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What are catalysts?

I RS EERESE. BoEREAICENGENED

-,

Polymers and plastics are generate using Catalysts (Ziegler Natter

or Kaminsky catalysts)

Automobile catalysts (Pt-Pd-Rh/AlI203, Pt/Ce0O2)
Photocatalysts(TiO,) Cleaning catalyst
Enzyme

Autiorihoibiii’e catalyst
To remove NOXx
From exhausted gas

PS2[02] PS1[H2]

H+H:
Ox/Red

Redox mediator

Fig. I Z-scheme system using two semiconductor photo-
catalysts (fwo step system).
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Supported nano Gold catalsyts
« High activity for CO oxidation at room temperature
when 11 1S 1IN NANOSIZE  Haruta, M. Gold Bulletin 2004, 37, 27.
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EXAFS (XL D2 DIGEITHITES

XBEBOEBNERODT, RIEEH T CORMELETIEN
T,

I DfEfEE L. RIGEIDEDERLS, RInPIFifz T
FRIZZIEL TS,

ERIGIE. BBESETITHATINS (>10atm >500 K)




X-ray windows are set far

away from sample.

STAINLESS STEEL
MOUNTING BLOCK

LIQUID NLTROGEN
TO SAMPLE BLOCK

A Liql N2 Dewar

Window

FLOW GAS (Acrylic resin
TO SAMPLE
CELL . Water
o ater
THERMOCOUPLE G A Sample J Gas
TO SAMPLE CELL Thermocouple N

VACUUM o
CONNECTION RS

y
O-ring  water

v X-RAY BEAM Kapton wlmiow
WATER RESISTANCE |
COOLANT HEATING UNIT * ray |I'I Quartz Tube
HOLES ON BN INSULATOR

Figure 8.1. /n situ cell of Lytle et al. (6).

J.Chem.Phys. 70 (1979) 4849.

Z.Phys.Chem.,144,10
5(1985).

J.Synchro.Rad.8, 581(2001).

X-ray absorption,
Principles, applications,
techniques of EXAFS,
SEXAFS, and XANES,
New York, John Wiley &
Sons, 1988.

Figure 2, Chamber for 1he EXAFS messurements uader vacuum and
al hugh pressures

High pressure cell
J.Phys.
Chem.93,4213(1989)




EXAFS (XL D2 DIGEITHITES

XBEBOEBNERODT. RIGEHE T TOREETIEN
TED,

R OfERE &L, RIGEIDEDERLS, RIGPIEifz T
FRIZZEIELTLVA,

ERIGIE. BBESETITHATINS (>10atm >500 K)




Rh dimer catalysts (Active for ethylene hydroformylation

reactlon) K. Asakura, K.K. Bando, Y. Iwasawa, H. Arakawa, K. Isobe, J.Am.Chem.Soc 112 (1990) 9096.

C2H4+CO+H2> C2H5CHO |

IRabsorption band 2032,1969 cm™!

0.270 nmm

IR N R
1710 ecm!

4 6 8 10 12 14 16
10 12 14 16 K /10nm’
k/10 nm”

EXAF'S before the reaction EXAFS after the adsorption




EXAFS (XL D2 DIGEITHITES

XBEBOEBNERODT. RIGEHE T TOREETIEN
TED,

I DfEfEE L. RIGEIDEDERLS, RInPIFifz T
FRIZZIEL TS,

X IE. SEEETITHLNTLYS (>10atm >500 K)




F-_' ray window

i “'“'ﬂ e
"’H’ H fca.rtrldge heat

A=

-— j I _b - f—

AN ‘ === liquid inlet port

' Bample port
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RELHPOREZRS, KEZI0REICLT, JHEAEIZET,
in-situ AR I EEL Do T=,

Kawali, T.; Chun, W. J.; Bando, K. K.; Oyama, S. T.; Sumiya, H.; Asakura, K. Rev.Sci.Instrum 2005.
Kawali, T.; Bando, K. K.; Lee, Y. K.; Oyama, S. T.; Chun, W. J.; Asakura, K. J.Cat. 2006, 241, 20.
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EXAFS (XL D2 DIGEITHITES

XIRIIENWBEBAZFHEODDOT. REEFHETTORIEZITICEN
TE%s

I DfEfEE L. RIGEIDEDERLS, RInPIFifz T
FRIZZIEL TS,

ERIGIE. SEEETITHN TS (>10atm >500 K)
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Introduction

Sulfur compounds in fossil fuel.
1.Sulfur is oxidized to sulfurous or sulfuric
acids and is an origin for acid rain.
2.1t poisons the deNOy, catalysts equipped in
cars.
3. Demand for use of low quality o1l with high
sulfur contents.

http://www.epa.gov/apti/course422/ap7b1.html
1990-1994 1995-2000 Post 2000

Sulfurin fuel is USA 500 ppm 500 ppm
legally restricted

more and more Europe 500 ppm 500 ppm
strictly.

