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Abstract

The reactions of methanol on various metal surfaces are important to explore the
selective band activation, since methanol is the simple alcohol containing CH, CO, and
OH bands. Thus, numerous studies have been done for understanding the reactions of
methanol on clean and modified metal surfaces since 1980. In addition, the reactions
have attracted great interest in recent years, because they are relevant to reactions on the
anode of a fuel cell. Methanol is completely dehydrogenated at room temperature by
using Pt catalyst in the fuel cell. The surface of Pt catalyst is dominated by the domains
with the (111) structure, because this structure is most stable surface. Therefore, the first
step for understanding the surface reaction mechanism of methanol on Pt catalyst is to
study the reactions of methanol on a clean and modified Pt(111) surfaces. In spite of
extensive studies in past, the reaction mechanism of methanol dehydrogenation and
oxidation on Pt(111) has not been completely clarified so far.

Methanol interacts to each other by hydrogen bonding. It has been proposed that
the adsorption structure of the first-layer methanol on Pt(111) is similar to that of a bulk
crystal of methanol. However, no experimental evidence on this structure has been
provided by vibrational spectroscopy and Scanning Tunneling Microscopy (STM). It is
important to clarify the relation between the reactivity of methanol and the adsorption
structure. Reaction intermediates are a key to understand reaction mechanisms.
Methoxy(CH30) is the only reaction intermediate identified on oxygen-covered Pt(111)
surfaces, although other intermediates were postulated.

This thesis describes the studies on the adsorption structure of methanol on clean
Pt(111) surface and the oxidation mechanisms of methanol on atomic-oxygen-covered
and molecular-oxygen covered Pt(111) surfaces by Infrared Reflection Absorption
Spectroscopy ~ (IRAS), X-ray  Photoelectron  Spectroscopy  (XPS)  and
Temperature-Programmed Desorption (TPD). Since methanol coverage has to be
changed systematically from submonolayer to multilayer, highly sensitive IRAS is

needed. Thus, I designed a new UHV system to achieve this goal.



1. The adsorption structure of methanol in the first layer on a clean Pt(111)
surface

The chemical interactions of methanol on a Pt(111) surface are important to
understand the mechanism of methanol surface reactions. Methanol interacts to each
other by hydrogen binding. The structure of methanol in multilayers on the surface of a
polycrystal of Pt was reported to be similar to that of a bulk crystal of methanol. Namely,
methanol forms zig-zag chains structure where all methyl groups are displaced above
the plane containing the oxygen atoms. However, there is no experimental evidence for
the structure of methanol in the first layer on a Pt(111) surface.

When the Pt(111) surface covered with methanol was annaled over 140 K, i.e, the
desorption temperature of methanol in the multilayers, a broad absorption band of the
OH stretching mode was splitted to two peaks at 3197, 3308 cm™. This doublet feature
is due toin-phase and out-of—phase OH stretching modes coupled in a zig-zag chain of
first-layer methanol on the Pt(111) surface. Thus, this structure is similar to those in
multilayers and bulk crystals. When the surface is annealed to near the desorption
temperature of methanol in the first layer, the zig-zag structure begins to deteriorate.

Moreover, the orientation of methanol is changed. Characteristic changes in the
absorption intensity of CH asymmetric stretching modes were observed. This indicates
that the molecular plane of methanol in a zig-zag chain tilts to the Pt(111) surface, as the
chain structure deteriorates. In addition, the absorption peaks in the CO stretching

region of methanol can be interpreted along the same lines.

2. The oxidation reaction of methanol on a Pt(111)-(2x2)O surface : reaction
intermediate
On a Pt(111) surface, atomic oxygen absorbs at a three hold hollow site with the
(2x2)0 structure at the saturation coverage. So far, it has been reported that methanol on
Pt(111)-(2%2)O surface is dehydrogenated to produce methoxy species in the annealing
temperature range from 130 to 170 K and above 170K, this methoxy is quickly
decomposed to CO and H.

