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XAFS ANALYSIS: from the experimental data to results

Data collection

!
Preliminary data Structural

treatment mOdf'(S)

Extraction of XAFS
structural signal: x(k)

Structural refinement
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Proposal submission + proposal
% Extraction of structural signal: eVGIUGTion + beamTime SChedUIing

k) DC(TC( COI I@CT'On = 6 to 12 months !

<
2
Structural refinement
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XANES/EXAFS Choose properly the IO HErSGIIE Proposdl

experimental set-up &
sample preparation

v

Opitiimiize your

Fluo/ TEY/transmission i1 casz gf feiltgzlll

T P =y 44—
Check the beamflme. Choose

data quality 4 properly data

during the collection
experiment Always measure strategy

reference data
Quality is better
than quantity XAFS rarely gives absolute

quantitative details

ELETTRA: 15-09 + 15-03
ESRF: 01-09 + 01-03




Data collection

a
Experimental set-up &

sample preparation

Errors in XAES data analysis
are dominated by Transmission: massive concentrated samples
systiematic errors: |

- spur'ious structures e inhomogeneities, holes, not parallel surfaces, etc...

- background subtraction Fluorescence: thin concentrated
- wriong mode's \ thick diluted Samples

Self absorption, detector linearity, Bragg reflections
T\I‘EY: thick concentrated

Surface sensitivity, sample charge, Bragg reflections

I XS Standards and Criteria Subcommittee Reports

- inaccuratie theory

Measure reference
samples 2

b
| Data quality . Collection strategy

1-energy calibration N o
ratio _ :
2-data analysis procedures step scan / quick EXAFS

calibration glitches - Fixed Energy or K steps
The power of XAFS technigue consists discontinuities - single scan/repeated scans

in highlighting the smallest structural - temperature points
differences




Evaluate S/N ratio

High degree
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Check systematically during the experiment
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Data collection Structural
| da

e Preliminary data tfreatment

treatment
l IS A EEE——— E— ——— E—

Extraction of structural signal: a

kae(k)

| Select properly the best spectra and

‘ Structural refinement

1 useful data regions

Check the results

Absorption signal

b
| Preliminary data treatment

- Self absorption corrections
-deglitching

-data interpolation

CheCk Car'er”y The - data alignement
data quality during

the experiment ‘

| Sum together the best spectra

Experimental set-up generally provide . .
macros for automatic data collection over WelghT'"Q by S/N
several days: supervise your macros!




Extract x(k) structural signal

AT e

1°(E)

\
pre-edge
subtraction

revise
preliminary
tratments

v
—» 0, calculation
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o/ (E) = a(E) — apre(E) structural signal

X(K)
XAFS structural signal |

Fourier Transform

!

Fourier Filtering

Structural
refinement
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Structural signal

Define E,
Calculate k
Define y,
Calculate x(k)
Check FT
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E(eY)

U, = represents the bare
atom absorption.

It is calculated empirically as a
smooth curve across the data.

Different XAFS data analysis
software apply different
(generally equivalent) methods

Requirements for L.
1) Smooth enough to not remove true
structural features
2) Structured enough to remove
background structures

Note: Multiple
excitations my affect
the background with
(small) discontinuities

0.02

o Br K-edge
0.00
o8
0.02
I

1s3d 1s3p

L
13600 13800

A. Di Cicco et Al. Phys. Rev. B 62, 12001 (2000)

Large |FT| contributions
at low (unphysical)
distances may signify
"wr'ong uou

[FT (K*x (k) - W)|——




Fourier Transform

FT shows more intuitively
the main structural features
in the real space: the FT
modulus represent a pseudo-
radial distribution function
modified by the effct of
amplitude, phase and mean
free path parameters:

|FT| peaks point out
interatomic correlations

Peak positions are not the
true distances due to the
photoelectron phase shift




Fourier filtering allows
Fourier Filtering isolating contributions
of selected regions of

the FT

— |=i(RJ
— Im[x(R]]




Theoretical x(k) "I I_ -
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How to find a model
structure

7
NEUTRONS
FOR SCIENCE

Barns.ill.fr

-
Tain™

English Russian

\!| ,JUMJ ‘1“
http://database.iem.ac.ru/mincryst/

Full inorganic structure
database (ICSD)
(registration )

Protein Data Base
(REE))

How to visualize the
structure

PowderCell for Windows
Version 2.4
£.03.2000

W.kKraus & G. Nolze

Federal Institute for Materials Research and Testing
Rudower Chaussee 5. 12489 Beilin, Germany
W Kraus G.Holze
Tel +49-30- 352 5845 Tel +43-30- 8104 3109
E.mail: w.kraus&bam. de E.mail: gert.nolze{@bam.de
scientific support:
Giinter Reck [BAM] Bernd Miiller [Uni Jena] U_Miiller [Uni Kazsel]
guenter.recki®bam.de  bemd mueler@Buniena.de subgroup data
IP&P Size and Strain

VESTA

Visualization for Electronic and $Tructural Analysis

Search on the web !

