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EXAFS(Extended X-ray Absorption Fine Structure)

EIL LB ICHHAEELRFIZELD
BELLAERBDEDEREHLE

ZnGa,0,:Mn < A /\ § e
& \/\/ \/ \/ \/ \/ Ve
EXAFS
& ’ C sy '
T%
: g
?[H = ER=AONADIEN & (=
S, | s asp . LM EIZE—9M
AGTX#R (ke V) ‘%
. L sle 0 2 4 6 8 10
HE~1/R FEFE#H~R FEILFFTIEN

BWERFEDBIEE (BRAFOESE. 8. Ei) "Xhh s,



EXAFSARIRMILIZETFND1EHH

m
1 D

1R 15 \/ | -

e FE A [RFTEl R R
EEI11L7£&| 1 1 1 1 | 1 1
4 6 8 10 12




SifHEAEF 2

BEAZELLTEDT
A ATATANIES: il

_I:E/&'Ef&b
W@ 6FE A4 \f—of—lzt-s“‘

e _
EEJJI:MAF—

= MK
BEFECTIE O)%@’f’ OL-)L;E.*
BHTHLE—ARED ( =)
EFROBEE LGS

+ |

’ FILRFEHELRFTRFESD,
2! (ERRIEE R BRI

RHTEHIEZTDEDICKALAUBERILLH D,
NBLIRFARFDERFD,



SHEREF?

Real Imag '® Abs

IRURR F &

Energy [keV] 17.000 ' Wavenumber [A-1] 2.112 No. 17

BB R D #E et fiE :I B
(1R TEHE) R k=2.112

CDABYDIINZHIITER

A

YA FHIE T

by * N a -
ff’]i*ifjg"m“ S HFD
< RFS %)L

Anime



SHEREF?

C Real

" Imag '®’' Abs

IRURR F &

Energy [keV] 67.000 Wavenumber [A-1]

IRUR R FLE T
R ENBE EUANAB /N Z
o TV

B & Dt xtE
RILTEHE)

4.193 | No. 67

1

W k=4.193
SOTEDNEIL
921

CDABYDIINZHIITER

BELRFD
RTx)L




SHEREF?

' Real Imag '® Abs Energy [keV] 148.000 Wavenumber [A-1] 6.233  No. 148

R ERER E D #E XHE :I _
((ReceteE) S k=6.233

IRURR F &

v \/ CDABYDIINZHIITER

YA FHIE T

by * N a -
ff’]i*ifjg"m“ S HFD
< RTF vl

nime



SHEREF?

Real ) Imag O Abs

RIRF LS

Energy [keV] 255.000 Wavenumber [A-1]

EENRE B D RHE
(IRFTTEHE)

I

o

A

IV

IRUR R FLE T
R ENBE EUANAB /N Z
o TV

BELRFD
RTx)L

AW

8.181 No. 255

1

Mk =8.181
21x4=84 %KY
INELN

—DIBYDIJNCHIITER




SHEREF?

() Real ) Imag '® Abs Energy [keV] 379.000  Wavenumber [A-1] 9.974 No. 379

KEIBI R D HEHE I

=l 32905 K k=9.974
(IRt TEtH) (2.1x5=10.5)

—DBYDINZAHIITEHE

§ IRURR F &

JAVAVAVAV.4
\

YA FHIE T

by * N a -
ff”i*iijgw”“ S HFD
< RTF vl

_F Anime



SHEREF?

C Real Imag o Abs Energy [keV] 448.000 ' Wavenumber [A-1] 10.844 | No. 448

ST I
(rETHE) o 08

CDBYDINZAIITFH

§ IRURR F &

AVAVAVAVA

N

YA FHIE T

N * N a -
ff”i*iijgb‘m" e B0
& R )L

_F Anime



Real (' Imag ® Abs Energy [keV] 612.000 Wavenumber [A-1] 12.674 No. 612

BRI DA :I i
(1RTTEHE) EE k=12.674

CDABYDINZAIITFH

/\f\/\fﬁf\ﬂ/\/\(\/\

YA FHIE T

by * N a -
ff’i*iﬁ‘*j”“ S HFD
< RTF vl




LL*EI-_F?