However, I found that the reaction pathway changes at above 170 K, depending on
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methanol coverage. At the saturation coverage, methanol on the Pt(111)-(2x2)O surface
partly desorbs molecularly and partly reacts with precovered oxygen atoms to produce
CO, H; and H;0. No detectable formaldehyde or formate is formed. In contrast, at low
coverages, methoxy species is dehydrogenated to yield formaldehyde at ~180 K,
further oxidized to formate at ~200 K, and then decomposed by 300 K.

This methanol coverage dependence is governed by co-adsorbed CO produced in
the methanol oxidation process. When CO is adsorbed on the surface after
formaldehyde and formate are formed from methanol, the intensity of the absorption
bands of the intermediates decreases with increase of CO coverage, indicating that the
intermediates are forced to either desorb or decompose by CO adsorbates. Since the
coverage of CO produced by methanol dissociation increases with the initial coverage

of methanol, the reaction intermediates are short lived as not to be detectable.

3. The oxidation reaction of methanol on a molecular oxygen adsorbed Pt(111)
surface

On a Pt(111) surface, molecular oxygen chemisorbed below 150 K. The reactivity
of molecular oxygen is higher than that of atomic oxygen. However, the reactivity of
molecular oxygen has not been fully explored compared with atomic oxygen. Recently,
Endo and coworkers have reported that methanol on Pt(111) is oxidized to produce
formate at 150 K by hot oxygen that generated by thermal dissociation of molecular
oxygen adsobate. In this mechanism, the interaction between methanol and molecular
oxygen is not a prerequisite.

However, 1 observed by IRAS that formate is produced when the surface
coadsorbed with molecular oxygen and methanol is annealed to 70 K; the temperature is
far much lower than the dissociation temperature of molecular oxygen on a clean
Pt(111) surface. This result clearly indicates that the interaction between methanol and
molecular oxygen plays on important role. As a result, the attractive interaction between
the coadsorbates is postulated to lower a dissociation barrier of molecular oxygen. This
interaction is attributed to hydrogen bonding between the CH; of methanol and

chemisorbed molecular oxygen on a Pt(111) surface, 0,°(8=1,2). The electrostatic
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interaction induced by negative charge on molecular oxygen is mainly responsible for
the hydrogen bonding.

The sticking probability of O, on a methanol pre-covered Pt(111) surface
decreases with increase of surface temperature. As a result, the major product is
changed from formate to CO. This is because some methanol proceeds to form formate,
but most of methanol asorbates react with atomic oxygen produced in the formate

formation.

In summary, the adsorption structure of methanol in the first-layer on a clean
Pt(111) surface is postulated to be the zig-zag chain structure. The chain structure
begins to deteriorate at 160 K. On a Pt(111)-(2x2)O surface, formaldehyde was
observed at low methanol coverage as a reaction intermediate species of methanol
oxidation was first observed at low methanol converge(<0.30 ML) for the first time.
Formaldehyde become unstable by coadsorbed CO. On a molecular oxygen covered
Pt(111) surface, formate is produced from methanol at 70 K. The attractive interaction
between the coadsorbates could be responsible for lowing the dissociation barrier of
molecular oxygen. The interaction is attributed to hydrogen binding between CH; and

Oz_ or 022_.
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233 X (XPS:X-ray Photoelectron Spectroscopy)
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cm™) Pt ( 85 )
(SiC)
(MCT)
500 4500cm™ 3900
4cm™
Pt(111)-(2>2)0
30 K
(XPS) (O) > (CH;0H)
(CO) Mg Ko (

1253.6 eV) Mg Kg

50



4 Pt(111)-(2%<2)0

, 117.1 eV Ocy» CH;0H, CO
0 1s
0.25 ML Pt(111)-(2><2)0
0 1s
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4 Pt(111)-(2><2)0

4.3

4.3.1 Pt(111)-(2><2)0

4.1  Pt(111)-(2%<2)0
(CH.OH, m/e=31) TPD

0.11L 210 K
190 K
130 K
190K 130K

PE(111)-(2>2)0

XPS
Pt(111)-(2>2)0 0ls

52

[3,4,7,8]

1.3 L
PE(111)-(2><2)0

0.25 ML

0.5 ML

1.3L

1.3L



4 Pt(111)-(2><2)0

QMS signal (arb. units)

