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X-ray Absorption Fine Structure

W/ arb. units

XANES (X-ray Absorption Near Edge Structure)
EXAFS (Extended X-ray Absorption Fine Structure)
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X-ray Absorption Fine Structure

XAN EXAFS (40-1000 eV)
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Supported nano Gold catalsyts = element seletive

High activity for CO oxidation at room temperature when it is in nanosize

Low activity catalysts
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EXAFS does not require long range order!!
" Amorphous, liquid, Enzvme, powder
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Fig.5. Reaction mechanism for the catalytic oxidation of ethanol and Fourier transforms
of EXAFS spectra taken in the course of the reaction
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1. QXAFS Quick XAFS
2. DXAFS Dispersive XAFS
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In-situ XAFS spectra observed during H, reduction
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Flow rate :20 % H,/Ar 100ml/min
Temperature rate: 7K/min

XANES : Oxidized Rh species = Rh metal
EXAFS : Rh-O - Rh-Rh

. Bando et al. in-situ high pressure & high temperature XAFS
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Dispersive XAFS@NW2A, Photon Factory(in the cortesy of Dr.
Uemura, Prof Nomura and Prof Inada PF.)

gasin
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/ pink be
Position Sensitive Detector(PDA)

in situ cell

p: from source to polycrometer, ¢: from polycrometer to focal point
R: bent diameter of polycrometer

> A pink beam is dispersed by a polychrometer, which is a bent Si crystal.
— X-ray with several hundreds of eV can be obtained by using position sensitive
detector.
— A XAFS spectrum can be obtained simultaneously.
— The minimum time resolution of the DXAFS system at Photon Factory is 2 ms.
Typical time resolution for in situ XAFS experiments is between several tens and
hundreds of milliseconds.
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o ERL Honda-Fujishima effect

Pump Probe XAFS

. AR YE LB B Yok b

Sample: 0.6 mM WO, suspension -
pump laser: 400 nm 270 mJ/cm2@945 Hz “h UV-Vis of WO3
X-ray pulse width: 100 ps(FWHM) > o T
Boxcar § 06 .
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R. Abe, et. al. J. Am. Chem.
Pre-triggers from PF-AR Soc. 2008, 130, 7780-7781 "
@Q® institute for Catalysis through two-step photoexcitaion
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Photoexcited State of WO, : L, XANES at PF-AR

Single bunch operation

1. Uemura, Y.; Uehara, H.; Niwa, Y.; Nozawa, S.; Sato, T.; Adachi, S.; Ohtani, B.; Takakusagi, S.;
Asakura, K., In Situ Picosecond Xafs Study of an Excited State of Tungsten Oxide. Chem. Lett. 2014, 43 977-
979.
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The excited state decayed in 10 ns.

«»lt.was successfully fitted with a single exponential function.
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Pump probe XAFS at SACLAXXfE B & FL —% ; XFEL)
Experiments at SACLA

XFEL(30 Hz)

Sample: 4 mM WO, suspension
pump laser: 520 mJ/cm?*@15 Hz
~30 fs X-ray pulse width: 30 fs(FWHM)

Time resolution: 500 fs

100 fs

Laser(~15 Hz, 400 nm)
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=) Three distinct peaks were
found in the differential spectra.

peak A : Edge shift due to
formation of W°* < 1 ps

peak C : decrease of absorption
from e  orbitals ~ 200 ps

peak B which was not found in
the previous experiments was
observed.

Uemura, Y., et al., Dynamics of Photoelectrons and Structural
Changes of Tungsten Trioxide Observed by Femtosecond
Transient Xafs. Angew. Chem.Int.Ed in press
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B AL FEXFEXAFS (B 5 X EXAFS)

Remove the bulk elastic scattering by Energy analysis

BCLA Bent Crystal
Laue Analyser
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1 Uehara, H. et al. In situ back-side illumin
fluorescence XAFS (BI-FXAFS) studies on
platinum nanopatrticles deposited on a HOPG
surface as a model fuel cell: a new approach to
the Pt-HOPG electrode/electrolyte interface. Phys

gveg Chem Phys 16, 13748-13754,

KTssb (2014).
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Possibility of MARX-RAMAN

1. XAFS ZHEERIRMIZL KD, ]
HHHH—HRo DR T, BEICHIN—HRZERD,
MARPE(Multi atom resonant
Photoemision)

2 $x 7_5 % % insituT & 7_) 5 SN
- +% zIs o . (A. Kay, C.S. Fadley, RMultiatom resonant
photoemission: a method for determining near-

X-r ay R aman neighbor atomic identities and bonding.

Science. 281,679(1998). )

Mn3d Intensity
Mow s oo

Sample

photon photon

MARX Raman: Multi-Atom Resonace ... ...

.
r A\ A
-ra dman 7 ]
ng -
2 [/ ]
=3 | VAN T
g A X-ray Raman scattering
RN
" Compton scattering ~—~ =0

L 1 1 1 1
6400 6500 6600 6700 6800 6900 7000 7100
E [eV]

(K. Tohji, Y. Udagawa, Physical Review B
@ Institute for Catalysis 1987, 36, 9410-9412. )
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MARX-RAMAN(Multi atom resonance X-ray Raman

Photoelectron
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Principle of MARX-RAMAN
(Multi atom resonance X-ray Raman)
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Experimental setup

MARX-RAMAN(Multi atom resonance X-
ray Raman Setup at BL36XU SPring-8)
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MARX-RAMAN of TaN.
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3D mapping of emission intensity Energy loss spectra with different
dependence on excitation energy.
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