
in
 s

itu
 X

A
FS
�
�
�
�
�
�
�
	


�
�

�
�
�
�
�
�

�
 �
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
 
�

�

!
"
#
	
$
�
%
�
&
'
(
)
*
+
,
-
.
/

0
1
23
4
56
7

S
P

rin
g-

88


�
9
	


�
�

�
�
�
*
:
;

1<
=

>
?
@
�
AAB
C
D
E


$
F

G
H
I
J
G
K

L
M
N
O
�
P

Q
'

1.
0

0.
5

0.
0

Normarized �0t

74
00

72
00

70
00

68
00

Ph
on

on
 e

ne
rg

y 
(e

V)



R
S

9
T
U
V
D
W
X
F

9
L
M
N
O
:
L
!
Y
Z
0
[
Z
L
!
\
0
=

9
34
6]
3^
_
L
M
N
O
�
P

Q
'

9
Z
L
!
\
0
`
a

9
b
c
:
N
O
d
[
e
f
g
h
[
i
j
k
=

9
l
�
m

9
n
o

>
?
@
�
AAB
C
D
E


$
F

G
H
I
J
G
K



T
U
V
D
W
X
F

p
q
r
s
t
�
�
�
e
s
u
v
�
w
�
�
p

x!
yz
{x
G
yY
{|
}
6
~

#
�
y\
�

|

H
�y
0
2

9
�
�
�
�
�
e
s
t
�
�
�
�
�
�
�
�

9
�
�
�
�
�
G
�
$
Q
:
�
�
�
�
=
�
�
�
�
�
�
�
�
�
�
�
�
�

9
�
�
�
�
�
�
c
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
[
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

34
6]
3^
_
L
M
N
O
g
a

X
-ra

y 
A

bs
or

pt
io

n 
Fi

ne
 S

tru
ct

ur
e�
L
!
\
0

�
�
�
�
 
¡
¢
£
¤
�
¥
�
$
Q
�
#
�
y\
�
�
¦
�
§
g
�
¤
�

�
F
¨
'
:
©
<
ª
#
�
y\
�
�
«
 
=

9
:
H
� ¬
®
0
2 ¬
J
{x
#
�
¬
K
\
�
¬
7
{|
}
6
~
�
H
0
#
\

©
<
ª
�
F
¨
'
¯
°
�
±
²
�
:
G
Y
=
[
³
´
¬
}
µ
µ

G
Y
�
¶
·
t
¸
¹
º
�
�
�
t
�
�
»
b
¼
½
�
¾
�
�
¿
À
Á
Â
�
§
Y
"
�

Ã
Ä
s
�
ª
³
´
I
¬
Å
µ
Æ
Ç
�
«
 
�
�
�
�
ª
n
o
§
È
�
�

0
1
23
4
56
7
É
Ê
>
?
@
�
n
o
�

20
08

B1
89

6
G
H
I
J
G
K



1.
0

0.
5

0.
0

Normarized �0t

74
00

72
00

70
00

68
00

Ph
on

on
 e

ne
rg

y 
(e

V)

