XANES data treatment by
Dawn, Mantis & Athena

114 Beamline
Diamond Light Source

DISCLAIMER: This document does not aim to be a
comprehensive guide describing all the capabilities of
DAWN, MANTIS or ATHENA, but rather a descriptive
document on how to use these software for 114 data
visualisation
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Required software — Linux resources

We recommend the use of NoMachine software to connect to a ‘New Virtual Desktop’ through
ssh.diamond.ac.uk or nx-user.diamond.ac.uk (see “how_to connect to_i14-workstations” guide
already distributed), for being able to access these resources, by typing the following command-

lines on a Linux terminal

s Data Analysis WorkbeNch -- DAWN

module load dawn
dawn &

¢ Multivariate Analysis Tool for Spectromicroscopy -- MANTIS

module load mantis
mantis

+» Demeter software — Athena

module load demeter
— dathena

Alternatively, these software can be downloaded for using them on Windows computers (see
next slide), although they may present some operational issues.
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Required software — Free downloads

» Data Analysis WorkbeNch -- DAWN SCIENCE ,

Eclipsed based application for scientific data analysis fully supported by Diamond Light Source
Download at: https://dawnsci.org/ (accessed on 26/11/2019)

s Multivariate Analysis Tool for Spectromicroscopy -- MANTIS

Cross-platform tool developed in Python for spectromicroscopy data analysis
Download at: http://spectromicroscopy.com/ (accessed on 26/11/2019)

s+ Demeter software — Athena

Comprehensive system for processing and analysing X-ray Absorption Spectroscopy data
Download at: https://github.com/bruceravel/demeter (accessed on 26/11/2019)

) | »\W\\\ diamond

* Note that each individual software has their own references to be cited (included in their webpages)



https://github.com/bruceravel/demeter
https://dawnsci.org/
http://spectromicroscopy.com/

Data Analysis WorkbeNch -- DAWN

Dawn is the recommended software for a quick visualisation of
your data, either using the ‘DataVis’ perspective or the ‘Mapping’
(for a view resembling the GDA acquisition software)

To load Dawn, just type in the Linux terminal the next two lines
consecutively, hitting ‘Enter’ afterwards:
module load dawn

dawn & SCIENCGCE

Finally, a video-tutorial on “loading DAWN for inspecting
metadata from the ‘i14-xxxxx.nxs’ files” can be found at:
https://www.diamond.ac.uk/Instruments/Imaging-and-

= Microscopy/l14/Access-to-114/Beamtime-preparation/Manuals-
and-tutorials.html

| ) diamond
|
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https://www.diamond.ac.uk/Instruments/Imaging-and-Microscopy/I14/Access-to-I14/Beamtime-preparation/Manuals-and-tutorials.html
https://www.diamond.ac.uk/Instruments/Imaging-and-Microscopy/I14/Access-to-I14/Beamtime-preparation/Manuals-and-tutorials.html

DAWN -- Getting started -- Opening .nhdf5 files

All files are located in: /dlIs/staging/dls/il4/data/2019/sp20627-1/processing/
example: mantis_filt 27889 28038.hdf5

B} workspace - C:\Users\gqz13237\workspace - DAWN Science - 0 X
File Plot Tools Transfer Window Help
: | & [152sm5] - 3507401 [Cwick Access| | g% || Datais | [ Mapping  oE| Processing

[ Data Files = O E Pt Flle -] v~ x®m @GR A &R B = 8 (st = 0

Filename mantis_filt_27889_28038.hdf5:/exchange/data[0,:95,:150] 35000 Dataset Name Shape
|&] mantis_filt_27889_28038.hdf5 0 Jexchange/data [83, 95, 150]
\ [] /exchange/energy [150]
1 / [ fexchangefx [95]
[ fexchangefy [83]
[T] /spectromicroscopy/normalization/white_sp... [150]
[] /spectromicroscopy/normalization/white_sp... [1501
_élz 25000
1) Click the file (it is not selected by
default after loading the data) T
2) Select /exchange/data option. Dawn is a great software for data
visualization, but there are several datasets within each scan file which | DRy | St e
5000 1[95] Y : indices
are not selected by default, so they need to be selected every time R d

VAP Data...anti
‘\Processing Data..antis_reprocessing Ready

149.637, 2.176



Visualisation of the data by DAWN

E workspace - C\Users\ggz1823Mworkspace - DAWN Science - m} X

File Plot Tools Transfer Window Help
. [
HIE=]

; ‘ o]
[ Data Files = B [Pt Fle~| v | mEh A& S| MR EE = 8 [ Dstses = B8

Filename mantis_filt_27889_28038.hdf5:/exchange/data[0,:95,:150] LT ’ Shape
1 |&| mantis_filt_27889_28038.hdf5 04 | mage ’ S
[150]
Selection region > [95]

|t DataVis | Mapping iE| Processing

~"  Automatically hide regions [83]

< Add Annotation ormalization/white_sp... [150]
(-

i ormalization/white_sp... [150]
=% Remove Annotation...

Print scaled plot »

Sequential 1 (approximately monochromatic with variation between two, Color *

Sequential 2 (variation between two or more colours) > Log color scale

Uniform (perceptually uniform sequential) » Invert color scale

Divergent (with median value) % Image Origin >

Qualitative (rapid variatien in celours)

Y-Axis

Miscellaneous Traditional pm3d (black-blue-red-yellow)
NCD

Green-red-viclet

QOcean (green-blue-white)

Raink (bl 1l o)
9 ¥ )

Jet (Blue-Cyan-Green-Yellow-Red)

Terrain (blue-green-yellow-brown-white)
Earth (dark blue-green-brown-white)
CRMap (black-blue-red-yellow-white)
Nipy Spectral

Flag (Sing)

Prism (Sing)

10000

3) Another colour can be chosen for data visualisation

Plot Type: | Image ~

Dimen...  Display = StartStop:. Axes
0[83] 0 indices
5000 11[95] ¥ : indices
2[150] X : indices

Vi\Processing Data..antis_reprocessing Ready

136.759, 0.0




Visualisation of the data by DAWN

E workspace - Ch\Users\gqz1823Tworkspace - DAWN Science
File Plot Tools Transfer Window Help

a x

m B [ 15.252353) - [ 35074401 [Quic Access| ‘ i | 2 DetaVis |[£] Mapping i Processing
||l Data Files = O & Plet ¥ = O [ |l Datasets = O
Filename IQ\X'IF&@%EIﬁWI@'IbIEE&'IﬂV ,-\%ﬁlx'l@ﬂkﬂglﬁ\ﬁlﬁ'lﬁv Dataset Mame Shape
¥ |& mantis_fil_27880_28038.hdf5 Plot of trace 1 against energyl[:] | fexchange/data [83, 95, 150]
35000 [[] /exchangefenergy [150]
[] fexchange/x [95]
] fexchangefy [83]
] /spectromicroscopy/normalization/white_sp... [1501
] /spectromicroscopy/normalization/white_sp... [150]
14 30000-|
25000
1.2
20000
Lo B
I
jid
15000
13 ”» . H
4) Change to “Hyper3d” in the drop-down list =
10000
. . ) ) .
5) Set axis Z in the ~’150 value’ Display &= _— =
Dimen..  Display  StartStop:.
0[23] X B indices
™ Y : indices
m z : [exchange/energy
| — —l

