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Data collection

Considerations:
1)  Proposal submission + proposal evaluation + beamtime scheduling = 6 to 12 months
2) Difficult o have new beamtime in case of proposal failure

- Check the proposal submission deadlines
- discuss your experiment with local contacts

Choose properly the
experimental set-up &
sample preparation

Check data ..
ality constantl OPTImIZe your
qualiTy Y - properly data

during the beamtime! collection
experiment strategy

|

Measure reference
samples

Choose




Data collection

Choose properly the experimental set-up & sample preparation

* For massive concentrated samples: TRANSMISSION

Jump
Total absorption (U2

'A‘ inhomogeneities, holes, not parallel surfaces, etc...

* For thin concentrated or thin diluted samples: FLUORESCENCE

'A‘_ Self absorption, detector linearity, Bragg reflections




Data collection

Choose properly the data collection strategy

* Acquisition time per point b
- Single scan or repeated scans "
« AE or Ak step "
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* Optimizes the number of collected points
* More efficient

e Faster

Constant Ak acquisition




Data collection

Measure reference samples
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Data collection

Check data quality constantly during the experiment

« Evaluate signal/noise ratio

12000 12300 12600 12900 13200 13500
c=11le*

05 10'15 20 25 30

High degree

POIer,

S/N ratio should be less than 10-3




Data collection

Check data quality constantly during the experiment
* Check for:

Glitches

12 7130

- - -
dge shift §
12000 12300 12600 12900 13200 1: = n
I I I 1

11 0 714
T I i
! . fe. 301 1

Il o)

Discontinuities

smocthed derivative of xu(E)

12000 12300 12600 12900
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Preliminary data treatment

Choose the best spectra and useful data regions

5-0104.dat
5-0104.dat

do not use the blue onel

5000 . . .
‘glaucocerinite1b-0104"u 1: ($5)
‘ylaucoceriniteb-0104"u 1:($6) ——
Foo0 f ‘ylaucoceriniteb-0104"u 1:(%7) ——
‘ylaucocerinite1b-0104"u 1:(58) ——
‘ylaucocerinite1b-0104"u 1:($9) ——
G000 ‘glaucocerinite1b-0104" 0 1:($10) ——
‘glaucocerinite1b-0104" 0 1:($11) ——
‘glaucocerinite1b-0104' 0 1:($12) ——
5000 ‘glaucoceriniteb-0104'u 1.(§13) ——
‘glaucocerinite1b-0104" 0 1:(§14) ——
000k ‘glaucocerinite1b-0104" 0 1:(§15) ——
‘glaucocerinite1b-0104"u 1: ($1E)
‘glaucoceriniteTb-0104" u 1 )
3000 | A SRR
i A
2000 - ‘
1000
L /

11600 11300
11688.3, 8303.02

12000

12200

12400

12600 12800 13000

do not use data beyond 13000 eV |



Preliminary data treatment

UD7_RT_041 bt UB7_RT_041.tt




Preliminary data treatment

all marked groups marked groups

PrecurRT_003 t+] ] PrecurRT_003 tx]
PrecurRT_0004x PrecurRT_000 4%
PrecurRT_007 tx] PrecurRT_001.ts

FrecurRT_002 tx FrecurRT_002 1w

normalized ww{E)
normalized wp{E)

115960 11580 11600 11820 11640 11660 11680 11560 11580 11600 620 11640 11660 11680
E (&) E (e¥)

PrecurRT_003 ]

PrecurRT_003 tx

FrecurRT_0004x PrecurRT_000 4%

PrecurRT 007,14 PrecurRT 007 14

PrecurRT_002 tx PrecurRT_002 .ty

amaoothed derivotive of normaolized sp(E)
armoothed derivotive of normolized xelE)

11590 11600 11610 11590 11600 11610
E (e¥) E (&)




Preliminary data treatment

Average

athena

— Cre3ea_D0B.txt

= 6368006 1t
— CrB364_005.44 |

T Creles_003.txt

normalized xu{E)
0.3

L L L L 1 L L
G150 G200 £250
E (&)

=] 1 L L 1 L L L 1 L
8000 6050 g100

L L L L L L I 1 L L L L
£000 6050 6100 6150 B200 £250



Preliminary data treatment

Preliminary data treatment is boring, it may be long...

While you are waiting for your data collection to finish...

Do it on already collected datall

You will save your time at homel
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Extraction of the EXAFS signal

- B

revise
preliminary
treatment

v

pre-edge line +
post-edge line

Normalized
data

!

>L i, calculation

1

A\

structural signal

x(K)

v

Fourier Transform

!

Fourier Filtering

Structural
refinement




Extraction of the EXAFS signal
Normalized data

Ref CrRZ_007 .t Ref CrOZ_0071 vt

R L R L
5900 £000 G100 6200 G300 G400 G500 5900 &000 6100 6200 G300 G400 G500
E (&¥) E (eV)




Extraction of the EXAFS signal

u, calculation structural signal y(k)




Extraction of the EXAFS signal

i, calculation

1) Define EQ

Eo will allow to set the

starting point of x(k).