L
!
Y
Z
0

Z
L
!
\
0

L
!
Y
Z
0
xL
6
2�
ËB
!
Ì]
�
2Í
^3
�
4
BY
�
�2
BZ
Î5
�
B0
^2
_
Ï
^_
2�
{

`
Ð
ª
�
�
Ñ
Ò
�
�
�
Ó
Ô
�
i
�
�
Õ
Ö
�
[
�
Ô
×

Ø
[
Ù
k
t
¸
§
g
�
¤
�
Ú
Û
s
�
ª
\
Z
\
\
¢
 
¡
�

Z
L
!
\
0
xZ
Ü^
�
4
ÎB
L
6
2�
ËB
!
Ì]
�
2Í
^3
�
4
B\
34
�
B0
^2
_
Ï
^_
2�
{

e
f
g
h
[
i
j
k
[
Ý
Þ
$
9
ß


D
à
Ô
§
 
¡
¢
£

¤
�
�
á
�
â


ã
D
ä
�
å
�
ª
æ
�
�
©
<
ª
i
j
k

l
¢
ç
¾
�

L
M
N
O

p
L
!
Y
Z
0
yB
Z
L
!
\
0
p

è
�
Ô

è
�
Ô
§
�
é

ê
ë

X
M
§

¶
·
�
ì
í
¤
�

X
A

N
E

S

E
X

A
FS

î
ï
ð
ñ
ò
ó
ô

H
P�
�



34
6]
3^
_
L
M
N
O

p
�
�
õ
�
�
�
ö
í
¤
Ù
k
[
e
f
g
h
�
�
§
÷
�
¤
p

)
ex
p(

0

t
II

��
�

�:
 N
O
�
k

t:
 �
F
¨
'
�
³
´

0)
(

)
(

�
�

�
�

�
po
st

pr
e

k
�

�
�

�(
k)
�
EX

AF
Sø
e

��
N
O
�
k

� p
re
:N
O
d
ù
ú
�
Þ
�

û


F
ü

� p
os

t�
N
O
d
ù
ý
�
Þ
�

û


F
ü

� 0
�
N
O
d
¢
�
þ
�
�
¨

G
H
I
J
G
K

«
 
�
�

�
Ç
�
�
¬
¬
[
I
¬
¬
¬
�

�
	
�
�
�
�
I
¬
¬


�
�
�
I


�


¾
8
�
�
�
�
�
Ç
�
�
�
g
a
:
�
�
$
�
�
D

+
�
8
�
g
a
�
�
=
¢
�
�

«
 
�
«
 
�
�
K
g
[
�
	
�
�
�
�
I
¬
g
[
�
�

�
�
¬
g
«
 

`
a
�
�
Q
�
!
^�
�
4
�:
G
�
�
Ã
=
[
!
2^
�
µ
3]
:
\
3^
^3
4
5=

8
�

�
�

�
�
 

L
M

A ¬
A



Z
L
!
\
0
`
a

p
Ó
Ô
�
!
"
ª
w
#
�
æ
Ç
�
�
$
¤
â


ã
D
ä
ª
%
&
p

1.
0

0.
5

0.
0

Normarized �0t

74
00

72
00

70
00

68
00

Ph
on

on
 e

ne
rg

y 
(e

V)

1.
05

1.
00

0.
95

Normarized �0t

75
00

74
00

73
00

72
00

Ph
on

on
 e

ne
rg

y 
(e

V)

E
X

A
FS
ø
e

�
�

�
�

i
i

i
i

k

i
ii
i

k
r
k

e
r
k
k

F
N

S
k

i
i

))
(

2
si
n(

)
(

)
(

2
2

2
2

2 0
�

�
	

)
(

2
0E

E
m

k
�

�
�

�(
k)
�
EX

AF
S
�
ø
e
�
g

N
j�
�
é
Ó
Ô
�
'
k
:
i
j
k
=

F j
(k

)�
�
é
Ó
Ô
�
�
�
�
é
æ
Ç

	 j
�
�
é
Ó
Ô
�
j
�
�
(
�
)
�
ð
£
´

� j
(k

)�
�
é
Ó
Ô
�
�
¤
è
�
Ô
*
�
j
å
�
�
�

S
02 �
È
¼
�
c
�
�
¤
�
c

r j:
N
O
Ó
Ô
�
�
é
Ó
Ô
�
Ó
Ô
�
!
"

k�
è
�
Ô
�
*
k

E
0�
N
O
d
+
,
'
þ
D

F j
(k

)[
� j

(k
)[
S

02 ª
;
-
Ó
Ã
.
ç
�
�
�
ç
¾
:
FE

FF
=

N
j[
	 j
[
r jª
/
0
1
2
�
�
�
�
3
4
�



Z
L
!
\
0
`
a

p
`
a
¨
5
	
�
p

1.
A

th
en

a¢
�
Ã

9
N
O
d
�
�
�
Þ
�

û


F
ü

9
6
7
�

9
E

X
A

FS
ø
e
�
8
¾

9
XA

N
ES
�
P

Q
'

9
e
f
g
h

9
�
D
9
+

�
�

2.
A

rte
m

is
¢

Fi
tti

ng

9
b
:
�
;
�
<
=
�

FE
FF
.
ç

/
0
1
2
�
�
�
�

Fi
tti

ng

©
<
ª

R
�
�
:
e
f
g
h
=
¢

Fi
tti

ng
R
>
	
�
?
 