6) Axes to /exchange/energy
il

7.20
energy[:]

trace 1

.25

730 735 740 |

Vi\Processing Data...antis_reprocessing

Average Regions ~

136739, 0.0

Ready



Visualisation of the data by DAWN

workspace - C\Users\gqz1823T\workspace - DAWN Science

- m] X
File Plot Tools Transfer Window Help
. @ ! 15252353 - [ 35074.401 Quick Access J %5 | |28 DataVis [ Mapping o[ Processing
|/ Data Files = B i Plot ¥ = B [ | Datasets = B8
Filename [F 2 v - ma@LEaw| - m| e B~ M - mm @R e &6~ Dataset Name Shape
& &) mantis filt 27629 28038 hdf5 Cfeate new P'OfllE Image Plot of trace 1,trace 2 against energy[:] ¥ fexchange/data 83, 95,1301
s [l /exchange/energy [150]
[ /exchange/x [95]
| . ] /fexchangefy [83]
5000 [l /spectromicroscopy/normalization/white_sp... [150]
[ /spectromicroscopy/normalization/white_sp... [150]

9) New squared areas can be added to the plot B e o o e e s S

1-!‘

4000

7) Enlarge the ‘blue-coloured’

~ area to select the whole 150-

3500

- energy range

8) Place/adjust the square in the desired spot

on the sample, which will generate a XANES

___________ Plot Type: |Hypel3d ~
spectrum at the right-hand side Dimen.. Display _ Stoiop.. o
0[&3] X E indices
1[95] ¥ H indices
21507 z f Jexchange/energy
1000
710 715 720 1.25 730 740
energy[:]
trace 1 trace 2
Vi\Processing Data...antis_reprocessing W Reaty

136759, 0.0




Visualisation of the data by DAWN

~150 enerqies are being visualised

These ‘mantis’ files contains the sum of all
the 150 energies in the Z-axis, offering an
‘average” signal
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Visualisation of the data by DAWN

E workspace - Ch\Users\gqz1823Mworkspace - DAWN Science

File Plot Tools Transfer Window Help

@ 15252353 - | 35074.401

— O X

‘QuwckAcce;s| ‘J 1] H Datalfis | Mapping i Processing

() Data Files al=-R=T™ ¥ 5 5 [ Datasets = g
Filename ‘?|x"'|@|}|ﬁw|@'lh|@|gv $|?|x”"3&'ﬂ‘§"? I}l&lﬁ@‘@'lﬂv ‘ Dataset Name Shape
] @ mantis_filt_27889_28038,hdf3 Image Plot of trace 1,trace 2 A 4 Save screenshot as.. [83, 95, 150]
0 Copy to dip-board Ctrl+C [130]
95]
ﬁ Print plot {331
@ Print scaled plot Ctrl+P ion/white_sp... [150]
Export plot data to Nexus (HDFS)... ion/white_sp... [150]
=

11) Select “Export plot data” on t

he printer symbol for saving the drawn XANES regions

30000-

n Export Data

Export plotted data to file

File [ C\Users\gazia23Tiplotdatadat |
[7] Overwrite file if it already exists
Format (®) dat Oesv

Mumber of files (®)single ) multiple

|G| single x column

is saved in xfy pairs (in rows or columns according to the format)

@ [ Finisn

I ‘ Cancel

| el

12) Type the correct directory at the top (or browser it using the folder icon),

and select ‘.dat’ file for saving the XANES region in a compatible way

10) XANES spectra can be

exported as .dat file

Plot Type: | Hyper3d

V\Processing Data...antis_reprocessing

Average Regions ~

136.759, 0.0

Dimen..  Display  Start:Stop:. Axes
0[83] X indices
193] ¥ indices
2[150] rd fexchange/energy
-
740
Ready




MANTIS software — Multivariate analysis

Cross-platform tool developed in Python for spectromicroscopy data analysis.

There is an extensive guide on how to analyse the data in the Github author’s webpage
(github.com/mlerotic):
https://docs.spectromicroscopy.com/

% MantiS

DISCLAIMER: The following slides only describes how to do load and perform a basic data
analysis using the files generated at 114, but please, read thoroughly the guide from the
above link for a complete understanding on how to get the most of your data.

* Note that this software has its own references to be cited (included in the

— indicated Github account)
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https://docs.spectromicroscopy.com/

MANTIS — 114 data -- Opening .hdf5 files

All files are located in: /dis/i14/data/2019/sp20627-1/processing/
example: mantis_filt_ 27889 28038.hdf5

B Mantis v.2.3.02

7O

= [m] X

Load Data

=

|

Preprocess Data PCA Cluster Analysis Spectral Maps NNMA Analysis

Build a stack from a

set of files

Select a directory with stack files [.sm, .xrm]

File

mantis_filt_27889_28038.hdf5

Path

V:/Processing Data/191011_sp20627_restagedData/XANES /mantis_reprocessing

Peak ID XrayPeakFitting Tomography

1) Load XANES Stack — Select the

/ corresponding .hdf5 file
Image at energy: 7.13eV
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Data processing by MANTIS

2) In the Reprocess tab, data could be re-aligned if required

B Mantis
70

Load Data Preprocess Data PCA Cluster Analysis Spectral

— by clicking the “Align stack...”

B Stack Alignment

NNMA Analysis Peak ID Xy This Image Image at energy: 7.15eV Reference image

Set as Reference Image

Save Reference Image

Preprocess alize Display ’— Load Reference Image
File
— 10 from file...
Align stack... mantis_fit_27869_25038.hdf5 o
10 from histogram... . -
Limit energy range... Image Display settings
Show I0... @ Fl ® Automatic Alignment
ux .
Clip to subregion... Use pre-normalized data 3 . Minimum: 0% I © Manual algnment
() Optical Density
Dark signal subtraction. .. Load Reference Images Scalebar Maximum: 100% Automatic Alignment
ResetI0 [ wihite Gamma: 1,00 Calculate image shifts
Save processed stack 7 [ Colorbar T
Save OD data Select subregion on reference ‘

Remove subregion selection

Image at energy: 7.13eV Spectrum at pixel [41, 47)for po! [] Edge Enhancement Prewitt Sabel “

" .

Y shift; -0.63 pixels

[ show Cross-correlation

-2 M 1 Ali t
anual Alignmen Image shifts Cross-correlation

Pick a point on reference image

-4

-
%]

This image: dlick on same paint

=
=

Apply manual shifts

X manual shift:
¥ manual shift:

Optical Density

«» y-green) [pixels]

Save image shifts plot
Save image shifts
Load image shifts

L)

8

6

4

- 2
i)

¥

00 7.05 710 7.15 7.20 725 730 735 740

J.00 7.05
Photon Energy [eV]

Crop aligned images
Apply Alignment

Dismiss

\

Later: i) set a nice image as “Reference Image”, ii) click “Calcilate image shifts”, ant~fhappy with the result

st

= T —=

(scroll the vertical bar at the right of the images to visualise): iii) “Crop aligned images” & iv) “Apply Alignment”

e F 2 |



Data processing by MANTIS

||

I Mantis v.2.3.02 — O
BfEO
Load Data Prepracess Data PCA Cluster Analysis Spectral Maps MNNMA Analysis Peak ID ¥rayPeakFitting Tomography
Preprocess Mormalize Display Region of Interest
File T
: 10 from file.... SRS Select ROI (Lassa)
Align stack... mantis_filt_27889_28038.hdfs Save images
10 from histogram. ..

Limit energy range...

Show I0...

Clip to subregion...

|Use pre-normalized dam|

Dark signal subtraction...

Save processed stack

Image at energy: 7.17 eV

Load Reference Images

ResetI0

Save OD data

Reset ROI

Image Display settings
Flux
® ZEC |
(O Optical Density Save ROI Spectrum, ..
Scalebar Maximum: 100% I Reset :
O ROI Dose Calculation. ..
White
Gamma: 1.00 Color Table. ..
[ colorbar I Spectral ROL...
B Save ? *
Spectrum at pixel [35 Save pdf _png Ltif (data)
~
_spectrum |:| D D D
0
\ me 0 O O O
2|
all images O
z T
n
§ Filename: | |
o _gl
_g Path: IZ?_resmgedDameANESImanﬁs_repmcessing| | Browse... I
a
o —-8r
o) | i | | Lz |
- . . N . . . |
F00 7.05 7.10 7.15 720 7.25 7.30 7.35 7.40
Photon Energy [eV]
v

Iin

3) The whole aligned
be

individual .tif

image-stack  can
saved as

files (if required)

further
the

This

“reprocessing” of

allows

individual images by other

software's such as Matlab
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Data processing by MANTIS

Update for mantis_python-3 version
(available at /dIs_swl/il4/scripts/)

Mantis v.3.1.01

[“ N =]

Load Data Preprocess Data | PCA Cluster Analysis

Spectral Maps NNMA Analysis Peak ID

XrayPeakFitting

Tomography Image Maps

Image at energy: 7290.00 eV

Preprocess Normalize Display Region of Interest
[ Select 10... | File ‘ Play stack movie |
| Align stack... | mantis_133676_133953 hdf5 | = * CECROI [Lassa)
| 10 from file... |
| Crop stack 3D... | [ F— | Image Display settings
@ Ek
" < .
| artefacts & Leveling | |Use pre-normalized data = Minimum: 0% [ | Despke
_— —— (") Optical Density
— | Load Reference Images | ) .
|Dark signal subtraction... | T V| Scalebar Maximum: 100% n ‘ Reset ‘
| Reset 10 | T
e | P —. | o Gamma: 1.00 B | Color Table... | [ spectrairor..

Spectrum at pixel [38, 38] or position [38.00, 38.00]

Optical Density

25000 A

20000 -

15000 A

10000

5000

0

T T T T T T T T
6950 7000 7050 7100 7150 7200 7250 7300
Photon Energy [eV]

1l

___ If the file to load has been

pre-normalised (and aligned)
by i14 jupyter notebooks,
please, remember to select:

“Use pre-normalized data”

A non good-looking XANES
spectrum in the pre-visualisation
at the bottom-right, is also an
indicative of not having selected

this option.
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Data processing by MANTIS

Mantis v.3.1.01

Load Data Preprocess Data PCA Cluster Analysis Spectral Maps NNMA Analysis Peak ID XrayPeakFitting

PCA eigen

Tomograph

PCA

14 4
Calculate PCA 10

Sawe PCA Results...

1
g/cnvae
= =
2 <
i A

= =
o o
= =
) )

Number of significant components | 5

Cumulative variance 100.0%

Mowve PC up

Lo

PCA component 2 PCA spectrum 2

7500
0.1
5000
= o
c
U
]
0 S —01
a
o
—2500
_0.2,
—5000
—7500 —0.3

Principal Component

T T T T T T T T
6950 7000 7050 7100 7150 7200 7250 7300
Photon Energy [eV]

—~—_ 5) The

4) The “principal component analysis” (PCA) tab allows

the calculation of the main components of the sample

number  of
significant ~ components
may be manually
modified, and the PCA
recalculated again (see
Github guide for more

information)
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Data processing by MANTIS

Mantis v.3.1.01 x

[~ =7
Load Data | Preprocess Data | PCA | Cluster Analysis | Spectral Maps | NNMA Analysis | Peak D | XrayPeakFitting | Tomography | Image Maps - 6) The Cluster anaIyS|S

Cluster analysis Clustar | Cluster Error Map

calculation (feeding the

<
Calculate Clusters -

Number of clusters 5 % H
Number of clusters found 5 Correspondlng number)
Reduce thickness effects

combines the regions

| Divide clusters with large Sigma

PC scaling factor 0.05

with similar X-ray

Show scatter plots...

Save CA Results..

absorption spectra (XAS)

Display

Show all spectra

features

Composite cluster image Cluster 1 spectrum

20000

15000

10000 A

Optical Density

5000

04

T T T T T T T T
6950 7000 7050 7100 7150 7200 7250 7300
Photon Energy [eV]

diamond
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Data processing by MANTIS

Mantis v.3.1.01

™ 2]

Load Data Preprocess Data PCA

Cluster analysis
Calculate Clusters

Number of clusters

Mumber of clusters found 5
Reduce thickness effects

| Divide clusters with large Sigma

PC scaling factor 0.05

Show scatter plots...

Save CA Results...

Display

| Show all spectra

Composite cluster image

Cluster Analysis Spectral Maps NNMA Analysis

Peak ID

Cluster 4

Optical Density

XrayPeakFitting

1.0 A

o
o
|

o
=
|

o
FS
.

o
]
|

0.0 4

MNormalized Cluster spectra

Tomography

Image Maps

Cluster Error Map

oA

T
6950

T
7000

T
7050

T T
7100 7150
Photon Energy [eV]

T
7200

T
7250

T
7300

7) All clusters’ spectra
can be simultaneously
displayed by selecting
this option in the right-

side of the window

8) The spectra arising
from cluster analysis
calculations can be
saved as .dat/.csv file for

further XAS reprocessing

diamond



Athena — From Demeter software

Athena is a great software to perform linear combination fitting analysis
using the “.dat” or “.txt” files already generated by DAWN/MANTIS from
your regions of interest (check pages 10 and 18 from this guide).

There are videos from Bruce Ravel (software owner and developer) on how to
analyse XAS data from a workshop organised at Diamond:
https://vimeo.com/340202552

Alternatively, there are some more tutorial and examples on the website:
https://xafs.xrayabsorption.org/tutorials.html

diamond
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Athena -- Getting started

O A complete step-by-step guideline can be found on-line:
http://bruceravel.github.io/demeter/documents/Athena/index.html (accessed on 26/11/2019)

Athena Lmentation »

v

v

i ﬂq s
%AS data (SR
processing s

Tahle Of Contents

1. Forward

2. Introduction to ATHEMA

3. Dataimport

4. Wormalization and background
removal

4. Plotting Your Data

6. UserInterface

7. Befting parameters

8. Data export

vy

9. Data processing
10. Data analysis
= 10.1. Linear combination
fitting
= 0.2, Principle components
analysis
= 0.3, Peak fitting
= 10.4. Log-ratio/phase-
difference analysis
= 10.5. Difference spectra
11. Other main window chores
12 Worked examples
13. Hephaestus

Helfaful Links

Current Demeter version: 0.9.26

10. Data analysis

ATHEMA provides various kinds of data analysis. Mone of the data analysis capabilities in ATHEMA require the use of FEFF. Analysis of data using FEFF is a huge topic and
is the purpose of the ARTEMIS program. The data analysis technigues included in ATHENA are all purely empirical. While there is no substitute for careful, sophisticated
analysis of EXAFS data using theory from FEFF, often the empirical techniques described in this chapter are adequate to answer the guestions you have about your data

ATHEMA's analysis tools are accessed from the analysis section of the main mend, a5 shown below,

File Group Mark Plot Freeze Merge Monitor Help

cyanobacteria

o] 2 o2
:
-

[iz.az
Main window a7z
Calibrate data :
Align data W a3 m}
i . 9.33
Rebin data bacteria.pri, 4 |
[ zo0

Deglitch and truncate data

ay shift | _ | Importance |

Smooth daka |ﬁ‘ |1_| 033

Convolute and add noise to data 720

arameters
Deconvolute data - [: Au Foil
" . | [J] Flatten normalized data

Self-absorption correction [l [ aut cl

Calibrate dispersive XAS data ormalizationorder (1 (2 @ 3 ['AuzcClag

Copy series .

