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Cu

Ac—Cu oxid + CH3COOH

before reaction.

XAFS

12

Ac-Cu oxid

+ CH3COOH

before reaction

-/

~_

Cuz(CH3CO00)4-2H20

- ]
8960 8980

1 1 1
2000 2020

E/eV

9040

r/A

M. Nomura, A. kazusaka, Y. Ukisu and N. Kakuta, J. Chem. Soc., Faraday Trans., 83, 2635 (1987).
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d.

At = fm /(Ijn)
At

XAFS S/N
| (1x)4=0.245 11:X=2.55
S/N=1
App ;=104 - f=3><10°8 S
Apppr=10-3 - f=3>10° N

A
:0.556ﬂ\/?
Rev. Mod. Phys., 53 (1981) 769. ILLI-




i (1X), = 0.245 : ! ! !
X=2.55 B S R =
S/N ’
S/N = 0.556 Apa/pr ()Y
Ap,  XAFS
Mt -
I

I,n= 8><10%ph
(1x)g = 0.12
k3x=1A-3 at k=16A"1
k=16A"1 S/N
16°%=4096 - y=2><10"*
background



PF XAFS-BL

FluxData XAFS-BL

1X1013 E T T T T T T T T \ T T T T ‘ T T T T ‘ T T T T
- NW2A —e— flux(1st) 5mrad
12 | e
1x10™° - R e
- —e— flux(3rd) 5mrad
11 I 2 W U R Bk 10B Si(311) 5*1 2.5GeV 400mA
1x10™ _ 7c 9A
- —— 9A Si(111)
& " 10
%lxlolo B 3>10%%ph/s |
o | e |
1X1O ? RN ~ . *E
8 s e
1x10° - “o i
0 : . - 12C
1X1O7 7 T T T A Y T H Y SO B N




XAFS S/IN
(1X)4=0.556 [lg] #X=2.55 [ ] S/N=1
Al =104 - f=3>=<108
App =103 - =3>10° S_p
Rev. Mod. Phys., 53 (1981) 769. N Ao

1,=3><10%%h/s f=3>=<10% n=1 m=1 At=10ms
m=1000  At=10s
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4.5s/deg

Si(111)

20 21keV 0.25<
15 16keV  0.48<
10 11keV 1.05<
5 okeV 4.05<
3 4keV 11 60<

&=sin (ZdE)

36000 pulse/deg
8000 pulse/s

Bragg
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ms
100ms rise time
(Keithley 427) rise time)
108 V/A 1><10-11A (60us), 2><10-1°A (1ms)
1010 V/A 2><10-12A(400us), 2><10-14A (100ms)
1011 V/A 4>=<10183A(1.5ms), 3><10-15A (330ms)
e SSD 1 4><10°ph/s

10 =10
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EXAFS XANES
(m=1000 ) (m=100 )
10s 1s

1s( E) 0.1s 5s
50s( E)

1s 0.1s

PF

Quick XAFS
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Quick XAFS (QXAFS)

[ ]

on the fly
o XAFS
QXAFS
QXAFS

| XAFS
e —— R —_——
t R. Frahm, Nucl. Instrum. Methods, A270 (1988) 578. 15




QXAFS

rise time
VFC

Bragg
(QXAFS

VFC Voltage to Frequency Converter
DMM: Digital Multi-Meter
ADC: Analog to Digital Converter

DMM(PF) ADC(SP8)

BL
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QXAFS

XAFS

XANES
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XAFS @ PF

DXAFS (NW2A)

¢ QXAFS (NW10A, 12C, 9C)

——

I I I I
ms S min hr

» Time



Scan Time / s

’e Minimum Scan Time

|0 NW1DA: Si(311), 250 to +750 eV (k ~ 14 A)
1O BL12C: Si(111), -250 to +750 eV (k ~ 14 A1)
20 [

