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Data processing overview uop

A Honeywell Company

* Introduction to Artemis

* Modeling Cu foil

- Background subtraction using theory

- Modeling U to determine neighboring atom type
* Multiple data set modeling

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

Rehr."Ab initio multi{ole scattering X-ray absorption fine structure and X-ray
bsorption near edge structure codé”. University of Washington: pp, 1995.
http://leonardo.phyS.washington.edu/feff/
- 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.
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Artemis

A Honeywell Company

Project

Name:

Data
display
area:

Q
& /

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

Current project:

Z

Data & Pay

______________________________________

Guress, Def, Set//
Data

Titlez
Datafile |
Diats controls Fouriet and fit parameter s
[T Include in the fit k-range A 1o |
I Plot after the st | | T892 At s
dk dr
I~ Fit backaround
widow renrivs |
R winclowy  banning _||
»
P

Changes
depending on
selected
information from
Data and Paths
list

Echo Area:

Messages from
Artemis

Fit k-wweights ——

— Other parameters ————————————
Fitting space & — [ Epsilon | [ k=1
Minimum reported correlation I |
Path to use for phase corrections I kw=3
More =i [T other k weight
Document: Fitting parameters | I

HIMT: ‘r‘#u can plat individusl paths even before running & it of making & summstion.

Menus:

Plotting prioTE ™ —

|'n 18288 kw

hdzin | Inclic | Traces |

Plotin R # Magnitude

@ Real part

Fit:
optimize
variables

Plot and Do
buttons:

a

& Imaginary part
Plating @ Magnituds

#® Feal part

& Imaginary part

W incoey
W Backoround

Data and
Paths:

Changes data
display area

W Resicdual
kmir: |0 kmazx: [15 .
Rimiim: |0 Rimae: |6 PIOttIng
gmir: |0 gmazx: (15 parameters
Document: Plotting
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Rea

ding in y Data

A Honeywell Company

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

File Edit Theory Paths  Plot - Help

GDS  Data Sum Fits

Current project:

Title lines
from data file

data file name

Fourier _~
transform
parameters

*ad data from C:Program Fileslfetfitiexamples/Srtemis Cuicul Ok chi

~ Titles Data & Paths
Cu foil at 10K £ (B (D fs
> dat : this file is part of the uwxafs 3.0 cul10k.chi
data taken at N3L3 beamline X-114 Sept 1992
by M Newville, B Ravel, and ¥ Zhang
foil of 99.999 Cu rolled and annealled to ~1Z micr
4 ¥
Phiata ite [cud10kchi |
Drata controls Fourier and fit parameters
¥ Include in the fit k-range |2 A to |28 Xl
I¥ Flot ater the fit | | Forange i X to f3 X
dk il dr|0.0
W Fit background
kwindow  Hanning —
/ R windowy  Hanning  — |
Cher parameters ———————————————— Fit k-weeights ——
Fitting space R —i | Epsilon ID B we=1
Minitnuim reported correlation ID 25 W kw2
Path to use for phase corrections W k=g
None —i W cther k weight
Document: Fitting parameters | I
< >

Plot selected groups in

Plotting options

|Iu B B2 88w

hdzin | Inclic | Traces |

Plotin R: & Magnitude

¥ Real part

& Imaginary part
Plot in o @ Magnitude

® Real part

8 Imaginary part

W windo
W Background
W Residual

kmir: |0 kma: I15
Fmin: |0 Rmax: IB
ormirs |0 TR |15

Document: Plotting

—

Message from Artemis

‘cu 10k ek’ in B space

— cunQk_chi

LX)

Data plotted in R-space
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Reading Data from Athena Project

uop

A Honeywell Company

> File: open data file: F:\Ifeffit\examples\Athena/demos/align_merge.prj

list of data

File Edit - o

Current project:

Flat - Help

Athena project CProgram Filesifeffitiexamplesisthenaidemos falign_merge prj

— Header lines for Fe/Ga alloy scan 1

Data & Paths

l—.ﬂ\thena recards
F
& FelGa alloy scan 1

from Athena

Plot the data

Import the

FelGa alloy scan 2

FelGa alloy scan 3

Guess, Def, Sot

.......................

culd10k.chi

—Plat as ..

@ chitky @& |chilR) i |chilo))
@ Re[chi(R)] & Relchi(y)]

»

@ ImichiiR)] @ Imchitg)]

i Uze parameters from Athena project

i Use default parameters

[

selected
data set

» Import these data

Document: Importing Athena project data

Cancel and return to the main wvindow

Thiz is Athena record "FeiGa alloy scan 1" plotted in R-space

li . Fe/Gn dioy scon 1 . .

- Selected
K data set
- plotted
|l ui —

Polain
Flc

Platin . @ Magnituce

#® Real part

@ Imaginary part

W vincoe

W Background

W Fezidual
krmin: (O kmax: |13
Rirmin: (0 Rmax: |B

gmir; |0 g |15

Document: Plotting
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Atoms page

uop

A Honeywell Company

»>File: open file: F:\Ifeffit\examples\Artemis\Cu\atoms.inp

File Edit - GDS Data Sum  Fiks  Theory Paths  Plok - Help
Current project:

Atoms Tab

Atoms | fetfinp | Interpretation

Data & Paths

Guess, Def, Set
B culidk.chi

=- FEFFO

— Titles
Title lines Cu222
Structural S B 2 |
Information | 4 |3.61000 1 @& Ju 0.00000 O.00000 O.00000
B
C
Alpha
Always much larger B At ith
. . Gamima om wi
than paths used In flt W Cluster size I'?.DDDDD a core hole
Absorption edge e S
Shift wector |0
0

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

<
Edit zelected site
Elemert: I Tag: I Define |
» | A | T | Hew |
> Run Atoms | Document: Atoms

Message from Atemis

Importing crystallography file ... done!

Select
FEFF
Calculation
to
Display
This
page

Plotting options

‘ln &1 &2 83 & kw

hdain | Indic | Traces |

Piot inR: @ hagnitude
@ Real part
% Imaginary part
Flotin g @ Magnitude

#® Real part

% Imacinary part

W Ainciowy

W Backoround

W Residual
krmin: |0 kmax: |15
Fimin: {0 Rmaz: |6
gmin: |0 gmax: |13

Document: Plotting
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Theory input page (feff.inp)

uop

A Honeywell Company

»>Click “Run Atoms”

Feff.inp Tab

File Edit - GD5 Data Sum  Fits Theory Paths Plot - Help

Current project:

Absorption lengths

i #I’feff.inp] Interpretation

Data & Paths

¥ Thi= fefff input file was generated by Artemis 0.
¥ Atoms written by and copyright (c) Bruce Ravel, 1

[ttt SRR PRI PRI VI ARt NI I P EOTE aheei

*: total ma¥x=1: 4.06 mwicrons, unit edge step

normalization correction

& specific gravity = 5.971
e R T el Rt Rt R et Rt e

. MNormalization correction: 0.00046 ang”2

Crystallographic information

»
[ ADREOTER SRR SRS VRIS OIS SERECT SRR SR R EOTI IR

From atoms.inp

title lines

hole number

* _|_ _______________________________________________
¥ The following crystallographic data were used:

*

B SEatizdhg Cu 222

BEEEER 2 =i i)

BoE = & @kl Jg = 3.610 ¢ = 3.610
Polpha = 50.0 keta = 90.0 gamme = 90,
EOEEER = L8 b edge = K

* atoms

U@l bid i = tag

@ Cu 0.o0oaao0 0.o0oaao0 0.o0oaoo

B e e e i e e i e e e i o i e e e o e e o B i i B A
TITLE Cu 222

HOLE 1 1.0 * Cu K edge [8979.0 eV), second nu
i mphase, mpath, mfeff, mchi

CONTROL 1 1 EiS Ei%

PRINT 1 a a o

< >

Pun Feff Document: Feff and it"s input file

Guress, Def, Sot
B culldk.chi

Running stoms ... done!