�
�
@
�
D
9
+
�
�
�
�

Fi
tti

ng
�

�
Ñ
�
�
�

Q
�
�
¢
�

Fi
tti

ng
ª
A
B
�
�
$
¤
�



-2-1012

k
2
�(k)

10
8

6
4

2
0

k 
(C

-1
)

-1
.5

-1
.0

-0
.50.
0

0.
5

1.
0

1.
5

k
2
�(k)

10
8

6
4

2
0

k 
(C

-1
)

D
E

X
A

FS
ø
e

30
0K

30
0K

10
00

 K

b
c

p
Z
L
!
\
0
ø
e
[
E
�
[
F
�
G
�
H
I
p

ø
e
j
�
§
�
�
�
�
�
t
�
�
J
D

æ
Ç
§

Ý
Þ
$
ß


D
à
Ô
�
�
�
0
´
K
t
Â
�
�
¤
�

�
�
�
�
g
`
t
¸
ª
t
�
�



2.
0

1.
5

1.
0

0.
5

0.
0

|FT| (C
-3

)
6

5
4

3
2

1
0

R
 ( C

)

2.
5

2.
0

1.
5

1.
0

0.
5

0.
0

|FT| (C
-3

)

6
5

4
3

2
1

0
R

 ( C
)

30
0K

30
0K

D
e
f
g
h

10
00

 K
k

ra
ng

e 
: 2

-9
 �

-1
k

ra
ng

e 
: 2

-1
0 
�

-1

b
c

p
e
f
g
h
[
E
�
[
F
�
G
�
H
I
p

ø
e
j
�
§
�
�
�
�
�
t
�
�
J
D

æ
Ç
§

Ý
Þ
$
ß


D
à
Ô
�
�
�
0
´
K
t
Â
�
�
¤
�

�
�
�
�
g
`
t
¸
ª
t
�
�



-1
.5

-1
.0

-0
.50.
0

0.
5

1.
0

1.
5

k
2
�(k)

12
10

8
6

4
2

0
k 

( C
)

-1
.5

-1
.0

-0
.50.
0

0.
5

1.
0

1.
5

k
2
�(k)

12
10

8
6

4
2

0
k 

( C
)

Fe
�K
�e
dg
e

Co
�K
�e
dg
e




30
0K

b
c

p
Z
L
!
\
0
ø
e
[
E
�
[
F
�
G
�
H
I
[
G
0
#
\
p

10
00

 K

30
0K



1.
5

1.
0

0.
5

0.
0

|FT| (C
-3

)

6
5

4
3

2
1

0
R

 (C
)

1.
5

1.
0

0.
5

0.
0

|FT| (C
-3

)
6

5
4

3
2

1
0

R
 (C

)

30
0K

b
c

p
e
f
g
h
[
E
�
[
F
�
G
�
H
I
[
G
0
#
\
p




10
00

 K
Fe
�K
�e
dg
e

Co
�K
�e
dg
e

L
G
Y



1.
5

1.
0

0.
5

0.
0

Normalized absorption

77
50

77
40

77
30

77
20

77
10

77
00

Ph
ot

on
 e

ne
rg

y 
(e

V)

1.
5

1.
0

0.
5

0.
0

Normalized absorption
71

50
71

40
71

30
71

20
71

10
71

00
Ph

ot
on

 e
ne

rg
y 

(e
V)

D
C

o,
 F

e
K
N
O
d

b
c

p
N
O
d
[
M
Ù
k
�
�
�
p



0.
7

0.
6

0.
5

0.
4

0.
3

Normalized absorption

77
23

77
22

77
21

77
20

77
19

Ph
ot

on
 e

ne
rg

y 
(e

V)

0.
7

0.
6

0.
5

0.
4

0.
3

Normalized absorption
71

27
71

26
71

25
71

24
71

23
Ph

ot
on

 e
ne

rg
y 

(e
V)

b
c

p
N
O
d
[
M
Ù
k
�
�
�
p

D
C

o,
 F

e
K
N
O
d
:
�
ð
D
=



50
00

40
00

30
00

20
00

10
00

0
Ti

m
e 

(s
)

-0
.8

-0
.6

-0
.4

-0
.20.
0

�E0 (eV)