Exposure

20L

13L

08L

03L

0.1

100

4.1 Pt(111)-(2>2)0

3.0 K/s

200

300

400

Temperature (K)

500 K

53

40K

500

31



IRA
4.2(A)  2(B) (CH,0H) (CD,0D)
IRA 30 K
Pt(111) 4.2(R)
(0.1L) 1000, 1460, 2950 cm™
Cc-0 V(CO) CH,
S(CH) C-H V(CH) C-0 977 990
1015 cm™
(997 1020 cm™)
(981 1020 cm™)
1047
cm™ o v (C0)
1029 cm™
1047 cmt Vv (C0)
[10] S©(CH;) ~(CHy)
0.3L 3500 cm™ 0-H v (OH)
3305 cm™
2.0L
CH
V4 (CH;) V.(CHy)
V. (CHy) 23 (CH,)
4
\,(CH,) Vv, (CH) (A A7)
Pt(111)
4.2(B) Pt(111)-(2><2)0
4.1

4 Pt(111)-(2><2)0

54



Absorbance

4 Pt(111)-(2%<2)0

(A) CH,OH (B) CD,0D 2071
981
1047 4 § 1060 y
2934, 31305 /1125 /2466
1413 2828 \/ 2980
1123 \1464 /
2.0L

1.3L
J\JWMQ},,,J\./M 1.0L
MS—L‘M‘M o
MSW 05L
97690 1017 0
MQ AL

P I T IR TN I /AU T T R 1 1 1 1 1 1 1 1
"7

1000 1200 1400 2750 3000 3250 3500 1200 1600 2000 2400
Wavenumber (cm™) Wavenumber (cm™)
4.2 Pt(111)-(2>2)0 IRA
(A) CHOH (B)  CD,OD 30 K
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4.1 Pt(111)-(2x2)0

4 Pt(111)-(2><2)0

Mode” CH,OH CHOH CHO n%0)-H,CO HCOO CD,OD  CD,OD  CD,O n%0)-D,CO
(axphase)® (axphase )"
v(CO) 1029 1047 1004 1627 1324 968 981 952 1600
1046
o(CH,) 1162 1123 862
S(CH,) 1426 1413 1064 1060
1445 1457 1116 1125
1458 1464
1080 1092
v4(CH,) 2829 2828 2801 2075 2071 2037
v..(CH,) 2912 2034 2902 2212 2212 2187
2955 2950 2240 2236
2982 2980
v(OH) 3187 3305 2361 2466
3284 2432
a semt P D c [10]
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4 Pt(111)-(2><2)0

432
4.3 Pt(111)-(2><2)0
(CH,OH m/e=31.0) (H,0 m/e=18.0) (CO, m/e=28.0)
(C0,, m/e=28.0) TPD TPD
[3] 170 K
170 K
170 K
190 K CO TPD
190 K QMS
co CO
450-550 K Co Pt(111)
Co
Co
Co,
170 K
TPD XPS
(0.50 ML)
Pt(111)-(2><2)0
[3] (CO) 300 K
XPS Cls 0.20 ML
CH,0H 20y — —C0¢a 0.20 ML
300 K 0.50 ML 0.20 ML
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4 Pt(111)-(2><2)0

0.8 ML Pt(111)
CHyO0H 2y "0y — 4H 0.80 ML
,0.25 ML
0.5 ML
4H (5 +0g — H:0 0.25 ML
2H 2y — Haggy 0.15 ML

H,0:C0:H,=5:4:3

58



4.3

40 K

4 Pt(111)-(2><2)0

- H,O (m/e=18)
I
=
>
2
S CO, (m/e=44)
oA T L NIy TR A S e eSS N TP
(@]
=
- CO (m/e=28)
=
@4

B CH,OH (m/e=31)

1 1 1 1 1 1
100 200 300 400 500 600
Temperature (K)
Pt(111)-(2><2)0

1.3 L (31), (18), C0(28), C0,(44)

3.0 K/s

CO-TPD
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190 K



Pt(111)-(2><2)0

130K

cm

2801, 2902 cm™
, C-H
C-H
Pt(111)
CH,0

2037, 2187 cm™
, C-D
2)0

4 Pt(111)-(2%<2)0

4.4
30K 1.3L
30 K IRAS
OH
170K
(CH;0)
CH,0 C-0
180 K
Pt
(on-top )CO
CH;0 180 K CO
(CD,0D)
[3.7,8]