Select
FEFF
Calculation
to
Display
This
page

Plot selected groups in

Plotting options

|'0 5182838 kv

fzin | Indlic | Traces |

Flatin B @ Magnituce
i Real part
@ Imaginary part
Plotin g @ Magnitude
® Real part

@ Imaginary part

W incowy

W Background

W Residusl
krmir: O kmax |13
Rmin: |0 Rmaz: |6

grmin: |0 gma |15

Document: Plotting
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Theory input page (feff.inp)

uop

A Honeywell Company

»Scroll feff.inp page downward

Feff.inp Tab

Current project:

File Edit - @05 Data Sum  Fits Theory Paths  Plot - Help

Atoms [feff.inp] Irterpretation

Core Hole and S02 value

Toggle switches for differen

FEFF modules and output
max path length

Control over the

number of output path

Atomic potential index list

List of atomic positions

HOLE 1 al (@ * Cu E edge [8972.0 eV), second nu
& mphase, mpath, wfeff, mechi
CONTEROL 1 1 1 1
PRINT 1 a a [u]
RMAX Tl
*CREITERIL curved plane
*LEEYE temp debye-temp
HNLEG A
Index value
POTEMTIALS For atomic
* ipot Z element .
0o 29 Cu potentials
1 e Cu
ATOMS * this list contains
& b4 v ipot tag
0.00000 0.00000 0.00000 0O Cu
1.80500 1.50500 0.o00a0 1 Cu 1
-1.80500 1.350500 0.000a0 1 Cu 1
1.80500 -1.80500 0.oo0o0 1 Cu 1
-1.80500 -1.80500 O.o00o0 1 Cu 1
1.80500 0.00000 1.50500 1 Cu 1
-1.80500 0.oo0o0 1.80500 1 Cu 1
0.00000 1.80500 1.80500 1 Cu 1
0.00000 -1.80500 1.80500 1 Cu 1
1.80500 0.00000 -1.80500 1 Cu 1
-1.80500 0.oo0o0 -1.50500 1 Cu 1
0.00000 1.80500 -1.50500 1 Cu 1
b >
Run Feff Document: Feff and it"s input file

F.3

bt

Running stoms ... dane!

ol
B cudiik.c
B
Plotting options
|'D &1 82 &35 & pw
seIeCt tdain | Indic | Traces |
FEFF
. Plot in F:  Maoritucke
Calculation
i Real part
to _
D_ I & Imaginary part
Isp_ ay Flotinc:  #F Magnitucde
Thls #® Real part
page @ Imaginary part

W Windony

W Backoround

W Resicual
kmir: |0 kmae: |15
Rmir: |0 Rima: (6
gmir: (O gmax: [15

Document: Plotting
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Theory input page (feff.inp)

A Honeywell Company

»Scroll feff.inp page downward and to the right

File Edit - GDS Data Sum Fits Theory Paths Plak - Help
Current project:
Atoms [feff inp ] Interpretation Data & Paths
P (B (B S Plot selected groups in
B cubidk.chi
e e g (12 —
7 z ipot tag i X 2| (A i - -
0.00000 0.00000 O Cu @l Hathngiaptinns
1.80500 0.00000 1 Cu 1 i |'0 &1 82 83 8w
1.80500 0.00000 1 Cu 1 i
sl Sl =R TsTn TR — > 2. hiain | Inefic: | Traces |
. —-1.80500 O.,00000 1 Cu 1 Z
Check that the atomic clooooo  1.80500 1 Cut 2. P —
1 1 0.00000 1.80500 1 Cu 1 2
Distances from the absorbing atom - Select ® Reslpart
1.80500 i.80500 1 Cu 1 2
Are reasonable -1.80500 1.80500 1 Cu 1 e FEFF # Imaginary part
0.00000 -1.80500 1 Cu 1 2 =
0.0000o0 —1.80500 1 Cu:l 2 CﬂlCUlatlon Fioting @ Magnitude
1.80500 -1.80500 1 Cu_1 2 to & Rl part
-1.50500 -1.80500 1 Cu 1 i :
0.00000  0.00000 1 Cu 2 5 Dlsplay ¥ oo
0.00000 0.00000 1 Cu 2 &g .
3. 61000 0.00000 1 Cu z o This W windovy
-3.61000 0.00000 1 Cu 2 & W Background
0.00000 3.61000 1 Cu 2 3. page _
0.00000 -3.61000 1 Cu 2 3. I e
1.80500 1.80500 1 Cu 3 dls kemire |0 ke |15
1.80500 1.80500 1 Cu 3 4l Rmin: |0 Firre IB_
3.61000 1.80500 1 Cu 3 ] o _
3.61000  1.80500 1 Cu 3 4.42133 oin: [0 qman s
-1.80500 1.80500 1 Cu 3 S ot aleE
-1.80500 1.80500 1 Cu 3 S ot aleE
-3.61000 1.80500 1 Cu 3 I Sh s aLEEE
—-3.61000 1.80500 1 Cu 3 S og aLElE]
1.80500 3.61000 1 Cu 3 S og aLElE]
1.80500 3.61000 1 Cu 3 2 oeg aLE]E] v
< >
Pun Feff Document: Feff and it"s input file Document: Plotting
Running stoms ... donel
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Running Feff uop

A Honeywell Company

Text messages during Feff calculation

E Artemis palettes E]@EJ

Ifetfit | Eesultz | Eile= | Messages | Echo | Journal | Propetties |

0 Artemls Palettes

10

Ifeffit: Shows the interface from
Artemis to Ifeffit. Artemis is just

. h a . Feff 6L.0OZ G
a nice interface to Ifeffit. Ifeffit Cu 222
does the work! Calculating potentials and phases. ..
. free atom potential and density for atom type u]
Resu"s' ShOWS the reSUItS page free atom potential and density for atom type 1

from a fit of the theory to the

owverlapped potential and density for unicgue potential u]
data' overlapped potential and density for unicque potential 1
Files: Shows data files. mwuffin tin radii and interstitial parawmeters

phasze shifts for unigue potential u]
Messages: ShOWS OUtpUt from Hard tests failed in fovrg.
FEff Muffin-tin radius may be too large; coordination nuwber too small.
EChO: ShOWS entire message phase shifts for unigque potential 1

- Hard tests failed in fovrg.

from Artemls EChO area Muffin-tin radius may ke too large; coordination nuwkber too small.

Journal: Useful place to make
notes.

Properties: Notes about the
current project file.

MMessages from Artemis

Save Iniffer to file | Dismiss |

Freparing plane wawe scattering stoplitudes. ..
nnocrit in prerit 9
Searching for paths...
WARNING in PATHS Module:
rmax > distance to most distant atom.
Some paths may be missing.
S.nnnnn A.7RI3RS

rmAax. raty
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Feff paths: feffxxxx.dat

uop

A Honeywell Company

11

Degen: Degeneracy of the path
(number of identical scattering paths)

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

dAMpP: Estimate of amplitude of path
relative to first path.

fS: Number of forward scattering
events.

scattering path: atoms

scattering photoelectron, [+] symbol
represents core atom.

Current project:

File Edit - GD5 Data Sum  Fits Theory Paths Plab - Help

Atoms | feff.inp | Interpretation

Data & Paths

Guess, Def, Set
B culitk.chi

!

— Interpretation of the FEFF Calculstion

# TITLE Cu 222

# Central stom: Copper (29) K edge energy = 5979 eV

# The central stom is denoted by this token: [+]

# Cluster size = 7.0 Angstroms, containing 135 stoms,

# Curved wave oriteria = 2.5,

* I Deg.I Retf | amp. I fsl Scattering Path

il 12 2.553 100.00 [+] Cu 1 [+]

z & 3.610 22.98 [+] Cu 2 [+]

3 48 3.829 10.59 [+] Cu_1 Cu 1 [+]

ES 43 4.358 S.65 [+] Cu 2 Cu 1 [+]

5 24 4.421 55.40 [+] Cu_3 [+]

& 48 4.763 10.62 [+] Cu 1 Cu 1 [+]

7 96 4.763 21.34 [+] Cu_3 Cu 1 [+]

g itz s alaks| Ak e [+] Cu 4 [+]

-] 12 5.105 8.46 [+] Cu 1 Cu 1 [+]

10 24 5.105 43.72 1 [+] Cu 4 Cu 1 [+]

11 1z 5.105 §.20 1 [+] Cu 1 [+] Cu 1 [+]
12 12 5.105 3.56 U B
14 1z 5.105 32.79 2 [+] Cu 1 Cu d cu i [+]
15 48 £.10&8  3.36 [+] cu 1 cu 1l cu i [+]
18 48 5.292 4.14 [+] Ccu 3 cu 1 [+]

18 45 5.282 4.39 [+] Cu § Cu & [+]

20 96 E.693 2.73 [+] Cu 3 cu 1 [+]

21 48 5.698 4.80 [+] Cu 3 cu 3 [+]

Documenit: Feff interpretation

All done running FEFF .