D
N
O
d
�
N
�
�
�

�
�
�
Ç

10
00

 K
O

:F
e 

K
 e

dg
e

P
:C

o 
K

 e
dg

e
90

0 
K

Q
: F

e 
K

 e
dg

e
R

: C
o 

K
 e

dg
e

b
c

p
N
O
d
[
#
�
�
�
§
�
�
�
§
ð
£
�
p

10
00

K
¢

C
o�

E
0§
ð
£
K
�
�
$
¤
�

� �
E

0=
E

0(
t)-
E

0(
tim

e:
 0

 s
)

E
0�
Ù
k
�
�
�
�
ª
S
�
�

�
 
�
s
t
 
¡
ª
T
Ò

i
j
k
:
N
=
�
ç
¾
$
U

V
 
�
s
t
 
¡
§
W
X



Absorption (arb. units)

71
60

71
50

71
40

71
30

71
20

71
10

71
00

Ph
ot

on
 e

ne
rg

y 
(e

V)

1.
4

1.
2

1.
0

0.
8

Normalized absorption

71
30

71
28

71
26

71
24

71
22

71
20

Ph
ot

on
 e

ne
rg

y 
(e

V)

\
�

L
!
Y
Z
0

1.
4

1.
2

1.
0

Normalized absorption

77
26

77
24

77
22

77
20

77
18

77
16

Ph
ot

on
 e

ne
rg

y 
(e

V)

La
Fe

O
3

Fe
 K

-e
dg

e
Y
�
:

P
m

-3
m

Z
�
:

R
-3
c

L
!
\
0

p
b
c
[
N
O
d
[
Õ
Ö
�
�
�
�
p

1s
�

4p

1s
�

4p

1s
�

4p

Z
Z
H
0

1s
�

3d

\
�
6
|
[
\
¼
�
Õ
Ö
�
§

]
^
F
K
t
Â
�
�
¤
�

#
�
6
|
[
\
¼
�

Õ
Ö
�
�
�
t
�

L
!
Y
Z
0
�
�
�
u
v

\
�
N
O
d
Ù
k
�
�
�
0

Õ
Ö
�
�
�
�
]
^
F
Õ
Ö
�
�

#
�
N
O
d
Ù
k
�
�
�
ð

Õ
Ö
�
�
�
�
t
�



1.
5

1.
0

0.
5

0.
0

|FT| (C
-3

)

6
5

4
3

2
1

0
R

 ( C
)

1.
5

1.
0

0.
5

0.
0

|FT| (C
-3

)

6
5

4
3

2
1

0
R

 ( C
)

D
e
f
g
h

10
00

 K

b
c

p
e
f
g
h
[
#
�
6
|
�
J
D

æ
Ç
§
_
`
p

9C
o-

O
�
J
D

æ
Ç
§
_
`
$
¤
�

9
Fe

-O
�
J
D

ª
�
�
�
t
�
�

C
o 

-O
Fe

 -
O

J
D

æ
Ç
M
ú

�
N
M
ú
l
�
ª

	a
ð
�
¶
·

b
�
c
d
�
�
�
�

§
M
ú
$
¤
e
�
ª

�
�
�
�
Â
�
N
§
_

`
$
¤
�
f
�
¤
�



1.
5

1.
0

0.
5

0.
0

|FT| (C
-3

)

6
5

4
3

2
1

0
R

 ( C
)

1.
5

1.
0

0.
5

0.
0

|FT| (C
-3

)
6

5
4

3
2

1
0

R
 (C

)

D
e
f
g
h
�

Fi
tti

ng

10
00

 K

b
c

p
e
f
g
h
�
\
3^
^3
4
5p

C
o 

-O
Fe

 -
O

C
o,

Fe
-O
J
D

:
e
f
g
h

:1
-2

Å
=
�

A
rte

m
is
�
�
�
�

Fi
tti

ng
�
[
N
:
i
j
k
�
g
m
¤
�
=

`
a
�
h
i
j
k
�
ú
l
¤
�
m
�
;
-
m
n
�
o

Fi
tti

ng

	ª
/
p
�
`
a
g
m
[
q

 
�
N
�
	ª
å
�
§
æ
�
�

m
¥
�
�
/
r
�
S
W
X



Re[�(q)] (a.u.)
12

10
8

6
4

2
0

k 
( C

-1
)

Re[�(q)] (a.u.)