60

IRA

2902, 2801

[3]

, C-H
4.4(A) C-H
CH,0

2088cm™
C-0
, WV (CO)

4.4(B)

(CD,0) C-0

130 K

4.4(A)

, 1454, 1004

1004, 1454,
, C-H

C-0

952,
, C-D
PE(111)-(2<



Absorbance

4 Pt(111)-(2><2)0

(A) CH,OH

Is.omo"‘

1004

r /k 200 K

2088

2822 4
r‘ 1454
280 W\
DN 170 K

A 180 K
Y“

29025959

h ,\ 150 K
130 K

30 K

(8) CD,OD 2090

I 5.0x10™

WWMWWW

1093

lM k Y H\ A 190 K

2066

2037 ! 21875519
N

52
71

I

170 K

150 K

130 K|

/L 1 1

7/

1200 1600 2000 2800 3200 3600
Wavenumber (cm™)

4.4
Q)

1200 1600 2000 2400

Wavenumber (cm'l)

PE(111)-(2>2)0 IRA

CH,OH (B)  CD,OD

30 K

4 cmt

61

1.3L
0.50 ML



4 Pt(111)-(2><2)0

4.3.3
Pt(111)-(2><2)0
4.5 0.1 L CHOH
CD;0D Pt(111)-(2><2)0
IRA 4.4
4.5(A) 1272 1627 cm™
180K
Vv (CO)
1272 cm™ 1286
cm™ (1627, 1286, 1272 cm™)
200 K 1324, 2092 cm™
250 K
300 K 2092 cm™ Pt
co
(1627,1324,1286,1272 cm™) IRA
(4.4
4.5(B)
4.5(B) 1286, 1600 cm™
4_.5(A) 1272, 1627 cm™
C-0
Avery[11] Pt(111)-(2><2)0 (HCOOH) (
) 130 K 1290, 1620 cm™
HREELS
(HCO,) 4.6 Avery
1272, 1627

62



4 Pt(111)-(2><2)0

cm? 1272, 1627 cm?
0-C-0 , V,.(0C0) 0-C-0
, V. (0C0)
1.
Pt(111)-(2><2)0 130 K
1272 cm™? 1627cm™

4.5 170 200 K

2 - (I 1627/I 1272)
4.5
3.
1272 cmt
1627 cm?

1272, 1627cm™
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Absorbance

4 Pt(111)-(2><2)0

Wmi 2204 4
At st Ao i 5.0x10

2092 2
(A) CH,OH (B) CD,0D

1627 1086 1286

1272
1286 109

i 190 K

1094 H
180 K 180 K
170 K| w\,ﬂ‘ 170 K
150K |, l 150 K
130 Ki ﬁ | 130 K
" 30 K

1 1 1 VA T T R |

7/ ' * — —t .
1200 1600 2000 2800 3200 3600 1200 1600 2000 2400

Wavenumber (cm™) Wavenumber (cm™)
4.5 (0.15 NL) PE(111)-(2<2)0
IRA (A)  CHOH, (B)  CD,OD 0.1L
40 K IRAS 4 cmt



4.6

[11]

4 Pt(111)-(2%<2)0

65

v, (0CO) : 1620 cm™
Vv, (0CO) : 1290 cm™

V,(0CO) .
Vv, (0CO) : 1330 cm™

\V,(0CO) :
Vv, (0CO) : 1361 cm™

v,.(0C0) \(0C0)



4 Pt(111)-(2><2)0

(H,C0),
[(H,C0).1, N*- (H,L0,),
(OH-CH<) c-0
co
co
4.2 [12,13,14,15] N(0)-H,CO CO
1660 1680 cm 1280 cm™ N*(0)-H,Co