Japan 0.2 wt% 500 ppm




Metal phosphides

More active than commercially avaialbe NiMoS
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EXAFS of Ni,P under reaction conditions.

Kawali, T.; Sato, S.; Chun, W. J.; Asakura, K.; Bando, K. K.; Matsui, T.; Yoshimura, Y.; Kubota, T.; Okamoto, Y.; Lee, Y. K.; Oyama, S.
T. Physica Scripta 2005, T115, 822.

Bando, K. K.; Kawali, T.; Asakura, K.; Matusi, T.; Le Bihan, L.; Yasuda, H.; Yoshimura, Y.; Oyama, S. T. Catal. Today 2006, 111, 199.
Kawali, T.; Bando, K. K.; Lee, Y. K.; Oyama, S. T.; Chun, W. J.; Asakura, K. J.Cat. 2006, 241, 20.

Kawai, T.; Chun, W. J.; Asakura, K.; Koike, Y.; Nomura, M.; Bando, K. K.; Oyama, S. T.; Sumiya, H. Rev.Sci.Instrum 2008, 79,
014101.1.

Bando, K. K.; Koike, Y.; Kawai, T.; Tateno, G.; Oyama, S. T.; Inada, Y.; Nomura, M.; Asakura, K. Journal of Physical Chemistry C
2011, 115, 7466.
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XANES, IR and MS changes durlng 513 K

H,
oom —
530 °C

HDS J his
240 °C

H,
v_ =

530 °c

10+

THT formation rate
@)

-

gl

Wada, T.: Bando, K. K.: Kawai K.; Asakura, K. Shokubai

2011, 83, 150.
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Reaction mechanisms
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Reaction mechanism§
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ion mechani

Oyama, S. T,; Gott T, Asakura gTakakusa@ S.; Miyazaki, K.; Koike, Y.; Bando, K. K§Cata/ 2009, 268, 209.
Bando, K. K.; Koike, Y Kawai, T.; Tateno, G.; Oyama, S. T; Inada Y. Nomura M.; Asakura, K. Journal of Physical Chemist

C 2011, 115, 7466.
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Diagram of XAFS technique

XANES
(1) Oxidation state
(2) Symmetry, etc.

X-ray

EXAFS —>

(1) Interatomic distance
(2) Coordination number

sample

Bragg angle

ut Acquisition time: >10 min
24

22

2.0

1.8

22500

Energy / eV
PF-ERL




Diagram of energy dispersive XAFS(DXAFS) technique
(Bragg type)

Sample
Focus size

0= 9.4 degree (Rh K-edge)
p=30m

q=0.35m

R=4.2m

1/p+1/q= 2/(R sino) [ 0.4

AE/E= L sin0 coto /p 0.2

Yamaguchi, A.; Shido, T.; Inada, Y.; Kogure, 0 Z
T.; Asakura, K.; Nomura, M.; Iwasawa, Y. 60 -
Bull. Chem.Soc.Jpn. 2001, 74, 801. 40
Yamaguchi, A.; Suzuki, A.; Shido, T.; Inada, :

Y.: Asakura, K.: Nomura, M.: Iwasawa, Y. Ti %%éﬁ 20 .
Catal. Lett. 2001, 71, 203. 0




Disruption of Rh clusters on Al203 surface by CO at RT

o X a X b Rh, cluster

= after reduction *] after CO adsorption | l (od0)

24 2 '

o Avn AVHVW o nJM”MW Q Rh
14 | v V -1+ V ' 0 O
-2 \ -2+ Q C
o N i

0 5 10 1Y S 5 10 1153‘1
K K

" EXAFS Parameter Values for the 0.57 wt % Rh/y-Al,O; Catalyst after Reduction and CO Admission®

coordination
Rh—Rh Rh-O Rh-CO
treatment N R(A) At X 102(AY) N R(A) Ac*x10*(AY) N R (A) Ac¢* x 10? (A?)
reduction at 593 K 3.7 2.68 0.5 1.9 2.74 0.0
_reduction at 593 K, evacuation at 593 K, 3.1 2.12 0.3 1.8 0.7

CO admission at 298 K

2 Accuracies: N, £15%; R, £1%; Ad?, £15%. H.F.J.van’t Bilk, J.B.A.D.van Zon, T.Huizinga, J.C.Vis, D.C.Koningsberger, and R.Prins,
J.Am.Chem.Soc., 107 (1985) 3139.