How to calculate
distances and
geometries

ATOMS on the Web

http://millenia.cars.aps.anl.gov/cgi-bin/atoms/atoms.cgi

Fun ATOMS | Clear | Reset |

Operational Parameters
%ﬁ Frm-3m Rmax: IE Edge: -

EBEE it inp || shife: | | |

Lattice Constants and Angles
A [108 B: [409 o 408
Alpha: IBD Beta: IBD Gamma: |90

Fun ATOMS | Clear | Reset |

Tahle of Crystallographic Sites
Cent. Element X
“ 1 fau =] o




- Theoretical formula

experimental
data

How a data
refinement
program works




XAFS data analysis software

XAFS organizations

(L € ) Welcome to the
International XAFS Society

Home Page www.i-x-s.0rq

xafs.org

KAFS

Recenthews
Applications
Thearyanalysis
Experiment
RelatedTechniques
Community
Resources

Software

Help

XAFS data analysis

XAFS
Software|

INTRODUCTION
Introduction The aim of this catalog is to summarise information about the currently available software
for XAFS. The st is not complete, and we encourage you to send us information to

Free Soft update this list

[Scientific Software | ESRE]
Last modified: 13 March 2002
uithors: M Sanchez del Rio and Alfonso San Miguel, Web design by Jose Vinagre,

http://www.esrf.eu/computing/scientific/exafs/

‘cu_foll_10k.dat.chi’ in R space
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FEFF is an automated program for ab initio multiple scattering calculations of X-ray
Absorption Fine Structure (XAFS) and X-ray Absorption Near-Edge Structure
(XANES) spectra for clusters of atoms. The code yields scattering amplitudes and
phases used in many modern XAFS analysis codes, as well as various other
properties.

FEFF home-page

Documentation

Distribution

The Atoms
horne page

GNXAS
home-page

Current version: 12.2006

Amorphous & disordered systems

http://gnxas.unicam.it

IFEFFIT

Ifeffit
Downloads
Cocurmnentation
Mailing List
FAG

HAFS

Help




Ifeffit.exe

Install Ifeffit.exe

iFeffit-1.

Exg

drawbacks:

* easy to handle,
- semi-automatic procedures




Inside the Ifeffit directory

[=-{.7) TFeffit

: ﬂ_:_:l bir
-5 build
1) cldata

{fj doc

L) examples

: 1[:‘3 Artemis
F-07) Athena

| -0 TFeffit

-{7) Feffrab

EI--{]_':__:I share

-7 perl

)| Estract x(k)
data fitting
[Crestraint

Manuals and Cvbeo

} 2zn0
tutorials =) .o

|_’] AgBr.inp

CIEREE

Configuration files:
NOT FOR NEWBIES

Database of:
crystallographic
structures as *.inp

files for

Info on the
proposed
example




Data collection

Preliminary ‘a 0
dGTG TF@GTmenT Athena

>

Extraction of XAFS [c3)]
structural signal: x(k) e
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>
Q
b
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Q
b

E- B Structural
S’rr.uc‘ruml | El | E&
refinement [afems) atens]  model(s)

T

Check the results

l

END




7% Athena

File Edit Group Walues - Plob Mark - Data Merge Analysis - Settings  Help

Project

rnodified

Current group @_1 Okdat ) 4

File: |E:IDuino_agnDBIE}{amplestujEIK-*::u_fniI_mk.dat |

£ Cu —| Edge: kK —| E shift Il:l Importance: Il_

|| Background removal Show additional parameters|
ED: [8977.58  %|  Rbkg: Il.D ]

k-weight |2 Edge step: |2.3266?‘|] W fix step

Pre-edgerange:  [-150 X| to |-30 A
MNormalization range: [150 X| to |zz84.89 X
Spline range: k: ||:|.|:| ¥ to |25.|:|19 |

Efo.oo0 X| o [z384.861 X]

Forward Fourier transform

k-range: z ¥ to |23.|:|19 X
dk: Il window fype:  hanning —

Phase correction: W no  arhitrary kweight: ||:|.5

Baclward Fuuriertransf@
R-ranger |1 Xl 10 |3 X

& 0 & 1 & 2

kg

List of files (group)
opened into Athena

|8 Plot highlighted files

1|.|l'| Plotting options

Plot (several)
marked files

E|k|R|q|Etack|lnd|PF|

B mulE) (&
B background

W pre-edge line

W post-edge line

W Mormalized ®
W Derivative |

dr: ||:|.|:| window type:  hanning

plotting in energy from group “cu_foil _1 0k dat' .

Warning: check if the full
windows is visible on your PC,
smal screens (i.e. e-pc) may
cut the lower part

Optionsfor plot

Warning: check the graphic
windows and never close it
leaving Athena/Artemis
open... sometime the PC
crashes




Example 1: Cu 10 K

=17) Examples

i 5 Egﬁra ics Window #1 - [athena

' {a CU_IDK ot F\IeEd\t Viw ode Wndo Cptions  Help
Fe_ali i .

D Feln Exercise 1:

{7 Programs&manuals . . cu_foil_10k dot
Look at the results
obtained using the

automatic extraction
playing with plot options

vl Plotting options

aphics Window #1 - [athena]

Gh, Flo Edt taw Mode Widow Optians Help E| kl Rl ql Stackl Indl F'Fl

B muE) &
M background

cu_fail_10k dot

M pre-edge line
M post-edge line
W Mormalized &
W Derivative |

[ (ev) Emin: |-200 Emax.IEDD

920¢

1- 1/ 1: u=1941, ¥v=503 (105, 74 - (3077, 2268)

I Graphics Window #1 - [athena]
GY, File Edt View Mode Window Cptions Help

cu_fail_10k.dat

cu_fail_10k dat
T

— xR

[x(a) (A7)




[x(RI (A7)

0.5
T

Select
Eo

Backyground r}lﬂwal / Show additional parameters |

EO: |&977.58

b-wweight: |2 Edge step: W fix step

Pre-edge range: X to ITE[

Maormalization range: {15 X to IME[

Spline range: k: (o/o X to Wﬂ
- ] o el

R cut of f for automatic
background calculation

Takes the value from the
cursor on the graph window

cu_foil_10k.dot

Exercise 2: Look at the effects
of changing background
subtraction parameters

- Change Eo
- Change Ry,

cu_fail_10k dat

cu_fail_10k dat
rr 7 T

Rbkg =1

Ix(RI (R7%)