It is generally taken at
the maximum of the
1st derivative of the
absorption

2) Calculate y,

i, is The bare atom
atomic background.

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

Different XAFS data
analysis softwares apply

different (equivalent)

approaches

3) Subtract y, from p




K2 (k)

Extraction of the EXAFS signal

Fourier Transform

Fef CrO2Z_001 twt

Rel CrOZ_001 txt
-------------------
— Ix(R)
— Imx(R1]

' 1 '
0 10
k (A7)

FT shows more intuitively the main structural features in the real space: the FT modulus
represent a pseudo-radial distribution function (RDF)

|FT| peaks represent interatomic correlation

Peak position are not the true correlation distances due to the phase shift effect
e



Fourier Transform - window size effect

Aff\ﬂ/\ Vil
VW VAR VAT

Minor effects are given by type of windows (Hanning, Kaiser-Bessel, Sine) and apodization




Extraction of the EXAFS signal

" DO NOT REMOVE TRUE " " DO NOT DO THE "
A STRUCTURAL FEATURES A . | OPPOSITE ERROR | ,

Large |FT| contributions at
low (unphysical) distances

may signify "wrong p,"

[x(R} (A7)




Extraction of the EXAFS signal NG

Fourier filtering allows
Fourier Filteri isolating contributions
ourier riitering of selected regions of

the FT

i P ]
— Im[xi{R]]

Background
contribution




XAFS analysis: from experiment o results
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Structural refinement

Choose a model

Theoretical (k) ¢

o Define the relevant

9¢ 10 —9Ry/A(K) ~2K2a? o

o NiSifi (kjem/A0 e sin[2kR, + 0y(K)] structural contributions
i = ] ARy

“‘T kR;* l

k)=

| Refine the structural

parameters: N, R, ¢2

,

add new
contributions?

v
Change the model?

v

Revise your data
extraction?

Require data analysis programs y
q ySIS prog END




Structural refinement

Choose a model

How to find a How to visualize
model structure the structure

'l’ PowderCe r' Windows
Ay, ‘. ;

NEUTRO
*l\_,R bl IFN C

Barns.ill.fr

] L
ailn™

English

http://database.iem.ac.ru/mincryst/

ICSD database

__.|II.___...|ll._d|'.__r.,-nl.__l'l._.'._.___.__

How to calculate
distances and
geometries

ATOMS on the Web

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

Operational Parameters
Rmax: |5 Edge: I <
-| Shift: I I

Tahle of Crystallogr: pll.u:St
Cent. Element X

l—l—l—l—




XAFS data analysis softwares

EY 1%AS Portal - Mozilla Firefox

IEI Mast Yisited ﬁ! Getking Starked |5 | Latest Headlines E Custamize Links f' Free Hokmail E Eletkra [ grnail

HOME ABOUT THE SOCIETY  IXAS RESOURCES CONTACT US  FL Entrance  Search =

IXAS Registration | IXAS Login |

0
/

http://cars9.uchicago.edu/ifeffit/

Click DOWNLOADS
Click




Install Ifeffit.exe

1. athena  GUI for Data Processing with Ifeffit
2. artemis GUI for XAFS Fitting with Ifeffit &

3. hephaestus  GUI for general x-ray properties of the elements

4. sixpack GUT for XAFS Processing and Fitting with Ifeffit

5. feff6 Stand-alone program for ab inito EXAFS calculations

6. atoms Stand-alone, command line crystallography->feff.inp

7. autobk Stand-alone background removal program

8. feffit Stand-alone FEFF fitting program

9. ifeffit command-line version of Ifeffit



=0 TFeffit
: 1;:] bin
h:l bild

-7 cldata

i) config

1;:] doc

EIi,j gxamples

: 1ﬂ Artemis
1ﬂ Athena
105 TFeffit

- 0) Fefftab

EIi,j share

A7) iFeffit_shell

14j petl

Inside the Ifeffit directory

Manuals and
tutorials

Configuration files:
NOT FOR NEWBIES

Database of
crystallographic
structures: *.inp files

for

Info on the
proposed
example
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Preliminary data treatment &
%% Extraction of XAFS structural signal: (k)

{i-Athena -0 x|

File Edt Group Walues - Plob Mark - Daka Merge  Analysis - Settings Help

Project WT ( List (;f fIIQSd
. group) opene
Curront group Cou L1061 < E@ r into Athena

File: |E:IDuinn_agnDBfExamplestujIIIK-’::u_fl:uil_1Dk.dat |

£ Cu —| Edge: K —| Eshift ||:| Impaortance: Il_

Background removal Show additional parameters|

ED: [3o77.55 %|  Rbky: Lo x| Plot highlighfgd
k=wigiht; Iz_ Edoe step: |2.3266? ‘I] W fix step I fileS

Fre-edge range: |—15|:| X| to |—3|:| X
Marmalization range:llsn X to |2284.89 X Plot (Seve.r‘al)
Spline range: k: ID.D | to |25.|:119 X [ emp— mﬂr‘ked flles