I

T

ol ; i i
5000 10000 15000 20000 25000 30000 35000 40000
Edge Energy / eV




water water

air
o O 0
|:>
oxidation deoomposﬂmn’ . @0 reduotlon

Ni(OH), Ni-O monomer



XANES

NI
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Time / min



CN of Ni-O

) of Ni-O /10" nm

stage

stage

Fitting Results (NI — O)
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QXAFS

channel-cut

trade off
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channel-cut

Bragg 2d sin =nA

E % = hc = 12398.52 [eV A]

‘,,—""” —
@Z ﬂ\ h=2Dcosé
cpl = / X
D const. channel-cut mono.
h const.
channel-cut

A=~HAY FRUM
CRYSTAL | wil .
,§I y nz=1
i ]
0 AB{;) 6,,- 85
L ACCEPTANCE
€ OF CRYSTAL 1
F’ 2
0
detune

Si(111) D=10mm

20 21keV 0.009 mm
15 16keV 0.021 mm
10 11keV 0.069 mm
5 6keV 0.513 mm
3 4keV 2.344 mm
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XAFS SPring-8 BL40XU

n XAFS
|
X
= <\ >
S NV
| ‘j | 1
I - =
| |
I ] I | |
| |
| |
| v ‘ | 10
| b | 10 o8
[ 1 I °
081 =1
l | S 06 %
: I [ = 06 3
PC |« | 04
04+ :
I e e e e e e e e e e e e e e e e o - 1 £
021 —— Absorption 0.2
_ﬁ — Incident flux
0.0 1 1 1 1 1

3
T. Uruga et al., A/P Conf. Proc., 882, 914 (2007) 4 116 118 Eneﬁ;g (ev)12-2 124 126410 o5

PtL,,




XAFS

BL40XU @ SPring-8 | —— I

PNy "-.:l.!ll'll'll‘.'l

1l Fr— i .
[T wiler-coaled sl oy aeream
anmer

-:_-I\' Wi

—2ms
—5ms
—— 100 ms
L | L | L
11.56 11.58 11.60 11.62
Energy (keV)
= PtlL, XANES

Pt
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ut

1.5

QEXAFS

(NH,),Cr,0, - Cr,04
H. Bornebusch et al. J. Synchrotron Rad., 6, 209 (1999)

Cr5207

0

5940

5960

5980

6000
E/eV

6020

6040

6060

20ms

0,2 T
[ e s0g g ]
5 g ]
- CrK x 40 n
00 3 f ]
- T=1982°C a fg E- 2 -
0z 5 of [y |
[ 0,0 04 08 1,2 1,6 2.0
i ]
04 -
=~ b ]
:* -0.6 c —
E ]
0.8 | _
.1.0 r :
f |
12 h
F d
_1|4'...|...,L...J|.._._,l.‘..l....
-300 -200 -100 0 100 200 300
Piezo Voltage [ V |
Figure 3

In situ reduction of (NH().Cr:0; in a gas flow of H; at T= 192°C
measured in the vicinity of the Cr K-edge (20 ms/specwum, 30 spectra
are shown, 25 Hz modulation of the monochromator crystals, 200 kHz
ADC sampling rate); the displayed voltage range corresponds to an
energy range of about 20 eV. The rapid thermal decomposition of the Cr-
compound can clearly be monitored as can be seen in the insent, where
the integrated intensity of the Cr™ preedge peak at about 5993 eV (0 V
piezo voltage) is displayed as a function of ime.
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Dispersive XAFS (DXAFS)

[ ] X CURVED CRYSTAL
2

FRCM
SYNCHROTRON
RADIATICN SOURCE

! X-RAY FILM OR
" POSITION SENSITIVE ROWLAND GIRGLE —

DETECTOR

Geometrical arrangement of the dispersive X-ray absorption spectrometer. Refer to
o text for details. The glancing angle, 6, of the primary X-ray beam, varles continuously
across the crystal surface (8, to 8,) and results in different X-ray energies being reflected from

different points on the crystal surface.

