XAFS Spectroscopy

X-ray absorption fine structure

K.Asakura, ICAT Hokudai

2017/7/9

1

v 7 AW = AR

H v AR SI HAL R
X%?tli Z—ny - H7AOEA divD = 4xp div Dg; = pg;
. 4w, 19D oD
1, T v =0k otH=—j+ -— rot Hgp = js1 + 1
¢ c Ot ot
MAHEBATEEDEA]  divB =0 divBg = 0
. N 10B 0Bg
7777 4 =D | 10tE = —— rot Eg; = — bel

XEREITREDE . oo
LWVEHGK (iK) T~
Hb.
A(nm) |
= 1239.852 k ‘ mﬁ:iﬂ:&ﬁ)

E e‘} ERm) 0™ 10" 10" 10? 0% 10t 107
| | | ] | - ]
[ vam | @ (x| [ )

L7
(Hz)

=
S g |

F=¢E+qvxB

MATHE )

E2 N

BE(M) 330 400 500 00 700

2017/7/9




2017/7/9

XREMEEDHEEAR

BRELXER

(Compton, Raman)

EHTXHR \

AGTXHR BT ¥ &

(RBF. Hd
F—C1EF) #

Bl13 XMOWIIT K > TH R Z ShHkkx REL. B14  UADFAPNTOXHBILER.

égdi HOKKAIDO UNIVERSITY

o

2

2017/7/9

Core-shell electron and absorption edge
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XAFS=(X-ray
absorption fine
structure)

K-edge XAFS

There is an oscillatory
structure in the high
energy region.

F1%

= s B | | L R

>,

P T [ R S | PR
I!ld-LDD 3600 AMO0 (K000 [AEO0 1G] MR

PHOTON ENERGT IN BY

't

i
f}%@ HOKKAIDO UNIVERSITY

2017/7/9

C

Principle of XAFS

EXAFS (40-1000 eV)
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X-ray scattering
X-ray'Absorbing atomatom

v'Electron is not only particle but wave

There should be interference
between outgoing and scattered
electron

v'The interference depends on the distance
between the two atoms

%" HOKKAIDO UNIVERSITY

2017/7/9




Photoelectron is wave
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Scattering of electron and interference

S K: wave vector,
2m 0 A : Plank Const

E:Photon energy EO:threshold
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EXAFS gives you bond distance and coordination number

When the bond length
increases, the frequency of
the EXAFS oscillation will
higher

¥ arb. units

Photon energy/ eV

Mt/ arb. units

‘—I—. When the coordination

‘ number increases, the
amplitude also increases
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The EXAFS equation

Scattering atom

Outgoing Photoelectron
1. leaving the absorbing atom

Scattered

2. scattering from the neighbor atom APSOrbing at
Photoelectron

3. returning to the absorbing atom
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Backscattering amplitude depends on Z (R F¥&5S)
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You can get following information from EXAFS

1.
2.
3.
4.

Bond distance

Coodination number
Disorder in the bond length
Kind of coordinating atom
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The feature of EXAFS

1. No crystallinity is necessary
1. Local diffraction of electron

2. In-situ measurement
1. X-ray penetrates
3. Element specific
4. High sensitivity
1. Afew %
5. But you need Synchrotron Radiation
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Synchrotron Radiation

Electron having a near light speed emits the
strongly collimated light when it is bent.
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Features of synchrotron radiation

1. Collimated & —f
2. Wide energy spectrum
3. Pulse

4. Linearly polarized

5. Strong light
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Photon Factory

PF(Photon Factory Since 1982)
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PF Experimental Station(BL2-4)

Beam line
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SPring8(Super Photo Ring)

Since 1997
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Experimental setup

Beamline BL9C, KEK-PF

~—The experimental hutch

optics  slits detectors
CO R VAN
lo I

double crystal H
monochromator
Si(311)

nA= 2dsinB

amplifiers
& computer

= i
%%?\, HOKKAIDO UNIVERSITY

10

2017/7/9

Sketch of EXAFS analysis
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Supported nano Gold catalsyts

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

Low activity catalysts
02+ .
460\mplltude/a.u. Au foil
o 30 |
o1 — Highly active catalysts
20 7 l
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EXAFS does not require long range order!!
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Reduction process of Rh

In-situ XAFS spectra observed during H, reduction
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XANES(NEXAFS)& (3.

XANES=X-ray Absorption Near Edge Structure
NEXAFS=Near edge x-ray absorption fine struc@;e
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K-edge NEXAFS of SO, adsorbed on Ni(100)

[1]T. Ohta, T. Yokoyama, S. Terada, A. Imanishi, Y. Kitajima, Research on Chemical Intermediates 26 (200(
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Cu&XANES
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N. Karug et al. / Polarized XANES and shake-down of CuCl}™
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Fig 2. Polarized Cu K-edge spectra of the single crystal of (creatinum) ,CuCl,.