. Edge step ‘U‘ZBUQUTl O Fix [[]" Au hydroxide

Data summation | :

[[]: Au cyanide

Spline clamps
[]: Au thiocyanide

[ Au sulphide
[]° Au thiosulphate ag

Principle components analysis

Peak fitking

low
None C

high ‘m|

I an-ratin/nhase-difference analvsis [ Au thiomalate ag v

— 0 For understanding the theory behind the XAS calculations, there are many papers and
books available, but | recommend:

Kelly, S. D.; Hesterberg, D.; Ravel, B. Analysis of Soils and Minerals Using X-Ray Absorption
Spectroscopy. Ulery AL, Dress R, Eds. Methods soil Anal. Part 5. Mineral. methods. Madison,

WI Soil Sci Soc Am 2008, 387—-464


http://bruceravel.github.io/demeter/documents/Athena/index.html

Using DAWN to export the calibration foil for Athena

1) Select the nexus file (it is not selected by default after loading the data)

File Plot ols Transfer Window Help

0 |-| 21.540C i =* Q g i DataVis [E Mapping i Processing
9 = [ [ Plot PRy v B OIGL A ;LG B3 &8 = B |(JDatasets = |
¥ Save screenshot as... .

ename
[ i14-161489.nxs [2 Copy to clip-board Ctri+C

Shape
fia Print with preview i

»r/count_time [152]
L ﬁ Fint; plot S data [152, 512, 512]
[id] Export plot data to Nexus (HDF5)... ime (152]
0.8/ [l /entryl/xsp3_addetector/adc_ionCh1b [152]
i [l /entryl/xsp3_addetector/adc_ionCh2a [152)
[7] fentryl/xsp3_addetector/adc_ionCh2b [152]
. ] /entryl/xsp3_addetector/count_time [152]
2) Click on the ‘/entry1/xsp3_addetector A . 152.4.1, 408
[7] /entryl/xsp3_addetector/dcm_enrg [152]
/exafs eh2’ data Set => lentryl/xsp3_addetector/exafs_eh2 [152]

;0.6-

3) Set ‘xxxxx/dcm_enrg’ at the X_axis

0.4
0.3+
Plot Type: | Line v
024 + i + Dimension Display Start:Stop:Step Axes
715 7.25 7.30 0[152] X f /entryl/instrument/dcm_enrg/dcm._enrg

dcm_enrg
4) On the arrow icon, select ‘Export plot data to tif/dat/csv’ and save the xanes diamond

spectrum as .dat
O F s



Load .dat files in Athena

5) The .dat file of the metal foil has to be loaded. Then select the “Energy” as column 1 and the

“Numerator” as column 2

{ Select range H Clear numerator

1
Energy (o)

Numerator ||
Denominator [ | [ |

[] Naturallog [ Invert Multiplicative constant | 1

[} Save each channel as its own group

[ Preprocess ‘ Rebin‘ Reference ‘
——

| || Import reference channel

1 2
Numerator 7] (7]

Denominator (] |

‘ Replot reference ‘ [¥ Natural log [+ Same element

#scan

#dcm_enrg
.011974239571000
.019992436876000
.027994688318000
.035993603711000
.043995502098000
.051997122634000
.060008057967000
.067996019180000
.075996374273000
.084031850828000
.092014836765000
.092996952952000
093527153329000
.094031408231000
094529229895000
.095027124376000
.095534856483000

~

7
7
7
7
7
7
7
7
7
7
7
7.
7
7.
7
7

.099514712822000
.100003559176000
.100508774113000
.101010803802000
.101512907471000
.101998779505000
.102497767181000
.103003352082000
.103505749428000
.104001694757000
.104514029842000
.105006857891000
.105522608554000
.106018847385000

NN NNNNNNNNNNNNNNNNag

exafs eh2:
.1972975463785124
.1936516796638930
.1956992274293925

D OOOPOOCOOOOOOPORROERRR

[CR-N-N-N-N-N-N-NoNoNoNoN-

161489

1968127779019047

.1962104078354894
.1982622472864351
.1987956324797982

1966457347545343

.1966334519086717

1981493459550544
1989649324526283

.1990014962769659
.1981551163907246

1970376469919893
1970727561855578

.1970719128086129
.1975349661112079

1978540815258568

.1982319120801866

987132686541371

.1981672870406648
.1982623067681772
Q.1979940092485455

1992051462073

1995833558219536
1998830460328429
1998382853762384

.1997330827280587

2001334533575548
2005118488216544
2011016829732787
2016181932718543

Athena[Plot.1] x

EEH e @a@aa 7

Fe-foil_161489.dat in energy

0.9
08
07
06
05
04
03
0.2
0.1

XH(E)

[ Hfogrosom —|
LN\

6.97557, 0.524396

7.05

71 715 72 7.25 73
Energy (eV)

4

6) Select data type as ‘u(E)’ for the
EXAFS/XANES scans, or ‘xanes’

for visualising the near-edge only

7) The energy units should be

changed accordingly, either as eV

or keV

amond



Data analysis by Athena — Calculating the E shift

8) A calibration foil (or standard) is required to calculate the Energy shift for every experiment

>~

8] Athena [%85 data processing]

File Group Energy Mark Plot Freere Merge Monitar Help

* <untitled> Save S

Main window ~
Current group: Fe_foil_35646 Datatype: xmu [JFreeze
File W\Pracessing Datay191011_sp20627 restagedDatayXANESFe _foil 35646 \
Element |36 on o Edge [ o Energyxh\f’tlzllmpnrtante

lization and |

E0 | F117.03192141

Pre-edge range

'y ; T
Normalization arder 01 02 @3

o [aow

to[150000 |

Rbkg o k-weight :
Spline range in k El to
e

Standard | one -

Flatten normalized data

Mormalization range ‘ 133,962 |

Edge step [ o.7000518| L fix

Spline clamps

low hgne  w

Spline range in E high |sprang
Energy-dependent normalization

Forward Fourier transform parameters
krange [3.000 | (@] to [5.036 | (@] ek [

arbitrary k-weight

Backward Fourier transform parameters

“"""‘dm"" Hanning ~

[ phase carrection

Roange 1 |[@ta]3  |[@ 4R [0 | window |ianning -

9) When plotting the

individual files (yellow),~———,
the pre-edge and post-
edge normalisation lines

should be parallel eac

Ot @3 Okw

] i) Oud
[]Background

[] pre-edge line

[] post-edge line

-12.8

Fe_foil_35646 in energy

-13.8

X(E)

-14.5

-16.8

T T T
Fe_foil 35646 ——
pre-edge
post-edge

[IMormalized @ Normalized

other

= Gl ToT Derivatise
[[2nd derivative []2nd derivative

Emnin | -130

| Ernax ‘ 400

FA27 12 -14 0928

7ooo

7200 7300 7400 7500
Energy (eV)