T. Matsushita and P. Phizackerley, JJAP 20, 2223
O (1981).

A.M. Flank, A. Fontaine, A. Jucha, M. Lemonnier
and C. Williams, J. Phys. (Paris), 43, L315 (1982).
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XAFS @ PF

DXAFi :‘NWZA)

QXAFS (NW10A, 12C, 9C)

~

. » Time
ms S min hr



**

AE =EcotoAg

=IEcot9{

1

R

_sind

3

w=Ising

QO

\
- / X-RAY FILM OR e
R S I n e " POSITION SENSITIVE ROWLAND GIRCLE—"" W
DETECTOR

Geometrical arrangement of the dispersive X-ray absorption spectrometer. Refer to
text for details. The glancing angle, 8;, of the primary X-ray beam, varies continuously
across the crystal surface (8, to 8,) and results in different X-ray energies being reflected from
different points on the crystal surface.

p=30m, |=0.1m, Si(111)
CuK g=0.33m, AE=1.3keV, w=2.2cm
Br K g=0.22m, AE=2.9keV, w=1.5cm

Multi-Pole Wiggler
NW2A lcm
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NW2A Tapered undulator

Taper
GAP 19mqm K 1.5
1
Taper:0.5mm
Taper:1.0mm
0.8 ‘ ‘
8
2
]
=
=]
[+F]
=
'S
S
2
0 | | | | | | |
12 125 13 135 14 145 15 155 16
Photon Energy[keV]
o A, =4cm, N =90 periods
N '
e- y o
— o high emittance

S. Yamamoto et al., AIP Conf. Proc., 705, (2004). 31



beamline and DXAFS system: NW2A

| Water cooled |

Curved crystal
(Bragg type)

In situ
reaction
cell

slit

mirror

Tapered undulator

Sampl
Driver

| Stepping M
Controller

Driver

Photodiode array
or CCD detector

*kkkk

|
:
L,
' trigger
E

Audcm *90 0.8T

s )

3 mirrors
vertical focus,
higher order red.
Bremsstrahlung

Synchronize the
gas inlet and
data-taking
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DXAFS equment NWZA
.

sample ceII

o .chroT

ater

'-_-l
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DXAFS system

Bragg

Si(111), Si(311) etc.

Laue

Si(311), Si(511) etc.




Bragg case & Laue case

a): DXAFS*, Laue, :PDA( S3901-
512N,2.4 eV/ch)
b): DXAFS*,Laue, :PDA(S3904-1024F/Csl,
1.1 eVich)
c): DXAFS*,Bragg, PDA(S3904-1024F/Csl,
1.1 eVich)
*:DXAFS ,NW2, 2.0mrad,
1 6x0.8 mm, Gap:25
:30m
:Si(311),
:260mm(Bragg),
480mm(Laue)
PDA
21500mm

R:3000mm(Bragg), R:900(Laue)
Rh-k edge (23.2 keV)
AE = 1844eV
d): Conventional XAFS(BL-10B), Bragg, Rh —k
edge

e): DXAFS(Spring-8), :CCD(1.6 eV/ch)
:Si(422),
1 48m
:500mm
PDA 1140mm

R:1000mm

Pd-k edge (24.3 keV)

AE=1056 eV)

f): Conventional XAFS (BL-10B), Bragg, Pd k edge

pt

ut

Si(311) Rh 23.2keV

Laue case

T~~~ Bragg case
ST step scan

20 40 60 80 100
Energy / eV

200 400
Energy / eV
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X

x
O

PAD (XSTRIP
S (us)
>

CCD

O

x
SPring-8 ESREF...