E: ||:|.|3|:u:| | to |23a4.361 X £ | kl g | . | Stackl Ind | o |

Forward Fourier transform B mu(E) 6

krange: |2 X to [zz.018 X B background
dk: Il windmw type:  hanning — W pre-edge line

Fhase correction: W no  arbitrary keweight: ID.E W post-edge line OpTlonS for'
Backward Fourier transform W Mormalized . pIOT

R-range: il X ta |3 X W Derivative ]
dr. [0.0  windowtype: hanning — Emin: |-200 Ema}{:IBDD

plotting in energy frorm group “cu_foil_10k.dat' ... danel




Example 1: Cu 10 K
Open cu010k.dat info ATHENA

{EGraphics Window #1 - [athena] IS [=] S|

1: Look a'l' The r'esul'l's G¥, Fle Edt Yiew Mode Window Options Help R
ObTained USing The cu_fal_1 0k dat

automatic extraction | | |

playing with plot options

Bl Graphics Window #1 - [athena]
CK, File Edit View Mode Window Options Help

cu_fail_1Ck.dat [ vl Plotting options
=T E| k| R|al stack | ma | pr |
B mu(E) L
B background
M pre-edge line
B post-edge line
M Mormalized [

W Derivative =

1
9200 Emin 200 Emax: [500
E {ev})

[ Graphics Window #1 - [athena] 1/ 1: u=1941, v=503 (105, 743 - (3077, 2268) |

GH, File Edit Yiew Mods Window Options Help

cu_fail_10k.dat

cu_fail_10k.dat
T

— FRelxa)]
— (Rl




Takes the value from the 1. Look at the effects of
cursor on the graph window changing background

subtraction parameters

Background removal / Show additional parameters |

EO0: |5977. 58 Rbkg: |1.|:| P

k=weeight: |2 Edge step: /|2, 32667 A W fix step

Pre-edge range: | to |T5|

Marmalization range: |15 x| to mﬂ = Change Rbkg

Spline range: k: |00 %] to Wﬂ
- 5] i | e

- Change Eo

R cut of f for automatic
background calculation

cl_foil_1 0k dat cu_fail_ 70k dat cl_fail_10k dat
r— 7T T T T L L L L R L L L

— (Rl

Rbkg =1

Ix (R (A7)
Ix(RY (A7)




Forward Fourier transform 3: LOOkI ln R Spacel GT The

e T Xl [ X effects of changing
T extractionand FT

parameters

Phase correction: W no  arbitrary k-weight; IEI.E ]

— k(R
— Im[xRY)

cu_foil_10k.dat
————

— xR
— Im[x(R3]

0 &1 &2 &3 & ky

FT of: kkv(%(k))




Baclward Fourier transform 4: LOOk' in q (BaCk FOUI"i@I")
wange i e space, at the effects of
changing BF parameters

dr: II:I.D window type:  hanning —

— xR ] — Ix(R)]
— Im[x(R}1] L — Im[x(R]]

— Re[x(@)] | i — Re[x(a)]

[x(a}l (A7%)




Data Merge Analysis - Setkings

Calibrate energies

Allgn scans
Calibrate dispersive XAS
Dieglitch

Truncate

Febin mulE)

smaoth mulE)
Comvalute muiE)

self Absarption
WMEE correction

Data calibration
cu_foil_10k. dat
Dizplay: deriv(E)
=maothing: ID__“E’
Reference at/|8977 .58
Calibrate tu< g97d

Sroup:

—|

Select a point

Find zero-crossing

Beanlat
e

Calibrate

Document section: eneryy calibration

5: Data pre-treatment

cu_foil_10k dat

cu_fail 10k dat

Feturn to the main window




dit Group  Walues - Plok

Mark. - Daka

@ project ...

Clear project name

Close project

Metrge

Ctrl-o

AN

revision

cu_foil _10k.dat.chi

x(Kk) is required for
ARTEMIS

Preliminary  [5;
A 3

L AF

data treatment s

Extihaction of XAFS E

structural signal: (k) i

+
Structural W

revision

. [Pl
refinement
T

!
Check the results

END

M Structural
ﬂi !

model(s)

— EEL




k x(k) (A7)

Calibrate energies

Deglitch
Truncate

Rebin mu(E)
Smoath mu(E)
Convolute mu(E)
Self Absorption
MEE carrection

Calibrate dispersive XAS

Data Merge Analysis - Settings

b=

Working with several files

Go into the Fe directory

Open all the files (except README)

into Athena

=S

fe.060
fe 061

fe 062

fe.150

fe. 161 |

fe.300

f2.301

60 K

150 K
300 K

Uil modified

(R {8777

Themperature
effect

all marked groups




Data Merge Analvsis - Setkings

Deglitch
Truncate
Rehin mu(E)

File Edit Group Values Plok Mark - Data  Merge  Analysis - Setbngs  Help

Data alignment

Standard: [ o080 |

Other: fe 300

smoothed derivative of normalized xu(E}

—0.05

Plot as: derivative

Fit as: derivative

Shift by |0 e,

Document section: aligning data

1 1
7090 7100 FARNY)

