4

2.78 *“ corrected’ B C CH
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— 2195
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Nozzle Temperature [K]

2.78
C,H,
CH, 2.7 AEE 03 04
He CH,
2.7
CH, A VIV 2.25
2.179
2.78
2.195
2.196
B C
CH,
2.78
C CH, T#T,
C
CH C
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2-4

2.8 2.79 CH,
2.189
2.8 CH,

TIKI v v, (1) v, (1) v, (1) v, (1) v, (1)
300 7.88x 10”7 8.45x 10° 1.28x 10° 2.50x 10" 9.27x 107 1.34x 10°
400 2.65x 10° 2.79x 10° 6.79x 10° 3.54x 10" 2.99x 10° 7.01x 10°
500 2.18x 10* 5.70x 10° 1.84x 107 4.36x 10" 2.40x 10" 1.89x 107
600 8.88x 10" 9.19x 10° 3.58x 10° 5.00x 10" 9.63x 10" 3.66x 10°
700 2.42%x 10° 1.29x 10" 5.77x 107 5.52x 10" 2.60x 10° 5.87x 10
800 5.14x 10° 1.66x 10" 8.23x 10° 5.95x 10" 5.47x 10° 8.37x 10°
900 9.24x 10° 2.04x 10" 1.09x 10" 6.30x 10" 9.75x 10° 1.10x 107

T [K] v, (2) v, (2 v, (2) v, (2) v, (2) v, (2)
300 1.30x 10° 1.75x 10° 6.63x 10° 1.21x 10° 1.74x 10° 3.88x 10°
400 4.59%x 10° 1.02x 107 2.76x 10°  4.34x 10° 1.01x 107 1.04x 107
500 3.89x 10°  2.93x 10° 6.51x 10° 3.72x 10" 2.91x 10° 1.88x 10°
600 1.62x 10*  5.92x 10° 1.15x 10" 1.56x 10° 5.90x 10° 2.79x 10°
700 4.47x 10° 9.79x 107 1.73x 10* 4.33x 10° 9.75x 107 3.69x 10°
800 9.58x 10° 1.43x 10" 2.35x 10" 9.32x 10° 1.42x 10" 4.56x 107
900 1.73x 10° 1.91x 10" 2.98x 10" 1.69x 10° 1.91x 10" 5.38x 10°

#
Uy
00 400 500 600 700 800 900

MNozzle Temperature [K]
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2-4
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2-4

90
2-2B
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3-3
Maxwell-Boltzmann Shifted-
Maxwell-Boltzmann 212
2.16
I(t) = oz(t- t)S(t)dt 2.197
] € m(l/t- u?u é m(/)* i
Aty = Fat* exps MW Gy s e MO g
1 2} 2kBTg 9] é Bls Ob
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3-1 Pt(111)

Cs O
CH,
5 Pt(111)
Cs CH,
3-3 O 3-4 3-5
3-1 Pt(111)
Pt(111) 99.99% Materia-Technologie& Kristalle
10mm Imm FrmaMateck 2° 0.4°
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11808 Pt(111) 31 3.2
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500eV
1000K
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3-1 Pt(111)

" Pt
78
195.083
1.39
fcc
3.924
%228
*5.32eV ( )
240K
5d°6S

. A l
P _ (111)  fcc

31

& First Brillouin zone
|
I Second Brillouin zone
|

0.48058nm
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L [112]
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32 PY111)
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3-1 Pt(111)

B
LEED Pi(111) AES
Pt
He
0
PY(112) LEED  AES He
3.3 3.4 LEED foo(112)
AES C
KLL272eV Pt(111)
He 0
0.5°
He PY(111)
PES PES
Pt
: 111)  fec
31 He
fcc(111) He
Dviv=1
0.4° 0.1°
10°
150K
8567, 57
22 4
3.1
Bortolani % 32meV He
PL(111) <112> a  PES 0.002
107meV  He PES
0.01 Lee &
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3-1 Pt(111)

Ww—

contaminated
Pt{111) surface

Intensity [arb.units]

W

Ei = 2keV
E=70eV Ts=RT PPt C Pt Pt Ts=RT
1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 |
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Energy [eV]
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5 60
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32 Cs