Forward Fourier transform

N e s LN el o Exercise 3: in Real space look at

& | widowtpe: haming S the effects of changing extraction
Fhase correction: W no  arbitrary k-weight: ||:|.5 | and FT parameters

cu_foil_1Ck.dot cu_foil_10k.dot
T T 9 T T T T T T T T T T T T T T T T T T

S0 &1 &2 &3 & kw




Backward Fourier transform Exercise 4: in g (Back Fourier) space
R-range: Il | to |3 b IOOk at the effects of Changing BF
dr: Il:l.l:l window type:  hanning —l| parameters and I’egiOHS

cu_fowl_‘1 Ok_dat cu_fail_1Ck.dot
T

— Ix(R)| ] — R
— im[x(R)] I — im[x(R)]

cu_fail_1Ck.dat cu_fail_1Ck.dat
T

— Re[x(e)] | [ — Relx(a)]

[x(a}l (A7)
[x(a}l (A7)




Exercise 5: Data treatment

Daka Merge Analysis - Setkings

: ; cu_fail_10k.dat
Calibrate energies T

Align scans
Calibrate dispersive *AS

Deglitch Shifts the spectrum to
have selected point

. (reference at) at the
Rebin mu(E) calibration energy

Smmooth mu(E) (calibrate to)
Comvolute mu(E)
=elf Absorption

MEE carrection | A
2970

Experimental data

Truncate

deriv xulE)

L L L L P P L | L L L
B380 2990 9000
E {eV}

Data calibration
Group:  cu_foil 10k, dat

Display: deriv(E]

Smmoothing: IEI :I“:I
Reference at,/|8977.58 Shifted data
Calibrate toN (8979 I

Select a point

Find zero-crossing

deriv xu(E)

Beanlat
P

Calibrate

Document section: energy calibration

Return to the main window T as7a

s s s s s | s s s s | s s s s | s s
8980 E990 9000 Q010
E {eW}




dit Group  MWalues - Plot  Mark - Daka  Merge  Ana

Open file(s) Ctrl-o
F.!;E:EﬂTt files t SC(V@ .
cu_foil_10k.dat.chi

Note: Arthemis requires
equispaced k data !'!!

(i.e. 8k = 0.05)

chile)

Clear project name Ctrl-zer Data collection
e \
Close project Ctrl-we

Quit Ctrl-¢ Preliminary [c3]
> fELA ]
data treatment e

Extraction of XAFS m

structural signal: x(k) =
|

!

Structural
STr‘_uc’rur'al ‘__
refinement [iemdg il model(s)
| t

Check the results oA

l

END

revision




| Data Merge Analysis - Settings

Working with several files

Calibrate energies

Calibrate dispersive xA5

g - Dat Go into the Fe Align directory

e i (Gre. Open all Fefilesinto Athena

AU madified

PR3 Fe 300 K, scan
- Fe 60 K2scan 1

¥ 061 Fe 60 K, scan 2
R fe0s2 Fe 60 K, scan 3

m f2151 Fe 150 K, scan 2
F 300 Fe 300 K, scan 1

Temperature effect on
EXAFS and FT data

all marked groups

¥
~ 0 : 5
- 1
II 1
o0 ' Z
T o ] =
— 1
X =
.
1
1
| 1|
| 1
1 ! W\}
1
. __.
n \/\J
o




Data Merge Analvsis - Settings

o~
)
El
=
o
o
N
E
4
=
B
v
=z
e
5]
=
[n
ks
o
U
=
o
o
£
@

deriv xulE

Deglitch
Truncate
Rehin mulE)

Exercise 6: align Eo

Open Fefilesinto Athena

& -|Athena
File Edit Group Yalues - Plot  Mark - Date Meroe  Analysis - Seffngs Help

the files Il

Eo is shifted among

Data alignment

Standard: E: fe.060 j

Other:  f2.300

Flot as: derivative

Fit as derivative

Shift by [0 et

L Il
7090 7100 7110 7120
E (eV)

Document section: aligning data

Return to the main window

1 1
7120 7140
E (eV}

L
71EQ

I
7180

deriv xul(E)

1 1 1 1 1 1 E |
7100 7120 7140 7160 7180 7200
E (eV)




Exercise 7. Merge several files

all_marked groups
T T

rodified

Merge Analysis - Settings  Help

ferge marked data in muiE) ‘ ol morked groves
Merge T in normiE)
herge marked data in chifk)

v Weight by impartance j Fe 60 are now
Wieight by chi_noise aligned

madified

all marked groups
T

— merge+std.dey]

— merge—std.dev:

(A I - e O s

U




Full Exercise:
1. Read Fe Files

2. Align Fe files on order to have the same Eo

3. Merge files having the same T

4. Save X(k) of merged files, to be used for the
structural analysis

| Fesl _merge.chi
m Fel50_merge.chi
|ﬂ Fe300_merge,chi




Data collection

Preliminary  [&3)

Ay § 3 structural model & Data refinement

Extraction of XAFS [ﬂ 7
structural signal: x(k)

\

|
Structural ﬂ
refinement [Sesel

I

¥

Check the results

l

END

Sh R

I. a/sqrt(2)
IT: a

IIT: a-sqrt(1.5)
IV: a-sqri(2)
V: asqrt(2.5)

You can visualize the structure using VESTA program

icsd_43493 Copper.cif




Data collection

Preliminary

g A Structural model & Data refinement

Extraction of XAFS
structural signal: x

ml B Start the ARTEMIS program

revision

refinement el model(s)

Check the results

END

E“Artemis
Edit GDS Data Sum Fits Theory Paths Plok - Help

Current project:

Tiies / DpatazPpaths \ [
Guogs, Def, Sot

‘fﬂ %1 &2 8: & w

Warning: check the full
windows is visible on
your PC, smaller
screens may cut the
lower part