Fig. 1. Cu K-edge spectca of Cu(ll) compounds. (Energy calibraion has not been performed )
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Preedge IR D K= X(1s-nd)

Ti K-edge XANES: Reference Compounds
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FIGURE 1. An edge model (a) and two substitution models Energy (2V)

(b) and (c), where black (gray) balls are Ni (C) atoms. In the
model (a), a Ni atom bind to a carbon atom at the nearest edge
site. In the model (b), a Ni atom replaces a carbon atom of a
eraphene sheet (monomer model), and in the model (c) two Ni
atoms replace two carbon atoms (dimer model).
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AE/eV against H/Pt for Si0, (@), Al,O, (m), and MgO (a).
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Fig. 4. Plots of the relative intensity of the new peak (@) and the
relative amount of adsorbed hydrogen (O) as a function of
evacuation temperature for the Pt/SiO, catalyst with H/Pt=1.2
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An

L;-edge XANES for MoO; and Na,MoO,

->Sensitive to Symmetry
R. Radhakrishnan, C. Reed, S.T. Oyama, M. Seman, J.N. Kondo, K. Domen, Y. Ohminami, K. Asakura,
J.Phys.Chem.B 105 (2001) 8519.
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Edge peak intensity and coordination charge for Ag L,
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Ag Compounds structure.
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S d ver compounda
c Formal
dompoun V::::lce Bond type  No. of bonds Bond distance reference N 0 Octa h ed ra I
Ag metal 0 Ag-Ag 12 2.89 n r r h r I
Ag20 1 Ag-0 3 216 “ 0 tet a ed a
Ag2C03 1 Ag-0 4 2.24,2.24,2.44,2.74 ) stru ctu re
Ag2S03 1 Ag-0 4 2.23, 2.30, 2.47, 2.50 2]
Ag-0 4 2.40, 2.45, 2.45,2.73
2.48, 2.48, 2.50, 2.56,
AgNo3 1 Ag-0 7 161
2.58,2.75, 2.77
2.41,2.41,2.43,2.43,
Ag2504 1 Ag-0 6 ®
2.69
AzCIOd . Ao . 2.53,2.53, 2.53, 2.53, "
€ € 2.73,2.73,2.73,2.73
2.44,2.44,2.72,2.72, s-d hybridation is possible.
AgNO2 1 Ag-0 6 272272 0]
1 AgN 1 2.3
- For example s and d of X-
) : hec 2 213 Ag-X belongs to Alg
AgCN 1 Ag-C 1 2.06 m sym metry_
AgN 1 2.06
AgSCN 1 Ag-S 1 2.43 2
AgN 1 2.22
AgOCN 1 AgN 1 211 ® /;/- - +
Ag2s 1 AgS 2 2.42,2.45 21 ;%h TIUR & ‘Al{ic\lj UN IVER%lsl Y
[ }
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Covalency and hybridization

Covalent and ionic character
High covalency --> large directionality->large s-d

hyb ridazation - hysical Review B 39, 9831 (1989).”
y (S-ole® |

A
| L|J1 X-Ag-X
I linear structure
5s /1 _
! 1 PW1=(Cudss +C12¢, 2 * C13¢ig)
I
oo W, ! W2 = (Ca1¢ss + €29, 2 +C23¢g)
1
ad,, . W3=(Capss+C29, 2 +CaPlg)
v,
I

=

Covalent characm é
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Covalency determines the edge peak intensity

AgX+ NaF < AgF+ NaX

AH formation(AgX) =AH atom(x n) +AH atom(Ag(S)) + E-A-(X) +1 -E-(Ag) -H Iattice(AgX)

H ex — AH formation(Ag F) +AH formation(Nax) —AH formation(Agx) —AH formation(NaF)
= H:(AgX)

(A) AgCl04;(B) AgNO3; (C)
Ag2S04; (D)Ag2CO03;
(E)AgNO2; (F) Ag2S03; (G)
AgSCN; (H)Ag20; (1)Ag2S;
(1) AgF;

(2) AZCNO; (3) Ag(CH3C00);

(4) AgCI; (5) AgCN.

Edge peak intensity / arb. units
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56
XAFS Summary

EXAFS and XANES
EXAFS Local Structure Single scattering.
Fourier transform

Coordination number Auplitudday
Distance 0 ]
Operando XAFS =

XANES 0 T I T T T T

Electronic state
Local structure
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