XAFS
Training on data Analysis

1. XAFS data analysis software

2.From XAS to XAFS: how to deal with the data

3. Training: EXAFS data refinement
4. Training: Linear combination analysis of XANES
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Extract XAFS structural
signal: X (k)




Characteristics of a XAS spectrum
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How to get the normalized X(k)
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How to get the normalized X(k)  f==

1. Remove pre-edge
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| Fourier Filtering
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How to get the normalized X(k)

1. Remove pre-edge
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I I

1 1
Au_bulk_20k.dat ——

: anp /\NM e :
"\J o, (E) =mE+c¢

— e | | | | |

11800 12000 12200 12400 12600 11800 12000 12200 12400 12600
Energy (V)  oemeecsniesucensencens Energy (eV) Demeter 0.9.21 © Bruce Ravel 2008

The pre-edge is simulated as a linear regression of data before the edge
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How to get the normalized (k) ==

2. Normalization, X and k ==

- | structural signal y(k) ‘
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How to get the normalized (k) ==

2. Normalization, X and k -
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How to get the normalized X(k)
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2. Normalization, X and
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Inspect k"x (k)

Au_bulk_20k dat ——

T
l AL}_bqu_ZOk.dat —

k"X (k) weighting highlights
different features in the
spectrum: high (low) n
enhance high (low) k-regions

Note: low k-region is
generally affected by larger
inaccuracies and difficult to

analyse due to intense
multiple scattering
contributions
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k?-x(k) (A9

Inspect k"x (k)

Quality of the data
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Check for distortions in the spectra,

correct or cut the data and retain only the

"good" regions"
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k-x® (A7)

K xk (A9

Qualitative local structure

3. Fourier transform
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Qualitative local structure
3. Fourier transform

Au_bulk_20k.dat in R space

| FT| shows more intuitively the main
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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Peak positions (phase shift corrected) => neighbour shells
Peak amplitude and shape => number and type of neigbours

14



IX®]  (A)
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Check FT

1
Magnitude
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B Not physical peak
i (below 1 Al)

Radial distance

(A)  Demeter 0.5:21 ® Bruce Ravel 2008

—

Fourier Filtering

FT features give suggestions
about the extraction
procedure:
Artifacts, distortions, noise,
may suggests bad extraction,
noise on the data, etc...

Intense peaks in the low R
region (less than 1A) may
signify errors in the
extractions
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xR (A®)
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FT and expected atomic structure

Look at the FT features
and compare the
structure you expect

Magnitude
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xR (A®)

FT and expected atomic structure

Look at the FT features
and compare the
structure you expect

I T T
/\ Magnitude

Au L, XAFS

Now you try it
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Exercises

. Download Demeter and install it
II. Start Athena

Examples and exercises
Copper (Cu) metal foil Download Cu_Foil.zip folder

Gold (Au) metal foil (Room temperature and 20 K)
Download Au_Foil.zip folder

Iron (Fe) metal foil (Room temperature)
Download Fe foil.zip folder
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Basic features

1. Cu K edge XAFS

1. Import data

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

Modify extraction parameters

Rbkg
Edge Energy and step

Normalization order
Normalization range
Spline range

S L

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

Back Fourier
11. Range and window

8-10

11

[XAS data

— - - .-

(e

A - —

File Group Energy Mark Plot Freeze Merge Monitor Help

" Gol oo

I Main window

Current group: cu_foil_10k.dat Datatype: xmu 3 e

File C:\Users\CarloNew\Drop!
Elemen [3; Copper

io_Malu_2015\dati\Cu_Foil\cu_fon_rywat
dge{K \.,l Energy shift ( Impprtance 1
w normalization paraxeters

E0 8977.58 Rokg 19 N | [¥]Flatten normalized dat

k-weight 2

Background rem

thm | Autobk 2 NormalRation order () 1 2 @3

_Pre-edgerange 150000 (@) to -30000 Ed
to 2284890 Spline clamps

@ 0 o
@t zoumn @  Hoh[suong ]

Standard [None .1

Normalization range 150,000
; Spline range in k 0

Spline range in E 0

Forward Fourier transform parameters

=[ange 3,000 to 23019 dk 1 window

arbitrary k-weight g5 [~ phase correction

Backward Fourier transform parameters

R-range 1 to 3 dR 00 window
Plotting parameters
ot multiplier 1 y-axis offset 0

Imported cu_foil_10k.dat from C:\Users\CarloNew\Dropbox\Seminario_Malu_2015\dati\Cu_Foil\cu_foil_10k.dat

[ cu_foil 10k.dat |

5

e

2

Plotting k-weights
0 ©1 @2 )3

[Plot in R-space l ¥
["1Envelope
[1Real part ) Real part
["limag. part ) Imag. part
["]Phase () Phase
[C1Window
Rmin 0 Rmax 6
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Relx@] A3

Back-Fourier info

cu_foil_10k.dat in R space
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Note:
Always save data and project for future use
you have many options!

Nome

! athena_CulOk.prj
« | cu_foil_10k.dat.chik
@  cu_foil_10k.dat.chir

«  cu_foil_10k.dat.xmu

Save the entire project for reuse.

Filg] Group Energy Mark Plot Freeze Merge
Knport dela Ctr Save selected groups for separate use
Recent files »
- M(E) H(E)
S ct Ctrl
ave prOJ'e / T i )
Save project as... " deriviu(E)
: X
Save marked group‘s asa pTOJEC"t / @) deshr(tionn(El)
Backwards compatible project files d(u(E
Project format » x(@ SonauE)
second(norm(E))
Save current group as ... » ©
Save marked groups as .. » ix(k)
Save each marked groupas...\> )
B e
Excel report on all groups [x(R)|
Excel report on marked groups Re[x(R)]
I R
Empirical standard pf:[):( (2}]
alx
bx(q)l
Relx(q)]
Im{x(q)]
Phalx(q)]
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2. Au L, edge XAFS

Open Au_Foil.zip
Import Au_bulk _20k.dat
1. compare FT data for Cu and Au samples.

Y T T T T I
cu_foil_10k.dat
8 Au_bulk_20k dat
Do you
rl  recognize a?
A~ 6 B
"
< 5l 3
z et :
=
3 -
2 |-
1
0
0 1 2 3 4 5 6

Radial distance (A) Demeter 0.9.21 © Bruce Ravel 2008-2015
24



Au L, edge XAFS
2. compare EXAFS spectra for Cu and Au samples.

o T ! I

cu_foil_10k.dat

6 n Au_bulk_20k.dat
| N n
&
< 2T N
< 0
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a2 \ﬂ
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B |- u f
_8 1 1
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)

xR (A%

2

. compare Back FT for Cu and Au samples.

cu_foil_10k dat —

Au_bulk 20k dat — |

Radial distance

(R)

Demeter 0.9.21 @ Bruce Ravel 2008-2015

1
XUy =3 Ai(le1y) sin(2kr; + ;)
7
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cu_foil_10k dat —
| Au_bulk 20k dat —— ||
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1
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Demater 0.9.21 @ Bruce Ravel 2008-2015
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3. Fe (bcc) and Cu (fcc) XAFS

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

fcc Bcc
(Fm-3m) (Im3m)
R =a/y2 N, =12 R =a/3/2 N, =8
=a N, =6 R, =a N, =6
R, =a/6/2 N, =24 R,=ay2 N,=12 .3
9 1 I I | I
=3.61Apr FoFaIRT 0005t —
i
o~ 6
= sl
zr
X 3
v 3 B
1L
0
0 1 2 3 4 5 6
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