PF-ERL 24




The k3-weighted EXAFS Fourier transformed functions for
Rh/AL,O, under CO (26.7 kPa) at 298 K measured by DXAFS
together with the curve fittings of the observed FT data and their

imaginary parts
(1) Suzuki, A.; Inada, Y.; M.; Nomura, M.; lwasawa, Y.et al.,
Angewandte Chemie Inter.Ed. 2003, 42, 4795.
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lllustrative mechanism and time scale at 298 K for the disintegration ¢

Rh clusters on Al,O; during CO adsorption by time-resolved DXAFS
(1) Suzuki, A.; Inada, Y.; M.; Nomura, M.; lwasawa, Y.et al. Angewandte Chemie Inter.Ed. 2003, 42, 4795.
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IF we have faster XAFS, wha

we obtain’?
us-s ‘ Reagction intermediate
SR

\_

Laser or Moleculare Beam Triggered Pump-Probe 'Y

DS-NS ‘ Atomic Dynamics
N ERL, XFELO
at-fs ‘ Electron Dynamics

—

SASE-FEL

PF-ERL 27
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m  Hammer and J.K. Norskov, "Why gold is the noblest of all the metals”.
Nature. 376(Q),238(1995).

[ 'ﬁ&*ﬁ?it?ék; :'l‘l'-: l:fd:é o 1. M. Haruta, T. Kobayashi, H.

Novel Gold ACatalysts for the oxiglatia=n ~f 2 ~4 ~
o ‘deg". Chem.Lett.,405(1987). ; o
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Real catalysts are complicated

C-H C-H,.O +

. . 311g / 3H24°
m Multifunctional /&/&/A\/zﬁ: /zi:\./m
ey W W W

Bi-Mo-0
m Porus -,

Moro-oka, Y. and W. Ueda (1994) Advances in

Catalysis 40: 233.

Kapoor, M. P.; Inagaki, S. Bull. Chem. Soc. Jpn. 2006, 79,
1463.FSM-16

PF-ERL 31
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H. H. Rotermund, Surf.Sci.Report 29, 265 (1997)

Ertl, G. Angew. Chem.Int.Ed 2008, 41, 3524.

m PEEM(Photoemission electron
microscopy)
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Remote Control
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Reaction induced by STM on Pd(110)

T ™ B -360 mV dI2/dV2 image
’ C/\/CH3 NCH2
3 H,C

1 nm

Y. Sainoo, Y. Kim, M. Kawai, J. Chem.
Phys.120 (2004) 7249.

-400-200 0 200 400
Sample bias (mV)

Dosing tunneling current on
7 nA, 450 mV, 1sec
—C-H excitation.

[

(,.Aw) seiqvyBolv

Y. Kim, M. Kawai, et. al.
PhysRev. Lett. 89 (2002) 126104.
300 400

Sample bias (mV) 'F-ERL 37

Reaction yield per electron (R)




Selective IR femtosecond laser

@ —wvwww

SELECTIVE BREAKING As triply deuterated
(red) methane heads toward a nickel surface, a laser
excites the molecule’s lone C=H bond (purple). The
bond breaks when the molecule hits the surface.

Sato, S.; Niimi, H.; Suzuki, S.; Chun, W.-J.; Irokawa, K.;
Killelea, D. R.; Campbell, V. L.; Shuman, N. S.; Utz, A. L. Kuroda, H.: Asakura, K. Chem.Lett 2004, 33, 558.
Science 2008, 319, 790. Moula, M. G.; Sato, S.; Irokawa, K.; Niimi, H.; Suzuki, S.;
Asakura, K.; Kuroda, H. Bull. Chem.Soc.Jpn., 2008, 81, 836.
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Monitor and control surface reaction by
Laser

Monitoring by EMSI ( Ellipsometry microscopy for surface imaging)

L —
[T T T T [P T e FE T 7Y TR T TP T S
= R T

Fig. 10. Snapshots (1.6 X 1.1 mm?) showing the dragging of a preexisting pulse by a
‘low-strength” temperature heterogeneity, incapable of igniting the medium by itself.
The dragging direction was about 10° off (corresponding to fast CO-diffusion).
Experimental conditions: T=456 K, p;,=3.9 X 107 mbar, p,,=3.0 X 10 mbar.

The spatiotemporal pattern control during CO oxidation reaction.

J. Wolff, A.G. Papathanasiou, |.G. Kervekidis, H.H. Rotermig]g(_:lEﬁLErtl, SCIENCE 294 (2001) 134.
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4D (Time + spatial resolution) +
spectroscopy=5D
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Conclusions

m Ultra fast will help us understand the atom
dynamics of surfaces

m Not only the temporal but also spatial
resolution is necessary.

m Ultrafast monitoring may be helpful to
control the surface reaction

m 5D is necessary to apply the ultarafast
technique to catalysts.---5D is strongly
desired for ERL spectroscopy.

PF-ERL 41
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