Eo appear shifted among the files

|
7120
E (e}

fe. 060

Return to the main window

5: Data treatment: Align Eo

fe 0G0

deriv xulE

deriv xulE)

1
7080 7100 7120

7140
E (eV)

7100

7120

F140
E (e}

F160

7180

1
720

0



5: Data treatment: Merge several files

Merge Analysis - Settings  Help

hlerge marked data in mu(E)
rked data in normiE)

all marked groups

Y

fe.060
fe. 061
fe.062

modified

all marked groups
;

Weight by chi_noise

modified

— merge+std.dev]

— merge—std.de\r:

U\ e e < e (s

all marked groups
T




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 y (k) of merged files, these will be used

for the structural analysis

Fecl _merge.c hi
|_] Fel 5|:|_r|'|E:r'|;|E! . |:|'Ii
| Fe300_merge.chi




P Structural
¢

Structural WS
refinement

metal

SPG: fcc, f m 3 m (# 220)
a =361A

Cu 00 00 00

Sh R

I. a/sqrt(2)

IT: a

IIT: a-sqrt(1.5)
IV: a-sqrt(2)

V: asqrt(2.5)




-'L Structural model & Data refinement

e gl

¥

Start ARTEMIS program

e =S Open Cu.inp file from the
File JEdit | GDS Data Sum  Fiks Theory Paths  Plot - Help Cu dif‘CCTor'y

Current project:

 Tites /  Data & Paths \ [
___Pf'_a_s?’_{)?_f’_??f__ Plot selected grotps in
Data
0
Plotting options
/] f 0 B1 B2 B B
hl=in | Indic | Traces |
Datafile | |
Diata cortrols — Fourier and fit parameters —— I Plotin B @ Magnitude
I Include in the fit k-range A to s ¥ Real part
I~ Piot atter the fit eI il i il @ Imaginary part
dk dr
I~ Fit background Plctin o @ Magnituce
kwindowe  hanning —
#® Resl part
R windowe  banning —d .
& Imacinary part
— Cther parameters — Fit k-weeights —— W window
Fitting =psce R —1 | Epsilon I I k=t M Background
Minimum reported correlation I I k=2 B Residual
Path to uze for phaze corrections ™ k=3 kmir: (0 kmae 115
Mone —i I otter k weight Rmin: |0 Rmace: |6
I ir: |0 c |13
Document: Fitting parameters | L e
\ Document: Plotting
HIMT: Ifeffit's homBpane is http:licars uchicago eduifeffits
Depends on what is highlighted in Controls for plotting

the Data & Paths panel



File Edit - GDS Data Sum  Fiks Theorw Paths  Plot - Help

temis

File Edit - G5 Data Sum Fits Theory Paths  Plok - Help

Current project: Current project:

Atoms | feffinp | Interpretation | Data & Paths Atoms [feff.inp] Interpretation | [ ERSEdEs
— Guess, Def, Set
— Title= (Ery B S Plot selected groups in - 5 e P
name:  copper 3 _E_|__I_]I_m_? ____________ * Thiz feffs input file was generated by Artemis 0.
formu-la: cu El- FEFFI * Atoms written by and copyright (o) Bruce Rasrel, 1 Sl (727
sites:  Cul LI Plotting options
|‘D'1 &2 &3 &k STt s rem s Eem tomF o R e e
Spacegroup |£ m 3 m ICDrel EI| ¥ ks | I | * total murx=1: 4.06 microns, unit edge step
X " +* specific gravity = 8§.971
4 |3.61000 i @& (Cu0.00000 O.00000 O.00000 Nl | Il | Tracesl D e B e D e D e B oee B el B el B e T oem © e @
B i Normalization correction: 0.00046 ang™2
e Flotin R @ Maonitude e
—— & Real part
apha [90. 00000 i B o
Beta & Imaginary part * The following crystallographic data were used:
e Plot in ;@ Magnitude : im : )
Cluster size |&.00000 ® Real part *ord rtemis: Question... }(I
N * ti
Edge | K — & Imaginary part . ti
Shift vector |0 Winc B iEal ) 5
T W Winciow & &l Howy mary feff paths do you swarnt to impott right nosw?
u] W Backoround % £q
O | i W Residual : Sk
; ; - . : e e .
[~ Ecit selected site tmin: [ kmase [15 * al Mo paths Just the first The first 10
~ment| Tag:l Define Rmin; |0 Rmax: |6 | _’I
ﬂl Hew omir; |0 gmace |15 3
—_— ;I Document: Feff and it's input file |
Document: Atoms If{ «| | _;I Document: Plotting L

Funning stoms ...

x

Howy mary feff paths do you want to import Fght noww?

feffinp | Interpretation |

Sh R N R (A)
a/sqrt(2) 12 2.553

* this list contains
v b4 ipot tag dis
0.00000 0.00000 O Cul

0.00000 1 Cul 1
1l.80500 0.000

Mo paths | Just the firs‘tl The firs‘HDl

ooo

B- FEFFO

s00

II: a 6 3.610 pi e s - Path 1 ot 1
: 500 0.00000 1.80500 1 Cul:l 55266 — Path 2: [Cul_2]
. . 00000 1.80500 1 Cul_1 55266 L path 3: [Cu1_1 Cul_1]
ITI: a-sqrt(1.5) 24 4421 LB § e 5266 e aoons e
80500 1 Cul 1 55266 | path 5: [Cut_3]
. ) 1 Cul_1 55266 =
IV: asqri(2) 12 5.105 | e | puth 6 a1 Cut 1]

1
| Path 7: [Cul_3 Cul_1]

L Path 8: [Cu_4]
| Path 9: [Cul_1 Cul_1]
L Path 10: [Cu1_4 Cul_1]
L Path 11: [Cul_1 [+] Cul_1]
L Path12: [Cul_1 [+] Cul_1]
42133 L Path 14: [Cu1_1 Cul_4 Cu1_1]
L Path 15: [Cu1_1 Cul_1 Cu1_1]

Dath A IC0d 2 ol A1

a-sqrt(2.5)

Bob b b D0 00 L) G0 0 0 BB BB B DB B DD DB DD O
tn
i
B
=3
@

F == I
o
o
(=]
o
(=]




kx(k)

File Edit - GIS Dat3
Current project:

FEFFD: Path 1: [Cul_1
W Plot after the fit

1

its  Theory Paths Plot - Help

Al included paths for thiz data zet
Selected & included paths far this dat
Al zelected paths for this data set

Artemis: Information about this summation

a =et You are about to make a summation 2 nis needs some
nziuce in informabambaebalosol organi- - Jr project,
I

flak e this bath the defs

Data & Paths

Gress, Dof, Sot
B Data

1

E- Sum

- FEFFO

&0 &1

X]

[sum_sLL_Paths

Figure of merit: |2

@& Nake 3 new fit entry @ Reuse previous fit entry

Document: fit information dialog

Cancel |

&2 &3 & hkw

s | Inclic

| Traces |

Plat in R # Magnitude

@ Real part

Theoretical XAFS and FT for Cu fcc

surm_ALL_Faths) % L = surm_ALL_Poths

o
[in]

i

k)

E g

=
o
(o]
o

o 15
k (A1)

20




Compare model and experimental data

Open Cu010k.chi

Using CRTL key
select groups
for plot

‘cu_foil 10k dat.chi' in k spoce

Data & Paths

Guess, Def, Seit
B cu_foil_10k.dat.chi

Plnt selected ruups in

l

p Inthpg options

E|- Sum
L sum_ALL Paths |

E- FEFF0 |In & 1 2!3 & kw

hfain Indln:l rkiaal

‘cu_fell 10k dot.c' in R spoce

T /'
— cu_foil_10k.dothi
— sum_ALL_Paths]

—  cu_fail 10k dat])

— sum_ALL_Paths]




15 shell analysis

remove all paths or
restart ARTEMIS

Gross, Daf, S
cu_foil_10k.d:

Right click

h path

add 1st shell path to the list

select and Right click

Guess, Dof, Seit
B cu_foil_10k.dat.chi
|é|- Sum
L sum_aLL_Paths
El- FEFFD




FEFF0: Path 1: [Cut 1] | Data & Paths # | |name |math Expression = Data & Paths —
I Pict atter the fit e in the fit Gutess, Def, Sat QN g oamp 1 P b ]
i i - o: I o B cu_foil_10k.dat.chi
I Make this path the detaut atter the fit B cu_foil_A0k.datchi ) Y - Sum
. - Sum g: melr | L sum_ALL_paths
e . ;
ST ‘ L sum_aLL_Patns P 0000 B- FEFFO
Z legs PReff=2.5527 amp=100.000 degen=12 B- FEFF L path 1: [cu1_1]
leg 1: 0.00000 -1.80500 1.80500 1 Cu Path 1 Cut 1] |
rleg=2.5527 peta=150.000 guess: optimized in the refinement
leg 2: 0.00000 0.00000 0.00000 O Cu
rleg=2.5527 beta=150.000 def: math expressions updated during the fit
- Path parameter math expressions | set: numbers or expressions evaluated once at the
el __ Path label fit beginning and not updated
w1z X s02
2 X sz g2 e =
delED: |enct < Energy shift N
uef |tk «<————  Distance correction Ecit selected! parameter
sigma’?: |ss < u o |amp = b
Ei Debye Waller factor & Guess & Def & set & Skip & Restrain & After
ard: J Undo edit | Hew | Grab | Discard | Hide
v
Document: Guess, Def, Set J _ILI
4 F

Current project:  E/Duino_sgoldExamplesiCu_1 Ok fatemis api

Titles Data & Paths = Y, " _ _. _21“._252
0 =] Guess, Daf, Sot P NJb%i] (ke 2R;/Alk) e i o
O s dei dbicdatehi T (k)= E 5 sin[2kR; + 0;(k)]
|é|- Sum . kR,]
L sum_aLL_Paths J
il Llﬂ - FEFFU
L path 1: [cut1 1]

[ E— ' The Data screen allow defining

Data contrals Fourier and fit parameters . .

¥ Include inthe it | | k-range |3 X to s X .I-he f'TTl ng STr'C(Tegy C(nd

¥ Flct after the ft | | F-rengs |! Xl to 3 X

W Fit backaraund s ool parameter‘s

kwindowy  Hanning —
R windoww  Hanning —
— Chher parameters ———————————— Fit k-wweights ——
Fitingspace R —1| Epsion ID B fove=1
Mimimum reported correlation ID.25 W kw=2
Path to uze for phase corrections W kw=3 e
Document: Fitting parameters |
7]




‘eu_foil_10k.dat.chi' in R space Examine log files Currentfit: fit1 | Data & Paths _l
T LA B 1t Tt [ T T — T T T T T T T T T Guess, Do, Set =
Fts ————  Chooseapatameter ————
[ cu_foil_10k.dat.chi
— . b fit 1 Jenct = o
cu_foil_10k dat. E-
Get parameters from Guess, Def, Set list | """ J‘ o 1:"-';'1 """"""""" I
-r — fit 1 7] - FEFFo

|
|
|
|
|

Parameter report |

window

i Calculations
W Compute the average valus
W Fit Einztein temp. to sigma’2 values

Absrber [ Scatterer [

¥ Prefer R-factor

[x(RI {&7%)

 Prefer reduced chi-zouare

W Show y=0in plot

Quick summaries of selected fits

Re[x(R)] (A7)

= Z ((Re(x=2(r) = Rex ()" + (Sm(T*"(r) = Sma" () )

(]

X
? V= Nind'Nvar

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

Z Ipta [(%E,(Xe:rp(f ) — %Bj{"’h(n))g
S [(Re(xesn(ri)

Absolute misfit between experimental data and theory

+ (%m(i”p(r.i) — Cd‘;rr.t)"("’h(r.i))g]

R =
+ @m(er(r)’]

Lo

L path 1: [cu1_1

‘cu_foil_10k.dat.chi' in R spoce
T T T T

— fit1

cu_foil _10k.dat )

window

R ()
‘cu_foill _10k.dat.chi' in R spoce
T T T T

cu_foil_10k.dat)




Structural results

Edit - GDS Data  Sum

Wirite: Ifeffit script

Display Ifeffit buffer Enrtemis palettes | hlame I hath Expre=sion

Dizplay fit results Ctrl-2
i files Ctrl-3
Yiewy messages Ctrl-4

Display echo kuffer  Cirl5 Fesults from the last fit Rz Iog file . delr O

amp 1 1

Ifetfit | Results | File= | Me=zsages | Echo | Journal | Properties |
enot 0O

Witeinjournal Qb8 BTpdependent poincs = 18. 667500000 : s 00.003
Edt project properties  Ctrl-7 Munber of wariasbles 4, 000000000

Compact project Chi-sguare

Reduced Chi-=sdguare

D (ST EEnEES B-factor .000735237
Measurement uncertainty (k) 001025657 Make "amp" ...
Measurement uncertainty (R) .00403 5509
Number of data sets .0oooooooo

Move "amp" ...
Inzert separataor ...
Cl:lpl:l'l Ilampll

Guess parameters +/- uncertainties [initial guess):
amp = 0.9199910 +f - 0.0211700 {1.0000)
enot = S.4452800 +/ - 0.2569030 (0. 0000) Build restrairt from “amp"

delr = -0.0046610  +/- 0.0015030 {0.0000) Annotate "ame"
5= = 0.0035760  +/- 0.0001700 {0.0030)
Grab best fit for "amp"

Correlations between wvariables: Find where "amp" iz used
amp and ==
enot and delr

k1l other correlations are helow 0.25

Change name of "amp" globally

Dizcard "amp"

awp 0.919991 (0.021170)

enot O
delr O

=3 oo.oo03
A’pts

—de ((%e(‘,{ew(ri) - %e‘,{m(ri))g + (%m(){”p(ri) — %mf("h(f‘g))g)

X" =
eN,
pts =)

Z‘:\:"f’ [(5}?6(29‘"?’(1&5) — Rexth (7'.5))2 4 (C\?m,(',%e‘"p(r.i) — %;rn,)"("h(;r‘g))g}

S [Ret () + Gmrer(ro))]




Add hew contributions

Document: Feff interpretation

Single
Scattering

MS + Focusing




ul 4 [+]

-

[+]

Data & Paths

Path 14: [Cu1_1 Cul_4 Cul_1]

it K*3 wat-multishel

Path 1: [Cu1_1]

Path 2: [Cul_2]

Path 5: [Cu1_3]

Path 10: [Cu1_4 Cui_1]
Path 11: [Cu1_1 [+] <Cul_1]

fit Ko 1wt

foil_10k.dat.chi
E- FEFFD

Guress, Def, Sot

B cu




File Edit - GDS Data Sum Fits Theory Paths  Flot - Help
Current project: E/Duino_agol3ExamplesiCu_1 0K fartemis apj

fiath Expression

Data & Paths

L]

0.919991 (0.021170)

Guess, Def, Set

cu_foil_10k.dat.chi

5.445280 (0.2565903)

-0.004661 (0.001503)
-0.004661

-0.004661

-0.004661

0.00357a (0.000170)

FEFFO: Path 2: [Cul_2] Data & Paths
W Pict after the fit

- Fit

| fit K+ 1wegt

L fit K*3 wat

- FEFFO

| Path 1: [Cut_1]
| Path 2: [Cut_2]
0.004 | Path 5 [Cul_3]
0.004 L path 8: [Cut_4]
0.004

B Include in the fit Guoss, Dof, Set
B cu_foil_10k.dat.chi
E1- Fit
I: fit K*wegt
fit K*3 wot

W Make this path the default after the fit

— [+ w1 _2 [+]

2 legs PReff=3.6100 amp=22.980 degen=6

leg 1: -3.61000 0.00000 0.00000 1 Cu B AEAAD
rleg=3.6100 beta=150.000 Path 1: [Cu 1]

leg 2z: 0.00000 0.00000 0.00000 O Cu Path 2: [Cui_2]
rleg=3.6100 beta=180.000

Wmoom -1 o ke o | ®
Lo o o L L v v ]

=
(]

Path 5: [Cut_3]

5 Path 8: [Cu1_4]
— Path parameter math expressions

— Fourier and fit parameters

lakel:
 krange p—— e
s X soz fame €— In principle the same Rerange [08 X to
erot < for each shell —

del\ clk: ot
. In principle different

D for each shell k window  Hanning —

R wweindowe  Hanning —

The used path must be inside
the fit range

Document: Paths and path parameters




fath Expression

#

1 =
2 o:
3 o
1 o:
5 o
=] o:
7 of:
=] o
9 o:
10 o:
11 og:

Stop
Enot
delr
delrd
delr3
delrd
=3
=52
=353
=4

325

0.219991
5.4452580
—-0.004
-0.004661
-0.004
—.004
0.003596
0.005123
0.00435935
0.0z58055
0.003597
0,006

(0.000283)
(0.001735)
(0.000671)
(0.043714)
(0.000968)

)

x (Rl (&7

E-factor

Enot
delr
delrz
delri
delrd
=5
=52
=33
=54
=55
=56
337

Measurement uncertainty (k)
Measurement uncertainty (R
HNumber of data sets =

Independent points =
HNumber of wariahles =
Chi-=sdquare
Reduced Chi-sguare =

= 5.1036410
= —0.0063660

= SASa= i
= 0.0035890
= 0.0044530
= 0.0045520
= 0.3097740
= 0.01511580
= -0.0003130
= 0.0073710

‘cu_foil_ 10k dat chi' in R space

15

Guess parameters +/- uncertainties

44.3682812500

1z.ooooooood]

16.763460636
56.102707550
0.011517825
0.001028657
0.00403 6509
1.000000000

[initial guess) :

A= 0.
+/ =

A=
A=
A=
A=
A=
+/ =
+/ =

funy
(o)
O O o ooo0ooood

60389100

0037450
LO1223350
0075140
0095410
0002440
0013020
0005500
3316550
0062050
00159450
LO022950

enot

delr and delr3 ——> D0.5875
enot and ss55 -—> 0.4211
enot and delr2 ——> 0.3650
delr and ss5 ——> 0.34684
delri and delrd ——> 0.3298
delr and delrz -—> 0.25970
delrd and ss6 ——> -0.2649
Eenot 537 a.

L1]1 other correlations are helow 0.

cu_fon_1pk.dq£

fit multishel + 7

window




Mame

hath Expression

=1

Sanp

d: delr

g: delr:

#

1

2

3

4

= c: delrsd
a cd: delrd
7

(=]

9

0.9199391

delrZ/agrt (2]
-0.004661
delrZ+*sgrt(1.5)
delrZ*sgrt (2]

0.000283)

g: =2 0.005123 (0.001735)

g: s=3 0.004593 (0.000671)
10 g: s34 0.028058 (0.043714)
11 g: ss5 0.004597 (0.000968)
12 g: ss6  0.006
13 g: ss37 0.006964 (0.006210)
K

Independent points
IHuamber of wvariables
Chi-=sgquare

Feduced Chi-sdquare
E-factor
Heazurement uncertainty
Measurement uncertainty
Iuamber of data sets

Eenot =
delrz =
=] =
=52 =
=33 =
=54 =
335 =
=56 =
=37

Edit zelected parameter

|cieirs

i Guess & Def

Undo edit | Hew

= |delrZ*sert(1.5)

& Set i Skip i Restrain @ After

Grab Digcard Hide:

(k) =
(R} =

oo o ooogoo

Guess parameters +/- unhcertainties
g,
a.
0036500
0046410
.004739z0
L.0239730
0057660
0010460
.0060830

5727030
0051330

3499,
95.