N*(0)-H,COo
1627 cm™
N*(0)-H,L0 v (CO) 1286 1438
cm™ 4.3 N'(0)-H,C0 C-H

1600 , 1086 cm™ N*(0)-D,CO
co , CD N*(0)-H,Co
Pt(111)-(2>2)0
CH N*(0)-H,co CO
Ru(0001)-(2>2)0 [12], Ag(111) [14]

1272 cm*
1286 cm™
co 4.2 n
2(C,0)- (N2(C,0)-HCO) [15] [13, 16,17,18,19]
(H,C0,)[13] €O Ru(0001)
[20,21] [15] N2(C,0)-
(N2(C,0)-H,C0) W (CO) N2(C,0)-H,CO

66



Pt(111)-(2<2)0

4.2 C-0 a
Species Surface Frequt_eln cy Ref.
(cm™)
H,CO" Ag(110) 1710 15
n*(0)-H,CO Ag(111) 1680 13
Ru(001) 1660-1680 11
Pd(111)-(2x2)0 1675 12
n?(C,0)- H,CO Ru(0001) 1262°, 1275" 21
Ru(0001)-(2x2)0  1265°¢, 1277 ¢ 22
Paraformaldehyde Pt(111) 1120°, 950" 17
Ni(110) 1077°¢, 948" 18
Rh(111) 1150° 9757 19
Zr(0001) 1096, 950" 20
Pd(111)-(2x2)0 1130°¢ 950" 12
OCH,0 Ag(110) 1055°¢, 907 14
n*(C,0)- HCO Ru(0001) 1190 21
Ru(0001)-(2x2)0 1175 16
Pt(111), g
HCOO Pt(111)-0 1330 10,23
Pt(111)-0 1324 4
a seml. b L u,-12(C,0)-H,C0. %u-n?(C,0)-H,CO. ©v,(0C0). fv,(0CO). ¢
55-60 cm™.
4.3 (H,C0) a
p(CH,)" S(CH,)* v(CO)* Ref.
Solid 1250 1490 1710 15
Ag(111) 1208 1464 1680 13
Ru(001) 1195-1240 1465 1660-1680 11
Pt(111)-(2x2)0 1286 1438 1627 This work

a semtl P

c d
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4 Pt(111)-(2><2)0

200-250 K 1324 cm? IRAS[46]
HREELS[22, 23] Pt(111), Pt(111)
HCO, 0-C-0
(HCO,) 200K 300 K
N*(0)-H,co CO HCO,
1(0)-H,CO
TPD 4.6 0.1 L(0.15 ML)
Pt(111)-(2>2)0 TPD
Pt(111)-(2><2)0 TPD(  4.3)
1. 180K H,0
180K 270K
IRAS
2. 330K Co,
co 330K CO, co, ,
300K Co, co,
Co,
co
Co Co,

68



4.6

QMS signal (arb. units)

4 Pt(111)-(2><2)0

H,O (m/e=18)

CO, (m/e=44)

CO (m/e=28)

CH,OH (m/e=31)

200 300

400 500 600

Temperature (K)

PE(111)-(2>2)0
30K 1.3L

3.0 K/s

30K 0.1L

69

CH,OH(31), H,0(18), CO(28), CO,(44)



4 Pt(111)-(2><2)0

434
(
(H,C0), (HCOyY)
IRAS
0.3 L Pt(111)-(2><2)0 IRAS
0.1L 4.7 0.3L 0.1L
180K IRA
0.3 L v (C0)
Pt WV (CO)
o

70



4 Pt(111)-(2><2)0

CH,OH / Pt(111)-(2x2)O at 180 K

v(CO) of H.CO

Ws.omo“
10.3-L CH_OH
o W W
o '
e '
(U '
IS :
= :
3 v(CO) of CO
< .
0.1-L CHOH
| 1 | 1 | 1 | 1 | 1 | 1 |
1200 1400 1600 1800 2000 2200 2400
Wavenumber (cm™)
4.7 PE(111)-(2%2)0 180 K 0.1  0.3L
IR 180 K
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4 Pt(111)-(2><2)0

co
Pt(111)-(2><2)0 0.11L 180K
IRA 4.8
180K  CO 4.8

Co
CO
CO

CO
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4 Pt(111)-(2><2)0

CO / CH,OH / Pt(111)-(2x2)O at 180 K
{5.0x10'4
co
exposure
8 }5 A~ J 0.8L
©
£
@]
wn
o]
<C
1314
P S
X5 A7 A N o1l
1273 | 1627 2099
x5 i i oL
1250 1300 1600 2000 2400
Wavenumber (cm™)
4.8 (H,CO, HCO,) co
PE(111)-(2%2)0 0.1L Co