Al

Data file | |

zin | Incdic | Traces |

Data contralzs

— Fourier and fit parameters
I~ Inchude in the fit k-range il to

[ Fiot after the fit | | RTEnge A to
ok dr

kwindowy  hanning —

R windowy  banning _||

Plot in R: @ Magnitude

i Real part

Y ES

¥ Imaoinary part

I Fit hackground Platin g @ Magnituce

i#® Real part

i Imaginary part

— Cther parameters — Fit k-wweights ——

Fitting space R — EpSiIc-nI I ko=t

W windo

Warning: check the

W Background

rinimum reported correlation I I k=2 W Residusl gr‘ap h ic w i ndOWS Gnd
Path to use for phase corrections ™ k=3 kmim: |0 krmaz: |15 . .
Mone  —d [ other k weight RImin: Rma: |6 never‘ C I Ose 'T ICGV' ng
Document: Fitting parameters | I onin: 19 qmax: 15

Athena/Artemis open...
sometime the PC
crashes

LI \ Document: Plotting

Controls for plotting

HIMT: Iefit's homes

Depends on what is highlighted in
the Data & Paths panel

ane iz http: Sicars uchicago eduwitetfit!




Data collection

Preliminary

Ay 4 } Structural model & Data refinement

Extraction of XAF
structural signal: x{

Structural g Structural
refinement [ES e model(s)

Check the results

revision

END
‘“ Artemis T h e O ry
S - hew atoms page

File Edit | G5 Data Sum  Fits

Current project:

Titles

- Import Cu.inp file from the Cu_10k directory
Or

- Blank Atom page (you must type the crystallographic info)
1 2

[1]

K|

Data file |

zin | Incdic | Traces |

Data cortrols — Fourier and fit parameters PlotinF:  # Magnitude War‘n i ng : C hec k 'rhe f u I I

I Include in the fit k-range Al to Real part

oo || e[ o N windows is visible on
dk  vind h d_r Iagnitude your‘ PC, SmG”er'

RU (gle [aRTTY EANNING —
Real pet screens may cut the

# Imaginary pal
— lower part

I Fit hackground

R windowy  banning _||

— Cther parameters — Fit k-weeights —— W Window

Fitting space R —1 | Epsilan I ™ k=t M Backaround
imimum reported correlstion I ™ few=2 W Residual

Path to use for phase corrections ™ k=3 kmim: |0 krmaz: |15

Mong —d I cther k weight Rimin: (0 Rmax: (6
I in: |0 ol 1 1
Document: Fitting parameters | Efunlln G

Document: Plotting

HIMT: effi's homepage is hitp: Yoars uchicago eduifefiit’




File Edit - GDS Data Sum Fits Theorw Paths Flat - Help
Current project:
Atoms | feif.ing | Interpretation | Data & Paths
. Guass, Dof, Set |
— Titles o Data
name:  copper ﬂ .....................
formula: Cu El- FEFFO
sites:  Cul LI Plotting options
siessern [ o 5 o EoE R | 8081 82838
* |B o GIEED 1 # Cu0.00000 0.00000 O.00000 wain | Incic | Traces |
B
c Plot in B @ Magrituce
Alpha |90.00000 @ Real part
pa [ Define the ® inagiary part
G Flotin g @ Magnitude
parameters o
Cluzter size |6.00000 oy . (=l [
Edge K = — descrlblng & Imaginary part
Shitt vector [0 the structure W Window
o W Background
| j W Residual
kmin: |0 kmaz: lr
Define Frmin: |0 Fermiace: IB
Hew gmin: |0 oI |15
L] ;
Document: Atoms {4 | Document: Plotting |

R
a/sqrt(2)
a
a-sqrt(1.5)
a-sqri(2)

a'sqrt(2.5)

IT:
ITT:
IV:

12

24
12
24

2.553
3.610
4421
5.105
5.708

Check the distances and
multiplicities are those you expect

teffinp | Interpretation |

File Edit - GDS Data

Current project:

Sum  Fits Theory Paths  Plob - Help

Atoms [feff.inp] Irter pretation | Data & Paths
Guess, Dof, Sat
-
= Data
* This feffé input file was generated by Artemis 0.  |[|[j----- dem e
* Atoms written by and copyright (o) Bruce Ravel, 1 S} AEAAY
T o—e F —— F - F - F —— F - F - F - F __ F - F
+ total mutx=1: 4.06 microns, unit edge step
w specific gravity = §.971
T o—e F —— F - F - F —— F - F - F - F __ F - F
w Normalization correction: 0.00046 ang*Z2
T o—e F —— F - F - F —— F - F - F - F __ F - F
L o— —_
* The following crystallographic data were used:
*
* title name : Copper
* title formula: Cu
* title sites: cul
* Litle referl: Kittcel, IS3SP
* title referz:
* title schoen:
* title notesl: metal, foo
* space = F m -3 m
VoE o= 3.610 b = 3.610 = = 3.610
* alpha = So.0 beta = So.0 gamema = 90,
a = T adra = v LI
3 e | ol
I_ | Document: Feff and it's input file |

Running stoms ...

Cul

[T

cul_2
Ccut_z
Ccut_z

* this list contains 79 atﬂm;I

7 z ipot tag dis

000 0.00000  0.00000 O Cul . 00000
0.00000 1 Cul_1 .55266
W .55266
500 -1.80500  0.00000 1 Cul_1 .55266
500 -1.80500  0.00000 1 Cul_1 .55266
500 0.00000 1.80500 1 Cul_1 .55266
500 0.00000 1.80500 1 Cul_1 .55266
.gogpo 1.80500 1 Cul_1 .55266

.80500 1.80500 1 Cul_1 .55266
-1.80500 1 Cul_1 .55266

1 cul_1 .55266

1 cul_1 .55266

.55266
. 61000
. 61000
. 61000
. 61000
. 61000
. 61000
42133
.42133

N P P R T R TR R R X R VR S R R R R

Hovw many feff paths do you wwant to import right now?

Mo paths | Just the first | The first 10 |

B- FEFFib
L Path 1: [Cu1_1]
| Path 2: [Cu1_2]
L Path 3: [Cu1_1 Cut_1]
|- Path 4 [Cu1_2 Cul_1]
L Path 5: [Cu1_3]

|- Path 6: [Cu1_1 Cu1_1]
L path 7: [Cul_3 Cud_1]
L Path 8: [Cu1_4]
| Path 9: [Cu1_1 Cu1_1]
L path 10: [Cu1_4 Cut_1]
| Path 11: [Cu1_1 [+] Cui_1]
L Path 12: [Cut_1 [+] Cui_1]
|- Path 14: [Cu1_1 Cu1_4 Cul_1]
| Path 15: [Cu1_1 Cu1_1 Cul_1]

Dath A% [Cad 2 Cod A1




Ky (k)

File Edit - GDs Dat its Theory Paths Plot - Help

Current project:

Al included paths for this data set

FEFFD: Path 1: [Cul 1 sgojected 2 included paths for this data set

M Flot after the fit

hlak = this nath

Al zelected paths for this data set nciude in

Artemis: Information about this summation x|

You are about to make a summation 2 nis needs some

Wani; Jr project.

& Make a new fit entry @ Reuse previous fit entry

Data & Paths

Guaess, Daf, Sat

Data

H- FEFFO

he detantt atter the fi Label [sum_sLL_Paths
Comment: Summation

Figure of merit: |2

Document: fit information dialog

S0 &1 &2 &

hzin | Inclic | Traces |

Plotin B @ Magnitude
@ Real part

Theoretical XAFS and FT for Cu fcc

Cancel |

— sum_ALL_Paths)

k (A"

% B — surm_ALL_Paths

40 G0

k(R (A7)

20




Compare model and experimental data

Open Cu_foil_10k.inp

Gress, Doaf, Sot

Using CRTL key
you can select
groups for plot ey

cu_foil 10k dot.chi' in k space

I |/- ——
— cu_foil_10kdothi I — cu_foil_10k dot]
— sum_ALL Poths] I — sum_ALL_Paths]




remove all paths or
restart ARTEMIS

1s* shell analysis

Data & |
Guess, Daf, Si
B cu_foil _10k.d:

é- Sum

add 1st shell path to the list

select and Right click

1] & Paths

Guess, Dof, Sat
E cu_foil_10k.dat.chi
|é|- Sum
L sum_aLL_Paths
E- FEFFD




FEFF0: Path 1: [Cu1 1] | Data & Paths # | |Name |Math Expressian = Data & Paths _I
Guess, Dof, 5ot =
W Pt after the it de in the fi Guess, Def, Set 1 g: smp 1 el ]
) . o gt enot O B eu_foil_10k.dat.chi
I Make th path the defaut after the ft B eufoil_10k.det.chi I — - sum
" g- Sum g: felr ‘ L sum_aLL_paths
o " :
(O 1 L sum_ALL Paths ¢ 9SS 0.003 =- FEFFO
2 legs BReff=2,5527 awp=100.000 degen=12 5- FEFFO L path 1: [Cu1_1]
leg 1: 0.00000 -1.80500 1.80500 1 Cu Path 1: [Cut 1] }
rleg=2.5527 beta=140.000 guess: optimized in the refinement
leg 2: 0.00000 0.00000 0.00000 O Cu
rleg=2.5527 beta=180.000 def: math expressions updated during the fit
~Path paraneter meth expressions | sef: numbers or expressions evaluated once at the
el _ Path label fit beginning and not updated
B E X 02 Iamp S 2 I |
—— o —_— -
deED: jenct ¢ Energy shift o
el |delf ¢————— Distance correction Edit selected parameter
sigma’?: 53 < v Jamp = |
Ei Debye Waller factor ® Guess @ Defi @ St @ Skip 8 Restran @ After
Sre: J Undo edit | Hew | Grab | Discard | Hide
L
Document: Guess, Def, Set J _ILI
4 k

Current project: EDuino_sgol3ExamplesiCu_10Kiartemis apj

Titlez Data & Paths
o Guess, Def, Sat
B cu_foil_10k.dat.chi
|é|- Sum
L scum_aLL_paths
El- FEFFD
K I

Data file |c:u_f0i|_1 Ok dat .chi

Dista controls Fourier and fit parameters

¥ Inclue inthe fit | | k-range [3 X o 13 X
¥ Pict after the fit | | F-range 1 X to |3 X
a i da [oo

W Fit background

k weindowe  Hanming —

R wincowe  Hanning _||

Cther paratneters —————————— Fit k-weights ——
Fitting space R — | Epailon ID B fowe=1
Minimum reported correlation ID.25 W w=2
Path to use for phase corrections W k=3

W cther k weight

More —

—

Document: Fitting par: ters |

L path 1: [cut_1]

N;S3f;(k)e2Ru/Ak) g~ 2k2er?
kR,

sin[2kR; + 0;(k)]