Data analysis by Athena

10) “Pre-edge” and “Normalisation” ranges can be modified manually, for getting the green and violet lines parallel

I—"E‘I—_ AS data processing] — [m] x E_qfv,-::r ] _ o
File G E y Mark Plot Freeze M Monit Hel
ile r?up nergy  Marl ot Freeze Merge Monitor Help B IZI‘ 2 #eaa | S ?
* <untitled> Save Allu| !
iy sy - Fe_foil.dat in energy
Current group: Fe_foil.dat Datatype: xmu reeze 25 T T T T T T T T
File V:\Processing Data\Standards_XANES_|14\Fe_Pasta\Fe_foil.dat / ‘ Fe_foil.dat
Element |26 ron o Edgefg o Energysmft mportan:e p‘::{:g:
Normalization and background removal paramegsfS
07112 o) fmalization order 01 02 ®3 P
Pre-edge range 90 J ®| [ -30 ‘ @ | 7] Flatten normalized data 2r T
—
Mormalization rangdl| 15 —| EIE IEED ® Edge;tep‘zjmng‘uﬁx
Rbkg < k-weight = Spline clamps
Spline range in k D @t [7 @ low None  w
high 15
Spline range in E D @/t [1o5.53041] (@] high |Strong  ~
Standard | pone v Energy-dependent normalization
Forward Fourier transform parameters
kerange [3000 | (@] to[564 | @] ak 1 | window |banning o
arbitrary k-weight | o5 [ phase correction E I -
E:
Backward Fourier transform parameters
R-range‘1 ® to‘; @] dR ‘o‘o |wmdow Hanning v
Plotting parameters
Plot multiplier | 1 y-axis offset | 0 L _
| | | | : ; . ) B 05
E k R q
Plotting k-weights
0 O1 Q2 @3 (QOkw
Plot in energy ~ ol i
M uE CuE
[[1Backgrou
[ pre-edge line
[] post-edge line
T I

11) Using subsequently with the norm E button 08 — — — - — = =

7000
Energy (eV)

(violet) will display the normalised data at the right

6929.03, 2.28582

y rin



Data analysis by Athena

12) Using the scroll-down main window menu, different calculations can be made, including the data calibration

8] Athena [%85 data processing]
File Group Energy Matk Plot Freeze Mlerge
* <untitled>

Manitar  Help

Sove

A

|Mam window

Ml ain windowe

Align data

Rebin data

Deglitch and truncate data
Smooth data

Cornwvolute and add noise to data
Deconvolute data
Self-absorption corection
Multi-electron excitation rernawval
Copy series

Data sumrmation

Linear cambination fitting
Principle companents analysis
Peak fitting
Log-ratio/phase-difference analysis
Difference spectra

File metadata
Project journal
Plugin registry
Preferences

Forward Fourier transform parameters

krange [3.000 | (@] to [5.036 | (@] ek [

‘ window | anping

arbitrary k-weight

Backward Fourier transform parameters

[ phase carrection

Reange 1 |[@w[3 | (6] [o0

|""i"dDW Hanning

Plotting parameters

Plat muliplier | 1 | yeais ofset [ 0

Plot in energy

Ermin

k R q
Plotting k-weights

00 01 O @3 Okw

ey OuE

ast-edge line
[IMormalized @ Mormalized
[] Derivative [] Derivative
[[]2nd derivative [] Znd derivative

-150

| Ernax ‘ 400

marked groups

06

04

normalized xu(E)

02

-0.2

FOA?5 5F 1.08650

7000

710a

7200
Energy (eV)

73nn

7400

7500




Data analysis by Athena

13) Displaying the deriv(E) representation, click “Select a point” and actually double-click the first-derivate position

in the plot at the righ/, which will remain mark?}és orange\

File Group Emergy Mark  Plot Freeze  Merge  Monit Help
¥ <untitled> Save AU

Callbrate data - Fe_foil_35646 in energy

Group Fe_fail 35 T T T T
Display deriv(B) v Fe_foil_35646 ——

Srnoothing EI =
g
Calibrate to

Select a point

N\
14) Athena will generally display a value to

calibrate (in metals), otherwise the theoretical

deriv XH(E)

value of the corresponding X-ray absorption (K-,

La-, LB-edge, etc) should be included
|

E k R q kg
E k R q

15) Finally, click in the “Calibrate” button and

“Return to main window”

[ post-edge line

[IMormalized @ Mormalized
[] Derivative [] Derivative
[[]2nd derivative [] Znd derivative

0l 1 I 1 I 1 1 I
7080 70490 7100 7110 7120 7130 7140 71580

Energy (e\n

e [ 1sn - [ aon



Data analysis by Athena

16) Copy the energy shift calculated by this methodology. This is the instrumental “off-set” to be applied to all the

acquired datasets

File Group Energy Mark Plot  Freeze Merge MoRitor Help
¥ <untitled> Save A

Main window

Current group: Fe_foil_35646

Datatype: xmu [ Freeze

File WihProcessing Datay191011_sp20627_restagedData’ ES\Fe_foil 35646

Element | 36 [ran ~ Edge g | Energy shift

ation and hach | I par

Mormalization erder 01 O2 @3

Flatten normalized data

Marrnalization range ‘49.953 | to | 100 ‘ Edge step ‘ 2‘5317997‘ [ ise

Rbkg I k-weight Spline clamps

P e
P o

Standard | yone ~ Energy-dependent normalization

Spline range in k low hone  ~

Spline range in E high lstong  ~

Forward Fourier transform parameters
k-rnge [3.000 | (@]t [5386 | (@] dk [1

[ phase correction

wndow Fanning

arbitrary k-weight

Backward Fourier transform parameters

R-range ‘ 1 | to ‘ 3 | dR. ‘ 0.0 |wmdow Hanning v

Plotting parameters

Plot rultiplier | 1 | y-axis of'fset| 0 ‘

Click to select. Right click to post a menu. Drag and drop to add data.

Platin energy

Ermnin

k R q
Plotting k-weights
Co O1 Ot ®3 Olkw

4 wey Oue
[ Background
re-edge line
ost-edge line
[COMormalized (@ Normalized
[ Derivative [ Derivative

[Jand derivative [] 2nd derivative

-150

| e | 200

Fe_foil_35646 in energy

025 T

02

015

deriv Xp(E)

[=]
[=]
o

-0.03

NRR 1

|_35646

7080 7080

T125.47 0.266722

7110 7120 7130 7140 7150
Energy (eV)



Data analysis by Athena

17) If you want to compare standards and samples acquired in different beamtimes, this off-set value has to be
updated to ALL standards and samples analysed at the same beamtime. If you are only using data from one

experimental session, all your samples and standards will already present the same energy off-set