[ Path 1: [Cu_1]
L Path 2: [Cu_2]

| Path 3 [Cu_1 Cu_1]
| Path & [Cu_2 Cu_1]
L Path 5 [Cu_3]

| Path 6: [Cu_1 Cu_1]
| Path 7: [Cu_3 Cu_1]
| Path & [Cu_4]

|- Path %: [Cu_1 Cu_1]
L Path 10: [Cu_4 Cu_1]

Plotting options

Fit
Plot selected groups in

|¢u¢1 283 8w

hdain | Indlic | Traces |

Pict in F: i@
L

&
Plotine
&

Magnitude
Real part
Imaginary part
Magnitude
Real part

Imaginsty part

W Aindos
W Backoround

W FResidual

kmir: |0 kma: |15

Rmir: |0

Fmaz: |6

gmir: |0

gmax: |15

Document: Plotting

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.
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Path Description

A Honeywell Company

»Click on Path1 in the Data & Paths list

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

Feff CaICU |at|on Current project:

pll FEFFO: Path 1: [Cu_1] | Data & Paths Fit
W Fict after the fit B Include in the fit Guess, Deaf, Sot PIoTECIRiIe A E oonan
W Make this path the defaut fter the fi T Bl LEE I 1
. . B- FEFF0
sG-S use in fit sl ST AigH
I I Path 1: [Cu_1] ] ing options
. 21 Reff=2.5527 =100.000 d =1z
Path description = At e — Path 2:[u 2] s 8283 80
» | 1eg i: ©0.00000 2 1.80500 -1.80500 1 Cu = ol BT e il e | = | o |
rleg=2.5627 beta=130.000 — Path & [Cu_2 Cu_1]
leg 2: 0.00000 0.00000 0.00000 O C - : ; ;
= 3 - i AL Plotin R # Maonitude
rleg=2.5527 beta=180.000 | Path 6:[Cu_1 Cu_1]
@ Real part
B i : |- Path 7:[Cu_3 Cu_1]
— [Parameter m EXpressions | path 8: [cu 4] ' Irnaginar'y' par‘t
- Path %: [Cu_1 Cu_1] Plot in g i Magnitude
Ietare) L path 10: [Cu_4 Cu_1] & Real part
M 12 X =02 jamp
e & Imaginary part
parameters G =
~ !
- SEWEE B W Background
Ei:
o MW Residual
[frs
Atk kmir; |0 kmax (15
Rmin: |0 Rinax: |6
gmin: |0 omae |15
Document: Paths and path parameters Document: Plotting

Al done running FEFF.
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The EXAFS Equation

uop

A Honeywell Company

a) E. A. Stern and S M Heald Basic principles and applications of
EXAFS. Handbook of Synchrotron Radiaction. E. E. Koch.

New York, North-Holland. 10: pp 995-1014, 1983.

=) E. A. Stern. "Theory of the extended x-ray-absorption fine

structure.” Phys Rev B 10(8): pp 3027-3037, Oct 1974.

=) E A Stern. "Structural determination by X-ray Absorption."

Contemp. Phys 19(4): pp 239-310, 1978.

x(K) = X %(k)

with each path written as:

~
N

lPthoeIectron

\

Scattered
Photoelectron

(N;Sg2)F (k) sin(2kR; + ¢,(k)) exp(-26;%k?) exp(-ZRi/k(k)))

x(k) = (M

R =R, + AR

k2 = 2 m (E-E,)/ h

F.(k) effective scattering amplitude
¢,(k) effective scattering phase shift
MK) mean free path

Ry, initial path length

Feff calculates the theoretical scattering
13amp|itude F(k) effective, hence the name Feff.

N. degeneracy of path

S, passive electron reduction factor
E, energy shift

AR change in half-path length

c;>2 mean squared displacement

File Number



Path Parameters

uop

A Honeywell Company

«  To produce a theoretical

model each path must have a

value for each of these
parameters.

*  Artemis makes a guess for
these expressions.

*  These values can originate
from numbers or math
expressions.

S02 passive electron reduction factor
N degeneracy of path
EO energy shift

delR change in half-path length

sigma”2 mean squared displacement
of the half path length

~N

E Artemis

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

Current project:

leg 1: 0.00000 1.80500 -1.80500 1 Cu

A e S el e g 0 2
12 : O.00000 0.0o0000 0.00000 O Cu
& b b b e e

— Path parameter mw

lakel:
w iz ¢ =02 |amp
celED: [enct
delR: |delr

sigma™2: |ss

Eis

Sral:
4th:

Document: Paths and path parameters

I FEFF®: Path 1: [Cu_1] Data & Paths
W Plct after the fit B Include inthe fit Grass, Dof, Sot
W Make this path the detautt atter the fit Bl L
B- FEFFO
R R (] e | Plotting options
2 legs EReff=2.5527 amp=100.000 degen=1Z2 [ Path 2: [Cu_2] |' .

L Path 3: [Cu_1 Cu_1]
| Path & [Cu_2 Cu_1]
|- Path 5: [Cu_3]

L Path 6: [Cu_1 Cu_1]
| Path 7: [Cu_3 Cu_1]
L Path 8: [Cu_4]

L Path %: [Cu_1 Cu_1]

Al done running FEFF.

L path 10: [Cu_4 Cu_1]

I | Inelic: | Traces |

PlotinR:  # Magnitude
@ Real part
& Imaginary part
Plot in ey @ Magnitude
# Real part

& |Imaginary part

W incon

W Backoround

W Residual
kermin: |0 kmaz: |15
Rmin: (0 Rimia:: IS
gmin: (0 CME |15

Document: Plotting

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

14
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EXAFS parameters

uop

A Honeywell Company

15

Guess: Optimize parameter in fit.

Def: Define a parameter to a given value
but re-evaluate it during the fit

Set: setavaluetoa given value.

Determine value once.

: Do not use this parameter.

Restrain: penalty that can be added to

the fit.

Define: Define parameter to

value given.

New: Make a new parameter.

Grab: Set the value to the
best-fit value from the fit.

Discard: remove parameter. \
Hide: Hide editing area

E:"-Artemis
File Edit -Ghs L 1 Plat - Help
Current project:
# | |Name | Iath Expression Data & Paths
1 om Soom S ’
2 Lo = clul]1l]k.chi B | n |
El- FEFF0
3 B _Ei_e_%f:_ _D_ ____________________________________________________ |- Path 1: [Cu_1] Plotting options
Loiee = Dall ] L Path 2:[cu_2] 80818283 8
A | Path 3:[Cu_1 Cu_1]
| path 4:[Cu_2 Cu_1] hain | Inclic | Traces |
LB L] PlotinF: @ Magnitude
Name of parameters Pt [Cu 4 Cu) o oo
|- Path T: [Cu_3 Cu_1] & ey oot
that YOU h ted |rmsns
a ave Crea E |- Path 9: [Cu_1 Cu_1] Plotin o @ Maoritude
to define the required| — [-ramwicns can Sl
@ Imaginary part
values for each path —
W Backoround
W Residual
kmir: |0 ke 15—
Rmir: |0 Rma |6
omin: ID_qmax: 15_
Edit selected parameter
|ss = |o.oos

#® Guess & Def i Set & Skip @& Restrain i Adter

Undo edit | Hew Gralb Discard Hide

Document: Guess, Def, Set

S5

—

q

Document: Plotting

»>Click “Fit” to optimize these values
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Fit Resulis

uop

A Honeywell Company

EN- Artemis palettes

liefiit | Resuts | Files | Mes

(S]]
Sages | Echa | gnurnall Properties |

= | Save | Dismiss |

<

16

‘cu0 1Dk chi

n B space
T T

= wundkchi
— i1

Fesults from the last fit R lag fils
Project title Fitting cull0k.chi i
Cormrment Fit #1
Prepared by
Contact
Jtarted 12:38:31 on 26 June, Z009
This fit at 14:41:50 on 27 June, 2009
Environment Artemwis 0.8.013 using Windows XP, perl 5.008003, Tk 504.027, a
Data sets foudlok.chi™
Fit label fit 1
Figure of merit 1
Independent points = 21.187500000 T
MNuanber of wariables = 4. 000000000
Chi-scquare = 1078.1309589519
Feduced Chi-sdguare = B2 .727021226
ffactor _ i p.010381311 1 Statistical quality of Fit i
Measurement uncertainty (k) = 0.000914479 =
Measurement uncertainty (B) = 0.003911955 % ot
Nuwber of data sets = 1.000000000 -
Guess parameters +/- Uncertainties [initial guess):
amp = 0.5626590 +/ = 0.0435050 (1.0000)
enct = 4,.55357170 +/ = 0.4306520 (0.00a0) =
== 0.0031660 +/ = 0.0003500 (0.0030) a
alpha = -0.0030710 +/ - 0.0010070 (0.anaa)
N . | Initial guessed value
Your parameters | -=: 0.8711
- -—+ [0.7818
L11 other correlations are beliw 0.25 W

Best fit. values with-uncertainties
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Fit Resulis

uop

A Honeywell Company

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

Used as a diagnostic

tool when models do
not work as expected

17

E Artemis palettes E]@ EJ

[fefft | Resuttz | Files | Mezsages | Echo | Quurnall Properties |

Results from the last fit Rawlogfle  — | . | Dismiss

FEFFO:

F

Paths used to fit cull0k.chi

Datk 1: [cu 1]

feff
id
lake
r
dege
=0z
el
dr
s5a
ird
4th
ei

FEFFO:

= D:yDocuments and Settingsh E446095% Application Data’ horaeh stash) artem:
reff= 2Z.5527, nlegs= 2, path= Cu<->Cu

1 =
. 544558
.0ooooo
. 362688
.835717
L007E41
003166
.0ooooo
.0ooooo
.0ooooo

=

]
|
O 0O 000 & O & E

bl =

Datk 2: [Cu £]

feff
id
lake
r
dege
=0z
ed
dr
s532
3rd
4th
ei

FEFFQ:

= D:%Documents and Settingsh E446095% Application Datsa' horaeh stash) artem:
reff= 3.6100, nlegs= Z, path= Cu<->Cu

1
.59591:2
.0ooooo
862668
L.835717
011088
003166
.0ooooo
.0ooooo
.0ooooo

n =

1]
|
O 0000 & 3O oW

Path J: I'Cu 1 Cu 1]

feff
id

= D:%Documents and SettingshE446095% Application Data’ horaeh stash' artem:
= vratf= = S74an nlem=a= = nath= M= n—"rn="=-rn W

>
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Example: Cu foil

uop

A Honeywell Company

Data Parameters

18

Data file |cu010k chi

Drata controls

Fourier and fit parameters

¥ Include data in the {it? k-range |25

Xt ha X

[¥ Plct data atter the fit?

R-range |1.396 ﬂ to

2793 X

dk 1

W Fit background

0.5
k windoywy  Hamning —

dr

R windowe  Hanning —

— Cther parameters

Mimitmum reported correlation ID 25

Path to use for phase corrections

Mone —

Document: Fitting parameters |

Fitting space R — Epzilon ID

Fit k-weights ——
B =t
B kw=2
B foov=3
W cther k weight

—

GSD Info

E Artemis

File Edit -G0S [

Current project:  C/Program Filezlteffitfexamp

Path Info

M Pict after the fit

B include in the fit

W ke this path the default after the fit

— [#Cud [+]

2 legs Reff=2.5527 awp=100.000 degen=12

# | |Name |Math EXprESSiDn leg 1: 0.00000 1.80500 -1.505800 1 Cu
rleg=2.5527 beta=150,000
1 . 0.9 leg z: 0.00000 0.00000 0.00000 O Cu
&- &mp - rleg=2.5527 beta=150,000
2 g: enot u] — Path parameter math expressions
3 g: delr u}
label:
4 g: sigsgr 0.005 e frz X 02 famp
delED: |enot
= d: =ignor 0.00052 el |clelr
sigma2: |sigsor + signor

Ei
Srek
dthe

Guess, Def, Set
= eudidk.chi
|é|- Sum

Teffo001.dat

Teffo004.dat

Teffd002.dat
Teffo003.dat
Teffd005.dat

Example from c:\Program Files\Ifeffit\examples\Artemis

Set up variables for first shell and give them reasonable
values

Sum paths to see how the theory corresponds to the
data

Notice strong signal due to 15t Cu neighbor is in about
the right place for the data. Overall shape is similar

Make sure that fit range is appropriate and choose kw
for fit

File Number




Cu First Shell Model Results

uop

A Honeywell Company

Re[x(R)) (477

19

‘cul10k.chi' in R space
— T ™ T T

— culDk.chi-— o

ETArlemis

File Edit - &Ds [ Flat - He

Current project:  CiProgram FilesdfeffitiexamplasiAnemisiCu

| | Matme | Math Expression

amp 0.208747 (0.020905)

Enot 5.487727 [(0.2687428)
delr -0.004554 (0.001=254)
sigsgr 0.002245 (0.000132)
signor 0.00052

[, TR S VI ST S B 3
O

- Data and Model are in good agreement
- GSD values are reasonable

Results Info

Independent points

Mumber of wariables

Chi-=square

Feduced Chi-sguare

FE-factor

Measurement uncertainty
Heasurement uncertainty

Muber of data sets

FUESS parameters +f—- uncertainties

S1np
enot
delr
sigsgr

Def parasmeters

Signor
£

[using "FEFFO:

(k)
[R)

0.9057470
5.4877E270
-0.0045540
0.00252450

0.0005z00

579101562
. 000o0aooon
L TERATTTIS
. 115375982
001326741
001130695
003441269
0oooooooo

[initial guess):

+i =
+ -
+ -
+ -

feff0o0l.dat™) :

0.0z202050
0.za74Z80
0.0012340
O.00015320

File Number



Cu: Three Shell Model

uop

A Honeywell Company

Re(x(R1) {277

-1

20

-z

‘cu10k.chi' in R spoce

- Use alpha to define path lengths
- Use Debye temperature to define o2 values
- Each Single scattering path fits into a specific signal in the

data

: — capldechl n B spoce . — : W ke this path the defautt after the fit B cul10k.chi
Path Info | =
ot [ AN e feffoootdnt
— cuD10k.chi - - - = :
2 legs Reff=2.5527 amp=100.000 degen=1z2 | feffd0o2.dat
leg 1: 0.00000 1.80500 -1.80500 1 Cu i~ feff0003.dat
rleg=2.5527 beta=180.000 |- feffoo04.dat
leg 2: 0.00000 0.00000 2 0.00000 O Cu |- feffon05.dat
Ceppear/002 lee=2.5527 beta=180.000
rleg=2. ata . |- feffo006.dat
|- feffooo7.dat
— Path parameter math expressions
ST | feffon08.dat
| | feffdood.dat
—_— ¥ 5
Copper Q08 label - | feffont0.aat
U M f12 502 Jamp | feffon11.dat
delED: (enot
=I=08| (= | feffood2.dat
el |alphatrett
. jEphare | feffdod ddat
o -
sigma”2: |debyeltemp, theta) + signor L feffoo15.dat
Ei:
S
| _ ath
1 1 " " " 1 1 1
[ 1 z 2 4 =1 51

GSD Info

E Artemis

Fle Edt &bs Lo

Current project:  C/Program FilesAfeffitfe

# | |Name |Math Expression

1 o: armp 1

2 i enot u]

3 g: alpha 0O

4 s: Lenp 10

5 g: theta 350

6 =: signor 0.00052

File Number



Fitting results for three shell fit to Cu

uop

A Honeywell Company

cu{}'lﬂllr chl in R SDCI{‘C

— culidk.chi |
=
Chipper 002

GSD

W
1
=
= = o e
o
E — Cepper/005 1
- ©
ﬂ___‘-' - L -
1
=]
o | 4
| L I 1
o 4 S k]

Info

L1/ I v S [ R L

LEmp

[ TR o » (R =" % s B T (-

w g

Matme hath Expression
armp 0.966074 (0.086731)
enot 5.725451 (0.383385)

alpha 0.000953% (0.001063)

10

: theta EZ8§6.455552 (41.176460)
! Signor 0.0005:2

Results Info

E Artemis palettes

Ifetfit | Rezults | File= | hezsages | Echo | Journal | Properties |
Results from the last fit Raw log file = | Save | Dismiss |.
~
Independent points = 25.669921875
MNumber of varishles = 4.000000000
Chi-sguare = 2356.356799399
Eeduced Chi-sdguare = 105. 738592275
R-factor = 0.023004147
Measurewent uncertainty (k] = 0.001106115
Measurewent uncertainty (R] = 0.004671217
HNurmber of data sets = 1.000000000
Guess parameters +/- uncertainties [initial guess):
atap = 0.9660740  +/- 0.0667310 {1.0000)
enot = 5.7254510 +i = 0.383353850 [0.00o00)
alpha = 0.00029530 +/ - 0.0010630 {0.0000)
theta = 286.43555820 +/ - 41.1764600 {350.0000)

* There Is more to this example on your computer

- Modeling more shells and modeling temperature dependent
spectra series

21
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Example #2: Align SnO, EXAFS Spectra to Thecmbp

A Honeywell Company

/i1 Athena =3 merge
File Edit Group Walues - Plob  Mark Data Merge Analysis - Settings  Help I