The Data screen allow defining
the fitting strategy and
parameters

Plot selected groups in

S




Examine log files Currentfit: fit1 | Data & Paths _I

‘cu_foil_10k dat.chi' in R space [
T T T T Guess, Def, Set
Fits —Choose a parametsr ———————— |
B cu_foil_10k.dat.chi
_ : 4 fit1 |ert j e [
cu_foil 10k dat. B-
Get parameters from Guess, Def, Set list I w |
- — fit/1 7] Bl- FEFFO [
Parameter report | L
i Path 1: [Cut_1]
window — Caleulations
W Compute the average value
— W Fit Einstein temp. to sigma”2 values
‘I”: Absorber: Scatterer:
- ‘eu_foill_10k.dat.chi’' in R spoce
—_ & Prefer R-factor T T T
=
\D_i, o) ¢ Prefer reduced chi-souare
= g - — cu_foll_1Gk.dat)
W Show =0 in plot — fit1
window
Quick summaries of selected fits
7‘;\
=
¥ o
=
i
i3

R (Y
‘eu_foil _10k.dat.chi' in R spoace
LI T T

X = ((Re(x=r(ri) — Rex™ (1)) + (Sm*P(r)) — Smx*™ (1))

— cufoill_1Gk dot]
— fit1 1

window

0.5

The refinement is performed in Real space, on the
Real and Imaginary parts of the FT

T [(Re(eeer(ri) — Rext™ (ri)” + (Sm(xe?(ri) — Smy'h(ri))’]
T [(Re(zeer(ri))® + (Sm(geer(r))?]

R? =




Edit - GI5S Data  Sum

Write [feffit script

Display Ifeffit buffer
Dizplay fit results
Wigwr files

“iewe messages
Display echo buffer
‘Wite in journal

Edit project properties

Cirl-2
Ctrl-3
Ctrl-4
Ctrl-5
Ctrl-6
Ctel-7

Compact project

Edit preferences

Structural results

‘“Artemis palettes

| Mame | Iath Expression

amp 1 |

Ifeffit | Results | Files | Messages | Echa | Jourral | Properties |

Results from the last fit Raw log file

Independent points = 15. 687500000
Nubher of variables :
Chi-square

Reduced Chi-sgquare

R-factor 0.000735237
Measurement uncertainty (k) 0.0010258657
Measurement uncertainty (R 0.004036509
Nunber of data sets 1.000000000

Guess parameters +/- uncertainties [initial guess):

enot O
delr O
33 ao.oos

Make "amp" ...
Maove "amp” ...
Inzert zeparatar ...
Copy "amp"

amp = 0.9193910 +i = 0.0211700 (1.0000)
enot = 5.4482800 +i = 0.2569030 (0.0000)
delr -0.0046610 +i = 0.0015030 (0.0000)
3= = 0.0035760 +i = 0.0001700 (0.0030)

Build restraint from "amp"
Annot
Grab best fit far "amp"

Correlations between variables:

awmp and ss - 0.58753
enot and delr ——= =11

Fird where "amp" is uzed
Change name of "amp" globally

411 other correlations are below 0.25

(=

Dizcard "amp"

smp 0.9199591 (0.021170)

o
o
o

Npis
x© = Nind ((&Ee(‘g”p(ﬁ) — Rex" (ri))2 - (%m(}zew(n) — %m)}”h(rl-))g)

€N,
pts i—1

Zf\:”f’ {(?Rf:()"{”p(ri) — Reyth (T;))g + (C\}m,(',{e“"‘p(ri) - f};rr.t)"("h(ri))g}

S [(Re(xeen(r))” + (Sm(xe=r(ry))’]

enot O
delr O
=3 o0.003




Data file |cu_f0i|_1 Ok .clat .chi

Data cortrols

V¥ Includs in the fit
¥ Flct after the fit

W Fit background

— Cther parameters

Fourier and fit parameters

k-range

R-range

dk

kwindowy  Hanning —

R window  Hanning —l|

3 % to |ia
ng X to |2
1 dr [00

Ix 1%

Fitting space R — Ep=ilon ID

Minimurm reported correlstion ID 25

Path to use for phase corrections

Mone —i

Document: Fitting parameters

‘cu_foill 10k dat chi' in B space

W cther k weight

—

Fit k-wweights

Effects of Fitting parameters

‘, Artemis palettes

Weifit | Results | Files I Messages | Echo | Journel I Praperties |

Results from the last fit Rowlogtis  — | Sane |

18. 687500000
. 000000000
92.956879023

.331021550 Kw -
I - |
000735237

Independent points
Muadbher of variables
Chi-sguare

Reduced Chi-square

S

@

E-factor a.

Measurement uncertainty (k) 0.001028657
Measurement uncertainty (R 0.00403 6509
Muagber of data gets 1.000000000

Guess parameters +/— uncertainties (initial guess):

ap = 0.9199210 +/ - 0.0z11700 (1.0000)
Enot = 5.4482800 + = 0.2585030 (0.0000)
delr = -0.0046610 +/ - 0.0015030 (0.0000)
55 = 0.0035760 +/ = 0.0001700 (0.0030)

Correlations between variables:
amp and =3 ——> 0.8753
enot and delr --> 0.8699

. B
g

oot

P r
=

[VTe}
— T
==

T T T T T T T 211 other correlations are below 0.25

cu_foil_ 10k dat )
fit K*Twqt

Data set »»cu_foil 10k.dat.chi<s

— fit K®3 wgt

Independent points 158. 687500000
MNumber of warishles = 4.000000000
Chi-sguare = 191.610462627
RFeduced Chi-sguare = 153.045818732
R-factor = 0.1158453126E-05
Measurement uncertainty (ki = 0.000533874
Measurement uncertainty (Bl = 0,.445387356
MNumber of data sets = 1.000000000

Guess parameters +/- uncertainties [initial guess):

arap = 0.88560660 +/ - 0.02e3100
Enot = S5.4650780 +/ - 0.41095850
delr = -0.0043940 +/ - 0.001z0s0
a8 = 0.0033710 +/ - 0.0001530

Kwt = 3

Correlations between wariables:
amp and s= ——> 0.7805
enot and delr —-—> 0.7766
amp and enot ——> —-0.2833

411 other correlations are helow 0.2Z5




Add new contributions

‘cu_foll 10k dat chi' in R space
T T T T T

Visualize the
structure and
understand the
neighbour
shells!