/

Photo Diode Array
PDA

O
>

25/50um>=2.5mm>=<1024/512ch)
PDA

At=2ms
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DXAFS
Si(111)-Bragg

Pt foil

Si(111) 6msx 10

—lh
o
T T T

DXAFS
Si(111)-Bragg

50msx 10

o
(&)

DXAFS
Si(111)-Bragg
PDA with CsI(T1)
2msx 10

Normalized Absorbance

©
o

,_,_,.,-f"" / PDA direct illumination

PDA with Gd,0,S(Tb) |

HAETPDART

N 7% LPDATIR
I&l&-l—ﬁt-;.::*»#—
DEREMEENDS

1155 1160
E / keV

HAELETORRNEELICE >TIRILF—
DEREEDMET

HHAE - Gd2025(Tb) 20 micron
Csl(Tl) 150 micron

X— REPDARTF

TRILE—HREE vs KGE D AREE
TPDADEWS T
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X

Energy resolution

TPt L

0.4

0.0 7

Usual XAFS

13200

g
—

I
13250 13300
E/ eV

Si(311)

13350

fi,OB-_

0.0

M

J Si(111)

11520 11540 11560 11580 11600

E/ eV

DXAFS gives sufficient energy resolution



Dispersive and usual XAFS spectra

Pt/MCM-41

T 21 Min <
/\/\/\j\/\/\/\/\/\\f‘\"’vw ell prepa 2100
ample tlmes

B1l: usual XAFS
21 min
on-uniform
ample

B2: DXAFS

ksy (k)

5 10 15 20
k/10 nm-1

DXAFES requires highly uniform sample.

X-rays of different energies pass different sample position.



thickness effect like phenomenon @ PF-AR NW2A

knife-edge test .

T

\
|
!

Normalized intensily / arbitrary unit
o

o M-5
ZSM- (,,Mgo
04 BN i
| | metal foil
\\ /1" no sample
W i

40 08 o0 08 10
Herizontal position / mm

40
>f.) M. Hagelstein, et al., J. Synchrotron Rad., 5, 753 (1998)
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DXAFS o T
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R pp_pr =0.254 nm




1.0 + f
0.9 ¢
5; 0.8 L
=
0.7 L
0.6 | 20.6 kPa
673 K
0.5 ‘ ‘
24.30 24.35 24.4
E / keV
PdO—— Pd

PdO

24.45

Pd(0)-Pd(0)

Pd(0)-O

Pd(I1)-O
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pump(

probe(

SR

pump(
probe(

SR

NW2A
pump(
probe(

SR

XAFS (QXAFS DXAFS)

SR
- 2Nns ms s
U UL SR
\LLLLEREELFCLERLRUAEULFOUERRERCAERATRA
ns 2nS
XAFS SR
dtl
| Single Bunch
L SR
I I
1.26uS
XAFS

dtl

IlﬂJLﬂﬂ_ [ SR

SR
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IR EEDXAFSEE
7/ W2 8EDXAFSA

PDA’IﬁHi%E

Daresbury Lab. THi%

DEEL

PF-AR
16 NW2A

3.0 o ' -
Cufoil 0.015msx 64
0.015msx 3_

0.015 ms x 1_

N
KoY
T T

—
oo
T

—
A
T

(~70p0)

Normalized Absorbance

XSTRIP

9.0 | 92 | 9.4
E/keV
EERATR (RXARE) SHFETEA
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DXAFS QXAFS

O O XAFS

o O

XANES

ns

20ms
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DXAFS QXAFS

k

QXAFS

E E
K-
E E
K-
46



QXAFS DXAFS

Fe(0) - FeO

DXAFS
QXAFS

20

Ratio

1.0

0.8f

0.6

0.4

0.2F

species A

species B

0.0

Time
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QXAFS DXAFS XAFS

CQUIck XAFS>

step-scan

CDXAFS D
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flowing solution

1 15m/s F
=

iI 10pm > 930um
¥

. XAFS
15um>=250um

pump reglon

-
—=p—
-

_ probe reglon

&

D. J. Thiel et al., Nature, 362 (1993) 40. "

S. Saigo et al., Biochim. Biophys. Acta, 1202 (1993) 99.



. (flow, batch)
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BL-12C 1 1

Ge K
Ge BN
30 -
20 -
<
=
T1o- l
0 - 20
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hand press for powdery samples