- Project Afu]1] |

Current group ~ shoZ [ sno2 -

File: |ent5 and Settings/E446095/Desktop/ArternisTalk/snoZ. prj |

% H —| Edge: K —| Eshift IU Importance: Il

= oW
Background removal Show additional parameters| % Tl

Eo: [ooies.ar x| Rk 1 %l

k-weight: ll_ Edge step: Im I~ fix step

Fre-edge range:  [-289.470 %] to [-20 A |

Normalization range: [100 Al to |11z8.08 %

Spline range: k |o.s Al o 17952 H

Efo.ssz #l w [1228.09 ’7 29000 7100 22200 22300

Forward Fourier transform RUSUE> A A E (=]

v| Plotting options

krange: |z X to f17.90 ]

dk: |2 window type:  kaiser-bessel — El kl Rl ql Stackl Indl PFl

Fhase correction: W off  arbitrary k-weight: ID.S

m EflgE
Backward Fourier transform = T —T T T T

W Plat chi(E)
R-range: |1 X to |3 X W Window

dr: ID.S window type:  kaiser-bessel — krmin: o Wi |18

Plotting parameters
plot multiplier: IJ. y-anis offset: ID

plotting in k-space from group “sno2' .. donel

L ylkl

- 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.

k4l

22 File Number



Fit of first Shell

A Honeywell Company

23

E Artemis palettes

Ifeffit | Resultz | File= | leszages | Echao | Jdournal | Properties |

— | Save | Dismiss

Results from the last fit Raw log file |
Project title Fitting chi.chi ta
Comment Fit #1
Prepared by skellyflittle.er.anl.gov
Contact
Started 09:25:09 on 11 May, zZ004
This fit at 14:33:08 on 28 June, 2009
Environment Artewis 0.5.013 using Windows XP, perl 5.005008, Tk S04.027, a
Data sets Treroge
Fit label fit 1
Figure of merit 1
Independent points = 12 . 437500000
Nunber of wvariables = 4.000000000
Chi-sguare = 14465Z.749567735
Reduced Chi-soguare = 17144 .029613954
R-factor = 0.063204951
Measurement uncertainty (k) = 0.0001803354
Measurement uncertainty (R = 0.000432656
Nunber of data sets = 1.000000000
Guess parameters +/- uncertainties [initial guesss):

Smp = 1.2288010 +/ = 0.1475600 (1.0000)

delr = —-0.0076470 +/ - 0.0126960 (0. 00007

53 = 0.0040730 +/ - 0.0015510 (0.0000)

il = = 11.51153960 +/ - 1.60545=0 (0. 00007 | |
Corrdlations hetween variables:
delr and e —--» 0.8451
amp and s3 —-—* 0.8057

411 other correlations are below 0.25 w

4

* EO could be smaller

+ Background needs to be adjusted

* More information:

- M Newville, B Ravel, D Haskel and E A Stern. "Anal¥’sis of multiple

scattering XAFS data using theoretical standards."

pp 154-156, 1995.

hysica B 208 & 209:

R A7

RS

‘merge’ in B spoce
T

— marge

— fit 1

4+ 5 ]
ROE)

‘rrerrge’ ik oapoce

k4l
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Create first shell model with AE=0

uop

A Honeywell Company

EArlemis
File Edit - GDS [

Flat - Help

Current project: [o/Documents and Settings/E446095Desktop/aremisTalk/Sn02_artemis apj

Edlt selected parameter

e = Jod

# Guess @ Def i Set i Skip i Restrain

Undo edit | Hew | Grab Discard

& After

Hide

Document: Guess, Def, Set

Platting in k space ... donel

# | | Mame |Math Expression Data & Paths
1 g: amp 1.228801 (0.147560) Gatess, Def, Set
2 g: delr -0.007647 [0.012696) &
E- Sum
3 g: s 0.004073 (0.001551)
..................................................................... |:ﬁt1
4 B = 0.0 o
B FEFF0
|:Path1:[01_1]
Path 2: [01_2]

Plot selected groups in

uin|q

Plotting options

|.U #1852 &3 & kw

hain | Inclic | Traces |

Plotin R # Magnituce
@ Realpart
& Imaginary part
Plotin g @ Magnitude

# Realpart

@ Imaginary part

W incowe

W Background

W Residual
kmir: [0 kma: |15
Rmir: [0 Rma: (8
gtmin; |0 ome |15

Document: Plotting

‘rrerge’ ik apoce

[

K

Data and theory are not aligned

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

» Set e=0.

- Sum all paths to make model spectrum with E=0.

24
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Background corrected and energy aligned by uqi”p

theory

A Honeywell Com

pany

tji Athena
File  Edit

Group  Walues - Plot  Mark - Data  Merge Analysis - Settings  Help

‘ Project nts and Settings/E446095/0esktop/bremisTalk/sno2. pr

aluli] modified |

Current group  merge

File: |merge of sno2108t, sno2109t, sno2110t |

Sn —l| Edge: K —l‘ E shift: ID Imporance: Il_

Background removal Show main parameters |

M Flatten normalized data  Background:  Autobk —

&1 & &3

Marmalization arder:

I~ Use functional normalization / theory

Standard: le merge_sum_2_k.fit

Spline clamps:  low:  MNone —l‘ high:  Strang —l‘

e

Forward Fourier transform

kerange: |2 X to Il?.954 |
dk: |2 window type:  kaiser-beszsel —

Phase correction: W off  arbitrary k-weight: |U.5

B sno2108t

[ sno2105t

E sno2110t

¥ merge

F_ merge_sum_2_k.fit

#0 &1 &2 &3 & kw

Backward Fourier transform

R-range: Il X to |3 |
dr: (i & window type:  kaiser-beszsel —

Plotting parameters

plot multiplier: Il y-axis offset ID

vl Flotting options

E| kl Rl qlStackl InleFl
B mulE) ]
B background

W pre-edge line
B post-edge line
W Hormalized &
W Derivative =

Emin: |-200  Emax: |2IIID

plotting in energy from group “merge’ ... donel

* Read the theory into Athena

+ Select your data and use the theory as a standard
+ Adjust EO so that the data and theory are aligned at low k values

K ik (A7

wslE)

merqge
T T T
— hkkg
A
Pl
I 1 1
anh e B i} 19200 29 50 194 1
E {av]
sno?
T T T T
— menge
— reige_san gk T
1 ] I
a =} ] 15
K 4ATh)

Data and theory are aligned
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Fit to first shell with background adjusted

A Honeywell Company

26

I ~rtemis patettes EEI&E
Ifeffit | Eesults | Files | Messages | Echao | Journal | Properties |
Results from the last fit Rawlogfle ~ — | Save | Dismiss |.
S

Project title Fitting chi.chi

Guess parameters +/- uncertainties [initial guess):

arap = 0.9586310 = 0.0716180
delr -0.0023540 +/ - 0.0053500
=1 = 0.0023830 +/ - 0.0010680
= = 2.8114190 +/ = 0.85594790
Correlations between variables:
delr and e --> 0.8136
amp and == —-=> D0.7698

B]1] other correlations are below 0.25
<

perl 5.008008,

Comrent Sum #1

Prepared hy skellyflittle.er.anl.gov
Contact

Started 09:25:09 on 11 May, 2004
This fit at 14:49:08 on 28 June, 2009
Environment Artemis 0.8.013 using Windows XEP,
Data sets e oe '

Fit lahel fit 3

Figure of merit : 3

Independent points = 19.5875000000
Nmnl:*er of variahles = 4.000000000
Chi-sguare = 7550.041600728
Reduced Chi-sguare = 475.5953171699
R-factor = 0.033932590
Measurement uncertainty (k) = 0.000292358
Heasurement uncertainty (R] = 0.001144697
Mumber of data sets 1.000000000

Tk 804.027, a

[cuessed as 1.228801 (0
[guessed a= —-0.007647 ([
[cuessed as 0.004073 (O
(0.0000)

R A7

a5

S

‘merge’ in B spoce
T

— marge

L

2 i 5 [
ROE)

‘rrerrge’ ik oapoce

k4l

- Read the chi(k) data back into Artemis and fit the first shell
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Example 3: Modeling a metal-oxide (SnO,)

A Honeywell Company

- Compare the sum of all 69 paths to the data

File Edit - GDS Plot - Help

Current project:  DuDocuments and Settings/E446095DesktopidtemisTak/Sn02_srtemis sp)

| |Name | Math Expression

Data & Paths

#
1 =: amp 0.958631 (0.071618)
A

Guess, Def, Sed

Edit selected parameter

Jss = |onog
& Guess @ Def i Set & Skip ¥ Restrain

Undo edit | Hew | Grab Discard

& After

Hide

Document: Guess, Def, Set

Plotting in k space ... done!