Real ' Imag ' Abs Energy [keV] 801.000 | Wavenumber [A-1] 14.500 | No. 801

KENB R D xHE :I B
(1R TEHE) B k =14.500

L .

—DIBYDIJNCHIITER

_—————RRRERF S

B

A

RURRFHLE T

N x N 7 -
;Zi’ff’i*ifjgb‘*j”“ I ETFD

RTox )L




SHEREF?

() Real ) Imag '® Abs Energy [keV] 999.000 Wavenumber [A-1] 16.193 No. 999

K ENRE B D xHE :I B
(IRFTTEFH) B k=16.193

ZDBYDTINZHIITEE

§ IRURR F &

AVAVAVAVAVAVAT{
N

YA FHIE T

by * N q -
ff’]i*ifg"m" S HFD
< RTF vl

_J Anime



SifHEAEF 2

20

RE Kk
Wavenumber [A-1]
=

IRITDIZaL—Y
L CHI=ER

IR R F L& TRENE D

=/

BN HSTE N -

5 10
Node Number



SifHEAEF 2

BEAZELLTEDT
A ATATANIES: il

_I:E/&'Ef&b
W@ 6FE A4 \f—of—lzt-s“‘

e _
EEJJI:MAF—

= MK
BEFECTIE O)%@’f’ OL-)L;E.*
BHTHLE—ARED ( =)
EFROBEE LGS

+ |

’ FILRFEHELRFTRFESD,
2! (ERRIEE R BRI

RHTEHIEZTDEDICKALAUBERILLH D,
NBLIRFARFDERFD,



EXAFSARIRMILIZETFND1EHH

m
1 D

1R 15 \/ | -

e FE A [RFTEl R R
EEI11L7£&| 1 1 1 1 | 1 1
4 6 8 10 12




v’

[ET] of Ky (k)

Normalized Absorption (a.u.)
o
(]
I

~

=
N

g
)
T

o
©
T

o
=y
T

o
N
T

5 keV(TER)

Ti foil K-edge XANES
1 1 1 I

4960

4970 4980 4990 5000
Photon Energy / eV

15 —

10

Ti foil K-edge EXAFS

&
T

=
'y

=
N

=
o

00

Ti foil K-edge EXAFS

Normalized Absorption (a.u.)

23

kx(k) /A

3

|FT] of K'x(K)

Cu foil K-edge EXAFS
40 —
20 — "Quick scan" in 60 sed
0
"Step scan" in 20 min
-20 —
L | | | | I
0 2 4 6 8 . 10 12 14 16
k/A
251 Cu foil K-edge EXAFS
20 —
15 —
10—
51—
ol

Cu K-edge XAFS

g
1)
T

o
)
T

4
)
T

°
=y
T

o
¥
T

Cu foil K-edge XANES

0.0k | | | | |
8960 8970 8980 8990 9000 9010 9020
Photon Energy / eV

Normalized Absorption (a.u.)

-3

k (k) /A

|FT] of K'x(k)

1.0

0.8

0.6

0.4

0.2

0.0

30

BT ERBSEDANTRL

~ TiK-edge XAFS

Mo K-edge XAFS

20 keV(LR)

Mo foil K-edge XANES
1 1 1

19960 20000 20040 20080
Photon Energy / eV

Mo foil K-edge EXAFS

Mo foil K-edge EXAFS




EXAFS(Extended X-ray Absorption Fine Structure)

RIBILEXAFS

f\/\h

ZnGa,0,:Mn —
EAVAVAA A

g EXAFS )/ y
3 6 9 12
RE(AY)

Kx(k)[a.u.]

