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Data analysis of XAFS data

1. XAFS data analysis and related software

2. From XAS to XAFS: data treatment procedures

3. Training: EXAFS data refinement
4. Training: XANES data analysis

https://tinyurl.com/SRSelettra2021

Contacts:
Prof. Carlo Meneghini
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Fundamentals, Methods and Application




XAFS data ANALYSIS:
from the experimental data to structural details
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Characteristics of a XAS spectrum
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How to get the normalized (k)
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How to get the normalized (k)

1. Remove pre-edge
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windows, etc...
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How to get the normalized (k)
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The pre-edge is simulated as a linear regression of data before the edge
energy




How to get the normalized (k) =

2.(Normalization) y and k
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How to get the normalized (k) (i |
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~—| Fourier Transform

Xnorm = 1+x)

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

Different programs for XAFS data analysis
apply different (equivalent) methods

Requirements for a., :

1) Smooth enough to not remove true
structural features

2) Structured enough to remove not
structural background structures
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How to get the normalized y (k) ==
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N pre-edge
subtraction

How to get the normalized (k)

2. Normalization, y an
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Edge energy is selected at the first inflection point of o,
It will be refined during the analysis.

or where o, =0.5
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Check your data:
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cu_foil_10k.dat in k space

Inspect ks%(k)
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different features in the
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Note: low k-region (k<3) is
generally affected by larger
inaccuracies and is difficult to
analyse due to intense
multiple scattering
contributions and other not
linear effects
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Inspect k"y (k)

Quality of the data
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Qualitative local structure
3. Fourier transform
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Qualitative local structure

3. Fourier transform
Cu,O

marked groups Cu2Q_ref_Elettra_001.txt in R space
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Qualitative local structure
3. Fourier transform

|FT| shows more intuitively the main cu_foil_10k.dat in R space
structural features in the real space:
the FT modulus represents a
pseudo-radial distribution function
modified by the effect of amplitude,
phase and mean free path
parameters.
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> Gerg(E)

Check FT

cu_foil_10k.dat in R space
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suggests bad extraction, noise on
the data, etc...
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FT and expected atomic structure

Look at the FT features
and compare the
structure you expect

cu_foil_10k.dat in R space
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FT and expected atomic structure
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Exercises

. Download Demeter and install it
lI. Start Athena Vo

Examples and exercises Download Data folder
Copper (Cu) metal foil e
Iron (Fe) metal foil | Fe




Basic features
1. Import data

2. E, K, R, Qfigures and plot parameters

Modify extraction parameters

1. Cu K edge XAFS

. Spline range

k-Weighting
8. FTrange
9. FT window
10. FT weight

Back Fourier
11. Range and window

. Edge Energy and step
Normalization order
. Normalization range

[

W - -

File Group Energy Mark Plot Freeze Merge Monitor Help

0

IMain window

Current group: cu_foil_10k.dat Datatype: xmu 3 e

File ChUsers\CarloMew\Dropl

Elemen [B: Copper dge [K \v] Energy shift

eters
N\ | [¥]Flatten normalized da/

Autobk = MormaMsation order (1 (12 @ 3
_Pre-edgerange  -150,000 to 30,000 Ed
Mormalization range 150,000 to 2784800

(@] to 25019

Background rem

E0 8977.58

and normalization par
Rbkg 1.0

k-weight 7

ep_2.3266765 [ fix
Spline clamps

Splinerangein k 0

Spline range in E 0

to 23843608

cu_foil_10k.dat

2
M

Standard [None -l

Forward Fourier transform parameters

=[ange 3,000 to 23.019 dk 1 window

arbitrary k-weight g5 [] phase correction

8-10

Backward Fourier transform parameters

to 3 dR 0.0

Plotting parameters

R-range 1

window Hanning -

ot multiplier 1 y-axis offset 0
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Plotting k-weights
@2f ©3 Okw

/ v
[V] Magnitude ¢0 Magnitude
["] Envelope

@0 @1

[Plot in R-space

|| Real part () Real part
["]1mag. part (") Imag. part
[F] Phase (") Phase

[T Window

Rmin 0 Rmax 6

Imported cu_foil_10k.dat from C:\Users\CarloMew)\Dropbox\Seminario_Malu_2015\dati\ Cu_Foil\cu_foil_10k.dat
=

20



P

normalized xu(E)

-0

(A9)

xR

o
oo
I

= =
- o]
| |

=
]
|

-
I

cu_foil_10k.dat in energy

background ——
— T foit—tHikedat——

Cu K edge XAFS

cu_foil_10k.dat in k space

2
8500

9000 9500 10000
Energy (eV)

cu_foil_10k.dat in R space

cu_foil_10k.dat

Radial distance (A} Demeter 0.9.21 ® Bruce Ravel 2006-2015

10 15 20 25

Wavenumber (A™)

Demeter 0.9.21 & Bruce Ravel 2005-2015

21



FT window

cu_foil_10k.dat in k space cu_foil_10k.dat in R space
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Note:

Always save data and project for future use

you have many o

ptions!

File.] Group Energy Mark Plot Freeze Merge
Import data Ctr
Recent files r

Save project

/ Ctr

Save marked groups as a project ...

Save project as...

Backwards compatible project files

Project format

Save current group as .. L

Save marked groups as . »

Save each marked grnupm

Export ... *

Mome

u athena_Cullk.prj

cu_foil_10k.dat.chik
cu_foil_10k.dat.chir
cu_foil_10k.dat.xmu

el |

el |

el |

/ Save the entire project for reuse.

Save selected groups for separate use

piE)

normiE)
s L
x(R)

xlql

\

Excel report on all groups

Excel report on marked groups

Empirical standard

p(E)

normiE)}
deriv{p(E])
derivinormiE])
second(p(E])

second(narm(E))

Ak

kx (k)
(k)
kx(k)

xRl
Re[x(R]]
Im[x(R]]
Pha[x(R]]

(=)l
Relx(q)]
Im[x(q)]
Phaly(q)]

23



3. Cu (fcc) and Fe (bcc) XAFS

Compare Cu and Fe EXAFS data: shows the effect of
different crystallographic structure

fcc Bcc
(Fm-3m) (Im3m)
alN2 N, =12 R,=av3/2 N,=8
a N, = R,=a N, =
,=av6/2 N,=24 R,=av2 N,=12
9 l ] I
3.61A b o s T || Qpe=2-86 A
?‘ -
& 6
< |
z
X3t
2L
1L
0
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