B merge
é— Sum
— fit1
— sum 2
— fit3
— sum5
E- FEFF0
I Path 1: [01_1]
I Path 2: [01_2]
I Path 3: [Sn1_1]
|- Path 4 [01_2 01_1]
I Path 5: [01_3]
I Path 6: [Sn1_1 01_1]
— Path 7: [Sni_2]
— Path 8 [01_4]
— Path % [Sn1_2 01_1]
— Path 10: [Sn1_2 01_2]
— Path 11: [011_1 ©1_1]
— Path1Z2: [01_1 [+] 0O1_1]
— Path 13: [01_1 [+] 01_1]
— Path 16: [01_2 O1_2]
I Path 1T: [01_2 [+] ©1_2]
L Path 19: [01_5]
| Path 20: [01_3 O1_1]
| path 21: [01_4 ©1_1]
| Path 22: [01_5 ©1_2]
L Path 23: [01_6]

Plot selected groups in
o

Plotting options
‘lo $1 82 83 8 kv

[ ]
R

Iain | Inciic: | Traces |

Plot in F: @ Magnitude
@ Real part
& Imaginary part
Plctin g @ Magnitude
@ Real part

& Imaginary part

W incon
W Backoround
W Residual

kmin: |0 kmax: [15
Rmin: (0 Rma: |5
yrmin: |0 gmzx (15

Document: Plotting

27

R A7

S

o5

‘merge’ in B space
T

k4l

T T
— menge
— n &
1

4 ] 4
F B
‘mmerge’ in bk oapoce

T T — T
— menge
— an & .

1 1

5 14 15
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How many paths are required?

uop

A Honeywell Company

Rl 77

o5

R «fF2] (A7)

28

Minimum amplitude 5%
30 of 69 paths

'merge’ in R spoce

— mene
— wm T
T 4 ] -]
RE)
meeg R spoc
- T
— mene
— wm T

RE)

All data is present in model

Minimum amplitude 10%

xR AT

R 1] (A7)

o5

18 of 69 paths

'merge’ in B space

marge
— fuin E
3 + a
R (K
'merge’ in B space

— merge
— fuin E

1 I I

a 3 + a

R (K

missing a little of the data

Minimum amplitude 15%

Rl A7)

R «fF2] (A7)

o5

8 of 69 paths

'merge’ in B space

— mzige
 fuim &
1 + L] 4
R ikD
meeg R spoc
— mege
— fum &
L L L
i 4 5 &
R

missing a lot of the data
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Models to consider: uop

A Honeywell Company

e Ar:
- Symmetric expansion term: Alpha * reff.
- Grouped depending on distance and atom types
- Related to unit cell dimensions
 AE:
- Energy shifts that depend on atom type
- One energy shift for all paths
- Two energy shifts, one for first shell and another for all other shells
* 02
- Grouped depending on distance and atom types.
- Use a Debye or Einstien model, with one or more characteristic temperatures.
- Each shell with independent value.
- Separate structural disorder from thermal disorder components.

S02:
- One S02 for all paths.
- Approximate S02 from standards.
* N:
- Determined by the crystal structure.
- Fit a data series were N is expected to change.
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Some EXAFS references uop

A Honeywell Company

30

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. l. 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 RbClL.“ 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. l. 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-
nggtralga;queous solution. X-ray structure of [C(NH2)3]6[(U02)3(C03)6] 6.5H20." Inorg. Chem. 34: pp 4797-
4807, 1995.

Pressure dependent data: A.l. 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. I. 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. l. 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.

Kelly, S. D.; Hesterberg, D.; Ravel, B. Analysis of soils and minerals using X-ray absorption spectroscopy.
In Methods of soil analysis, Part 5 -Mineralogical methods; Ulery, A. L., Drees, L. R., Eds.; Soil Science
Society of America: Madison, WI, USA, 2008; pp 367-463.
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The Model for SnO, data

uop

A Honeywell Company

31

* Ar: symmetric expansion term: alpha * reff.
- AE: Energy shifts that depend on atom type:
- The first shell; Eo1,
- All other oxygen scattering events: Eo2
- All tin scattering events: Esn
* o2: Grouped depending on distance and atom types.
* S,%: one for all paths.
* N: determined from the crystal structure.
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Final Model for SnO, uop

A Honeywell Company

Path N reff AR c° AE
Sn-O1 4 20519 | Alphareff %01 AEo1
Sn-02 2 2.0567 | Alpha-reff c%o1 AEo1
Sn-Sn1 2 3.1864 | Alphareff  ¢’sn1 AEsn
Includes all the Sn-03 4 3.5906 Algha-reff c%03 AE02
Sn-Sn2 8 3.7093 | Alphareff  g’sn2 AEsn
atoms shown here Sn-Sn2-01 8 3.9090 | Alpha-reff o?sn2o1 0.5-AEsn+0.5-AEo1
Sn-Sn2-02 8 3.9090 | Alpha-reff  o%sn2o1 0.5-AEsn+0.5-AEo01
Sn-05 8 4.2414 | Alpha-reff 605 AE02
Sn-Sn3 4 4.7373 | Alphareff  o?’sn3 AEsn
Sn-07 8 4.8006 | Alphareff o607 AE02
Sn-Sn4 8 57092 | Alphareff  o’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-AEo1
Sn-Sn5-04 8 5.8405 | Alpha-reff o°snd 0.5-AEsn+0.5-AE02
Sn-01-Sn5-01 4 5.8444 | Alphareff  o’sn4 0.33-AEsn+0.66-AEo1
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’sn6 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-AEo1
Sn-Sn7-06 4 6.6995 | Alphareff  o%sn7 0.5-AEsn+0.5-AE02
Sn-Sn7-06-02 4 6.6995 | Alpha-reff 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-AF02
Sn-02-Sn7-06- 4 Alpha-reff  o?sn7  0.25-AEsn+0.50-AE01+0.25-AE02
02 6.6995
Sn-OG-OSn7-06- 4 Alpha-reff  o°sn7  0.25-AEsn+0.25-AE01+0.50-AE02
2 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  6%sn8 AEsn
Sn-Sn9 16 7.6578 | Alphareff  o%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.
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Final Model and Fit to SnO, uop

A Honeywell Company

E Artemis palettes

‘merge’ in R zpoce
T

Ifetfit | Resuls | Files | Meszages | Echa | Journal | Properties | ol — mergs ]
: o — Mg
Results fram the last fit Rawelog file  —i | Save | Dismiss |
============================================================ s — _L ]
"
Independent points = T0.494140625 E
IMumber of wvariables = 15.000000000 =
Chi-scuare = 19359.502641930 I F oap
Reduced Chi-sdquare = 368 .984088725
R—factor = 0.016091320
Measuremenht uncertainty (k) = 0.000149951 Tt 4
Measuremenht uncertainty (R) = 0.000557235
MNumber of data sets = 1.000000000 —_ 1- 1 1
:H: a 4+ a ]
- FikY
13
Guess parameters +/- uncertainties [initial guess) : =
np = 1.0512750 +/ - 0.0230720 (1.0731)
eol = 2.7995730 +/ - 0.zZ075060 [3.4017)
251 = 1.3666030 +/ - 0.4750070 [2.6664)
=02 = 3.5177280 +/ - 0.86633580 [5.0268)
alpha = —-0.0002020 +/ - 0.0007570 (—0.0001)
ss01 = 0.00319580  +/- 0.0002910 (0. 0054) i " . p a
3502 = 0.0184130 +/ - 0.00700380 (0.0203) B LKy
33504 = 0.0055760 +/ - 0.00zZ0580 (0.0066)
33506 = 0.0052160 +/ - 0.003 6660 (0.0066)
sgsnzol = 0.003 5050 +/— 0.0010600 (0.0040) T H I I f
[ J
z3snl = 0.0035740 +/ = 0.0002540 (0.0035) yplca Va ues Or
SSSn2 = 0.0053430 +/ = 0.0002450 (0.0054) EXAFS t
sssn3 = 0.0070620 +/ = 0.0014530 (0.0071) parame ers
sssnd = 0.0073350 +/ - 0.0006350 (0.0077) o
s52n5 = 0.0054460  +/- 0.00Z 6580 {0.0090) ° A . I th 0 5 A
sssn6 = 0.0069210  +/- 0.0024670 {0.0068) r. 1ess an "
sssn7 = 0.0087330 +/ - 0.0016900 (0.0058)
sssnd = 0.0106090  +/- 0.0044800 {0.0096) ° AE: Iess than 10 ev
o
- c2: 0.003 to 0.020 A2
Correlations between wvariables: b u u ]

S02: 0.70 to 1.10
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Example 4: Determining 2" shell atom type and Jop
number

A Honeywell Company

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:

- C and Fe, all marked qroups
- P and Fe, W L & B &£ & & & & 1

— felm?2
- Fe and Fe

k (k) (&)
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Setting up a Uranyl Model

uop

A Honeywell Company

E Artemis

Ele Edt GOS O Plat  Help

Current project:

[oiDocuments and SettingsE446095DesktopidiemisTalkiatemis1 -TestPaths apj

5 g: noeg  2.683084 (0.982222) sl |
6 g: deloeq -0.169572 (0.021928) = ':,h'-::h'
& o Ssoed O.004152 [(0.003290) E: e FRILonEnane
G Oax at 1.78 S0 818283 8w
9 [ e v =) 0.399266 [(0.219653) Oeq at 2.45 : :
10 g: delfe2 -0.14306%4 (0.051333) T tain | Indlic | Tracesl
11 & Sefes zzfel U-Oaxt-U-Oaxt Pltink: # Magnitude
12 —= e U-Oax1-0Oax2

& Feal part
13 nc al U-Oaxt-U-0ax2
= e . =- FIEFH. & Imaginary part
is g EE D | P at 3.06 Flot in o @ Magnitude
oo e N . Cl- FEFFS @ Feal part

| L Fe at 3.53
g np il - - -
G- FEFe - Organization is key
18 delp O L Fe at 2.80
19 33p 0.003 FEFF h b d
S S——————————— ° pat S Can be rename
2 T Badil Se B S G ea
i - Separators can be added to
2z Ei=tilhe=rn SR S e e ) i e Bt S ]
23 ssge: 0.003 GDS page
w
- Variable names can have
Edlit zelected parameter -
[z=p = |o.on3 meanlng
@ Guess ¥ Det @ Set & Skip & Restrain @ Atter u -
Indo edit | Hew Grab Disecard Hide ® MUItIpIe FEFF CaICUIatlons

Document: Guess, Def, Set

3P = -0.000873 +/- 0.019329

can be used in one model
|
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Test data for C and Fe shells

uop

A Honeywell Company

1. P sppce chi_1.ch' m R =poce
||||||||| r ™T |p| T T T T T 17T 1 ’ ] ’ ’
= h | C — chi_1.zhi
— R i Fe — Fil ]
Hﬂ"! S P P T Bte = O 0oy gl 1.74

= 0fmn gl D — 0/0eg of F.48

L J

=

= =@

E

_x

* Place C and Fe shells in a “good” spot
- set parameters — no fitting

- monitor results and fit spectra

- Needs to be done using real or imaginary part of FT,
can not always be done using magnitude of FT.

File Number



Fit Results using C and Fe shells

‘zhi_l.chi' in R spoee ‘zhi_l.chi' in R spoee

uop

wywell Company

T T T 1 1 T L B R B R R | T T T T T T ]
— ehi_l chi 1 C F — chi_1 chi ]
— Tit|1 ] ™ e — Tit|1 1
ot — aftoe ot 178 = — /00w at 175
— 9/0eq ot 2 49 — 9/0eq ot 2 4]
P v
s =
— _—
S ] g
= ¥
[
uy
=k 4
|
1 1 1 1 1 1 ! [ 1 1 1 1 1 ]
o 1 2 3 f 5 4 o 1 2 3 f 5

E Artemis palettes

|feffit | Results | Files | Messages | Echo | Journal | Properties

Results from the last fit Calumn view — | Save | Dismiss

37

L

RB-factor for this data set = 0.00203

"FEFFO: Oax at 1.73" 1 u] 1 1
"FEFFO: Qeg at 2.46"7 1 u] 2 2
"FEFFO: C at 2.85" 1 u] 2 2
"FEFFO: U-0axl-T-0axl™ 1.00000 Z.000 0.01546 -5.79362 3.510z20 -0.01035 3.459985
"FEFFO: U-Oaxl-Oaxz™ 1 u] 3 3
"FEFFO: T-Oaxl-T-Oaxa™ 1 u] 3 3
"FEFF3: Fe at 3.53" 1 u] 3 3

Signhals became broad and unrealistic

EXAFS Parameters

o2-values -
Distances +
Coordination -
numbers
AE-value -
File Number




Test data for P and Fe shells

uop

A Honeywell Company

38

[ [

0.5

-0z

‘zhi_1.zhi" in R spoce
T T T T T [ T T 1T

= ki1 ehi
— sum &
— 0o ab 17N

— 0/0eq ot 2 4g

* Place P and Fe shells in a “good” spot

- set parameters — no fitting

- monitor results and fit spectra

Re[xF0] A3

-03

‘zhi_1.zhi" in R spoce

az

— sum &
— 0 0w at 1.74
— Q/0eq ot 2 47

P Fe -wn
|

File Number



Fit Results using P and Fe shells

A Honeywell Company

‘zhi_1.zhi" in R spoce

‘zhi_1.zhi" in R spoce

= ki1 ek J
— dit 4 )
— a/00v at 173
0/0eq at 2 45

—r T 1 T T T T T —T1 T T T Tt T T T
= ki1 ek 1
— Tt 4 ]
e
=T — A 0aw at- 1.7
0/0eq at 2 45
o 5
! =3
ﬁ -
p— = —
3 ] g
= 5
[n']
i
P |
[
L - L 1 P 1 L ] '-I' L L L 1 L
Q 1 3 4 5 L Q 3
R () R ()
E"- Artemis palettes
Ifeffit | Result= | File= | lessages | Echo | Journal | Propetties |
Results from the last fit Calumn view — | Save | Dismiss |
R-factor for this data set = 0.00264 &
path degen amp Sigma™2 el reff delta R R
"FEFFO: Oax at 1.78" 1.00000 2.000 0.00351 -1.12310 1.75510 0.02066 1.77576
"FEFFO: OQeq at 2.46" 1.00000 4,615 0.00941 -1.12310 2.46160 -0.17602 2.28551
"FEFFO: T-Oaxl-U-O0axl™ 1.00000 Z.000 0.01405 -1.12310 3.51020 0.04132 3.55152
"FEFFO: T-Oaxl-Oaxa™ 1.00000 2.000 0o.,00702 -1.12310 3.51580 0.04132 3.55712
"FEFFO: T-Oaxl-U-Oaxz2™ 1.00000 2.000 0.00351 -1.12310 3.51580 0.04132 3.5571z2
"FEFF1: F at 3.06" 1.00000 0.835 0.00398 -1.12310 3.05550 0.00287 3.06537
"FEFF3: Fe at 3.53" 1.00000 0.276 0.00139 -1.12310 3.52570 -0.12876 3.39694
v
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EXAFS Parameters

o2-values

Distances

Coordination
numbers

AE-value
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Test data for Fe and Fe shells

uop

A Honeywell Company

40

‘zhi_1.zhi" in R spoce
T T T T T [ T T 1T

sum 5

[ [

— zhi_1 ehi

— A 0aw at- 1.7
— 0/0eq gt 2 45

Re[x(RY] {&7%

‘zhi_1.zhi" in R spoce
T T T T T [ T T 1T

0.5

— zhi_1 ehi

sum 5

— 040w at 175
— Q/0eq ot 2 44

* Place Fe and Fe shells in a “good” spot

- set parameters — no fitting

- monitor results and fit spectra

File Number



Fit Results using Fe and Fe shells

A Honeywell Company

‘zhi_1.zhi" in R spoce

‘zhi_1.zhi' in R spoee ————

— zhi_1 ehi 1

— It

— A 0aw at- 1.7
0/0eq ot 2 46

= ekl ehi

— fit & 1
— OA0aw at 173
040eq ot 2 47

41

5
A =
s z
= =
3 I
= i
I
=} |
I ——/W
] 1|_ [ . 1 . 1
1 1 | - 1 1 1 1 1 1 |:| ] 3
Q 1 2 3 4 5 L
R ()
R ()
B Artemis palettes E1E) &)
Ifeffit | Results | Files | lessages | Echao | Journal | Properties |
Results from the last fit Column views  — | Save | Dismiss |
-
RB-factor for thiszs data set 0.00z54
prath degen armp Sigma™2 el reff delta R E
"FEFFO: Oax st 1.78" 1.00000 2.000 0.00320 -0.59470 1.75510 0.01995 1.77508
"FEFFO: Q=g at 2.46" 1.00000 3.235 0.005%4 -0.59470 2.46160 -0.17337 2.28263
"FEFFO: U-Caxl-U-Oaxl™ 1.00000 2.000 0.01280 -0.59470 3.510Z2Z0 0.03935 3.55015
"FEFFO: U-Oaxl-Caxz" 1.00000 2.000 0.00640 -0.592470 3.51580 0.03935 3.55575
"FEFFO: U-Oaxl-U-Oaxz™ 1.00000 2.000 0.00320 -0.59470 3.51580 0.03925 3.55575
"FEFF3: Fe at 3.53" 1.00000 0.670 0.00830 -0.59470 3.52570 -0.16117 3.36453
"FEFF4: Fe at 2.30" 1.00000 0.669 0.00830 -0.59470 2.300320 0.03752 2.8387:2
-