73

180 K



4 Pt(111)-(2><2)0

co
co (HCOH)
Ni(110)[24] Ni(100)[25] TPD
Co,
Co, co
Ru(0001)
[26]
HREELS [26] Benziger
Schoofs Ni1(111) Co
[27] Haq [28] Ni(110)
Co
-CO
co
co
Co ( , )
Co
Pt (111)
0.5 1
[29,30] Pt
Co 4.9 Co
Pt(111) 100 K 300 K IR
(111) on-top Co 2105
cm™ 2087 cm™ 2087 cm*
Co [31]
Co on-top Co 3
Pt(111)-c(4x2)CO 0.5 ML 0.25ML on-top
co co
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4 Pt(111)-(2><2)0

0.02 ML
co [32,33]
IRAS

(0.15 0.30 ML)
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4 Pt(111)-(2><2)0

I ! I ! I ! I ! I
Pt(111)-c(4x2)CO
2105
- |
5.0x10°°
(]
(&)
e
< 4
2
(@}
[%2]
o]
<C
2087
|
1 1 1 1 1 1 1 1 1

1950 2000 2050 2100 2150 2200 2250

Wavenumber (cm™)

4.9 Pt(111)-c(4x2)CO co Pt(111)-c(4x2)CO 100 K CO
300 K IRAS 100 K
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4 Pt(111)-(2><2)0

4.10 co
Pt(111)-(2><2)0 Co 0.1L
IRAS 4.10 Co
Co
On-top, Co
Co 4.11 Co
on-top Co
co co ( 4.10
0 L CO) co
Pt(111)-(2>2)0 0.1L
CO
co
on-top co
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4 Pt(111)-(2><2)0

/L
T v 74 v T

CH,OH / CO / Pt(111)-(2x2)O at 180K

5x10°

Pre-exposure CO 41

X5 —~—~—r—~———1.01L

Absorbance
X
H
o

x5 oL

1 Iv 1
1600 1650 2000 2050 2100

Wavenumber (cm™)

4.10 co P(111)-(2><2)0 180 K
co 0.1L 1627, 2073,
2102 cm , co CO v (CO)
co

78



Co

4.11

Normalized CO absorbance (arb.units)

co

10

4 Pt(111)-(2><2)0

O On-top CO (~2100 cm™) 7
® Step CO (2087 cm™)

6 8 10

o
N
ESN

H_CO absorbance (arb.units)

Co 0oL
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4 Pt(111)-(2><2)0

4.4
TPD  IRAS PE(111)-(2>2)0
<0.30ML (
130-170K
N*(0)-H,CO (200-250K)
250K
co

80

<0.3L)

CO

170-200K



4 Pt(111)-(2><2)0
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5 Pt(111)

5 Pt(111)
51
1.3 (Oz(a))
(O(a))
1.1eV/atom
STM
Pt(111)
)
Oz(a) d 20*
O*+M(a) -Pey
0 M P

o2({:1)

82

[1 2]

(CHY)
(5.2)



5 Pt(111)

My 05— [M...0.]
[M e 02] (a) - O(a)+P(a)

[M e 02] ) OZ(a)

Ozca
H,0/Ag(111)[3] CO/Ag(110)[4]
H,0/Pt(111)[8] NO/Pt(111) [9]
Co
[4]
1.
2. Oy
Pt(111)
IRAS TPD
Pt(111)
(HCO,)
Pt(111) Oscay
[11] Endo
70 K HCO,

83

(5-3)
(CRD)

o2(5;1)
CO/Pt(111)[5 6] HCN/Pt(111)[7]
Ag(110) O2ca)
HREELS (C0,)
o2({:1)
Endo
[10 11 12]
140 K
HCO,
HCO,
O2(a)



5 Pt(111)

O2(a)
Pt(111)
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5 Pt(111)

5.2

2.0x10™ Torr
IRAS
(KBr
Pt ( 87
(SiC)

MCT

(750 800 cm?)