3-2 Cs
Pt(111) Cs
A.
Cs
Pt(111)
Cs Pt(111) Cs Pt(111)
Cs d..
g, =0.25 % Cs p(2x2)
e, Cs
Cs (/3" +[3) R30° (3" 3)
He 5 Pt(111) Cs
B
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32 Cs

Cs/Pt(111)

Cs

(3" 3)
Cs/Pt(111)

Cs

A [eV]
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(2x 2)

(2x 2) Cs

89 (Zx 2)
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Pt(111)
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Ts=room temperature

(/5 )
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(2x 2) l

35 Cs
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32 Cs
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150 — 4000 4 (2% 2)
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Scattering angle [deg.]
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32 Cs

Commensurate

[112]

38 P(111)-(v3" 4/3)R30°-Cs q., 0.33
Cs Pt(111) hcp hollow site *
Cs Pt v 3 Cs

By
< A «t@y 4{
- [

3sseRs

rﬂ?ﬁ. ,w;gv%
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[112]
39 Pi(111)-(v/3" +/3)-Cs q. 0.33
Cs Pt v 3 Cs
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32 Cs

3.9 (2x 2)-Cs Cs
(/3" +/3)R30°
Pt
(/3 J3) Incommensurate
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PY(111) Cs
3.10
log
He €)]
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(b) (o)
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4:\ /
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10 3 .
ERpr g

=
1
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3.7 38
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U e
' |"|._ .".
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Surface Temperature [K]
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32 Cs

(d) 450K
@ :
450K~500K (b)) (o) ) )
‘-
@ haad
500K
350K (60eV)
Cs He (C)_
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700K 950K *
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@
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380K 500K 750K
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-
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32 Cs

D
Pt(111) Cs
Cs
Cs
LEED Cs 35
Cs
Cs
Cs 3.6 45°
He
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(2x 2) He
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Disorder He
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“ Disorder (2x 2)
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32 Cs

+ 10K Pt(111) 110+ 10K
Cs 550K ~650K
He disorder
Background 312
Cs
Pt(112) Cs 700K
Cs Pt(111)
He 3.12
950K 950K Cs %
Pt(112)
Cs
Cs
(/3" /3) (3" /3)R30° (2x 2)
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Cs Pt
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g, 025 Cs-Pt Cs
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121

Cs

700K 950K
Cs
He
3.5
Pt
Cs
Pt



32 Cs

312 He
Debye-Waller Plot

(@~ (b) He
Debye-Waller 22 (3
(@-(c)

(©)-(d)
He
(d)-(e)
He
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32 Cs

(2x 2) q.=~0.25
Cs Pt
— Cs M
(3" 3) (/3" J3)R30° g.= 0.25~
CsCs

Cs

N\
Pt % PES

Cs
3.13 Pt(111) Cs
E
Pt(111) Cs Cs
(D Pt(111) Cs Cs 0 0.25
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3-3 Cs/Pt(111) CH,

3-3 C9Pt(111) CH,
Cs Pt(111) CoPt(111)
32 CH,
A
CH,
CH,
100 CH4
CH,
Ni CO H, o Ni
CH,
CH,
102-108 Cq/a.
CH, Ni(111) deformation mode
104(1,2,4,5),108(8) C_ H
105(8,9) C—H
108
CH,
CH,
Pt(111) CH, 2
13

CH PthS RthZ W103 N | 104 I r106 107

109-117
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3-3 Cs/Pt(111) CH,

Pt(111) Cs 4.5eV
(LEED) Cs 2x 2 Cs
(/3" +/3)R30° (3" 3) Cs
He Cs
32 Cs
Pt(111) CH,
B
CH, Pt(111) Cs/Pt(111)
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§ 20 Jav=sov \
827K g.. 006 9., 025 100
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0.25 0 2500 5000 7500 10000 12500
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3-3 Cg/PY(111) CH,

827K Cs
Cy/P(111) He Q.
3.14
AES LEED
500meV  CH, 45 P(111) Cs/Pt(111)
2,000 E 250meV  2.6x 10molecules/cm’ LEED
3.15@)  15(b) Pt(111) P(111)
Cy/Pt(111) (@) ®) = :
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C KLL272eV v v :
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Cs - . .
E=500meV ~ CH, 315 CH, LEED
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Cs/Pt(111) 827K 500meV E
C(KLL272eV) 250meV  CH, 2.6x 10*molecules’cm’
LEED Ei=70eV
CH,
Pt(111) Cs/Pt(111) CH, CH,
CH, 3.16 A G
Fitting Fitting  Shifted Maxwell-Boltzmann SMB
Maxwell-Boltzmann
MB 108
h(t) = ¢ (t- t)g(t)dt 31
1/t- u)? U é
f(t)dt = }at 4exp mi/e- we expg- m( /)" updt g(t)
t 8 2T, G & 2KgT, ub
2 t | m CH, k
T, abu T,  Fitting
SVB MB
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3-3 Cs/Pt(111) CH,

60 = 60 =
. CH, from Pi(111) b CH, from Cs/Pi(111)
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3-3 Cs/Pt(111) CH,

SMB MB 0 2000u
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3-3 Cs/Pt(111)
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3-3 Cs/Pt(111)

CH,
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3-3 Cs/Pt(111) CH,

3 ,
arb.units]

Intensity [x10

3
countsfsec.]

Intensity [ x10

30 /=

25k ""-ﬁ-a-.....
20 E&.

15 # "m* M”'ﬁm
'.‘

20—

FomP(lil)|  _
Biz190meV| ¥y €))

NTs= 827K ""vs-
'-.b

,f’

‘bﬂa-ql-;

..d'“

Scattering angle [deg.]

From Pt(111)
Ei = 500 meV
MTs =827 K

Scattering angle [deg.]

319 CH,
827K  PY(111)
e (a

3 .
arb.units]

Intensity [x10

3
countsfsec.]

Intensity [ x10

Cs/Pt(111)

From Cs/Pt(111)
Ei =190 meV . (b)
Ts=82T7TK e
12 = - AR
. o o
11 ﬁﬁ?iﬂ- - -Et'-:i;_:q-:. ) 1:"'?{13‘}}
d S
2% _'_"-'..
sixy -'.'1:"‘:-? 4 %-ﬁ:—" )
10 f5 s P O
G T
C - R :
Y - L
L b Ry
PO T AL, ool L N
e
-a s .,:;-f.x‘ S X
b AT SR
Fl" 1i -| - I | | 1 | | --‘{‘ '-'-"-\.r'l"'i'-'.lI
20 30 40 50 60 70
Scattering angle [deg.]
From Cs/Pt(111) (d)
Ei = 500 meV
40 rlTs =827 K A,
e

20;-1_-//\_

.I.I\\.-“h-v—-i

CH

4

40

50 60 70

Scattering angle [deg.]

(b) E=190meV

131

(©)

(d) E=500meV



3-3 Cs/Pt(111) CH,
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® m EA T o 400 450 500 550 600
| = Ioexpg- 24 kBQESi 32, Surface Temperature K]
(%]
|  He | He 3.21 Debye-Waller
. " ’ He PUI1L)  Cs/Py(11l) He
Pt E He
T 400K 600K PL(L11)
k. Q 2
P(111)  Cs/Pt(11l) He
212+ 10K 211+ 10K
Poelsema * 231K
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3-3 Cs/Pt(111) CH,
D
Co/Pt(111) CH,
827K Pt(111) E =250meV CH, CH,
3.15(a)
Pt(111) Cs/Pt(111)
LEED AES 3.15(b)
Cs Pt(111) CH,
Cs CH, 2
CH,
162
Cs
Pt(111) Cs/Pt(111) CH,
CH,
Cs/Pt(111)
CH, 45° 827K  Co/Pt(111)
2,000s 0°
Co/Pt(111) CH,
CH, CH, Pt(111) Cs/Pt(111)
Direct Dissociation
Precursor Mediated Dissociation
Pt(111) Cs CH, CH,
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3-3 Cs/Pt(111) CH,

- 3
3
CH, 3
40 118 119
120 Hard Cube
Model (HCM)
Pt(111) 12 LiF(001) 121
CH, HCM
Cs/PY(111)
HCM 3.19(3)
Pt(111) Cs/Pt(111) CH,
3.17(a) 3.17(b) 3.19(a)
HCM Soft Cube Modd ™
Pt(111) Cs/Pt(111)
(4)
CH,
CH,
3178  17(9) 3.17(b) 17(d)

118(9)

adiabatic principle
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3-3 Cg/Pt(111) CH,
h
e=-— 33
2pt.
h L €
adiabatic principle
€
fs meV
CH, 200fs
3.25meV 25meV
34 n 01
10meV
ro h2
E," =——J(J+)) F0,12... 34,
8p“l
EJroI I U
I=p R’ J CH,
160 360meV 2-4
CH,
3.16
Cs/Pt(111)
CH,
CH
3.22 A D
CH, o)
£
v, vV, =R
0= A Ei = 500 meV
v, V, I Incident Ts=827K
0T ! l ! I ! ]
0 200 400 600
Time of Flight [ sec.]
3.22 CH,
Janda  Rettner Cs/P(112) 827K CH,
122 Ei=500meV CH,
classica™  wave packet simulation**? A D
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3-3 Cs/Pt(111) CH,

CH

B4 E =05meV CH, PY(111)

400K 25,000L
827K
317(8  17(b) CH, MB SvB
CH,
123,124 CH
CH, Pt(111)
105(1,2) CH
Ir(110) ' PY110)-(1x2) ™9
= CH,
2

3.23
CH

CH

4

(A) (B)

3.23
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3-3 Cs/Pt(111) CH,

1 2 3
CH,
3.18(d)
3.18(c)
3.20(b) HCM
Cs CH,
Pt(111) Cs/Pt(111)
CH, Pt(111) 3.18(c)
18(d) 20(b)
3.16(c) 3.17 CH,
33
Cs Pt(111)  CH,
109
110,117
CH CH

125

10,11

36
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3-3 Cs/Pt(111)

CH,
v 1 expe Z(W)ZH
S 7 g ©
z
Cs
Pt(111)
3-2 35
CogPt(111) Pt(111)
Feibelman Hamann SLAPW
109(4)
3.24
PES
CH,
3.25 CH,
PES CH,
PES
2 PES
Co/Pt(111)
Pt(111) 3.25
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3.24 Vadencechargedensties(inau.)

Rh(001)
Rh(001)- (2" 24/2)R45°
turning point
1 125
CH,+H
CH,+ CH,+
PY(111) CoPt(111)
£ CH_+H
5 : ' gamlTT
<} ' i
C [ [ _.d-’
1oA"
- "

3.25 CH,

Pt(111)
1 PES

Cs/Pt(111)
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3-3 Cs/Pt(111) CH,

E
Cy/P(111) CH,
(1) Ce/PY(111) CH, PY(111)
(2) P(111)  Ce/PY(11l) CH,
(3) Pt(111) Cs CH, Cs
(4) Cs 250meV
(5) PY(111)  Cs/PY(11l) CH,
F CH,
CH, He
Cy/PY(111) CH,
o7 B 6.=0
Co/Py(111) Ts=400K T [\ 5.=00
Cs 0~0.25 32 E -
o
Cs %1 "N 6= 0.06
] C ™y, CB :
CaPt(111) CH, = i
500meV He s 08
CH 10" £ §_=025 _
C Ei = 500 meV
3.26 He 1 | [rs=s00k_|
1 ] 1 | 1
Cs 0 100 200 300 400
Cs CH, Ircadiation Time [s]
Cs/P(111) 3.26 Cg/Pi(111) He
3.2 CH, He CH

4
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3-3 Cs/Pt(111) CH,

CH,
1 CH
1 & 10
§ = 1- —=
f XSOt Iy g
f 2 CH,
YOAt I He
l, He
CH, Cs
6 =0.1 0
Cs
Cs CH,
6 =01
0
Cs
[ D. ”
CH, Cs
CH,
14
CH, E
127
Pt(111) CH,
0.5eV
CH 1050 CCH
13
Pt(111) CH,
Pt(111)
30 40
3.26

Cs
He
S0 3.27 12
4.0 —
- Ei = 500 meV
= Ts =400 K
fa 3.0 — ® Z-10mm"
= 4 I=15m"
£ 1 B Z-20m’
E 2.0+
E 1.0 — i g
Y . S R B
000 005 010 015 020 025
Cs coverage
3.27 Cg/Pi(111) CH,
Cs
13 D. ”
3.26 6 _=0
14
C Pt
13 D. ”
Ce/Pt(111) CH,

140



34 O

He Background
34 O
P(111) o)
A
P(111) Cs
CH,
Cs PY(111) CH,
PY(111) CH,
" OH
Pt(lll) 02 129
T, T. 100K o,
20K 129(13,20,23)
0.44  3/2x 3/2 RI15° @0 T o5k 160K
0, S
S
129(5,19) STM
P(111) 2
129(25) Ts 170K 7OOK 02
x 2) 0 T 800K 1100K Pt
Pt(lll) 129(3) 3 . 28
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34 O