EXAFS Parameters
o>-values +
Distances +

Coordination +
numbers
AE-value +
File Number



Comparison of Models

A Honeywell Company

File  Edit

G05  Data Sum  Fits

Theory  Paths

Plot - Help

Current project: DoDocuments and Settings/E446095Desktopiaremis Talkiartemis] -TestPaths apj

Examine log files

Current fit:

fit Fe Fe

Data & Paths

— Choose a parameter

Guess, Def, 5ot
B chi_l.chi

Plot selected groups in

Select all

Clear selection

Loaded parameter list from GDS page

Statistical parameters i k ’T’—
o |
Get parameters from Guess, Def, Set list | L it C Fe Plotting options
— sum 2
Parameter report | | S0 861 82 83 8w
— sum 3
. e e hzin | Indic: | Traces |
— Calculations " fit P Fe
W Compute the sverage value [~ sum5 Plctin R @ Maonitude
L fit Fe F
M Fit Einstein temp. to sigma”? values it # Real part
El- FEFFO
Absorber: I Scatterar: I L oax at 1.78 & |maginary part
{7 Prefer R-factor [ Oeqat 2.46 Floting: @ hiagnitude
[~ C at 2.85
™ Prefer reduced chi-souare % Real part
— U-Oax1-U-Oaxt & :
Imaginary part
W Show y=0in plot — U-Oaxt-Oax2
L u-0ax1-U-0ax2 W incoy
E- FEFF1 Back d
Ouick summaries of selected fits | & W Backgroun
‘ L HIT M Residual
El- FEFF3
L kmin: |0 kmax: |15
‘ Fe at 3.53
Rmirn: (O Rmac: |6
El- FEFF4
L Fe at 2.30 qmin; |0 qma (19
Document: Log viewer | Document: Plotting |

I Artenis paottes
it | Resuts | Fies | wessages | Echo | ournal | propertes |

Messages from Artermis Save butfer to e | pismiss |

[Project citle : Fitring chi.chi -
Comment. e
Figure of merit : 1

Fitcing statistics
Nurber of independent points :
Nurber of varisbles 3
Chi-square
Reduced chi-square

12.251853125

: 1024.074356168
: 4064.543577971

R-factor : 0.002032495
Measurement uncertainty (k) : 0.000141141
Measurement uncertainty (R) : 0.0D0261597

Guess parameters
en1

-8.7936210  +/- 27.0349000  (guessed as 1.202347 (3.389124))
deloax -0.0051730 /- 0.0784290  (guessed as 0.026478 (0.012977))
ssoax 0.0038640  +/— 0.0023150  (guessed s 0.002833 (0.0007551)
noeq 5.7190560  +/- 12.7930550  (guessed as 2.683084 (0.982222))
deloeg -0.2198580  +/- 0.1225970  (guessed s ~0.169572 (0.021928)
ssoeq 0.0109370  +/- 0.0187610  (guessed as 0.004188 (0.003280)
nfez 200663730 4/~  121.4045300  (guessed &s 0.399266 (0.219653))
delfez -0.2621230  +/- 0.2376720  (guessed as -0.144064 (0.051333)
ssfe2 0.0395700  +/- 0.1009570  (0.0050)
ne 21.8964850 4/~  216.6230520  (1.0000)
dele 0.0121930  +/— 0.1461970  (0.0000)
ssc 0.0306560  +/- 0.1611940  (0.0030)

Project title
Comment.

: Ficting chi.chi
: Sum #1

Parameter Report

[513)

IE Artenis palettes
tiefit. | Resuts | Fies | wessages | Echo | ournal | propertes |

Messages from Artermis

[# Ficeing cnicni
# reporc on "Statistical parsmeters”

0

o bttt i

4 ric FOM  R-factor Reduced chi-square Chi-square nvar  nidp
i£ir C Fe! 1 0.0020  4064.544 1024.074 12 12
‘£t P Fe! 1 0.0026  7s34.168 1913.374 12 12
I£it Fe Fe! 6 0.0025  1305.861 1634.877 11 12

42

- Models are saved in Artemis and can be compared
or re-instated later
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Multiple data set fit

uop

A Honeywell Company

43

File Edit

Common

GDS D

Flot - Help

Current project:  DoDocuments and Settings/E446095 DesktopiArtemisTalkfartemis-4dstasets apj

Plot selected groups in
k | 8 |

Plotting options

Nz &3 & b

Main | Indic m'\

Plat in R: Magnitucde

Real part

Plat in o:

[ ]

&

@ Imaginary part
@ Magnitude

&

Real part

@ Imaginary part

W incow

W Background

ojma: |1 5

jmin: |0

W Residual
ki {00 s |15
Rmin: |0 Rmax: (1 L

. # | | [aime | Math Expression A Data & Paths
Varlables al, S: amp il (@ Guess, Dof, Sat
hi_1.chi
2  =: deloax 0.014617 (0.013632) 5 Hdbesy
for all 4 s
S: Ssoax 0.002837 (0.000787) |
El- FEFFO0
data SetS 4  =: noeg 3.216381 ({1.490651) T
5 =: deloeg -0.181129 {(0.025391) Oeqat 2.46
] 3: ssoeq 0.006175 (0D.004317) U-Oax1-U-Oax1
7 g: delfel 0.037073 (0.036027) U-Oax1-Oax2
& g: ssfel 0.003715 {(0.007244) U-Oax1-U-Oax2
9 g: delfez -0.165025 (0.047100) I%‘- FEFF1
10 d: ssfez  ssfel ' CEEELE
El- FEFF3
il == r
| Fe at 3.53
1z g: nfel 0.491382 (0.415475
g: niela { ! - FEFF4
13 g: nfelb 0.459836 (0.414836) Ee iz
14 g: nfele 0.572083 (0.463117) o chi_2.chi
15 g: nfeld 0.452179 (0.390209) - Fit
- ]
Val‘lables g: nfeZa 0.511832 (0.491440) Bl- FEFF14
g: nfezh  0.472358 (0.519707) L Feata.s3
for each 18 g: nfezc 0.392737 (0.514444) BR{AFAAK
El- FEFF5
19 g: nfezd 0.663336 (0.658349)
data set ) 3 Oax at 1.76
Oeq at 2.46
Edit selected parameter U-Oax1-U-Oaxt
Iamp ) |1 0 Oax1-Oax2
@ Cusss @ Def @ St @ Skip @ Restain @ After B
El- FEFF?
Undo edit | Hew Grab Discard Hide L
Fe at 2.80
Document: Guess, Def, Set b’

27 independent points data points (Nyquist): (4 data sets) (11 variables)

Document: Plotting

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"9 and 3'd shells

I\

Data set 1

Data set 2

\
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Modeling a Data Series

uop

A Honeywell Company

E Artemis palettes

Ifetfit | Results | Files | Meszages | Echa | gournall Properties |

Results from the last fit

Emvironment

Fit label

Data =sets
Figure of merit

Artemis 0.5.013 using Windows P,

amalie IHE 15
"ehi 1.chif, '
i

chi 2Z.chi™,

fochi 3.chi™,

"chi 4.chi™

Fitting statistics

Number of independent points
MNurber of wvariables

Chi-=quare

Reduced chi-soguare

R-factor

Measurement uncertainty (k)
Measurement uncertainty (R

Guess paraweters
delfel
z=fel
delfeZ
nfela
nfelhl
nfele
nfeld
ntfeza
nfezh
nfeze
nfezd

[}

0422810
0050600
1704370
. 5063030
. 5505380
. 8513330
.4671820
. 5683350
. 5135540
.4784870
LTR1ITE10

|
o B

oo oooooo

Def parameters [(using "FEFFO: Oax

<

26.578125000
akak

9490.3515855016

a09,.21015109
0.057174389
0.000196055
0.000220316

I
4=
4=
i
il
i
i
i
i
=
=

at 1.76")

4

5 i 5 B i 8 ) R

0123250
. 0047000
.0137350
2914520
3310320
. 3598510
2862200
.31688750
3234150
3155270
. 4179530

[guessed
[uessed
[guessed
[quessed
[cuessed
[cruessed
[guessed
[cuessed
[cuessed
[uessed
[uessed

as
as
as
as
as
as
as
as
as
as
as

o O
[ R

O ooooooo
= VR Y S I B Y iy Y Y ]

perl 5.00800&8, Tk SO0

[

Re[x(R]] (&

R GLRE

44

-4

‘ehi_1,ch? In B =zpaca
— T T

— ohi_1.chi
— it Fe Fe

— chi_2.chi
— Tt Fe Fe

fit|Fe F=
chi_d.chi

‘chi_1,chi' in R =poca
T T T 1 T

— hi_1.chi
— fit Fe Fe
— chi_2.chi
— Tt Fe Fe

— it Fe Fe

Lo

o

-
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