—  cu_foil_1Ck.dat
— fit 1

Take care
about multiple
scattering
contributions

Atoms | fetfing [Interpretation]

— Interpretation of the FEFF Calculstion

% TITLE name: copper
# TITLE formula: Cu S’ l

# TITLE sites:  Cul |n9 e
% TITLE referl:  Kitel, ISSP

# TITLE referz: SCGTTer‘ing
v {Dea [Rett  [amp.  [1s|scatteringpan T — [

12 Z.553 100.00 [+] Cul 1 [+]

& 3.610 22.98 [+] cul 2 [+]

i FiCwi— T Cul 1 [+]
4.355 & [+] cul 2 cul 1 [+]

4.421 55, [+ cur s (¢ >

4.763 10. [+] cul 1 cul 1 [+]

4,743 3 [+] Dt 3 oyl 1of+4]

5,105 13, [+] Cul 4 4]
5.105 3. [+] Cul 1 Cul 1 [+4]

MQ. [+] Cul 4 Cul 1 [+]
11 iz 5.105 4. [+] cul 1 [+] Cul I [+] )
m s [+] W ;I MS + FOCUS'ng

Document: Feff interpretation




i Understand the MS contributionsll|

[(=- Fit
fit K*1wgt
E fit K+3 wagt
fit K*3 wqgt-multishel
El- FEFFD

Path 1: [Cul_1]
Path 2: [Cu1_2]

Path 5: [Cul_3] SS paThS

Path 10: [Cul_4 Cul 1]
Path 11: [Cu1_1 [+] Cui_1]

T L R )
Cul @1 Cul @ Cul 20T "f' ]
|

Focusing effect may
raises some MS
contributions well above
the SS one




File Edit - GDS Data Sum  Fits Theory Paths  Plot - Help

Math Expression Data & Paths

wm

0.9159991 (0.021170)
Current project:  EJ/Duino_sgo0SExamplesiCu_10K irtemis a0

FEFFO0: Path 2: [Cul_2] Data & Paths _|
W Pict after the fit B Include in the fit Guess, Daf, Sot

B cu_foil_10k.dat.chi

=- Fit
004661 (0.001503) t

5.4458280 (0.2565903)

fit K wgt
fit K*3 wgt
El- FEFFO

-004661 Path 1: [Cu1_1]
0.003576 (0.000170) Path 2: [Cu1_2]
0,004 Path 5: [Cul_3]
0.004 Path : [Cut_4]

0046561
W Make this path the default after the fit =] CIU_fD“_‘"]k-dﬂ‘t-Chi
E=1- Fit
= t fit K~twgt
2 legs PReff=3.6100 amp=zZ2.980 degen=& it K*3 vt

004661

leg 1: -3.61000 0.00000 0.00000 1 Cu 8- FEFFD
rleg=3.6100 bata=180.000 Path 1: [Cu1_1]

leg 2: 0.00000 0.00000 0.00000 O Cu
rleg=3.6100 beta=180.000 Path 5: [Cu1 31

[ e o L N [ U R (o A L]

= S ' RCS: (R ' ) Y R SV AV .

0.003

_ Path §: [Cu1_4]
— Path parameter math expressions

— Faurier and fit parameters

label: | wg& _q E t
mle Xsozjamp «——0 In principle the same R-range |08 X to

enct 4— for each shell

de|r\ ok 1 dr
== In principle different

for each shell k windowy  Hanning —

R wwindowe  Hanning —

Warning:

Document: Paths and path parameters The used pa'rh mUST be
inside the fit range




Independent points = 44,353825812500

# Math Expression Humber of variables = 12 .n0on0oong
Chi-=sguare = 1516.763460083 6
1 5= &up 0.515331 Reduced Chi-segquare = 56.102707590
. RE—factor = 0.011517825
z =E =0 5. 448280 Measurement uncertainty (k) = 0.001028657
3 o: delr —0. 002 Measurement uncertainty (R) = 0.00403 6509
Iumioer of data sets 1l.000000000
4 g: delrz -0.0048681 Enot .
delr delrs o.
5 g: delri —-0.004 Guess parameters +/- uncertainties (initial guess): enot and s=5 -——> 0.4211
enot = 5.1036410 +f = 0.6032100 enot and delr2 --»> 0.3850
= g: delrd —.004 delr = -0.0063660  +/— 0.0037480 delr and ss5 —-> 0.3454
delr: 0.0122330 delrd and delrd --> 0.3298
7 A | 5= 0.003598 (0.0002535) . 0. G e ot e - GoaE
& g: ==2 0.005123 (0.001735) Al 0o ESELD delrd and s=6 -—> -0.2648
f=F=] = 0.003 5590 +/ - 0.00024940 ehot and =27 ——> 0.25z21
=] g: =23 0.004593 (0.000671) ss2 = 0.0044530  +/- b.0013020 L1l other correlations are kelow O.
=23 = 0.0045820 +/ - 0.0005300
10 g: s34 0.0=25058 (0.043714) ss4 = 0.3097740  +/- 132.3316580
335 = 0.0151150 +/— O.00s2020
11 g: s35 0.004557 (0.000365) ss6 = -0.0003130 +/— 0.00159450
=27 = 0.0073710 +/ - 0.0022350

0.006

‘cu_foll_10k.dat.chi’ in B space

- cu_foil_1pk.dgtf

fit multizshel + 7

wirdow




# Mame | Math Expression

1 S: amp 0.919991

2 o

3 d: delr delrZ/sgrt(2)