100K 200K Pt(111)-(2x 2)-O 600K
1000K 1400K Pt
Pt(111)

Pt(111)-(2x 2)-O

129(21)

[Molecular
| Oxygen (a) PLI111)

@
E
=
129(25) ..;_il |
®
Pt(111 ? Atamic ‘
(11D g Oxygen (a)
O p(2x C'E -il - _I.-f"\\ “Oxide” (b)
2)-0 5 L L —
Pt(111) & 200 600 1000 1400
Pt(111)-(2x 2)-O Temperature (K)
328 129(3)
(@ 100K 5L
(b) 1200k  100L
B
Pt(111) 500K O, 6x 10°Torr (2x 2)-
O He
LEED He
PES
500K (2% 2)-0
He
500 i T T T
c i
= 400 Ej. =63 meV —
Pt(111)-(2x 2)-O He E Ts=500K -
He & 300 -
"= L i
=,
z 200 —
= L J
a
=
= 100 - —
Pt(111) o, He i | | | ]
D 1 1 1
3.29 He 0 0 100 150
o, 100L

O, exposure [L]

329 (2x 2)-0
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34 O

100 —
Pt(111)-(2x2)0
B 8]
046.=9%0
7 801 Ei=67meV .
= - Ts=RT
=
fl
= | — —>
E 60 [112] direction
= L
=
o 40 —
=
=
5 _
=
20—
. x 10 k}kﬁ
0 L1 [
20 25 30 35 40 45 50 535 oD 65 70
Scattering angle [deg.]
3.30 Pt(111)-(2x2)-O He
(E, =67meV) LEED (Ei=70eV)
He
500K Pt(111) O, 200L He
LEED 3.30 30.9° 35.6° 40.3
° 45° 49.6°
67meV 200 b
0.055nm  He 0.481nm - I Pi111)-2x2)-0
- 846,290
= 150 Ey, = 67TmeV
£ i Ts = S00K
= |112] direction
€ 100
500K  PY(111)-(2x 2)-O = i
He g 50 —
3.31 356° i J
45 0 == . |¥_H .
30 35 40 45 S0 55 60
Pt(111)-(2x 2)-O Scattering angle [deg.]
P(111) 03y 331 Pt(111)-(2x2)-0 He

(E,=67meV Ts=500K)
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34 O

He
500K  Pt(111)-(2x2)-O He
3.32 He Pt(111) o,
Pt(111)-(2x2)-O 3,500 O,
He 0,
3,500 0, Pt(111)
‘r T | T T T T T T T
— 500 i~ —
l.""::' -
W 400 |
s O, ]
= 300 —
]
E. ]
z 200 l —
% ]
= 100 — —
D 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
0 1000 2000 3000 4000 5000 6000  FOOO 8000
Time [s]
< > < >
(2x 2)-0 (2x 2)-0
3.32  Pt(111)-(2x2)-O He
0 3500 O, 6x 10°Torr 3500 O,
(E,.=67meV  Ts=500K)
D
Pt(111)-(2x 2)-O
500K  Pt(111) 0, 0, He
PES
He 3.29 o, 100L
(2x 2)-0 He
329 Py111)-(2x 2)-O PES  Pt(111)
He
3.30 Kern He 1290 17.3meV  [12]
300K Pt(111)-(2x 2)-O 1
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34 O

0 He Pt(111) 150 Pt(111)-(2x 2)-O
Pt(111) 36 Pt(111)-(2
x 2)-Cs % 1 2 0
Pt(111)-(2x 2)-O  Pt(111)-(2x 2)-Cs
Pt-O
(2x a) Top View b) Side View
2)-0 (2x 2)-Cs
Pt(111)
Materer LEED
Pt(111)-p(2x 2)-O
e 17
333
Pt(111) fcc hollow site 333 Py(111)-p(2x 2)-O 12921
( He
hcp hollow site 12900) Pt(111)
Pt
(2x 2)-O
(2x 2)-0 500K
(2x 2)-0 500K
3.28 0 500K He
331 (2% 2)
0 (2x 2)-0
(2x 2)-0 500K
(2x 2)-0 He 3.32
3,500 Pt(111)
Pr(111)
(2x 2)-0
(2x 2)-0 3.32
Pt(111) (2x 2)-0
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34 O