44 .

= O O O

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

J@=2812500
9. 000000000
926965502
916019339
0221858660
001025657
. 00403 6509
. 00aaoooan

o.

oo o ooooo0

[initial guess):
7133360
0061960
0003280
0018030
.0007330
L.0373920
0014520
0053090
.00443900

‘cu_foill_10k. dat.chi' in B space

Correlations
=36
Enot
s34
=555
=34
=35
554

hetwveen wvarisbles:
&l
and
and
and
and
and
and

-—> —-0.9544
L8595

=37
delrz
535
557
337
=26
s5=6

Document: Guess, Def, Set

(R (A7)

link para

window

cu_foil_10k.dat ]

meliers]




Current project:

E:/Duino_sgolExamplesiCu_10KCu_10]

Ll Ry (B7)

L path 22: [Cul_5]

Data & Paths
GHESS, D'Df, ot # | |Name |Math Expression
____________________________________ 1 o amp 0.907510 (0.096404)
E  cu_foil_10k.dat.chi . g enot  S.448280
=- Fit 3 g: delr 0.0
| fit K.mlwgt 4 o: delriz -0.004661
5 d: delrd delri*sgrtil.5)
L fit K3 wagt
[ d: delrd delri*sgrt(2)
L link parameters 7 d: delr5 delr2*sgrt(2.5)
B- FEFF0 8 g: ss 0.003596 (0.000283)
L path 1: [Cu1_1] 9 g: =2 0.005123 {(0.001735)
10 g: =33 0.004593 (0.000671)
— Path 2: [Cu1_2] 11 o: ==4 0.028058 (0.043714)
I— Path 5: [Cu1_3] 12 g: 385 0.004597 (0.000968)
| Path 8: [cu.l 4] 13 g: s=6 O.00a6
14 g: =37 0.006964 (0.006210)
| Path 10: [Cui_4 Cu1_1]
15 g: ==8 0.006964 (0.006210)
— Path 11: [Cud_1 [+] Cui_1]
L Path 14 [Cu1_1 Cul_4 Cul

Independent points

HNunber of variables
Chi-soguare

Reduced Chi-sguare
RE-factor

Measurement uncertainty (k)
Messuremeht uncertainty (R)
HNumber of data sets

Guess parameters +/- uncertainties

48,
1% -

178710937
aoooooooo
§110.22596340z2
224.171335939
0.000045721
000533574
445387356
-0oooonooo

[l

[initial guess):

aunp = 0.9054050 +i = 0.0941340
Enot = 3.7197170 R = 0.3651500
delr = —0.0054960 +i = 0.00258930
delrz = —0.0002550 +i = 0.0034220
a3 = 0.003 4400 R = 0.0004310
332 = 0.0045280 +i = 0.0005830
=233 = 0.0045200 +/ - 0.0004620
=54 = 0.0355080 arl = 0.11458830
385 = 0.0047650 +i = 0.0008510
=36 = O.0022460 +/ - 0.0040370
=57 = 0.0075930 arl = 0.0043730
358 = 0.0052150 +i = 0.0006400

o

‘cu_foil_10k.dat.chi' in B space

‘cu_Toil_10k.dat.chi' 1

Data file |cu_f0i|_1 Ok dat.chi

Data controls
W Include in the fit

¥ Plot after the fit

N Fit background

— Fourier and fit parameters

k-range |3 il to |18 ﬂ
R-range |0.8 il to |59 ﬂ
dk 1 dr 0.0

kwindow  Hanning —

R weindony Hanning _l|

— Uther parameters

Fitting space R —

Minimum reported correlstion [0.25

Path to use for phase corrections

Document: Fitting parameters

/ — Fit k-wreights ———

Eps=ilon |0

Mane

n g sSpace

T T T T LI I B B B T T T T [ T T 1T T T T T T T T T T T T T T T T T
D[ = cu_foll_T0k.daH i — cu_foil_10k dat kh
— link parametens S — link parameier
— window —  window
oL i
Lo L 4
I I
F bqj: [ .I -
— - Pl My p noo
oL =z ! '
N oo oY 'l A A
T e i
o)
E F ) 'I -
L L = ‘ ’ d
St _ ! |
W
F [ 'l A
am}
ul -
|
o q . L . . . . L . . . . ! . .
o 10 15




Ix(RII (A7)

0.5

D15

‘cu_foil_10k.dat.chi' in B spoce

— gu_fol _1Ck.dao

link paramele

— window

s

‘cu_foil_10k.dat.chi’ in B space

— cu_fol_1Ck. da |

window

link paramele

W

0.4

)

Re[x(q)] (&7

‘ou_foil_10k.d

at.chi' in g space

— cu_foil_1Ck_dit o

link parameter

— window

_10k.dat.chi' in g space

‘cu_Toil
T

— cu_foil_1 0k datde

— link pororeter

— window

k (&1

15



it's your work now!

a. amorphous Ge
b. GeO

c. Pt
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