For solid-gas reactions, ex. catalytic reaction
1. keep enough gas diffusion into sample

2. high degree of sample homogeneity

3. high temperature, ex. 1000 K

4. support pellet with tube

e21

OD 10 ID 7



gas diffusion into pellet

Chemisorption measurements in a glass cell.
H, adsorption isotherm at 298 K

€| o

blank powder Hand-pressed —
sample i | | s
| 0 5 10 15 20
0 | | | T | |
no difference between 0 10 20 30 40 50 60
powder and hand-pressed /s

53
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Gas Mixing Unit (type 1)

Power Unit KOFLOC ex-1A
KOFLOC e
D Elm.“lhz — % [Ig Jf Jf Ié % Jﬁ é %
Jom AL cv vl v cv
| -Ctx 1/8in SWL
KOFLOC 36210':& 200sccm) 0] e
o ysinswt o o d H
—N_‘I]_| KOFLOC 3590'?52 200sccm) I_D'—T’+ T * T 1 1
gas A+B gas gas c+n gas gas E+F gas
cv A output B C output D E output
'I—M_E'_' KOFLOC 35?0'?!% 200sccm) l_D'— =
cv
_Wm%mmaegoﬁgsom} I_D'_I'
MFC | CVDI Lo Vs yu S Z
D<H{F] |Koﬂoc35&o(uezoo;oun] \ . N\ -
'I_M_E'_| KOFLCK:BGE‘)'(:Ez 200scem) ILI'
N
Mass Flow Controller 6
>
A\
| 200 ml/min
O
>
Y Y i
><200 ml/min
\4

o 2 L/min

X 0
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XAFS Flow _

. cell volume
dead volume < 1mL
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[13% H.,/He(60sec) 4=y []20% O,/He(60sec)

ESRF ID-24

m—) =) 3 Nm

m

5n

—)

30 sec

Pt particle size: 7 nm
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XAFS

Batch

= 200 mL

-2 24 mm

]

T

.

=

water
Vcut

260 mm

V cut

R.T.~800
10-°

T =

900 Torr

~

P=




XAFS

58



XAFS
QXAFS

QXAFS, DXAFS

DXAFS, QXAFS

ultrafast (t<ps) pump-probe
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ns us ms S min hr

pump & probe
DXAFS XSTRIP or fast CCD
DXAFS / XSTRIP or PDA & SR
iy syt / QXAFS @ NW10A
HERDRIGHEE BRERAEERID o rcpmga  reerreelaes
FOMTOEMAE ElERn R 7
EXEFHIRIG iﬂ{%g%jﬁ BRI
— Foxg—fy  CURME
(HRREOHIES ) L C

«————> /NLAL—Y—
< BEY v 7 (JULACO2L—H—)
BUIvrYT7 mumHEA
«——> by 7Kk70-
BE
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0prr——r————————— a.30

0.25} 0.25}

0.20 0.20}
2 0415} 14 15l

0.10} 0.10}

0.05 0.05}

jconventional cell

1 ] I ] I 1 1 D M 1 1
g 0 200 400 600 800 100012001400 -50 0 50 100 150 200
t/ms tims
Kr 20 kPa Kr K-edge

- 10 ms
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IR

MS GC

TR-XAFS
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Flow

— 1000 e
= _
& 800-
g
© 600-
S 40  ideal temp.
(‘,)5 - 100 SCCM

2005 -/A-1 200 SCCM

| | | | |
200 400 GO0 800 1000

T.C. reading/

1000
300 < 324W
250 -
=
< 200
=
=150 -
Q100
50
| | | | |
200 400 600 800 1000
T.C. reading/
- 0.3mA
660W(800 )

300W (1000 )
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« DXAFS
Pixel Array Detector
XSTRIP
Ge

. QXAFS
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operand
e QXAFS DXAFS

. XAFS

XAFS
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PF

KEK Proc., 2004-16 (2005).

XAFS
Proc., 2008-5 (2008).

KEK
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