Pt(111)
co H,
131 Neuhaus 129(11) H
CO, H,0
Cco, HO

Pt(111)-(2x 2)-O 1.0x 10"Torr
0.25x 1.5x 10" [molecules/ cnm’]
3.32
CO H

2

Pt(111)-(2x 2)-O

(1) PY(111)-(2x 2)-0 500K O,

2) He Pt(111)-(2x 2)-0
Pt(111)

(3) Pt(111)-(2x 2)-0O Pt(111)

(4) P(111)-(2x 2)-0O 500K

(5) 500K (2x 2)-0
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Monroe
1.0
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500K  Pt(111)
CO

2,500 1
4.0x 10™Torr
3,500

Pt(111)-(2x 2)-Cs

0.3eV

H

Pt(111)-(2x 2)-O
0.5
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3-5  Pt(111)-(2x 2)-O CH,

3-5 Pt(111)-(2x 2)-O CH,
Pt(111)-(2x 2)-O 34
CH,
A
3-3 :
CH,
33

N | (111) 132(9) Pt(lll) 132(11) CH

CH,
132(9)
CH,
CH,
Pt(111)
Pt(111)-(2x 2)-O CH,
B
Pt(111)-(2x 2)-O 3-4 CH,
Pt(111)-(2x 2)-O He
190meV 500meV
2-4 CH, 99.999% He HeCH,=9:1
500K  Pt(111)-(2x 2)-O 3-4 45°
He
Pt(111)-(2x 2)-O CH, E=190meV
CH, Pt(111)-(2x 2)-O
(2x 2)-0
P_=5.5x 10°Torr O, O, CH,
(2x 2) CH,
He
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3-5  Pt(111)-(2x 2)-O CH,

Pt(111)-(2x 2-O  CH

4

2-4
C
He
P(111)  Pt(111)-(2x 2)-0 He CH,
334  34(b) B py(111) CH,
CH,
Pt(111)-(2x 2)-O Pt(111)
CH, Pt(111)
CH,
Pt(111) CH,
CH, 3.34(c) (d) He
CH, CH,
CH, Pt(111)-(2
x 2)-0 Ar Ei=280meV/ 3.35( )
Ar E=500meV  CH, 3.35( ) 0,
CH, Pt(111)-(2x 2)-O
CH, Pt(111)  CH, 3.36(a)
334
0.25x 1.5x 10"[molecules/cm’] CH,
334(b) He
1 | O
2T heoE 1,;
f 2 CH, 1.0nm*  1.5nm’
At | He I, t=0  He
Luntz Bethune 10 800K
Pt(111)  CH, CH,
3.36(b) CH
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3-5

Pt(111)-(2x 2)-O CH,
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L i /
- Jﬂ‘
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-‘-"--..11.. - 1-""\-.. ‘H."‘"“w-_
10"’— e N ™ P
C -:._r --....,_,_“_1'5_3,-_=630mEV: T T yn, E=630meV]
T+ . T T g, o] i “h“""-'-u %M":r' =
o e, E=700meV - o N rtar o JE=T00me V-
s+ S o - T ey A
Lo o T ) R N TR N R
0 100 200 300 400 500 600 0 100 200 300 400 500 600
C.H, exposure [xlﬂlsmolecules!cmg] C.H, exposure [xlDlSmoleculesfcmE]
334 He CH, CH,
500K Pt(111) Pt(111)-(2x 2)-0O CH,
@ (b) C.H, (© (d)
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35  Pt(111)-(2x 2)-0 CH,
CH,
500K  Pt(111) Pt(111)-(2x 2)-O CH, E=190meV
3.37 Pt(111) Pt(111)-(2x 2)-0O
3.1 Hard Cube
M odel"** 16 195
5000 _— CH,
- Ei =190 meV
B s Ts=500 K
4500 — Pi(111) 31_'-____‘
£ : =Ty
2 000 | Prl1D-2x2)0  z ‘:
g a0l AR
g N - -"Z::-:':-? - :?': '.f-:-.
3000 - = T
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3-5  Pt(111)-(2x 2)-O