File G E Mark  Plat il Maonit Hel
ile Group Energy  Mark  Plot Freeze Merge Manitar]) Help Iﬂ S“ o oa e @| % 7
* Fe_athena Save | A 01 CJFefoildat
¥ F at
Main window ~ | |[] Fe30d.dat Fe_athena
16
Current group: Fe203.dat Dfatvie: xmu [ Freeze T T T e
q E at
File W\Pracessing Data\Standards XAMES [144Fe_Pasta\Fe2C3.dat \ Feac dat
Element |36 on | Edge [ .| Energy shift Impnrtante
N lization and hackg | I par 14
£0 | 71285080308 Horrmalization order 01 (D2 @3
Pre-edge range ta [ Flatten normalized dats
Mormalization range ‘ 79506 | to | 150.000 ‘ Edge step ‘ 0‘7515550‘ [Jix
121
Rbkg W k-weight : Spline clamps
Spline range in k El to low |pone
Spline range in E D to  [179.50547) high |sprang 1
Standard [ jone <| [ |Energy-dependent narmalization
Forward Fourier transform parameters
—
k-range | 2,000 ‘ to |4.354 ‘ dk |1 ‘Wmdn\m’ Hanning ~ E
i 5 08
arbitrary k-weight [ phase comection 5
=]
Backward Fourier transform parameters H
R-range ‘1 | to ‘3 | dR ‘g‘g |windnw Hanning - ‘m
" E 08
Plotting parameters 8
Plat muliplier | 1 | yeais ofset [ 0 |
04
E k R q kg
E k R q
Plotting k-weights
00 01 Of @1 Okw 0zr
Plot in energy ~
[ (B OB
[1Background
% -l e or
post-edge line
[IMormalized @ Mormalized
[] Derivative [] Derivative
[[]2nd derivative [] Znd derivative
07 I 1 I I 1 I
700a 7100 7200 7300 7400 7500
— 1 — 1 Fnerav (a\/y




Data analysis by Athena

18) Once the calibration is done, you can evaluate the oxidation state of the different samples

8] Athena [%85 data processing]
File Group Energy Mark Plot Freere Merge Monitar Help

* Fe_athena Save AU Fe_foil.dat
Main window il Fe304.dat
Datatyie: xnu [ Freeze

Current group: Fe203.dat

File W\Pracessing Data\Standards XAMES [144Fe_Pasta\Fe203.dat

Element |36 on | Edge |k .| Energy shift [ 35 Impnrtante

I par:

lization and hackg

E0 | 71285089503 Hormalization order 01 (02 @3
Pre-edge range to Flatten normalized data

to[150.000 | @] Edge step [ o 7615500] L fix

Mormalization range ‘ 79506 |

Rbkg A k-weight - Spline clamps
Spline range in k El to low | Nane ~
Spline range in E D to  [179.50547) high |sprang

Energy-dependent narmalization

Standard | one -

Forward Fourier transform parameters
# [1 | windonw 1 aning

krange [3.000 | (@] to 464 |

arbitrary k-weight [ phase comection

Backward Fourier transform parameters
dR ‘ 00 |""'i"dDW Hanning o

Reange 1 |[@lw[3 |

Plotting parameters

Plat muliplier | 1 | yeais ofset [ 0

Click to select Riakt click to post 3 ety Draa and droe to 3dd daty

The Fe foil

[Fe(0)] presented its first

inflection point at the left-hand side of the

dashed violet line.
The Fe;O, [mixture of Fe(lll)/Fe(ll)] has its

edge jump at the left side of the Fe,O,
[Fe(lll) only] edge

Plot in energy

Ermin

A pey OuE
[1Background

[ pre-edge line

[] post-edge line

[IMormalized @ Mormalized
[] Derivative [] Derivative
[[]2nd derivative [] Znd derivative

B
@ enaeaaly ?
Fe_athena
168 T T
Fe_foil dat
Fe203 dat
Fe304 dat
14 F
12F

-0.2
70Bn 710n

-40

| Ernax ‘ 120

T0A1.06 0345747

7120

7140 7160
Energy (eV)

7180 7200 7220




Data analysis by Athena

19) Ideally, several standards will be acquired within the beamtime, providing the XAS features of each sample

nature

H Hephaestus

Hephaestus  Plot  Help

Standards: periodic table of XAS data standards

Ahsorption

»

Formulas

e

lon chambers

Canfigure

H
Li Be
Ha My

K Ca Sc
Rhb Sr Y
Cs Ba La

Fr Ra Ac

Lanthanides

Actinides

Standards

Ti

r

Ce

Th

Nb

Ta

Ha

Tc

Bh
Pm

Np

Fe

Os

Hs

Pd

Ds

Cu
Ag

Au

Th
Bk

Zn
Cd
Hg

Ch

Chrornite
Fe

Ferribyedrite
Goethite
Hermatite
Hercynite
Lepidocracite
Clivine (Fol)
Clivine (Fodd)

Olivine (FaBd)
Pentlandite
Pyrrhotite
Troilite

al

Ga

Tl
Nh
Ho

Es

Plot

C N
Si P
Ge As
Sn Sh
Ph Bi
F Mc
Er Tm
Fm | Md

HAMNES

Se

Te

Po

Lw

No

O

He
F Ne
cl Ar
Br Kr
1 Xe
At Rn
Ts 0g

Lu

Lr

Derivative

Sawve to afile

Info about standard

SFe203.9H20: Ferribydrite (Fe3+) powder on kapton tape, measured by Shelly Kelly, Max Boyanov, Ken Kermner, and BR (March 2005) at 2P5 1010
19 R

:

/

1

Hephaestus (downloaded automatically
within Demeter software) also have
some elemental standards, which can

be saved to a file and used in Athena.

These XAS spectra should be

calibrated (off-set) with their
corresponding beam acquisition energy

shift

diamond



Athena -- Opening .dat/.csv files

File Group Energy

<untitled>

Main window

1: Hydrogen

None

Monitor  Help

Save

1 2

Flatten normalized data

Spline clamps
None

None

Energy-dependent normalization

Hanning

Hanning

w

— Data type

Athena: Column selection

Select range

123
Energy [Cle}
MNumerator [ ][]
Denominater ][] []

Preprocess Rebin

Clear numerator

[Natural log [ Invert Multlphcatlvecunstant

20) The .dat files saved from both DAWN and MANTIS can

be loaded in Athena, by selecting each region individually

#Traces extracted from Plot
$energy(:] trace_1
35502092

aa

|

284973780350435
8684900449

aa

]

[Jimpert reference channel

Replot reference

21) Set “xanes” as Data type

Diccarded entire nroiect

Naturallog  [/] Same element

Cancel About

Plotting k-weights

OCo O1 02 ®3 Okw

OpE

[ pre-edge line

[ post-edge line

[IMormalized @ Nermalized
[] Derivative [] Derivative
[]2nd derivative [ ]2nd derivative

7 78
7.23584€370363617  21043.10571841667  16221.00105¢
Save each channel as its own group | 7-230972667457164  20262.23374883487  15613.62433(
7.2250€8884223538  21388.54487141728  1é€€l.E3133C
Energy units | keV Replot 7.220955421520214  21806.69945866748  16923.291692
7.215359305319166  21782.56094927403  16802.28279¢
‘ 7.21094€814654615  21887.05309870559  16948.06019:
7.2059¢2456046614  21820.15632426278  16959.82176¢
‘ 7.200960463433676  22202.29373096518  17185.11111:
7.19597£190980829  22656.82373342038  17443.45566¢
eference 7.190952378176578  23643.47515623492  18516.69419%

]

5000

trace_2
€984 17225.13022211674  13339.335501
345003532340414  17154.33499689582  13275.78243¢
335000497558715  16740.54850252542  13060.18977%
325004867652010  16957.35497677322  13075.51316(
.315002829454576  16907.77615891207  12817.975431
304584185085981  17046.12352936082  12937.21286%
294997130135263  16604.24112119808  13582.51280%
33265719558 12873.
739199588 12657.
785033317  17021.80051307132 12985
254971536386716  21471.24788306465  16811.
.244556428762254  21080.270805831

188964965875164 24248.83412733011 18825.95367¢

56951953441042 24479.95676655941 18033.32944:
€564830595 24127.40008178002 18580.12372¢
869515334125 24251.00408321223 18784.
-1805800186€2576 24355.48291066552 150€9.17405¢

-178981663368187 24318.32455204855 18906.29705¢
71132615008 24758.96149806467 1927
8430427547 25415. 5354567 19775.