4cm™

Pt(111)

(XPS)
CH,OH
1253.6 eV)
58.55 eV

0.25 ML
0 1s

Mg Ko

(CH30H, Wako 99.8%)

Pt(111)
Co Co,
v (00)
2400 450 cm™)
(MCT)
(ZnSe)
ZnSe
500 4500cm™ 2316
Oz Oay
Mg Ko (
O O
0 1s

PE(111)-(2x2)0

85

CH,OH



5 Pt(111)

53
531
5.1 35 K Pt(111)
(CH,0H/0,/Pt(111)) IRA
0.34 ML
0.13 L 5.1 Pt(111)
0.34 ML
880 cm* Pt(111)
v (00) [13]
Cc-0 v (C0)
1000 cm v (00)
65 K 1315 cm* 70 K
1315 cm™
(HCO,)
0-C-0 v (0C0) [14,15]
70 K HCO,
70K Endo HCO, Pt(111)

(100—150 K)[2,16,17]
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5 Pt(111)

yi
I ! I A ! I ! I

[5.0x10’4
1315

|
L AR 300K i

Absorbance
%
()]
~
gx
N

| //1 L | L |

1
800 1000 1200 1400 1600

Wavenumber (cm™)

5.1 10, Pt(111) IRA
0.34 ML 0.13 L
35 K 4 cm?
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5 Pt(111)

Pt(111)

0.40 ML) (CH,20H)

1297 1315 1338 cm’

1802 15 % 1602 160180
cm™ v (**0C*0)
1297 cm™ 180
1338 cm™
(d(CH)) [18]
(0C0)
(lBOclﬁo)

88

100 K 0,
180 K
5.2

160 180

v (0C0)
v (0C0)

180
1297 cm™

(0,)

IRAS

1315

C-H



5 Pt(111)

Absorbance

1200 1250 1300 1350 1400

Wavenumber (cm™)

5.2 180, Pt(111) IRA
(*0,) 0.13L
IRA 180 K 100 K
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5 Pt(111)

Pt(111)
C-0 IRA 5.3
CH,0H/Pt(111) IRA v (C0)
v (CO) 18 cm™

CH,0H/0,/Pt(111) IRA
CH,0H/0,/Pt(111) CH,0H/Pt(111) v (C0)

36 cmt

5.1

5.4
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5 Pt(111)

CH,OH/0, (0.34 ML)/Pt(111) at 35 K

18 cm™

_,| l—

Absorbance

CH,OH(0.15 ML) / Pt(111) at 35 K

1 1 1 1 1 1 1

800 900 1000 1100

Wavenumber (cm™)

5.3 CHOH/Pt(111)  CH,0H/0,/Pt(111) IRA
35 K 0.13 L(0.15 ML)

oo@gwi.;oo
o
oo@i\“@OO

5.4 CH,0H/0,/Pt(111)
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1200



10

35K

5 Pt(111)

Pt(111)

0.15 ML

100 K

5.5

IRA

v (0C0)

( 80K

0.15ML

Pt(111)
35K
IRA
IRA

@

@
@ O
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[19]

100

(b)

(b)
W (00)



5 Pt(111)

I ! I ! I ! I
on CH,OH (0.15-ML) / Pt(111)
2.5x10™
(¢D)
(@] L

C
(0]
=2
(@]
[%2]

3 ()

€Y

| 1 | 1 | 1 |
800 1000 1200 1400
Wavenumber (cm™)
5.5 Pt(111) 35 K
0.15-ML @) 100 K
IRA ©) 100 K
10 35 K 100 K
IRA IRA @ () 35K



5 Pt(111)

Pt(111)
IR v (00)
5.2
O2(a)
Ag(110) Co 0, ST™
[20] (CO5)
Oy CO Ag(110) Ozca
0
5.5
Endo [10-12]
Oy —20°. (5.5)
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