CH,

h(t) = ¢y (t- t)g(t)ct

t é 2 U & 5 Qi
f(t)dt = }_at"‘ expé- Ma_,_ bt* expe- m(l /t) L'Mdt
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35  Pt(111)-(2x 2)-0 CH,
3.2
32
Incident Beam Pt(111) Pt(111)-(2x2)-O
Drift speed [m/g] 1486 £ 0.1 1273+ 4 1279+ 6
Beam temperature [K] 7.1+0.05 46.1 £ 2 43.1+3
Component ratio (MB/SMB) 0 1.00 101
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3.39(8) 39(h)

CH

137

00 02 04 06

CH, exposure [xIIJls molecules IcmE]

39(c)

— _

[ d)H0 ]

I N
00 01 02 03

CH, exposure [xll:lls molecules J’cmg]
Pt(111)-(2x 2)-O
E=500mevV T=500K g =q

—_— 0

(d) H,0

39(d)

HO CO,



3-5  Pt(111)-(2x 2)-O CH,

D
CH, Pt(111)-(2x 2)-O 3.40
3 CH, CH,
CO H, CH,
- (:Fh
CH,
CH,
CH, oxidation Inelastic scattering Associative
| rotational excitation desorption
CH +0 - CO+H . ;
| trapping desorption 0+0 . O

D

e
MAN ar

Corrugated PES

5@@5 .

7

///////////////////////////////////////////////
// W// Pt(lll) / collision induced migration
/////////////////////////////////

phonon creation

340 CH, P{(111)-(2x2)-O

Pt(111) O

Pt(111)-(2x 2)-0  Pt(111)
P{(111)-(2x 2)-O  CH,

CH,
341

3.34
Pt(111)
CH,

3 CH,

CH,
CH,
CH,
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35 Pt(111)-(2x 2)-0 CH,

3.39
CH, CH, O-CO 2H,

CH

CH

4

341 CH,
CH,
Pt(111)-(2x2)-O CH,
3.36(a) CH,
2
CO H,
3.34
CH, © H,
CH
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CH
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3.34
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CH
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3-5  Pt(111)-(2x 2)-O CH,

CO H

341 CH, 2
Pt(111)-(2x2)-O CH, Pt(111) CH,
3.36(a)
CH,
CH, 342
CH,
3.2 Pt(111)-(2x2)-O CH, Ei=190meV
CH,
140
Arumainayagam 1“1
@ CH,
@ e @® O

€ 8
\ ™ Va .
ofodoch  odlBedo  ofcods |

342 CH

4
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3-5  Pt(111)-(2x 2)-O CH,

HO cO H 3.39(d)
Ni(100) CH,

Quinlan
CH, CHJ.O CO H 13201

4

Pt(111)-(2x 2)-O CH

CH, CH,
Pt(111)-(2x 2)-O  CH, Pt(111)
1 3.36(b) CH,
CH, CH, CH,
3.36
Pt(111)-(2x 2)-O Ar Ar
( 3.35)
Ar Ei=500meV  CH,
3.34 3.35( ) 0.25x 1.5x
10" [molecules/cm’] Ar
1.0x 10* CH,
P(111)  P(111)-(2x 2)-O  CH,
3.1 3.2 CH,
25% CH,
2 Hard Cube Mode
45°
31
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3-5  Pt(111)-(2x 2)-O CH,

3-3
4 PES -
2 | iF(001) [100] [110]
CH, PES
4 3-3 329 330
He Pt(111)-(2x 2)-O PES P(111)

CH, Pi(111)  Pt(111)-(2x 2)-O

PES
E
Pt(111)-(2x 2)-O CH,
(1) Pt(111)-(2x 2)-O CH,
CO H, CH,
(2) P(111)-(2x 2)-O  CH, Py(111)  CH,
1

(3) Pt(111)  Pi(111)-(2x 2)-O  CH
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4-1 LiF(001)

P(111) CH

PES

LiF(002)
4-1 LiF(001)

LiF 848

0.68 1.36

©  LiF001)

CH,
PES
LiF(001)
LiF(001) 4-1
4-2
LiF(001)
1680 2.64g/cn’ NaCl
a=4.02 2
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0 Li 152s F 1s$252p°
He Ar
4.1
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4-1 LiF(001)
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0
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4-1 LiF(001)
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4-1 LiF(001)
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37.2° 4500 B27° 60.4° 2.84
[110] 4.4
F -F PES
LiF(001)
LiF(001) 2-2
A 37
' He 30meV [100] [110]
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-2 CH, Pt(111)

-2 CH, Pt(111)

After irradiation of CH, with a kinetic energy of 500meV as much as 25000L at various
surface temperatures (400, 600 and 800K), the work function of the Pt(111) surface was
measured by a Kelvin probe to find a relationship between the work function and the reaction
products.

