Introduction to EXAFS data
analysis

Shelly D. Kelly
Argonne National Laboratory



'Data processing overview

a] M Newville. "IFEFFIT: interactive EXAFS
analysis and FEFF fitting." J. Synch. Rad.
8: pp 322-324, 2001.
http://cars9.uchicago.edu/ifeffit/

Q J J Rehr."Ab initio multiple scattering X-
ray absorption fine structure and X-ray
absorption near edge structure code".
University of Washington: pp, 1995.
http://leonardo.phys.washington.edu/feff/

a] E A Stern, M Newville, B Ravel, Y Yacoby
and D Haskel. "The UWXAFS analysis
package: Philosophy and details."
Physica B 208 & 209: pp 117-120, 1995.

050500
0,
S0 00




'Data processing overview
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a] http://leonardo.phys.washington.edu/~ravel/software/exafs/



( ARTEMIS

99 EXAFS DATA ANALYSIS

‘ Artemis

Artemis

e (00s) ot (5P i Seunes e | MeENUS:
——

Current project:

Project Name:

Fit: optimize variables

Operational Parameters
Titles

Variables
Data: input from Athena

Data display

area. Data file |

Changes depending M Include data in the fit?

on selec.ted F Plot data after the fit? Data and Paths:
information from  Fit background? Changes data display area

Data and Paths list

kerange | A oo | Aodk |
lkweight T kw=1 T kw=2 T kw=3 [ other kweight |

Rrange [ xl o [T s @ Plotk _ PIotR | Plot

kwindow  kaiserbesssl — | R window  kaiserbessel — | Plot kweight and options

S0 &1 2 &3 & Plottlng

Fiting space R _.| Minimum reported correlation | PlotinR:  Mognitude  —i t
Path to use for phase corrections Marne —-| Floting: ~ Realpat ~ — parame ers
: W window
EChO Area- EpSIIOﬂ I fernin; |01 kmnax: |15
Messages from Rrinc [0 Rmax[6
Artemls g |0 gmas: |15

i Closing project ... donel

»File: open data file: F:\Ifeffit\examples\Artemis\Cu\cu010k.chi



ATHENA  #£3

EXAFS DATA "

Reading in Data P s

)

RIS I=IE4
File Edit| GDS Data FEFF Paths | Plot Seftings Help ‘ ------

File Edit “iew kode ‘wWindow Options Help

=8| x|

Artemis

Current project:

Operational Paramerters

Fit

Tltle ||neS Titles Data & Paths
cu foil at 10K = A :
1 " — dola gek & in B apoce
from data flle cullk. dat : this file is part of the uwxafj ~ T = s T iy
data taken at MSLS beamline X-11A Sept 1992 cu10k.chi -} = cul1k ghi

by M Newville, B Ravel, and Y Zhang
foil of 99.992 Cu rolled and annealled to ~12

data flle name Data file [cudtOk.chi | o
ol
I Include "cul10k.chi” in the fit? = 2 L
™ Plot"cud10k.chi" after the fit? =
F . W Fit background?
ourier
t f k-range |2 X to [i5 x| dk |2
ranstorm r
t kweight B kw=1 B kw=2 W kw=3 W other kweight | -
arameters = a
p Rrange |1 X o [z X dr Jo R k)
ke wilndowy Kaiser-Bessel —l| Fwindow  KaiserBessel —l| Plot k-weight and options
|'D'1'2'3'kw Ready A
Fitting space R —-| Minimum reported correlation [0.28 FitinF:  Magninde s
Path to use for phase corrections None —i Floting: — Realpat .
_ Wi Data plotted in R-space
EDSHOH krnir: |0 kmak:ITS
Rimin: |0 Hmax:IE
qmiry |0 qmak:|15

Read data from FAfefit/examples/Artemis/Cu/cu010k. chi

Message from Artemis |

»File: import atoms input file: F:\Ifeffittexamples\Artemis\Cu\atoms.inp



Atoms page

Artemis

Title lines

Always much larger
than paths used in fit

=101 ]

File Edit|GDS Data FEFF Paths | Plot

Settings Help

Guess, Def, Sat —

t project:
T Fit
Tites ‘ Data & Paths
Cu 22z I —

Structural
Information

Cluster size |7 .ooo

Space group |fcc

A |3.61EIEIEI B

Shift vector |0

(110K ch
B- FEFFT

Absorption
edge

Alpha | Beta | Gamma |

— Unique g aphic sites
< Zore ’EI. X hd Z Tag

|»

Atom with
a core hole

Make input (feff.inp) for
theoretical calculation
(FEFF)

| cu|o.ooooo|0. oo000|0. 00000

(=T - - T R = T & TR A . B K- B

b -
. o=

-

Message from Artemis

Run Atoms

Irmporting atoms.inp file ... donel

Add a site

Plotk |

Plot k-weight and options

@0 &1 &2 &3 & ke

Flot in R: kM agnitude = |
Flat i aq: Fieal part — |

W wWindow

kmin: | @ kmax (15
Rrair: |0 Rmax: |
qrir: |0 qras: |15

> Click “Run Atoms”




‘ Theory input page (fett.inp)

absorption
lengths

Artemiz

File Edit|GDS Data FEFF Paths | Plot

~=10] x|

Settings Help ‘

Cu ct:

lﬁiﬁl

* Thiz feff input file was generated by Atoms 3.0
* Atoms written by and copyright (o) Bruce Rawvel,

e —— e e S e e e e —

total mu = Z464.69 cm®-1, delta mu = 52§.

normalization correction

specific gravity = B8.971

Normalization correction: 0.00045 ang™Z2

*
*
. " . . - . 4 .
*
*

title lines

—_*F -k kR . k __ k __ k __ k __ k __ * K

hole number

TITLE Cu Z2Z2

max path length

potential list

HOLE 1 1.0 * Cu K edge (8979.0 &v), =econd
* mphase, mpath, mfeff, mchi

CONTROL 1 1 1 1

PRINT 1 o] 0 0

RMAX 7.0

*CRITERIA curved plane

*DEBYE temp debye-tenp

*NLE= 8

POTENTIALS

& ipot Z element

0 29
1

Cu
(G351

29

Run Feff

Irmporting atoms.inp file ... donel

Data

Fit
& Paths

o FEFF1

Guass, Def, Sat —

Plot k-weight and options

|Iu 1 82 83 8

|
kermir: |0
Rrnir: {0

Flat in R: b agnitude — |
Flat in g Feal part — |

qmir; ID qmas: |1 I}

Window

kmas: |1 5
Rirnax: IB

»Scroll feff.inp page downward



‘ Theory input page (fett.inp)

Potential list

Artemis

=101 x|

Settings Help

*

Atoms list

POTENT 1LALS
ipot

File Edit|GDS Data FEFF Paths | Plot

element

Atoms generates a list of atoms for
Feff, hence the name Atoms.

Run Feff

|
WWMDOoOOoOOoOWWoOOR P00 P RRERERPO

.goooo
. G0500
. 80500
. 80500
. 80500
. 80500
.gos00
.goooo
.ooooo
. 80500
. 80500
.ooooo
.ooooo
.61l0oo
.alooo
.goooo
.ooooo
.ooooo
.ooooo
.61l00o0
SRINNN

| |
_‘HDDL\JL\JDD'—‘HDDHHDDHHHHD%

.gooao
. G0500
. 80500
. 80500
. 80500
.ooooo
.gooao
.§0500
. G0500
.ooooo
.ooooo
. 80500
. 80500
.gooao
.gooao
. aloao
. 61000
.ooooo
.ooooo
. 80500
CRNENN

2]

.aoooon
.aaooon
.goooo
.goooo
.goooo
. 80500
. 80500
. 30500
. 30500
. 80500
. 80500
. 80500
. 80500
.aoooon
.aoooon
.aooon
.goooo
. 61000
. 61000
. 80500
ANSNN

|t st o B O e o s i e

o
e

= R WwWwoooo

Run Feff

ipot
u

i e

* thi= list contai

tag
Cu

Data & Paths

Guess, Def, Set =

Plot k-weight and options

&0 &

&2 &3 & kw

Importing atoms.inp file ... donel

Plat in R

Plat in q:

Magnitude  —

Real part —

W window

kmir: |0
Rimir: |0

krnaw: |1 5
Rirnas: IB

qmir; ID qras: |1 5

> Click on Run Feff button




‘ Running Fett

Text messages during Feff calculation

Artemiz palettes - 0] x|
| et | i | e | 2 | s | st |
Messages from Artemis Save huffer to file | Dismiss |
Feff GL.02 =
Cu 222
Calculating potentials and phases. ..
free atom potential and density for atom type 1]
free atom potential and density for atom type 1

owverlapped potential and density for unigque potential

overlapped potential and density for unique potential

muffin tin radii and interstitial parameters

phasze shifts for unique potential 1] _Jﬂ
L3

4] |

= Artemis Palettes

o Ifeffit: Shows the interface from Artemis to Ifeffit. Artemis is just a nice interface to [feffit.
Ifeffit does the work!

Results: Shows the results page from a fit of the theory to the data.
Files: Shows data files.

Messages: Shows output from Feff.

Echo: Shows entire message from Artemis Echo area

o Journal: Useful place to make notes.

o Properties: Notes about the current project file.

0o 0O O

O



Fett paths:

feffXXXX.datx

Theoretical Model%

2  (FEFF) W

o S | Zabinsky, J J Rehr, A Ankudinov, R C
Albers and M J Eller. "Multiple-scattering
calculations of X-ray-absorption spectra." Phys.
Rev. B 52(4): pp 2995-3009, 1995.

Feff paths

Degen: Degeneracy of the
path (number of identical atoms
for single scattering path)

reff: inital half path length (bond
length for single scattering path)

Artemis
File Edit| GDS Data FEFF Paths | Plot Settings Help‘
Current project:
e i
Interpretation of the FEFF calculation Data & Paths
# TITLE Cu 222 Guess, Def, Set -
# o oundnn oL:
# Central atom: Copper (29) K edge energy = 8379
# The central atom iz denoted by thisz token: [+]
# Cluster size = 7.0 Angstroms, containing 135 ato FOSRTEE
# Curved wave criteria = 2.5. — feffl002.dat
# Cutoff angle for forward scattering is 20 degres | feff0003.dat
q ) ; el .o b tesmoogaar. ). ..
egen reff amp f= scattering path | feff005.dat
[ PP e B N R R [T1 oL 5]
ooz & 3.610 22.98 [+] Cu 2 [+] — feffl006.dat
poo3 48 3.82% 10.59 [+] Cu_1 Cu 1 [+] io
0004 48 4.358  B.65 [+] cu 2 cu 1 [+] | foff008. dat
poos 24 4,421 55.40 [+] Cu_3 [+] / o -
oooe 48 4.763 10.62 [+] Cu 1 cu 1 [+]1 ’
D007 96 4.763  21.84 [+] Cu 3 Cu 1[4 e
n poog 12 5.105 18.93 [+] Cu_4 [+] =
RN . LUD T, a6 T LTl Cu T [S{FRE [+]
0010 24 5.105 43.72 1 : [+] Cu 4 Cu 1 [+]
0011 1z 5.105 .20 1 : [+4] Cu_1 [+] Cu 1
oolz 12 5.105 3.36 : [+] Cu 1 [4F] Cu 1
0014 12 5.105 32.79 2 : [+] Cu 1 Cu 4 cu 1 S0 &1 &2 &3 & kw
0015 48 5.105 3.26 [+] Cu 1 Cu 1 Cu 1 } .
0018 48 ©5.292  4.14 [+] cu 3 cu 1  [+] Potinf _ Magrine  — |
Dol 48 5.292 4.08 [+] Cu_ 3 Cu_ 2 [+] Plat in g Feal part _||
oozo 96 5.698 2.73 [+] Cu_3 Cu_ 1 [+] )
0021 48 5.698  4.80 [+] Cu 3 Cu 3  [+] s
‘|____ - - B - - '| - Llj krnir: |0 kmax: |15
. . . . . Ririt: |0 Firnax: |6
Legend: Single scattering paths Caollinear multiple scattering paths i [0 qmas: [15

dMpP. Estimate of amplitude of
path relative to first path.

fs: Number of forward
scattering events.

scattering path: atoms

scattering photoelectron, [+]
symbol represents core atom.

> Click on feff0001.dat in the Data & Paths list



Path Description

Feff calculation

use or not?

Path description

parameters

Artemis o ] [
File Edit| GDS Data FEFF Paths | Plot Settings Help
Current project:

Path Description Fit
FEFF calculation | FEFE2 ) | Data & Paths
B M Include Teff0001.dat' in the fit Guess, Def, Set -
B ke this path the default sherthefi? ||| £ SuBRkichi
— feff000 . dat: []Cuw 1 [+ (55— — — —— & W |—feﬂl]l]l]1dat """
Z legs Reff=2.55Z7 amp=100.000 degen=1Z2

leg 1: 0.00000 1.80500 -1.80500 1 Cu - UL

rleg=2.5527 beta=180.000 — feff0004.dat

leg 2: 0.00000 0.o00000 0.00000 O Cu — feffl005.dat

rleg=2.5527 beta=180.000 | fef00G.dat
— Path parameter math expreszions [ UL
I feffl008. dat
— feffl009.dat
L feffl010.dat
label: | —
B2 X S02 [amp_ 2 =
fro” | PlotR || Plotq
E0: |e0_2
delR: [de_2 Plot k-weight and options
sigman?: [ss_2 ) &1 &2 &3 & kw
EII Flot in R: Magnitude  — |
3rd:l Plat it q: Feal part — |
4th:| W window
krnir: |0 krax |15
Rmin: |0 Rmax: |6

qroitr; |0 qmax |15




‘The EXAFS Equation

E. A. Stern and S M Heald Basic principles and applications of PhOtOGlECtron
EXAFS. Handbook of Synchrotron Radiaction. E. E. Koch.
New York, North-Holland. 10: pp 995-1014, 1983.
Q E. A. Stern. "Theory of the extended x-ray-absorption fine
structure." Phys Rev B 10(8): pp 3027-3037, Oct 1974.
Q E A Stern. "Structural determination by X-ray Absorption."
Contemp. Phys 19(4): pp 239-310, 1978.

with each path written as:
N;S,2)F (k) ¢i(K) c;? A(k)
R, + AR
EO

Parameters often determined
from a fit to data

N, degeneracy of path

S, passive electron reduction factor
E, energy shift

AR change in half-path length

Feff calculates the theoretical scattering Giz mean squared displacement
amplitude F(k) effective, hence the name Feff.

Theoretically calculated values
F.(k) effective scattering amplitude
o,(k) effective scattering phase shift
MKk) mean free path

Ry, initial path length




Path Parameters

To produce a theoretical
model each path must

Model theory to data}

3 (IFEFFIT) =y
Artemis - x|
File Edit| GDS Data FEFF Paths | Plot Settings Help

have a value for each of

these parameters.

Artemis makes a guess for
these expressions.

These values can
originate from numbers or
math expressions.

Parameters often determined
from a fit to data
S02 passive electron reduction factor

P —

<

Current project:
Path Description Fit
FEFF calculation | FEFFZ | Data & Paths
B Include 'feff0007 dat' in the it Guess, Def, Sat :

B Make ths path the defaul after the fip || 2 S0 10k-chi

— feff0007.dat: [+/Su_1 [+] [55]

fefil001.dat

2 legs EReff=2.55Z7 amp=100.000 degen=1Z2 il rares
leg 1:  0.00000. 1.80500 -1.80500 1 Cu - UL
rleg=2.5527N\beta=180.000 — feff0004.dat

leg Z: 0.00000 o.a0o0oa 0.00000 O Cu — feffl005.dat
rleg=2.5527 betMElE0. 000 | fef00G.dat

— Path parameter math exprezzions [ UL
I feffd00G. dat

— feffl009.dat

— feffd010.dat

label: |

N degeneracy of path

—— 127 X 502 [amp_2

E0: |e0_2

EO energy shift <=
delR change in half-path length4«—_ |

sigma”*2 mean squared displacement

Plot k-weight and

delR: |del_2

options

sigman2; [ss_2

0 %1 &2 &3 & kw

_—
/ Ei|

Flot in R: Magnitude  — |

3rd: |

Plat it q: Feal part — |

dth: |

W window
krnitr: |0 kmax |15
Rirniri: |0 Rmax: |6
qroitr; |0 qmax |15

> Click “Guess, Def, Set” in the Data & Paths list



4 D

Structural Parameters

EXAFS parameters L1

Artemis

Guess Opt|m|ze parameter in fit. File Edit|GDS Data FEFF Paths | Plot Settings Help
Current project:

Def: Define a parameter to a given

value but re-evaluate it during the fit f | |Name2 |fath “ipressien |
o5 amp
Set: Setavaluetoa given value. 2 d: SNCE 0
Determine value once. j ° d“:—z E - o
SKip: Do not use this parameter. 5 r:oresi 0.001 t::sidual
Restrain: penalty that can be 1 =
dded to the fit I feffl001.dat
aoced eIt Name of parameters - feff0002.dat
I feffl003.dat
1 that YOU have created | om0t dat
- . I feffl003.dat
Define: Define parameter to define the required | fefiods.dat
to value given. values for each path R |
New: Make a new - fefilons. dat -
parameter. Plotk | PlotR | Plotq
E Plot k-weight and options
Grab: Set the value to the o0 888
best-fit value from the fit. | Poink wagnie |
Discard: remove Selected parameter Plot in o M
[rest = |0.001 B window
parameter. i & Guess @& Def @& Set @& Skip @ FRestrain krnire I kmax: 115

Hlde Hlde edltlng area I Define | New | Grah | Discard | Hide z:ii:::g :r::::: sE
rest:

»>Click “Fit” to optimize these values




‘l ™
Structural Parameters

Fit Results AT

Artemis palettes i || ﬂ 0,60’& ?7
| resuts | Files | Messages | Eoho | soumal | Properties |
Results from the last fit Mﬂlmsﬂl
Project title : Fitting culllk.chi =
Comment H
Prepared by
Contact H
Started g 12:18: 23 on 9 June, 2004
Thizs fit at : 15:57:04 on 9 June, 2004 Ll
Environment : Artemis 0.7.004 using Windews 2000, perl 5.00&001, 1
Independent points = 16. 187500000
Munber of wariables = 4. 000000000

- O] x
Chi-=quare = 95§.35031%%1= ¢ || B== - - - — - —J—J—J
Reduced Chi-square = 78. 633872403 File Edit “iew Mode ‘Window Options Help
R-factor = 0.010592234 -7 x|
Measurement uncertainty (k) = 0.001277752
Measurement uncertainty (R) = 0.003818585
Number of data sets = 1.000000000 . dota get & in R apace .
| [ — cul 1k dhi 2
- r = FE ]

Guess parameters +/- uncertainties:

amp 2 = 0.B8622830 +/ - 0.0548380 {1.0000% |~

el 2 = 4,83865140 +/ - 0.524866/0 {0.0000} 0

delr =2 = —-0.0080340 +/ - 0.0032900 (0.0000) ; e |

sz 2 = 0.0031400 +/ - 0.0004780 (0.0030) E e
Corrflations between variables: Initial guessed value

: -—-> 0.8842
Your parameters . %> 0.7957 s

All other correlations are below 0.25 Rk
1] , .

> Scroll down



‘ Fit Results

The value used for
each EXAFS
parameter for each
path included in the fit.




‘ Example 1: Aligning data and theory _

o000,
fo%o,o
Crystal structures| “°# °#°
1 oms

-—h ATHENA e . Theoretical Models
.' ARTEMIS (] $ (FEEE)

CroeERRIne ¢ E A E?__D-.F.'I:-.-'{ A ALY SIS - - CTIEE

. : .E;a:l. : gvm

( Absorption data

&
i




SnO, tirst background removal from

Athena

~=1o|x|

File Edit Group | Plot Mark | Data  Align  WMerge Diff Analysis

Settings  Help

‘ Project ‘

Current group sno21091_copy

File: ‘F /Documents and Settings/skelly/My Documents/Sim

Edge: K —

I Sn —

Background removal

E0: |2s193.21 X| EOshit: |0 Rbkg: |1 X|

Standard:  MNone — Background:  Autobk —IJ
k-weight: ll— Edge step m W fix step W@ flatten
[z x| © [0 x
Mormalization range: llDD—il o lmﬂ
Spline range: k lril to Wil
e x| 1o [zzeim x

Spline clamps:  low Mone — high:  Strong —

Fre-edge range:

Forward Fourier transform

k-weight: 1 dk: 2 window type kaiser-bessel —
k-range: z *| o |i7.952 x|

Phase correction: W off

Backward Fourier transform

dr: 0.5 window type kaiser-bessel —
1 x| t0 |3 X

R-range:

Plotting parameters

plot multiplier: |1 1}

y-ais offset:

Data groups

sno2 108t

sno2 108t
sno2 110t

Sno2
sno2108t_copy

Plot current group in

EESENE

Plot marked group in
E k R q

Plotting options

E|><|R|q|stack||nd|PF|
& chitkow @
@& chi [ ]
& chitk @
& chitk'2 [ad
& chitk3 (o}
W Window
krmin: |0

kernan: | 18

plotting in k-space from group “sno2108t_copy' ... donel

EO is somewhere on the edge
Using default parameters

M Newville, B Ravel, D Haskel and E A Stern. "Analysis of multiple
scattering XAFS data using theoretical standards." Physica B 208 &

209: pp 154-156, 1995.

sl E)

ke il

sno2 109t _copy
T T T — — — I—A:t -
— bkg 1
[l I
e b
=l
[
'I__ -
T R R N _
29000 291040 29200 ZS 300
sno2 109t copy

= xik)

k {871




it of first Shell

Artemis palettes _ 3l x|

e | e | o | s | | s | s |

Results from the last fit

Project title
Comment
Prepared by
Contact
ftarted

This fit at
Environment

Fitting sno2l09t copy.chi

10:50:27 on 11 June, 2004
10:54:19 on 11 June, 2004
Artemis 0.7.004 using Windows 2000, perl 5.006001

8.500000000
3.000000000
48090. 666095647
8743.757471972
0.02Z7192100

Independent points
Number of wariables
Chi-zsquare

FEeduced Chi-square
R-factor

Measurement uncertainty (k) 0.000172738
Measurement uncertainty (R) 0.000565982
Number of data sets 1.000000000

Faw log file —l| Save | Dismiss|

Saet narameters:

| |

Guess parameters +/- uncertainties:
=00 = 6.2097070 +/ - 1.5026480 (0.0000) §
delr = =0 U557 20 = 0. Oolstyel UL aodry
ss = 0.0016360 +/- 0.00115%0 (0.0030)

o

EO could be smaller
Background needs to be adjusted
More information: mnNewvile, B Ravel, D Haskel and E A

Stern. "Analysis of multiple scattering XAFS data using theoretical
standards." Physica B 208 & 209: pp 154-156, 1995.

ke k]

[(R)| (A%

daola =et 0 in R space
T T

= snod 108 _capy.C
— i T

R

data =et 1 in k =poce

— i

T Od_copy.c




Create ﬁrstshell model with EO=0

File Ed|GDSD FEFE Paths | Plot

Current project:

# | |Name| ssssssssssssss
1 s5: amp 1

""""""""""""""""" } B sno2109t_copy.chi

Guess, Def, Set i =

Fit
Residual

5 FEFFD
L fefinoot.dat

Plotk | PlotR | Plotq

Plot k-weight and options
S0 &1 &2 &3 &

Define New Grabh

W window

Skip ki |0 kma)
iscard Hide | Fimir: |0 Fmars
a0 am

T

Plotting in k space donel

kel

data =et 1 in k =poce

T I—Ienloﬂ’llli}gt_mpy.c

k{871

Data and theory are not aligned

Set parameters to their best-fit values by using the Grab button.

Change all parameters from guess to set.

Set E0=0.

Run the “Fit” again to produce the theory with zero for EO.



‘ Background corrected and energy aligned

by using theory ST

4 oy [n] B o
File Edit Group | Plot Mark I Data  Align Merge Diff  Analysis Settings  Help r
| Project | Data groups
Current group sno2103t_copy = sno2108t oo
File: |F /Documents and Settingséskelly/My Documents/Sim I 5no2109t "‘_:'i' [
z @ - " B sno2110t = I
H n — e — |
= 5 oz data
ac groun removgl ¥ sno2109t_copy ]
29199 X| JED shift Rbkg: X & sno2109t_copy fit — L ]
!
Standard:  sno2109t_copy_fit —l| I Background:  Autobk —IJ - 4
kweight: — [1 Edge step: [1.03 W fix step B flatten I 1
Pre-edge range -289.299 X|

MNaormalization range: |1UU X to

3 S T S S
Spline range ko fo.s 4 290040 29100 29200 2534040
E |o.o5z2 X| to

228.134 i |
Spline clamps:  low:  None — ‘ high:  Strong — ‘ "I (i) Gpotp (o E fel'i'ﬂ,l
E k R q

lot current group in

Forward Fourier transform Platting options
omgt [ o [ wanope e | [ETT o] s ] Data and Theo AI| ned
kerange:  [2.159 x| 10 [1s.073 ¥ )
& chikkw & aII mnrked aréups
Phase correction: W off L™ = T
St s =N I = Bnoﬂ’lli}gt_mp;f
Backward Fourier transform *
o [os dowe kaiser-bessal o e ‘ — =hod T0%_copy_
I . window type: alzer-hessel —
& chi'k2 (o}
R-range |1 X to |3 b oy . b
Plotting parameters W Window
plot multiplier: |1 y-axis offset. |0 Krnin: [0 i l18—

koy(k) (BTN

= Read the theory into Athena
= Select your data and use the theory as a standard

a5

= Adjust EO so that the data and theory are aligned at |O\DN k values5 ) {ﬁ_:]ﬂ "




Fit to first shell with background adjusted

Artemis palettes
o | o oo | |

Results from the last fit

File

Artemis

=o)X

Edit| GDS Data FEFF Paths | Plot

Settings Help |

Current project:

Project title Fitting s
Comment

Prepared by

Contact

Started 10:50:27
Thig fit at 11:03: 47

Environment Artemis 0

Independent points

Operational Parameters

Titles
Athena data file -- Athena version 0.8.028 j
Saving sno2l0%t_copy (group=snc_co?l) as chi(

Element=8n Edge=K
Background paramsters
ED=2919%9.000 Eshift=0.000 Rbkkg=1.000

:\ If

Data file [sno2108t_copyth.chi |

FF Include "sno2108t_copyth.chi® in the fit?
FF Plot "sno2109t_copyth.chi* after the fit?
W Fit background?

krange [2273 X to [i5ms X dk [i
B low=1 W kw=2 W lLw=3 W other kweight

1570 X dr Joa
Ruwindow _Haming —|

Minimum reported correlation

MNone —1

kweight
R-range [osm Xl to
kwindow  Hanning —t
Fitting space FE_—‘I

Path to use for phase corrections

—

025

Epsilon

Running fit . donel

Data & Paths

Guess, Def, Set
B shoZi0Bt_copyth.chi

I Fit |

(— Residual
- FEFFO
L feffooo1.dat

PIotR | Plotq

Plot k-weight and options

80 81 82 83 & |

PlotinF:  Magnitude  —

Floting ~ Realpan  —
W window

kmin [0 kma: [18
Aminc [0 Amax[6
quin: [0 qma: [15

(R (A7)

Number of wvariables
Chi-square
Reduced Chi-square

3.000000000
13126. 463967550
2386.629812282

R-factor = 0.008770623
Measurement uncertainty (k) = 0.000168337
Measurement uncertainty (R) = 0.000551370
Number of data sets = 1.000000000
Gusss paramsters +/- uncertainties:
el = 3.1680840 +/ = 0.51%1780
delr = -0.0053310 +/ = 0.0087660
55 = 0.0020440 +/ = 0.0006480

{guessed as 3.168135
(guessed a=s -0.005331 (0.008%
(guessed a= 0.002044

byl k]

(0.8191%

(0.00064

a5

-0.5

dala set O in R space

— =no2104
- Fi ]

R(A)

data =et 1 in k =pace

— =ne2103
— |

10
k{&"

Read the chi(k) data back into Artemis and fit the first shell

t_copyth

t_copyth



‘ Example 2: Modeling a metal-oxide (SnO,)

o ATHENA ]
EXAFS pata € ARTEMI s —
SoeEERIEe - EKAF?__Dﬁfﬂ AMNALYS|S

" -"F_:I. J. .::.*

ks
r R T
%
Ea
i
N
5
4 T =
S




Example 3: Modeling a metal-oxide (SnO,)

ompare the sum of all 69 paths to the data

daola =et 0 in R space

Artemis

=10] x|

File Edi(lGDS Data FEFF Paths | Plot

Settings Help

Current project:

| |Nsma|ﬂath Expression |

St amp 1 i

#
1
2 s:ed 0
3 s:delr 0
4

s: s 0.003

Artemis

File Edit| GDS Data FEFF Paths | Plot

Data & Paths

Guess, Def, Set 14

B chi.chi

=101

Settings Help

Current project:

Operational Parameters
Titles

41 1

Data file [chich |

F Include "chi.chi"in the fit?
' Flot"chi.chi" after the fit?
W Fit background?

. Bms- krange [2287 X to

Define

Selected paran

amp

X

R-range [i X to

kwindow  KaiserBessel —
Fitting space R —

Path to use for phase corrections

Epsilan

Plotting in k sp

Minimum reported correlation

None —1

Plotting in k space ... daonel

dk 2
loweight B k=1 B kw=2 ® lkw=3 B other kweight
3 x| dr Jor

Rwindow KaiserBessel —i

Artemis extracted data file -- Artemis versioc ™
** /home/skelly/Xafs/8n/8Sn-zeolite/2second. pr
** fhome/skelly/Xafs/8n/Sn-zeolite/2zecond. pr
** /home/skelly/Xafs/8n/Sn-zeolite/Zsecond. pr

A

0.25

Data & Paths

Guess, Def, Set —

B chi.chi

 Fit

— Residual =

0- FEFFQ
feffd001.dat
feffd002.dat
feff0003.dat
feff0004.dat
feff0D05.dat
feff0006.dat
feffd007.dat
feffd00B.dat
fefid009.dat

Plot k-weight and options

081 82 83 .kw‘

FlotinF:  Magniude  —!
Fioting:  Realpat  —I

W window

ki [0 kmaw: [15
i [0 Amax[10
quin [0 qmax: [15

[(R)| (A%

byl k]

i
]

L)

0.2

0.1

0.4

T T T T T T i ohi
- Fd {
! . : |
2 4 & B 10
R(E)
data =et 1 in k =pace
— T c:hi.v.:lhi

10 12



How many paths are required?

(R (3723

o 0.1
T
3

RelxiRy] A7

Minimum amplitude 5%
30 of 69 paths

dala zet O in R space
T T T

h T T =

=] — chi.chi
- il

M

L=

(5]

[=]

a4
|
a
=]
o
=
1

.2

-0.2

All data is present in model

Minimum amplitude 10%

(R (3723

RelxiRy] A7

18 of 69 paths

dala zet O in R space
T T T

h T T =
=] — chi.chi
- il

M
L=
[
[=]
S
- e

a 2 4 & B 10

R (B)
dal. L3 in R sp

0.2 0.4
P~ SRS E——
=]
g
4o

117

-

=5

o

EX

1

-2

missing a little of the data

Minimum amplitude 15%
8 of 69 paths

dala =t O in R space
T T T T

= th‘,chi ]
—

(R (A7)
a2 Q.3 0.4

0.1

k(&)

dala =et 0 in R space
T T T T

T chichi

0.4

RelxdRy] (372

ZRE]

missing a lot of the data




Models to consider:

Ar:
o Symmetric expansion term: Alpha * reff.
Grouped depending on distance and atom types
o Related to unit cell dimensions
AE:
o Energy shifts that depend on atom type
o One energy shift for all paths
o Two energy shifts, one for first shell and another for all other shells
0%
o Grouped depending on distance and atom types.

Use a Debye or Einstien model, with one or more characteristic
temperatures.

o Each shell with independent value.

o Separate structural disorder from thermal disorder components.
S02:

o One S02 for all paths.

Approximate S02 from standards.

Determined by the crystal structure.

a
N:
a
o Fit a data series were N is expected to change.



Some EXAFS references

Multiple edges, structural information: B Ravel, E. Cockayne, M. Newville and K. M. Rabe. "Combined EXAFS and first-principles
theory study of Pb1-xGexTe." Phys. Rev. B 60(21): pp 14632—-14642, Dec 1999

Structural information, bond angles: A. . Frenkel, E A Stern, A. Voronel, M. Qian and M Newville. "Solving the structure of disordered
mixed salts." Phys. Rev. B 49(17 — 1): pp 11662—-11674, May 1994.

Model two phases, then combined to model a mixture: S. Kelly, R. Ingalls, F. Wang, B. Ravel and D. Haskel. "X-ray-absorption fine-
structure study of the B1-to-B2 phase transition in RbCl.“ Phys. Rev. B 57(13): pp 7543-7550, April 1998

Determine neighbor atom types and number using standards: S. D. Kelly, K. M. Kemner, J. B. Fein, D. A. Fowle, M. |. Boyanov,
B. A. Bunker and N. Yee. "X-ray absorption fine-structure determination of pH dependent U-bacterial cell wall interactions." Geochem.
Cosmo. acta. 66(22): pp 3855-3871, Nov 2002.

Multiple techniques: P G Allen, J J Bucher, D L Clark, N M Edelstein, S A Ekberg, J W Gohdes, E A Hudson, N Kaltsoyannis, W W
Lukens, M P Neu, P D Palmer, T Reich, D K Shuh, C D Tait and B D Zwick. "Multinuclear NMR, Raman, EXAFS, and X-ray diffraction
studies of uranyl carbonate complexes in near-neutral aqueous solution. X-ray structure of [C(NH2)3]6[(U02)3(C0O3)6] 6.5H20." Inorg.
Chem. 34: pp 4797-4807, 1995.

Pressure dependent data: A.|. Frenkel, F. M. Wang, S. Kelly, R. Ingalls, D. Haskel, E. A. Stern and Y. Yacoby, “Local structural
changes in KNbO3 under high pressure”, Physical Review B 56, 10869, 1997.

Temperature dependent data: D. Haskel, E.A. Stern, D.G. Hinks, A.W. Mitchell, J.D. Jorgensen, J.l. Budnick, “Dopant and Temperature
Induced Structural Phase Transitions in La,_ ,Sr,CuO,” Physical Review Letters, 76 (3) pg 439

Multiple edges, structural disorder: S. Calvin, E. E. Carpenter, B. Ravel, V. G. Harris and S. A. Morrison. "Multiedge refinement of
extended x-ray-absorption fine structure of manganese zinc ferrite nanoparticles." Phys. Rev. B 66: pp 224405, 2002.

Structural information from XANES and EXAFS: B. Ravel, E. A. Stern, R. |. Vedrinskii and V. Kraizman. "Local structure and the
phase transitions of BaTiO3." FERROELECTRICS 206(1-4): pp 407-430, 1998.

Temperature dependence and nanoparticles: A. |. Frenkel, C. W. Hills and R. G. Nuzzo. "A view from the inside: Complexity in the
atomic scale ordering of supported metal nanoparticles." JOURNAL OF PHYSICAL CHEMISTRY B 105(51): pp 12689-12703, 2001.




The Model for SnO, data

Ar: symmetric expansion term: Alpha * reff.

AE: Energy shifts that depend on atom type:
o The first shell; Eof,

o All other oxygen scattering events: Eo2
o All tin scattering events: Esn

o02: Grouped depending on distance and atom
types.

S02: one for all paths.
N: determined from the crystal structure.



Final Model for SnO,

Path N reff AR o° AE
Sn-O1 4 2.0519 | Alphareff o1 AEo1
Sn-02 2 2.0567 | Alpha-reff 2201 AEo1
Sn-Sn1 2 3.1864 | Alpha-reff o°sn1 AEsn
Includes all the Sn-03 4 3.5906 Algha-reff 603 AE02
Sn-Sn2 8 3.7093 | Alphareff  g%sn2 AEsn
atomS ShOWﬂ hel"e Sn-Sn2-01 8 3.9090 | Alphareff o?sn201 0.5-AEsn+0.5-AE01
Sn-Sn2-02 8 3.9090 | Alphareff o%sn2o1 0.5'AEsn+0.5-AEo1
Sn-05 8 4.2414 | Alpha-reff 6%05 AE02
Sn-Sn3 4 4.7373 | Alphareff  6?sn3 AEsn
Sn-07 8 4.8006 | Alpha-reff co7 AE02
Sn-Sn4 8 57092 | Alphareff  g’sn4 AEsn
Sn-Sn5 8 5.8365 | Alphareff  o%sn4 AEsn
Sn-Sn5-01 8 5.8405 | Alphareff  o%sn4 0.5-AEsn+0.5-AEo01
Sn-Sn5-04 8 5.8405 | Alphareff  o?sn4 0.5-AEsn+0.5-AE02
Sn-01-Sn5-01 4 5.8444 | Alpha-reff c%sn4 0.33-:AEsn+0.66-AEo01
Sn-04-Sn5-04 4 5.8444 | Alpha-reff  o’sn4 0.33-AEsn+0.66-AE02
Sn-Sn6-Sn1 4 6.3728 | Alphareff  o%’sné AEsn
Sn-Sn1-Sn6-Sn1 2 6.3728 | Alphareff  o%sn6 AEsn
Sn-Sn7 4 6.6995 | Alphareff  o?’sn7 AEsn
Sn-Sn7-02 4 6.6995 | Alphareff  o%sn7 0.5-AEsn+0.5-AE01
Sn-Sn7-06 4 6.6995 | Alphareff  o%sn7 0.5-AEsn+0.5-AE02
Sn-Sn7-06-02 4 6.6995 | Alphareff  o?sn7  0.33-AEsn+0.33-AE01+0.33-AE02
Sn-06-Sn7-02 4 6.6995 | Alpha-reff  o°sn7  0.33-AEsn+0.33-AE01+0.33-AE02
Sn-02-Sn7-06- 4 Alpha-reff o%sn7 0.25-AEsn+0.50-AE01+0.25-AE02
02 6.6995
Sn-06-Sn7-06- 4 Alpha-reff  o%sn7  0.25-AEsn+0.25-AE01+0.50-AE02
02 6.6995
Sn-Sn8 8 7.4187 | Alphareff  o%sn8 AEsn
Sn-Sn8-Sn2 16 7.4187 | Alphareff  o°sn8 AEsn
Sn-Sn2-Sn-Sn2 8 7.4187 | Alphareff  4-6%sn2 AEsn
Sn-Sn2-Sn8-Sn2 8 7.4187 | Alphareff  o%sn8 AEsn
Sn-Sn9 16 7.6578 | Alphareff  g%sn9 AEsn

= One S02-value was also determined in the fit.
= 30 paths used in final model.

= There are a total of 18 parameters in this model and 56 independent points in the
data.



Final Model and Fit to SnO,

2.5+

20- ﬁ e Data
e Fit

1.5 4
1.0 4
0.5 1

0.0 1 °

-0.5

Real part of Fourier Transform
Magnitude of Fourier Transform

-1.0

ST
o 1+ 2 3 4 5 6 7 8

R (Angstroms) R (Angstroms)




Evaluating it Results

Typical values for EXAFS parameters

Artemis palettes =]
Ar: lessthan 0.5 A  SEEEEEEEES
Results from the last fit Fawlogfile —! SavelDismissl

. Project title : Fitting chi.chi =
AE:lessthan 10 eV [
- : sgkelly@little.er.anl.gow

Prepared by

Contact 5
Started 3 09:258:09 on 11 May, =Z004
2- O 003 t O 020 AZ Thi=s fit at : 14:34:33 on 11 June, =Z004
G . . O . Environment : Artemis 0.7.004 using Windows 2000, perl 5.006001, Tk |
L]
802 O 70 to 1 10 Independent points = 56.581054688|
. . . Nunber of wariables = 18.000000000
Chi-square = 17173.011916455
Reduced Chi-square = 445,11514%9278
R-factor = 0.009620226
Measurement uncertainty (k) = 0.000131%921
Measurement uncertainty (R) = 0.000425961
Nunker of data sets = l.000000000
Zuess parameters +/- uncertainties:
amp = 1.0730830 +/ - 0.0234380 (1.0731)
eol 3.4103970 +/ - 0.2153030 (3.4017)
esn = 2.7078640 +/- 0.5056810 (2.68664)
eoZ = 5.0721730 = 0.8724980 (5.0268)
alpha = -0.0000610 +/ - 0.0007560 (-0.0001)
ssol = 0.0034200 +/ - 0.0002940 (0.0034)
SS02 = 0.0203500 /- 0.0071z00 (0.0203)
ssod = 0.0066120 = 0.0022170 (0.0066)
s=06 = 0.0066140 +/ - 0.0036570 (0.0066)
sssn2ol = 0.0039%560 +/ - 0.0012540 (0.0040)
sssnl = 0.0037940 +/ - 0.0003000 (0.0038)
sgsne = 0.0054140 +/- 0.0002360 (0.0054)
sgsn3 = 0.00705%20 = 0.0013320 (0.0071)
sgsnd = 0.0076870 +/ - 0.0006680 (0.0077)
sssn5 = 0.00892770 +/ - 0.00292180 (0.0090)
sgsn6b = 0.0065650 /- 0.0022060 (0. 0066)
sgsn’ = 0.0082820 = 0.0016540 (0.0066)
sssn8 = 0.0107550 +/ - 0.0041580 (0.0096)




Example 3: Determining 229 shell atom
type and number

Uranyl in equilibrium with a mixture of Fe-oxides and
different microbial components.

Possible second shell atoms, O, C, P, Fe, U.
30-50 combinations of these atoms were tested.

Three of these tests are shown here:

a2 CandFe, SRS 'fll” marked groups
o P andFe,

o FeandFe

' felrn2

k xik) (&)




‘ Test data for C and Fe shells

lad Artemis

File Edit | GDS Data FEFF Paths | Plot

Settings Help

Current project:

0.8

| IName Imat.h Expression

5o amp 1
50 eD -0.674373 (1908438}
s: deloax 0 022737 (0. 003426}

: =soax 0 003413 {0_000630)

s noeg 4
s: deloeq -0.177325 (0.016833)
s: ssoeq 0 008356 (0.001185)

@ o~ om Rl w e b
w

s me 3

3 s: dels O

10 s: sse 0003

11 wp 1

12 delop 0

13 ssp 0

14 nfed 1

15 delfed 0042853 {0.037475)
16 ssfel 0013330 {0.005037)
17 s: nfe2 1

18 s: delfe? -0.176174 (0.052167)
19 s: ssfe?  0.012587 {0.006528)

Selected parameter

50EX = [0.003413 (0.000630)
~- Guess ~- Def & Set

Define | Hew | Grab

~ SKip - Restrain

| Discard Hide

] Flotting it r space ... done!

L = ]

Data & Paths

|
Goess, Def, Set 15y

El chi.chi
Fit
Residual
O- FEFFD
FefFO001 dat
Felf0002 dat
FefFO003 dat
FefF0004 dat
Felf0005 dat
FafFINNE dat ]

Plot k-weight and options

0.6

bRl (27
.4

w1 %23 kw

0.2

Plot in R: Magnitude - |
Plot in g: Real part — |

I Window
kmin: |0 kmax: 15
Rmin: |0 Rmax: |10
qmin: |0 gqmax: |15

=

data
fit
C
Fe

Re[x(R)] (A7)

Results

Results from the last fit

amp sigman? 20
2.00000 0.00341 -0.67437
4.00000 ©0.00836 -0.67437
3.00000 0£.00300 -0.67437
2.00000 ©0.01365 -0.67437
2.00000 0.00683 -0.67437
2.00000 0.00341 -0.67437

1.00000 0.01259 -0.&67437

ird 4th dphase

e

R-factor for this dara set = 0.02187%
path degen
"FEFFQ: £off000l.dacn 1.00000
"FEFEQ: feff0003 dar" 1.00000
"FEFFQ: feff0005 datn 1.00000
"FEFFQ: feffO0005.dat" 1.00000
"FEFFQ: £off0003.dacn 1.00000
"FEFFQ: feff0010 dat" 1.00000
"FEFF3: feff0005 dat [(ifeffit group = feff3i_ 61" 1.00000
path el
=

R (&)

= Place C and Fe shells in a

“good” spot

o set parameters — no

fitting

o monitor results and fit

spectra

0.5

—0.5




‘ Fit

Results using C

EXAFS Parameters

o2-values

-
L |
L]
Distances + =,
—
Coordination 5
- e
AE-value -
hd Artemis palettes
et | s | essaes | Eco | el | rogres |
Results from the last fit
R-factor for this data set = 0.00168 :
path degen amg sigmanz el reff delta E b4
"FEFFO: E£eff0001.datc" 1.00000 2.00000 .00367 -3.43947 75510 -0.00547 T4963
"FEFFO: E£eff0003.dac" 1.00000 4 _T2E19 .00935 -3.43947 46160 -0.22032 24127
"FEFFO: Eeff0005.dat (ifeffit group = feffd &) 1.00000 24.16%06 0.02572 -8.43947 2.85230 -0.0001& 2.85234
"FEFFO: E£eff000&.dac! 1.00000 2.00000 .01470 -3.43947 31020 -0.010%4 49926
"FEFFO: £eff0005.dat" 1.00000 2.00000 .00733 -8.43947 31580 -0.010%4 50487
V"FEFFO: feff0010._dat" 1.00000 2 _00000 00367 -8 .43947 51580 -0.01094 -50487
"FEFF3: Eeff0005. dat [ifeffit group = feffi &1 " 1.00000 102 78573 0.06499 -8 .43947 3.52570 -0_26680 3.25890
path ei 3rd dth dphase J




Test data for P and Fe shells —

] Flotting in r space ... done!

lad Artemis - X
File Edit [ GDS Data FEFF Paths [ Plot Settings Help
Current project:
T e i
1 50 amp 1
2 s el -0.674373 (1.908438) Data & Paths |
3 s: deloax 0.022737 (0.003426) Guess, Def, Sef ;-S
4 s ssoax 0003413 (0.000630) B chichi
5 s onoeq 4 Fit
£ 5: deloeq -0.177325 {0.016833) 3
Residual
7 s: ssoeq 0.00835E (0.001135) vy
] o 3 ' (il
3 4l 0 Bl- fEFFT —
10 ssc 0,005 feff0001 dat Lo
11 s np 1 feff0002 dal |
T2 dely D ] feff0003 dat ndj
13 =: =sp 0.00%] Feffo004.dat
i o 1 FafFINNS Aat 1| —
15 delfel 0.04265% (0.037475) =
16 zefel 0.013930 (0.005037) Ls:é
17 =: b 1 Plot k-weight and options
18 s delfe2 -0.176174 {0.052167)
19 s: ssfez  0.012587 (0.006528) w1 #2003 o ke
Plot in R: Magnitude  —
Plotin q: Real part  —~
Selected parameter i window
dal = |0 .
ld—l I kmin: |0 kmax: |15
Guess Def 4 Set Skij Restrain .
B4 B R 4 Rmin: |0 Rimace: [10
Define | Mew | Grab Discard Hide gmin: [0 gmasx: [15

J

Results

Fesults from the last fit

R-factor for this data set = 0.03611
path

"FEFFO: £eff0001.datn

"FEFFO: £eff0003.datn

'FEFFO: feff0008.dat"

"FEFFO: feff000%. dat"

"FEFFQ: feff0010.dat"

'"FEFFl: feff0008 dat"

VFEFF3: feff0005.dat (ifeffir group = feff3i &I v
path

1.00000

ei

amp sigman 20 reff
00000 0.00341 -0.67437 1.75510
[alele]e]o} 0.00836 -0.67437 2.46160
.0oooo 0.0136e5 -0.67437 i.5l020
0oooo 0.00683 -0.67437 3.51580
0ooooo 0.00341 -0.67437 3.51580
00000 0.00000 -0.67437 3.05550
1.00000 0.01259 -0.67437 3.52570
jrd 4th dphase

-0.17617

3.34953

D=

a

R (&)
= Place P and Fe shells in a
“good” spot

set parameters — no
fitting

monitor results and fit
spectra



Fit Results using P and Fe shells

ML
=

EXAFS Parameters

o2-values -

Distances +

R (27

Coordination +
numbers

AE-value +

Results

Results from the last fit Cotumn view — | Save | Dismisa
3
dagearn amg sigmanz ad raff delta R R
fefE0Q001. dat" 1.00000 2.00000 0.00325 1.50857 1.73510 0.0315% 1.7866%9
WFEFFO: feff0003.dat" 1.00000 3.91215 0.00828 1.50997 2.46160 -0.16189 2.20971
WFEFFO: feff000&.datn 1.00000 Z2.00000 0.01301 1.50887 3.51020 0.06318 3.57338
WFEFFD: feff0009 datn 1.00000 2 _00000 0.00650 1.50897 3.51580 0.06318 3.5TE986
WFEFFO: feff0010.dat" 1.00000 2.00000 0.00325 1.50857 3.51560 0.06316 3.576584
"FEFFl: feff0008.dat (ifeffit group = feffl 81" 1.00000 0.47662 -0.00067 1.50997 3.05550 0.02080 3.07640
WFEFF3: feff0005.dat (ifeffit group = feff3 61" 1.00000 0.28757 -0.00021 1.50997 3.52570 -0.llese 3.40884
path ei ird dth dphase J
0.00000 0.00000 0.00000 0.00000 i

=)




‘ Test data for Fe and Fe shells

v ? ? ?
File Edit [ GDS Data FEFF Paths [ Plot Settings Help
Current project:

T
¥ || [rone |Hath zxpression ] Fit [
1 50 amp 1
2 g el -0.674380 {1.308506) Data & Paths |
3 g deloax 0.022737 {0.003426) Guess, Def, et ;X
4 g ssoax  0.003413 (0. 000B30) B chichi
& sonoeg 4 ':Fil
6 g: delosg -0.177325 {0.016823) 3

Residual
7 g: sseeq 0.008356 {0.001185} vy
FEFFD
g nc 0
3 4l 0 - T
10 sse 0 8- fEFF3 —
11 mp 1 feff0001 dal "'I'-'
Az delop 0 FefFOD02 dat :
s _ U FefFO003 dat —
B g afel  d FafFNNA dat |
15 g: delfel 0.042653 {0.037475) —
16 g: ssfel 0.013330 {0.005087) c
o, g B i Plot k-wreight and options Lﬁ
18 g: delfe2 -0.176172 {0.052171}
19 g: ssfez  0.012585 (0.006528) ‘v 0 -1 %2 3 - kw
Plot in R: Real part -
Plotin g: Real part  —
Selected parameter i window
Emz = .
I kmin: |0 kmax: |15
Guess Def 4 Set Skij Restrain .
B4 B R 4 Rmin: |0 Rimace: [10
Define | Mew | Grab Discard Hide gmin: [0 gmasx: [15

RelxR)] (A7)
0
4
d

] Flotting in r space ... done! u

[l Artemis palettes A
st | e | Mossags | e | | Prpores|

Results from the last fit Column view -| Save | Dismiss

R-factor for this data set = 0.00656

"FEFFO: feff0001._datn 1 2 Q 1 Q 1
"FEFFO: feff0003 . datn 1 4 Q 2 Q 2
"FEFFO: feff0005._datn 1 2 Q 3 Q 3
"FEFFO: feff000%_datn 1.00000 2.00000 0.00663 -0.67437 3.51580 0.04559 3.56139
"FEFFO: feff0010._dat" 1 2 o] 3 Q 3
"FEFF3: Eeff0005._ dat" 1 1 Q 3 Q 3
"FEFF4 : feff0006_ dat" 1 1 Q 2 Q 2

X

B

R (&)
Place Fe and Fe shells in
a “good” spot
o set parameters — no
fitting
o monitor results and fit
spectra



Fit Results using Fe and Fe shells

) | ! ] Lr:lr -
- — I
EXAFS Parameters
o2-values +
H;a—u.
Distances + )
Coordination + Pci*
numbers T
AE-value +
[l Artemis palettes
ot | i | Wessages | ot | doumal | ropetes |
Results from the last fit
phase correction = neone A
R-factor for this data set = 0.00322
path degen amp sigmanl el reff delta R R

"FEFFO: feff0001.dat" .00324

1 2 o} o} 1 0 1

"FEFFO: feff0003.dat" 1.00000 3.43849 0.00665 0.51093 2.486160 0.16887 2.29173
"FEFFO: feff000&.dat" 1.00000 2.00000 0.01285 0.510593 3.51020 0.05460 3.56480
"FEFFO: feff0005._ dat" 1.00000 2.00000 0.00647 0.51083 3.51580 0.05460 3.57040
"FEFFO: feff0010.dat" 1.00000 2.00000 0.00324 0.51093 3.51580 0.05460 3.57040
"FEFF3: feff0005.dat (ifeffit group = feff3 sin 1.00000 2. 10627 0.01508 0.81093 3.52570 -0.142885 338271 J
"FEFF4: feff0006.dat (ifeffit group = feffd Tin 1.00000 0.39560 0.00560 0.51093 2.50050 0.05323 2.85413

#

= )




‘ Multiple data set fit

= Fit 4 data sets
= Use K-weights of 1, 2 and 3

= Fit different N values for
each data set

= Data series is needed to
accurately determine the
number of Fe atoms in the
2" and 3 shells

v

File Edit[GDS Data FEFF Paths | Plot

Settings Help

Current project:

Mome/fskelly f<afsfUSE CMfaug03Mitsfartemis] .apj

#_I_I Hame Imath Expression
= amp 1
el -0, 674373 {1.908498)
deloax 0.0227397 {0.0039426%
0.003413 {0.000B30%
noeg 4

deloeg -0.177325 (0.01E6833)
zzoeq 0.008356 {0.001185%
delfel 0O.042653 {0.037475)
0.013330 {0.005037%
delfe? -0.176174 {0.052167)

SE0A3

LF= = T = N Ty B T R I

zzfel

—
=
R RO R C R OO RO R0 BRC RS BRI B B O C R R RO R G

11 zzfe2 0.012587 {0.00B5Z8)
iz nfela 1
13 nfelh 1
14 nfelc 1
15 nfeld 1
ik nfeza 1
17 nfeib 1
is nfedc 1
13 g: nfezd 1

[

Fit

Data & Paths

AL

Guess, Def, et }

felm2
felml
felm3
fe2iml
H- FEFFIT
- FEFFIE

E- FEFFIZ

O0HEH

v

Plot k-vreight and options

w0 1 %23 kw

Selected parameter

nfezd =l
¥ Guess ~ Def ~ 3et
Define | Hew | Grab

- Restrain
Hide

ﬂ Defined the guess variahle nfe2d a3 1

Plotin R:  Realpart — |
Plot in q: Real part — |
| Windowr
kmin: |0 kmax: I‘IE—
Rmin: |0 Rmax: |1IZI—
gmin: |0 imax: |15—

=l




‘ Modeling a Data Series

- X
File Edit [ GDS Data FEFF Paths [ Plot Settings Help
Current project: Momesskelly Xafs/UFECMIaug03/fitsfartemis1.apj
# I_I Hame Imath Expression I i Fit
1 5 amp 1.16631
2 s: deloax 0. 042653 Data & Paths
3 5 ssomx  0.0047 Guess, Def, Set ] X
4 = noeg  3.443134 Felml
5 5: deloeg -0.103372 felm2
5 : 0. 010684
= Eeasd felm3
7  z: delfel 0.080562
8 =: ssfel 0.005210 T
9 5. delfe? -0.115342
10 =: =sfe2 ssfel
11 = nfeda 0. 476039 (0.2}
12 =: nfedb 0.508141 (0.2}
1% =: nfedc 0.554804 (0.3}
14 5. nfeld 0.57408% f0.3y T i _...r
15 =: nfeZa 0.637507 (0.2}
16 =: nfe?h 0.450068 (0.2} i | Plot k Plot R Plot g
17 =: nfefc 0.47502% (0.3} Plot k-wreight and options
1% =: nfe2d 0637507 (0.3}
19 s: ee  ela |v“v1’2v3vk\'-"
20 z: ela £.30746% Plot in R: Real part _.l
21 s: elb ela :
#F =. end efta f Plot in q: Real part - |
Selected parameter _| Window
nfeld = [0.579063 (0.3) | kmin: [0 kmax: 15
~ Guess -~ Def 4 Set ~ 3kip ~, Restrain Rmin: ID Rmax: I1D
Define | MNew | Grab | Discard | Hide | qmin' ID gmax: I.I 5

u’e1d=ﬂ.??41ﬂ8+f—8.116450 J
= Coordination number is determined within 5%

= Assuming model is accurate!




R (27

R (27
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Fit results from data series
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Fe1lM2

Re[x(R)] (A7)

Re[x(R)] (A7)




‘ Summary
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