]
Rl
% 2 0
.%R |
; oy FESMBE
Mn K-edge S| g1 of (B Ga O
=
AFTXER (keV) )
K
0 2 4 6 8 10

R T MEEERE(A)

BWERFEDBIEE (BRAFOESE. 8. Ei) "Xhh s,



XAFS ARGV DR -
Ga-K
0.09- -
EXAFS |
i\;ﬁ 0.08- SR B 1
= SEEEFECOIER
= SEEETE
SEEETH
0.07 -
XANES
(b2 4k RE - B B 15 4R
0.06t -
| I

I10IIIIIIIII11I
AGTX#R (keV)



XANES IZRoNAZEAE (1) : {fiEk

- Mn-KI% 4R i

IR IR 1% 28

'Mnl2+ 1
(MnO)

(Mn,03)

Mn4* *
(MnO,)

i
MmEMN ENEE
iIbE EAYA
SIRIILF—AIZITRT S
1 | I

.55
AFX$RE (keV)

l
6.6



Study of the Jahn-Teller Distortion in LiNiO,, a Cathode Material in
a Rechargeable Lithium Battery, by in Situ X-Ray Absorption Fine
Structure Analysis

Izumi Nakai,' Kouta Takahashi, Youhei Shiraishi, Tatsuji Nakagome, and Fumishige Nishikawa*

Department of Applied Chemistry, Faculty of Science, Science University of Tokyo, Kagurazaka, Shinjuku, Tokyo 162, Japan; and *Battery Development
Laboratory, Asahi Chemical Industry, Ltd., Yako, Kawasaki, Kanagawa 210, Japan
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FIG.2. The Fourier transforms of the Ni K-edge and Co K-edge EXAFS spectra of (a) Li; - \NiO; and (b) Li; - ,CoO, as a function of x. The Fourier
transforms are not corrected for the phase shifts.
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XAFS Study of Ti-Silicalite: Structure of Framework Ti(IV) in the Presence and Absence of

Reactive Molecules (H,0, NH3) and Comparison with Ultraviolet-Visible and IR Results

S. Bordiga, S. Coluccia, C. Lamberti,! L. Marchese, and A. Zecchina®

Dipartimento di Chimica Inorganica, Chimica, Fisica e Chimica dei Materiali,
Via P. Giuria 7, I-10125 Torino, Italy
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Figure 1. XANES spectra of Ti-silicalite: (1) [TSa) outgassed at 300
K;(2) [TSa] outgassed at 400 K. (The zero of the energy scale was taken
at 4964.2 eV, which corresponds to the maximum of the first peak of a
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Figure 4. XANES spectra of [TSa] outgassed at 400 K, the effect of
NHj adsorption and desorption: (1) [TSa] in vacuo; (2) after dosage of
NHj (equilibrium pressure of 104 Pa); (3) effect of pumping at room
temperature for 10 min (energy scale as in Figure 1); (4) TiO; (anatase).
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Figure 2. Silicalite framework where [TiO,] is substituting for a [SiO4]
building unit. Inseta: [TiO4] unit surrounded by four [SiO4] units (the

i

Ti(IV) center is represented by a black ball). Inset b: after water
hydrolysis of a Ti-O-Si bridge shown in 2 inset a (black balls indicate
Ti(IV) and hydroxyl groups).

J .

1 L L
0.0 20.0 40.0 60.0 80.0 100.0
Energy (eV.)

Figure 1. XANES spectra of Ti-silicalite: (1) [TSa] outgassed at 300
K; (2) [TSa] outgassed at 400 K. (The zeroof the energy scale was taken
at 4964.2 eV, which corresponds to the maximum of the first peak of a

titanium foil K edge.)
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Figure 4. XANES spectra of [TSa] outgassed at 400 K, the effect of
NHj adsorption and desorption: (1) [TSa] in vacuo; (2) after dosage of

NHj (equilibrium pressure of 104 Pa); (3) effect of pumping at room
temperature for 10 min (energy scale as in Figure 1); (4) TiO; (anatase).
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