172963574283124 25431.9
170989825216879 255900.41080105029 20453.99441¢%
. 7300309421 26249.17983045121 21062.60359¢
-168579245497783 28305.01321309168 21091.98584¢
1746587740215911 2£N76 £7297452E41 2n72% BsnERL

9022

091546 20092.78811¢

v
>

from the same sample (numerator = 2, in this case)

]

Ernin | -200

| Emax [ 800

AI7A79 410619

7050 7100 7150
Energy

7200
(eV)

7350




Athena -- Opening .dat/.csv files

22) Different regions from the same .dat file should be loaded consecutively (they cannot be opened at the same

time)

[} / [E athenalPlat.1] -
File  Group Energy Mark Plot Freeze Merge Monitor  Help ﬂ @ ‘ A aa ala
* Buntitled> Sowe | | | U |1 B plotdats Tracest Vi
¥ plotdata_Tr
W window | — marked groups
Culgent group: plotdata_Traces2 Datatyper xmnu [ Freeze 14 Jr‘ T - . 1
A ! ntdata_Traces
Fil | WihProcessing Datah191017_sp20627_restagedDatatKANES\Athenatplotdata ‘ ‘I I\I‘ E\Dtdata:Tl’aEESQ
Elefent | 3¢ an ~ Edge | Energy shift Importance
Norfjalization and | U] I par
0 [ 199647703 Normalization order 01 {2 @3 12
Pre-gbge range 100 to [ Flatten normalized Wata
Morngelization range ‘ 33 | to | 200 ‘ Edge step ‘ 21512,270‘ O
Rbskg I k-weight : Spline clamps r
Splineffange in k D to low hone  ~
Spline finge in E D o high lstong  ~
Standall | |one ~ Energy-dependent normalization
08 b
Forwar{l Fourier transform parameters
—
k-rangell 3,000 ‘ o | 5,055 ‘ dk | 1 ‘wmdow Hanning v JiN]
arbitrary -weight [ phase carrection
Bal:kwa'L Fourier transform parameters 23) Rel I Iel I Iber to a.dd the CaICU|ated T
R-range to dR. WANAOW | Hanning -
Ploting lramstors energy shift for all the samples (if
Plot multplier | 1 | y-ais of'fset| 0 ‘
E k R

E k
Platting k-weights 0z
OO0 O1 O ®3 Okw
Plot in energy

(A wey O e
[ Background i}
[A pre-edge line

[A post-zdge line

[COMormalized (@ Normalized
[ Derivative [ Derivative
[P e

24) Later, it is advisable to save the XAS scans

into a “sample”.prj (Athena project) '

7200

| Toee ] 1 ARDN



Data analysis by Athena

25) Open the Athena project with the standards (Fe_XAS_stnd (example), and load each sample to fit individually
(File > Open - sample_athena.prj)

Fil: Group Erergy Mark  Plot Freere  Merge Monitor  Help -
4
* Fe_XAS_stnd Save AUl
T — ~ plotdata_Traces1 in energy
40000
Current group: Fe304.dat Datatype: xmu [ Freeze T T T - T 1
q otdata_Traces
File Yi\Pracessing Datat191011_sp20627 restagedDatayARES\AthenatFe_¥AS stnd.prj, © P -
Element g 0, Edge |- Energy shift _ps5p2 Importance q
N lization and hack | I par Athena: Import from Athena project file - %
- 15000 -
ED T126.0285048 MNormalization arder 1 2 3 Data group title lines
plotdata_Traces2
Pre-edge range 110 to | 30,000 Flattan normalized data
Mormalization range | g1.976 to 170 Edge step | g 7507720 | fix
Rbkg 1.0 v k-weight 2 = Spline clamps a0 -
Spline range in k 0 to £.911 low [pjane
Spline range in E 0 to 1107215 high ' Siong
Standard |15 e Energy-dependent narmalization
Plot as 15000
Forward Fourier transform parameters ® pE) Oyl
k-range | 3,000 to | 4011 kg window |z g Opw®l - Ol
Re[x(R; R
arbitrary k-weight | o5 phase comection ORelx®] O Relta)]
OmlxtR] Olmlxia)
Backward Fourier transform parameters
Rererrge [T @[3 dR g0 window | Hauning Select all Select none Invert
Plotting parameters | Sl ey th starting at
Plot multiplier 1 y-axis offset | 0 En p——— I:IM
Import selected data
Cancel
E k R q
Platting k-weights 10m00 - B
00 01 O @3 Okw
Plotin energy “
A pey OuE
[ Background 5000 -
re-edge line
ost-edge line
[IMormalized @ Mormalized
[] Derivative [] Derivative
[[]2nd derivative [] Znd derivative
D L I 1 1
7050 7100 7150 7200
Ernin | -0 | emax[ 120 Energy (gV)
Rermowed nlotdata Traces] 01982 27212 2




Data analysis by Athena

26) Mark all the standards and select the sample to analyse (highlighted in blue). Then choose Linear combination

fitting in the scroll-down “Main window” menu

n Athena [ data processing]

File Group ergy Mlark Plot  Freeze Merge Monitor  Help

Fe_XAS_sihd Save

A

u

- m}

X

e

Main window |

Main windowr
Calibrate data
Align data
Rebin data
Deglitch and trunc e data
Srnooth data
Cornvolute and add Qoise to data
Decanvalute data
Self-absorption corrdktion
Multi-electron excitaffon removal
Copy series
Data summation

p
Peak fitting
Log-ratin/phase-difference analysis
Difference spectra

File metadata
Project journal
Plugin registry
Preferences

Forward Fourier transform parameters
k-rnge [3.000 | (@]t [5885 | (@] dk [1

arbitrary k-weight

Backward Fourier transform parameters
R-range ‘ 1 | to ‘ 3 | dR. ‘ 0.0 |wmdow Hanning

wndow | anning

[ phase correction

Plotting parameters

Plot rultiplier | 1 | y-axis of'fset| 0 ‘

Platthe current group in B — Right click: plot mu+10+siqgnal

Fe203.dat
Fe304.dat

Platin energy

Ermnin

k R q
Plotting k-weights
Co O1 Ot ®3 Olkw

Hu® Oue

[ Background

[ pre-edge line

[ post-zdge line

[COMormalized (@ Normalized
[ Derivative [ Derivative
[Jand derivative [] 2nd derivative

-80

| emae| 130

Fe_XAS_stnd

normalized xu(E)

Fe203 dat
Feldt4 dat

7050

702997 1.57311

7150 7200
Energy (eV)

7280



Data analysis by Athena

27) Follow this list of indications: i) Click “Use marked groups”, ii) select the Fit range (XANES region or larger),

iii) unmark “Force weights to sum to 1” and iv) set “2” as most standards to use (to begin with)

H Athena [¥A5 data processing]
File
* Fe_XAS_stnd

Linear combination fitting

) o
Standards  Fit results  Combinatorics

Standards Weeight

Sequen

Group  Energy  Mark  Plot Freeze Merge  Monitor  Help

Fitting space
@ nom pE) O deriv ) O xik)

ce

EQ  FitE0  Required

Tt Fe203.dat 0.500

M O ~

% Feand.dat 0.500

% Mone 0

% None

% None

& None

* 'None

& 'None

% 'None

< < < < < < <K <

10 Mane

HEIEIEE B

1l
Options
0 mutwmghjmi(' onents
[ Plot residu; r
[ All weights betweén 0and 1
CForce wieights to surm to 1

Add a linear terrm after EQ
] &l standards share an EQ

Add noise D to data
Infarmation content D

Combinatarics

e (772 ML)

Reset

JooooooOoor
Jooooooood

Fit thiz group
Fit all combinations
Fit rarked groups
Sawe fit as calumn data
Plot data and surn
Plot data and surnin R

Make group from fit

i ) Use rmarked groups

E
& zzaaaaly?

Fe203.dat
Fe304,dat

M plotdata_Traces1

Fe_XAS_stnd
16 T T T

Fe203 dat
FeldC4 dat

normalized xu(E)

f R 7 =
k R q

Plotiing k-weights

Co 01 Or @3 Okw

(A wey O e

[ Background

[ pre-edge line
[ post-zdge line
2 e

.

20) Select “Fit this group” to compare against two standards. If 3 or more standards are loaded,

Clirk +r <glert. Rinkt flick 1 na<t

= select the “Fit all combinations” option for performing the LCF analysis




Data analysis by Athena

28) Here an example of the LCF results when using the Fe_foil as standard

&R Athena [%85 data processing]

- O x |E
File Group Energy Mark Plot Freeze Merge Monitar Help O s aaala ?
* Fe_athena Save | A U | [FFefoildat ﬂ S“ - |
[ Fe203.dat 14
Linear combinatian fitting ~ | | ] Fe30d.dat lotdata Traces!
Fitting space k T LCFfit

FISRER) 2 @ nom pE O deriv B O k)

Standards  Fit results  Combinatorics  Sequence

Standards R-factar Reduced chi-square 19

| 0.012452 0.0028363

AL 0.014333 0.0032877

B.C 0.013483 0.0044692

1 \
\\\ /
The goodness of each fit can be evaluated with the R-factor
and y? parameters

# Standard WWeight A‘; EQ

AL Fe_foil.dat 0,185 (0.032) 8,763 (1.854) ' - - .

: reord bony U0 The proportion of each component is presented in the

C Fe30ddat

E k

E : — “weight” section. If the sum of these values are close to 1 is

w8 fIFSt gOOd estimation of a reasonable fitting

Qo O1 QO _. _

Plot in energy ~

W) Oute 02
[ABackground
[ pre-edge line

Manst-a dne line

O Three or more standards can be selected at the same time to perform linear combination fittings, as long

Flotth

component fit; and if none of these individual components accounted for less than 5% of total.

as the reduced y? of best (n+1)-component fit is at least 10% lower than the reduced y? of the best n-




Data analysis by Athena

29) Individual fittings can be saved in the “Fit Results” tab for further plotting, by selecting ‘Save fit as column data’

n Athena [¥AS data processing]

File Group Energy Mark Plot  Freeze Merge Monitor Help

B

* Fe_athena Save aflul Fe_foil.dat
Fe203.dat
Linear combination fitting ~ Fed0d.dat
Fitting space
Fit range:

® nomn wE) O derivp®) Ok
Standards  Fitresults  Combinatorics  Sequence

ILCF fit of plotdata Tracesl as flattened wu(E) from
7089. 96477034231 to 7219.96477034251

Fit included 72 date points and 4 wariables, and approximately
97.573 neasurements

Weights sum to 1: no

Weights forced hetween 0 and 1: yes

Owerall el shift used: no

Noise added to data: 0

R-factor = 0.0124517

Chi-square = 0.19423

Reduced chi-square = 0.0028563

standard weight el

Fe203.dat 0.822 {0.030) -6.240 (0.189)

Fe_foil.dat 0.185 (0.032) £.763 (1.854)
1 1.007

Platin energy

Plat data and fit

Save fit as column data |

k R q
Plotting k-weights
Co O1 Ot ®3 Olkw

® Oue
ackground

[ pre-edge line

[ post-zdge line

[COMormalized (@ Normalized
[ Derivative [ Derivative
[Jand derivative [] 2nd derivative

Returm to main window Ermin | -40

| e 120

Plat normalized data when ploting the current group in energy.

14

Balezxaaala 2

08

06 [

Normalized absorption

02F

plotdata_Traces1
LCF fit

707093 0887273

7100 7120 7140 7160 7180
Energy (eV)

7200

7220




Athena — Further information

O A complete description of LCF analysis (including examples) can be found on-line:
http://bruceravel.github.io/demeter/documents/Athena/index.html (accessed on 26/11/2019)

-umentation » 10. Data ar

! 10.1. Linear combination fitting

processing

10.1.1. Interpreting data as a mixture of standards

Tahle Of Contents
ATHENA has a capahility of fitting 2 linear combination of standard spectra Lo an unknown spectra. These fits can be done using normalized WiE), derivative of WIE), o ¥(K)

1. Forward spectra. One use of this sort of analysis might be to interpret the kinetics of series of spectra measured during a reduction reaction. By fitting each intermediate spectrum
2. Infroduction o ATHENA a3 a lingar comhination of the end members, one can deduce the rate of the reaction. Anather possible use would be to determine the species and guantities of standards

3. Data import in a heterogeneous sample.
4. Mormalization and background

removal

4. Plotting Your Data
6 User Interface

T Sefting parameters
8. Data export

9. Data processing

10. Data analysis P Athe a
ﬁ ® 10.1. Linear combination File Group Mark Plot Freeze Merge Menitor Help
fitting

Awarked example of linear comhination fitting is shown [ater in this manual.

To access this feature, choose Linear combination fit from the main menu. The normal parameter view will be replaced by the tool in the following figure for perfarming the
linear comhination fit

= 10.2. Principle components cyanobacteria |A|| u H I ‘ D:o12
analysis r = |O:242
- 10,3, Peak iting | Linear combination ficting CJ Coars
= 10.4. Log-ratiniphase- P . Fitking space g: o3|
diference analysis Fit range: | -20 ‘ @]t D | @) @ norm p(E) O deriv p(E) O x(K)
= 10.5. Difference spectra . . D:e33
11. Other main window chares Standards | Fit results | Combinatorics | Sequence | O:zo
12. Worked examples . X . =z
13, Hephaestus Standards Weight E0 Fit EO Required o
) 720
| au fail v [[os00 o [{mm| .
> Helpful Links e —— [ Au Foil
———— o
— —== |auz clag | v ]\_0‘500 Jlo ja o O aut cl
Current Dermeter version: 0.9.26 3 |NGHE | o H'O 'H'O ‘ 0O 0O [ Au3 Clag
Demeter homepage | None | = HO 1o o0 [ Au hydroxide
Demeter @ github 5 [J° Au cyanide
Ifefiit mailing list " None v Ilo B o [’ Au thiocyanide
é" == Larch homepage Al L 10 =R
T — []: Au sulphide
. \ Ifefiit @ github Options Actions u

U There are several tutorials and videos from the author (Bruce Ravel) on how to analyse
XAS data in the following links: These are really recommendable resources for PhD
students or researchers wanted to extend their knowledge on XAS data treatment):

/https://xafs.xrayabsorption.org/tutorials.html

https://vimeo.com/340202552



https://xafs.xrayabsorption.org/tutorials.html
https://vimeo.com/340202552
http://bruceravel.github.io/demeter/documents/Athena/index.html
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