4 gi: delr -0.004661

5 d: delr3 delr2*sgrt (1.5)

[ d: delrd delrZ¥sgrt (2]

7 o 0.000283)
& g: =32 0.005123 (0.001735)
2  g: ==3 0.004593% {(0.000671)
10 g: =34 O.0zZ8058 (0.043714)
11 g: =s5 0.004527 (0.000965)
12 g: ss6  0.006
13 g 0.006964 (0,.006210)

Edit selected parameter

|oteirz = |delr2sor(1 5)
@ Guess % Def i Set % Skip @ Restrain i After
Undo edit | Hew Grab Discard Hide

Document: Guess, Def, Set

Independent points
Number of warisbles
Chi—=square

Eeduced Chi-sguare
R-factor
Measurement uncertainty
Measurement uncertainty
HNumber of data sSets

ENnOt =
delrz =
=3 =
32 =
=33 =
554 =
555 =
=36 =
=37

k) =
IR} =

oo ooooo0

Gues3 parameters +/— uncertainties
4.
a.
.003 5500
0045410
.go47sz20
.0z=239730
.0os7aa0
.0o1i1o0460
.00s0830

5727030
o0s51s30

44.382812500
S.000000000
3499.926965502
958.916013339
022188660
001028657
004036509
. 000000000

H OO O

+/ - ]
+/ -
+/ -
+/ -
+/ -
+/ -
+/ -
+i =
+i =

oo oooooo

[initial guess):
L7133360
.00&l19a0
.0003zs0
00135030
.Qooo7gsn
LO0373920
0014520
.o0ss090
Lo044900

'‘cu_foil_10k.dat.chi' in B space

Carrelations

336
enot
334
535
=54
=535
554

hetween wvariables:
and
and
and
and
and
and
and

537 ——> —0.
delrz
S35
=37
=27
=36

=1+

. BE654
L6517

link para

window

cu_foil_Tjak.dat ]

rmeters|




Current project:

E:/Duino_ago0dExamplesiCu_10KCu_1C]

Ix(R) (™%

| ame | Math Expression

L L L L L v v P v I v B v N e B v

snp
enot

delr

delra
delrs
delrd
delrs

0.307310
5.4458260
0.0
—-0.0048661
delr2¥sgrt (1.5)
delr2¥sgrt (2]
delr2¥sgrt [(2.5)

{0.096404)

R-factor

0.003596 (0.000283) Smp
0.005123 (0.001735 =not
. i®a ! delr
0.0045593 (0.000671) delrz
0.028058 (0.043714) =S
0.004597 (0.000968) =
=33
0.006 o4
0.006964 (0.006210) =55
0.006264 (0.006210) =56
=37
538

Independent points

MNumber of wariahles
Chi-square
Reduced Chi-sguare

Measurement uncertainty
Measurement uncertainty
Number of data sets

Data & Paths
Guess, Def, Sat 'i
2
3
L fit Kt 1wt 3
L fit K*3 wat z
7
El- FEFFO 8
| Path 1: [Cul_1] ?
L Path 2: [Cu1_2] 12
L path 5: [Cu1_3] 12
L Path 8 [Cul_4] 13
— Path10:[Cut 4 Cut 1] |
L Path 11:[Cu1_1 [+] Cu1 1]
L Path 14: [Cu1_1 Cul_4 Cul
L path 22: [Cu1_5] <

20

B

40

Z20

‘cu_foil_10k.dat.chi' in B space

cu_foil_1Ck.dal

link paramete

]

window

)

Rel[x(q)] (&~

S0

-50

8.4}
[R)

Guess parameters +/- uncertainties
. 9054050
. 7197170
. 0094960
. 0009550
. 0034400
.0045280
. 0045200

0355050
0047690

0022460
. 0078930
00521590

48, 178710937
1z . 000000000
S110.229963402
224.171335939
0.000045721
000533574
- 445387356
000000000

= oo

[initial guess):

+/ = 0.059413540
+i - 0.3651800
+i = 0.00Z25930
+/ = 0.0034220
+/ = 0.0004310
+i = 0.0005880
+i = 0.0004620
+/ - 0.1145830
+/ = 0.0009910
+/ = 0.0040870
+i - 0.0043730
+i = 0. 0006400

‘cu_foil_10k.dat.chi’

Data file |cu_foi|_1 Ok o=t .chi

Data controls Fourier and fit parameters

¥ Includs in the fit k-range |3 X to |18 P
¥ Plot after the fit R-range |0.8 ﬂ to |59 ﬂ
de | dr |00

W Fit beckoround

kweindow  Hanning —

R window  Hanning _||

— Cther parameters

Fitting space R — | Epsilon |0

Minimurm reported correlstion [0.25
Path to u=e for phase corrections

Maone

Document: Fitting parameters

in q space

cu_foil_ 1l dat
link porameler

window

= hi

15



Ix(RY (&M

le(R3I (A7)

0.5

013

‘cu_foil_

10k, dat.chi’

in R

Space

— cu_foil 10k daoft

— window

)

link parameie

‘cu_foil_10k.dat.chi’ in B spoce
T I T T T T I T T T I T T T T I T T I T T T
— cu_fol_1Ck.dat |
link poramelens]
— window
T 1 | 1 |
1 2 3 4 5

0.4

)

)

Rel[x(q)] (&~

‘cu_foill_ 10k dat.chi' in q =pace

— cu_foil_1Ck.déat o

— link pararmeler

— window

‘cu_foll_10k.dat.chi’ in g space

— gu_foll_10k.d 1E<:I'

— link parameler

— wingdow

k{877



it's your work now!

a. Fe bcc
b. GeO

C. ...