It was found by thermal energy He atom scattering, Auger Electron Spectroscopy, Low
Energy Electron Diffraction, and work function measurements that a monolayer of the reaction
products (ethylidyne moiety, hydrocarbon and graphite) form only at the beam irradiated area.
The species and the amount of these products depend on the surface temperature; alarge amount
of graphite at 800K, a medium amount of hydrocarbon at 600K and a small amount of
ethylidyne moiety at 400K. The work function of the Pt(111) surface covered by graphite
decreases as much as 0.8eV from that of a clean Pt(111) surface. The work function of the
Pt(111) surface covered by ethylidyne moiety is nearly the same as that of hydrocarbon covered
surface in spite of their large difference in surface coverage. This is attributed to the formation
of the dipole caused by the charge transfer from ethylidyne moiety to Pt(111) surface.
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Ap.8 AES spectra of Pt(111) after CH, irradiation at

Ap9 LEED Ei=70eV
(a) Clean PY(111), (b) Graphite/Pt(111)

three different surface temperatures (400, 600 and 800K).
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Ap.10 Elementd distributions across the beam spot of Pt(111) after CH, irradiation at three
different surface temperatures; (a)400K, (b)600K and (c)800K.

Triangles (A) represent the Pt(MNN) AES peak to peak signal intensity at 237eV. Circles (o )
represent the C(KLL) AES peak to peak signa intensity at 272eV.
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-2 CH, Pt(111)

CH, 25000L
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Ap.11 Work function distributions across the beam spot of Pt(111).
Triangles (A) and circles (e ) represent the work function of Pt(111) before and after CH,
irradiation at three different surface temperatures; (2)400K, (b)600K and (c)800K, respectively. The
solid lines are derived by three procedures. (1) Assume that reaction products are uniformly
adsorbed. (2) Calculate the running average of the assumed uniform work function by scanning a
probe with @ 2.5mm diameter across the way. (3) Fit the resultant work function distribution with
the data to obtain the uniform work function value & length across the sample.
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Summary

Summary

The aim of this work is to create new industrial and functional materials by controlling
surface chemical reactions by applying a supersonic molecular beam technique. As a beginning,
the role of the surface electronic structure and the atomic level corrugation in the surface
chemical reaction has experimentally been investigated in detail.

In order to understand the role of surface electronic structures in gas-surface interactions,
an electronically modified Pt(111) surface has been prepared by adsorbing either cesium or
oxygen atomic mono-layer. The interactions of a supersonic methane molecular beam with the
modified surface is then investigated in detail. It is found that the methane molecules with
enough energy to overcome the activation barrier for dissociation can no longer dissociate on a
cesiated Pt(111) surface. As a result of the work function reduction by Cs adsorption, the
repulsive portion of the interaction potential associated with methane and the surface extends
towards vacuum side to make the collision to take place far away from the surface, causing the
suppression of methane dissociative chemisorption. Contrary to Cs, oxygen adsorption is found
to enhance the methane reactivity on the Pt(111) surface. Methane irradiation is found to
completely remove oxygen atoms from the surface via oxidation reaction, CH, +O — CO+H,.
From a molecular beam studies with variable kinetic energy, the reaction is found to be
trandationally activated.

From the angular intensity and the time-of-flight distributions of scattered methane, there is
no significant difference found in the collison dynamics of methane on Pt(111), cesated
Pt(111), and Pt(111)-(2x2)-O, suggesting that the corrugation of the potential energy surface is
not large enough in this case to produce a quantitative difference in collision dynamics.

In order to understand the role of atomic level corrugation in the inelastic collision
process, the interaction between akane (methane and ethane) molecular beams and chemicaly
inert, but highly corrugated LiF(001) surface is investigated. It is found that the inelastic
collision dynamics of akane molecules with LiF(001) surface is qualitatively understood by the
simple classical binary collision models by considering molecular structural and potential
energy corrugation anisotropies of the surface.
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