12
10

8
6

4
2

0
k 

(C
-1

)

30
0K

30
0K

D
E

X
A

FS
ø
e
�

Fi
tti

ng

�
�
ª
�
�
�
Ç
�
�
�
�
s
$
�

-1
0m

in
ª
�
�
�
Ç
�
�
�
�

c
M
ª

Fi
tti

ng
�
s
$
�

10
00

K
,-1

0m
in

10
00

K
,3

m
in

10
00

K
,6

9m
in

10
00

K
,-1

0m
in

10
00

K
,3

m
in

10
00

K
,6

9m
in

10
00

 K

b
c

p
Z
L
!
\
0
ø
e
�
\
3^
^3
4
5p



3.
0

2.
9

2.
8

2.
7

2.
6

2.
5

Oxygen content 3-

50

00
40

00
30

00
20

00
10

00
0

Ti
m

e 
(s

)

3.
4

3.
2

3.
0

2.
8

2.
6

2.
4

Valence of Co and Fe

3.
0

2.
9

2.
8

2.
7

2.
6

2.
5

Oxygen content 3-


50
00

40
00

30
00

20
00

10
00

0
Ti

m
e 

(s
)

3.
4

3.
2

3.
0

2.
8

2.
6

2.
4

Valence of Co and Fe
P

:C
o 
K

-e
dg

e
O

: F
e 
K

-e
dg

e

90
0 

K
10

00
 K

TG
[
t
D
ü
ã
Q
9
�
b
c
�
�
i
j
k

�
N

=6
:
3-

=

3=
�
�
�
Ñ
u
o
t
�
�

D
i
j
k
�
N
�
�
�

9
C

ov
�
�
�
�
�
§
M
ú
$
¤
�

9
Fe
v
�
�
�
�
�
§
]
^
M
ú
$
¤
�

9
�
Ç
w
x
�
Ñ
�
�
¢
£
¤
�

	
: 0

.0
10

(3
)

R
fa

ct
or

 : 
0.

00
41

-0
.0

05
4

	
�0

.0
11

(3
)

:
Ó
Ô
�
j
â


ã
D
ä
=

R
fa

ct
or

 : 
0.

00
04

-0
.0

01
2

b
c

p
i
j
k
[
#
�
�
�
�
�
i
j
k
:
�
�
�
=
§
M
ú
p

	ª
/
p
�
`
a
g
m
[
q
 
�

N
�
	ª
å
�
§
æ
�
�
m
¥
�

�
/
r
�
S
W
X



l
�
m

9
SP
ri
ng
�8
,B
L1
4B

2¢
(L
a 0

.6
Sr

0.
4)
(C
o 0

.2
Fe

0.
8)
O
3�
��

10
00

K¢
�
�
10

0%
�
�
1%
�
�
�
´
y
�
z
�
B�
$
Q
�
XM

N
O
d
[
EX
A
FS
�
«
 
[
`
a
�
�
�

9
Co
N
O
d
ª
Fe
N
O
d
�
�
N
�
�
�
§
ð
£
�
e
�
§
÷
�
Â
�
�

9
A
rt
em

is
�
�
�
�
i
j
k
�
.
ç
�
�
�
e
{
[
Co
m
|
�
�
�
§
_
`
$
¤
e
�
§
÷
�
Â
�
�

ù
ý
�
b
c
�
�

(L
a 0

.6
S

r 0
.4
)(

C
o 0

.2
Fe

0.
8)

O
3-

�R
�
�
�
�
�
�
ª

Fe
�
�

C
o�
�
}
§
ð
£
�
�
~
«
´
U
¤
�

©
�
�
n
o

«
 
�
�
�
�
�

9
Se
lf
st
an
di
ng

fil
m
�
�
¤
ê
ë
�
«
 

9
�
�
ý
�
�
�
�
�
�
�
�
¤
ê
ë
�
«
 

9
�
è
�
�
�
¤
«
 

�
�

�
�
�
ª

SP
ri
ng
�8
É
Ê
>
?
@
�
n
o

20
08
B1

89
6
�
ú
�
Á
÷
U
l
�
�
�
At
he

na
,
A
rt
em

is
�
�
�
�
ª

SP
ri
ng
�8
�
�

XA
FS
Ý
D
ä
`
a
�
�
*

20
09
�
�
�
w
�
l
�
�
�
l
�
[
XM
N
O
�
�
�
l
�
�
î
�
�
ï
?
ð

�
ñ
ò
�
�
�
�
�
�
�
�
£
l
�
�
�
e
e
�
�
�
�
#
�
�
�
l
$
�


