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Welcome !

Fastosh is a free standalone program that provides unique functionalities to process
X-ray Absorption Fine Structure (XAFS) spectroscopy data. This program was created for
Users of SAMBA beamline, SOLEIL Synchrotron, but can be employed to process data
generated at any XAFS beamline since it can open data files in ASCII format. The name of
the program is pronounced [fast-osh] as the French word « fastoche », which familiarly
means « easy ». The program indeed allows users to easily and rapidly perform a number
of operations such as chunking and averaging a large number of scans, auto-deglitching,
2D filtering, 3D plotting, data processing using chemometric methods, and assessing the
progress in data acquisition using a fully automatic data viewer tool. Additionally, functions
specifically compatible with SAMBA data notably allow to average HDF files and extract new
fluorescence spectra from MCA patterns processed to minimize acquisitions artefacts, such
as diffraction peaks. These functions exclusive to SAMBA data are listed in the following
Table of Content with “SAMBA data only” next to their names.

Fastosh should be helpful for a wide range of research applications where XAFS is
employed, including Geochemical and Environmental studies where the characterization of
complex mixtures by chemometric approaches, and analyses of very diluted samples using
XAFS spectra acquired in fluorescence mode, may be required. Some elements of Fastosh
include algorithms from existing codes whose credits fully belong to their respective authors,
including the Wavelet transform codes from Mufioz et al. [1] & Funke et al. [2], the MCR-
ALS Matlab Toolbox from Joaquim Jaumot et al. [3, 4], as well as the Larch functions from
Matthew Newville [5]. For sake of simplicity, this manual mostly describes how to use all
functionalities that are unique to Fastosh. Detailed XAFS data treatment procedures and
tutorials can be found elsewhere.

The program is available for Windows, Mac, & Linux platforms. Please refer to the
“Installation” section of this manual to successfully install Fastosh on your computer. Latest
release of the program is available for free download at SAMBA beamline’s website:

https://lwww.synchrotron-soleil.fr/fen/beamlines/samba

Cheers!
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1 Getting started

1.1 Needs and solutions proposed by Fastosh

The purpose of Fastosh is to provide solutions to several needs in XAFS data analysis
based on a practical experience with Users of SAMBA, which is a beamline dedicated to bulk XAFS
in the hard X-ray domain (i.e. 5 to 40 keV) at Synchrotron SOLEIL [6]. Some of the initial needs
that motivated the creation of the program and their corresponding solutions proposed by Fastosh
are described in this section.

- Need for tools to automatically visualize data when a rapid XAFS scan acquisition mode
is employed

Rapid acquisition modes are becoming common at XAFS beamlines. They can be notably
helpful in determining whether beam damage has occurred when the sample is exposed to X-rays.
When a rapid acquisition mode is employed to analyze diluted samples requiring long acquisition
time periods, or follow chemical reactions with slow kinetics, a large number of repeated scans (i.e.
> 50 scans) can be acquired. Determining when enough data has been collected is not always
straightforward if several dozens of scans are acquired for a given sample. Until the creation of
Fastosh, this was typically done at SAMBA by loading all repeated scans in an XAFS data
treatment software to individually visualize them and eventually averaging them. The acquisition
was stopped once no significant change was observed in the signal-to-noise ratio of the average
spectrum for a given time period. Therefore, this approach implied to iteratively perform multiple
time-consuming operations on a computer during the acquisition of a sample. The first goal of
Fastosh was then to propose a tool that enables to automatically visualize the data being collected
and display the improvement of the signal-to-noise ratio of the mean spectrum.

A spectrum collected using a rapid acquisition mode may feature across its entire energy
grid a constant energy step. A lot of data points can be then collected for a single XAFS spectrum.
For example, if such rapid acquisition mode is employed to collect data on a 1500 eV energy range,
a 0.5 eV step size results in an XAFS spectrum featuring 3000 data points. The deglitching tools
of several XAFS data treatment software require to manually select each problematic data point in
the mu or EXAFS spectrum. This may represent a tedious task if many data points must be
manually deglitched in the mu spectrum. Therefore, another goal of Fastosh was to provide an
auto-deglitching tool to facilitate the process of removing data points from mu spectrum, including
those collected with a rapid acquisition mode.

- Need for a tool to efficiently perform Target Transformation

The most common tool available to Users to perform Target Transformation (TT) requires
to successively target transform each individual reference spectrum from a reference library. For
example, if the user’s reference library consists of 30 reference spectra, 30 TT must be
successively performed subsequently to PCA analysis of the experimental data. However, this
method can be very time-consuming. For example, if the upper limit in k space of the experimental
EXAFS spectra is modified to test the potential effect of this parameter on the TT results, one must
perform all over again the PCA and 30 subsequent individual Target Transforms. One goal of
Fastosh was then to propose a tool that could instantaneously do target transformation on an entire
group of spectra (e.g. a large library of references), instead of individual spectrum, following the
TT procedure described in the 1978 paper of Edmund Malinowski [7].

- Need for a tool to conveniently handle XAFS data with the MCR-ALS Matlab Toolbox
from Jaumot et al. [3]

The Matlab Toolbox from Jaumot et al. can be employed to perform MCR-ALS on a given
XAFS data set consisting of XANES/mu or EXAFS spectra. This implies, however, to preprocess
the data set, group it as a data matrix, and import it to the toolbox. For example, suppose that a
set of EXAFS spectra, from 3 to 14 /Aink space and k weighed to 3, must be processed by MCR-
ALS. The spectra of this data set must be firstly obtained, grouped together, and imported to the
Jaumot et al. toolbox. One goal of Fastosh was then to propose a user-friendly interface to easily
preprocess the XAFS data and transfer it to the toolbox, given that Fastosh is also written in Matlab.
Another goal was also to propose a post-data treatment tool allowing to compare the spectra
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extracted by MCR-ALS corresponding to the pure phases with each standard spectrum of a user’s
reference library. This functionality may help identify the pure phases present in the system.

- A specific need at SAMBA beamline: a tool to handle multi-pixel fluorescence detector
data

SAMBA beamline is notably equipped with a 36 pixel Ge detector and, since 2021, a 13
pixel Si drift detector. The XAFS data collected at SAMBA with a rapid, “continuous” acquisition
mode is saved as both ASCIlI and HDF files. The ASCII file notably features the averaged
fluorescence data corresponding to all pixels of the fluorescence detector. The HDF file contains
the raw data corresponding to each pixel of the fluorescence detector, such as the MCA spectrum
or input and output count rates collected at each energy value of the scan, for each pixel. This file
is also provided to SAMBA User to perform post-processing of the fluorescence data if needed.
However, until the creation of Fastosh, the means to extract and process the data saved in the
SAMBA HDF files was entirely left to the beamline users. One goal of Fastosh was then to provide
to SAMBA Users a friendly graphical interface to easily extract the data saved in the HDF files and
perform operations such as visualizing MCA spectra and extracting new XAFS spectrum using a
specific pixel selection.

1.2 Installation / Uninstallation

1.2.1 Only one file is needed to install Fastosh on Windows, MacOS, or Linux

Fastosh is written and compiled using MATLAB. Consequently, to run Fastosh as a
standalone program on your computer under Windows, MacQOS, or Linux operating system, the
program “MATLAB Runtime” must be installed in addition to the program Fastosh. Please note
that “MATLAB Runtime” is not the software “MATLAB”. The former is used to run compiled
Matlab codes as standalone programs while the latter is used to create Matlab codes.
Therefore, it is not required to have MATLAB installed on the computer to run Fastosh! Both
programs (Matlab & “Matlab Runtime”) work independently from each other. This also implies that
if MATLARB is installed on the computer, it is not necessary to uninstall it, in order to properly install
“MATLAB Runtime”.

It is also not necessary to download “MATLAB Runtime” from the web since an installer of
this program is included in the Fastosh Installer file. Therefore, both Fastosh and MATLAB Runtime
can be installed on your computer using the Fastosh installer file, following the directions described
in the next paragraphs. The Fastosh Installer is really all you need to fully install Fastosh on your
computer and run all functionalities of Fastosh.

1.2.2 Installation on Windows

1.2.2.1 Installing Fastosh for the first time on your PC

The following installation procedure was successfully tested on Windows 7 & 10:

Step 0:
Get the latest installer file of Fastosh. This is an “.exe” file, e.g.:
Fastosh_Windows_vOp10p1_Installer.exe

Step 1:

Double click on the file to launch the Installation process. You can launch it from any
location on your PC, e.g. Download, Documents, or Desktop folder.

Step 2:
After double clicking on the Installer file, a window appears to assist you with the
installation. Firstly, the version of Fastosh that will be installed is displayed in the
window. Click on the button “Next” at the bottom of the window.
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Step 3:
The window now displays “Choose installation Folder”. Here the folder location where
Fastosh will be installed in your PC must be specified. The default location should be
similar to:
“C:\Program Files\Fastosh”
This default location should be adequate. If you’re OK with it, just click on the button
“Next” at the bottom of the window.

“F Installation Options = =] X

Choose installation folder:

IC:\Program Files\Fastosh vOp9p1 Window: Browse...
Restore Default Folder

[[] Add a shortcut to the desktop

Step 4:
The folder location where MATLAB Runtime will be installed in your PC must be
specified. The default location should be similar to:
“C:\Program Files\MATLAB\MATLAB_Runtime”
This default location should be adequate. If you’re OK with this choice, click on the
button “Next” at the bottom of the window.

Step 5:
The window now displays the locations that you specified where Fastosh & Matlab
Runtime will be installed. To confirm, click on the button “Install” at the bottom of the
window. Wait for the installation to complete. When all done, click on the button “Finish”
at the bottom of the window.

Step 6:
The program is now installed on your PC in the directory that you specified at Step 3.
For example, if you specified this directory “C:\Program Files\Fastosh”, the installation
created three folders at this location:
“C:\Program Files\Fastosh\appdata”
“C:\Program Files\Fastosh\application”
“C:\Program Files\Fastosh\uninstall”

In this example, the execute file of Fastosh can be found in “C:\Program
Files\Fastosh\application”. Double click on this file to start the program.
Also, you can right click on this execute file to:

-Add a shortcut to the desktop: “Create a shortcut”

-Add a shortcut to the start menu: “Pin to start”

-Add a shortcut to the taskbar: “Pin to taskbar”

That’s it!
1.2.2.2 Installing an updated version of Fastosh on Windows

Follow these steps to install a new version of Fastosh on your PC:

Steps 0,1, 2, & 3:
Same as Steps 0, 1, 2, & 3 described above in Section 1.2.2.1.
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Step 4:
This step can vary depending on the Fastosh update. If the update is relatively small, it
is likely that the MATLAB Runtime will be the same between the old and new versions
of Fastosh. If it is a major update, the required MATLAB Runtime may be different
between the two versions. For example, Fastosh versions 0.9.0 and 0.9.1 are both
running with MATLAB Runtime 2020a, v98. Therefore, if you upgraded from 0.9.0 to
0.9.1, you would not need to upgrade the MATLAB Runtime.

At this step, the installer window displays what is the MATLAB Runtime version
required to run the new version of Fastosh that you are installing. Also, it informs you
whether this version of MATLAB Runtime is already installed on your PC. If it is the
case, the installer window displays a message similar to: “MATLAB Runtime version
XXX is already installed at this location:

C:\Program Files\MATLAB\MATLAB_Runtime\vXXX".
In that case, there’s nothing to do: just click on “Next” button at the bottom of the screen.
Alternatively, if Fastosh requires a new version of Matlab Runtime, you must specify at
this step where the new Matlab Runtime will be installed. The default location displayed
in the window should be similar to:

“C:\Program Files\MATLAB\MATLAB_Runtime”
This default location should be adequate. If you’re OK with this choice, click on the
button “Next” at the bottom of the window.

Steps 5 & 6:
Same as Steps 5 & 6 described above in Section 1.2.2.1.

Step 7:
Uninstall from your PC the previous version of Fastosh. On Windows10, go to:

Start Menu > Windows System > Control Panel > Uninstall programs

In the example below, one can see that MATLAB Runtime 9.8 as well as Fastosh
versions 0.9.0 and 0.9.1 are installed on the PC. In this case you would then need to
uninstall only Fastosh 0.9.0. Right click on the program that you wish to remove and
select “uninstall”.

Control Panel Home .
Uninstall or change a program
View installed updates To uninstall a program, select it from the list and then click Uninstall, Change or
& Turn Windows features on or Repair.
off
Organise v == v [ o
Name Publisher )
“F Fastosh_v0p9p0_windows
@ Microsoft OneDrive Microsoft Corporation
*F Fastosh_v0p9p1_Windows
& Microsoft Edge Microsoft Corporation
€@ Google Chrome Google LLC
[ Microsoft Update Health Tools Microsoft Corporation
.NVIDIA Graphics Driver 451,67 NVIDIA Corporation
. MobaXterm Mobatek
@ Mozilla Firefox 79.0 (x64 fr) Mozilla
4\ MATLAB Runtime 9.8 MathWorks
@ Backup and Sync from Google Google, Inc.
# Nall CnnnrtAccict Nall In- &
>

Also, you may have to delete the previous MATLAB Runtime in case you just have
installed a new MATLAB Runtime version, as discussed at Step 4 above.
That'’s it!

1.2.2.3 Uninstalling Fastosh on Windows

As mentionned in paragraph 1.2.1, running Fastosh on your computer implies having both
the programs Fastosh and “MATLAB Runtime” installed. Therefore, these two programs must be
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removed to entirely uninstall Fastosh. However, if you wish to install a newer version of Fastosh
later on, you may not need to remove your MATLAB Runtime if the latest release of Fastosh uses
the same version of MATLAB Runtime than the one already installed on your computer.

Go to the Windows system’s Program Manager tool. For example, in Windows10, go to:

Start Menu > Windows System > Control Panel > Uninstall programs

In the example below, if Fastosh v 0.9.1 & MATLAB Runtime 9.8 have to be removed, right click
on each program and select “uninstall”.

Control Panel Home .
Uninstall or change a program
View installed updates To uninstall a program, select it from the list and then click Uninstall, Change or Repair.
I Turn Windows features on or

off Organise ¥  Uninstall/Change v O
Name Publisher Installed On A
@ Microsoft OneDrive Microsoft Corporation 26/08/2020
“F Fastosh_v0p9p1_Windows 26/08/2020
& Microsoft Edge Microsoft Corporation 21/08/2020
€ Google Chrome Google LLC 18/08/2020
[ Microsoft Update Health Tools Microsoft Corporation 14/08/2020
- NVIDIA Graphics Driver 451.67 NVIDIA Corporation 06/08/2020
B Mobaxterm Mobatek 03/08/2020
@ Mozilla Firefox 79.0 (x64 fr) Mozilla 01/08/2020
4\ MATLAB Runtime 9.8 MathWorks 21/07/2020
® Backup and Sync from Google Google, Inc. 23/06/2020 V]
< >

1.2.3 Installation on Mac

1.2.3.1 Installing Fastosh for the first time on a Mac

The following installation procedure was successfully tested on MacOS Catalina v10.15.3
(Intel chip) and MacOS Sonoma v 14.5 (Silicone chip):

Step 0:
Get the latest installer file of Fastosh. Unzip it. The unzipped file is an “.app” file, e.qg.:
Fastosh_Mac_vOp9p1_Installer.app

Step 1:
Double click on the .app file to launch the Installation process. You can launch it from
any location on your Mac, e.g. Download, Documents, or Desktop folder.

Step 2:
After double clicking on the Installer file, a window appears to assist you with the
installation. Firstly, the version of Fastosh that will be installed is displayed in the
window. Click on the button “Next” at the bottom of the window. Wait for a while as a
small message window displays: “Assembling product list...”

Step 3:
The window now displays “Choose installation Folder”. Here the folder location where
Fastosh will be installed in your Mac must be specified. The default location should be
similar to:
“IApplications/Fastosh”
This default location should be adequate. If you’re OK with this choice, click on the
button “Next” at the bottom of the window.

Step 4:
The folder location where MATLAB Runtime will be installed in your Mac must be
specified. The default location should be similar to:
“Applications/ MATLAB_Runtime”
This default location should be adequate. If you’re OK with this choice, click on the
button “Next” at the bottom of the window.
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Step 5:

The window now displays the locations that you specified where Fastosh & Matlab
Runtime will be installed. To confirm, click on the button “Install” at the bottom of the
window. Wait for the installation to complete. When all done, click on the button “Finish”
at the bottom of the window. Fastosh and “MATLAB Runtime” are now installed on your
Mac in the directories that you specified at Step 3 & 4, respectively. For example, if you
specified this directory “Applications/Fastosh”, the installation created three folders at
this location:

“Applications/Fastosh/appdata”

“Applications/Fastosh/application”

“Applications/Fastosh/uninstall”

Also, if you specified this directory “Applications/MATLAB/MATLAB_Runtime”, the
installation created a folder RXXX (e.g. R2023a) containing the Runtime codes, for
example: “Applications/MATLAB/MATLAB_Runtime/R2023a”

Step 6 (Optional):
Open a terminal (Terminal can be found in Applications/Utilities), and type the following
command after replacing MR by the required information (see examples below):

export DYLD LIBRARY PATH=/MR/RXXX/runtime/maci64:/MR/RXXX/sys/os/
maci64:/MR/RXXX/bin/maci64

In this command you must replace MR by the directory where MATLAB is installed on
your computer:

Example 1:

If R2023a is located in:

/Users/landrot/Applications/application/R2023a

Then MR is: « Users/landrot/Applications/application »

Example 2:

If MR is the one shown in Example 1, then the command to type in the terminal
is:

export DYLD LIBRARY_PATH=/Users/landrot/Applications/
application/R2023a/runtime/maci64:/Users/landrot/Applications/application/R2023a
/bin/maci64.:/Users/landrot/Applications/application/R2023a/sys/os/maci64

The .app file of Fastosh can be found in “Applications/Fastosh/application”. Double click
on this file to start the program.

Also, to pin the program to the taskbar, just manually drag the Fastosh .app file, from
the “Applications/Fastosh/application” folder to the taskbar.

That's it!

1.2.3.2 Installing an updated version of Fastosh on Mac

To install a new version of Fastosh, it is not mandatory to firstly uninstall the previous
version of Fastosh that you wish to replace. Please follow these steps to install a new version of
Fastosh on your Mac:

Steps 0,1, 2, & 3:
Same as Steps 0, 1, 2, & 3 described above in Section 1.2.3.1.

Step 4:
This step can vary depending on the Fastosh update. If the update is relatively small, it
is likely that the MATLAB Runtime will be the same between the old version of Fastosh
that you want to replace and the one that you want to install. If it is a major update, the
required MATLAB Runtime may be different between the two versions. For example,
Fastosh versions 0.9.0 and 0.9.1 are both running with MATLAB Runtime 2020a, v98.
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Therefore, if you upgraded from 0.9.0 to 0.9.1, you would not need to upgrade the
MATLAB Runtime.

At this step, the installer window displays what is the MATLAB Runtime version
required to run the new version of Fastosh that you are installing. Also, it informs you
whether this version of MATLAB Runtime is already installed on your Mac. If it is the
case, the installer window displays a message similar to: “MATLAB Runtime version
vXXX is already installed at this location:

“Applications/vXXX”.
In that case, there’s nothing to do: just click on “Next” button at the bottom of the screen.
Alternatively, if Fastosh requires a new version of Matlab Runtime, you must specify at
this step where the new Matlab Runtime will be installed. The default location displayed
in the window should be similar to:
“Applications/MATLAB_Runtime”

This default location should be adequate. If you're OK with this choice, click on the
button “Next” at the bottom of the window.

Step 5
Same as Step 5 described above in Section 1.2.3.1.

Steps 6,7, & 8
Do these steps only if the Fastosh update required installing a new version of MATLAB
Runtime. They are the same as Steps 6, 7, 8 described above in Section 1.2.3.1.

Step 9:
Uninstall from your Mac the previous version of Fastosh. Go to its directory and simply
drag its corresponding folders to the trash.

Also, you may have to uninstall, using the same method, the previous MATLAB
Runtime in case you just have installed a new Runtime version, as discussed at Step
4 above.

That’s it!

1.2.3.3 Uninstalling Fastosh on Mac

As discussed in paragraph 1.2.1, running Fastosh on your computer implies having both
the programs Fastosh and “MATLAB Runtime” installed. Therefore, these two programs must be
removed to entirely uninstall Fastosh. However, if you wish to install a newer version of Fastosh
later on, you may not need to remove your MATLAB Runtime if the latest release of Fastosh uses
the same version of MATLAB Runtime than the one already installed on your computer.

Go to Fastosh’s directory (most likely Applications/Fastosh), and simply drag its
corresponding folders to the trash. Discard also the folders corresponding to the Matlab Runtime if
necessary.

1.2.4 Installation on Linux

Fastosh on Linux should be compatible on several Linux platforms, including Ubuntu, Linux
Mint, and Cent OS.

1.2.4.1 Installing Fastosh for the first time on Linux

The following installation procedure was successfully tested on Ubuntu 18.04.4:

Step 0:
Get the zip file of the latest installer file of Fastosh. Unzip it. The unzipped file is an
“.install” execute file, e.g.:
Fastosh_Linux_vOp9p1 _Installer.install

Step 1:
In a root terminal, go to the directory containing the installer. Then, type:
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JFastosh_Linux_vOp9p1_Installer.install

Step 2:
A window appears to assist you with the installation. Firstly, the version of Fastosh that
will be installed is displayed in the window. Click on the button “Next” at the bottom of
the window.

Step 3:
The window now displays “Choose installation Folder”. Here the folder location where
Fastosh will be installed on your computer must be specified. The default location
should be similar to:
“/usr/Fastosh”
This default location should be adequate. If you're OK with it, just click on the button
“Next” at the bottom of the window.

Step 4:
The folder location where MATLAB Runtime will be installed on your computer must be
specified. The default location should be similar to:
“/usr/local/MATLAB/MATLAB_Runtime”
This default location should be adequate. If you’re OK with it, just click on the button
“Next” at the bottom of the window.

Step 5:
The window now displays the locations that you specified where Fastosh & Matlab
Runtime will be installed. To confirm, click on the button “Install” at the bottom of the
window. Wait for the installation to complete. When all done, click on the button “Finish”
at the bottom of the window.

Step 6:
Fastosh and “MATLAB Runtime” are now installed on your computer in the directories
that you specified at Step 3 & 4, respectively. For example, if you specified this directory
“lusr/Fastosh”, the installation created three folders at this location:
“lusr/Fastosh/appdata”
“lusr/Fastosh/application”
“lusr/Fastosh/uninstall”

Also, if you specified this directory “/usr/local/MATLAB/MATLAB_Runtime”, the
installation created a folder RXXX (e.g. R2023a) containing the Runtime codes, for
example: “/usr/local/MATLAB/MATLAB_Runtime/RXXX”

In the terminal, type the following command after replacing MR by the required
information (see examples below):

export XAPPLRESDIR=/MR/RXXX/X11/app-defaults

In this command you must replace MR by the directory where MATLAB is installed on
your computer:

Example 1:

If R2023a is located in:

Jusr/local/MATLAB/MATLAB_Runtime/R2023a

Then MR is: «usr/local/MATLAB/MATLAB_Runtime»

Example 2:

If MR is the one shown in Example 1, then the command to type in the terminal
is:
export XAPPLRESDIR=/usr/local/MATLAB/MATLAB_Runtime/R2023a/X11/app-
defaults

Next, type the following command after replacing MR by the required information (see
example below):

export LD_LIBRARY_PATH=/MR/RXXX/runtime/glnxa64:/MR/RXXX/
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bin/ginxa64:/MR/RXXX/sys/os/ginxa64:/MR/RXXX/sys/opengl/lib/ginxa64

In this command you must replace MR by the directory where MATLAB is installed on
your computer.

Example 3:

If MR is the one shown in Example 1, then the command to type in the terminal
is:

export LD _LIBRARY PATH=/usr/local/MATLAB/
MATLAB_Runtime/R2023a/runtime/ginxa64./usr/local/MATLAB/MATLAB_Runtime/
R2023a/bin/ginxa64:/usr/local/lMATLAB/MATLAB_Runtime/R2023a/sys/os/ginxa64./u
sr/local/MATLAB/MATLAB_Runtime/R2023a/sys/opengl/lib/ginxa64

Now the program should be able to start.

To start the program, go to Fastosh/application folder in the terminal. Then type “./”

followed by the name of the execute file in the folder. For example:
J/Fastosh_Linux_v0Op9p1

1.2.4.2 Installing an updated version of Fastosh on Linux

To install a new version of Fastosh, it is not mandatory to firstly uninstall the previous
version of Fastosh that you wish to replace. Please follow these steps to install a new version of
Fastosh on your computer:

Steps 0,1, 2, & 3:
Same as Steps 0, 1, 2, & 3 described above in Section 1.2.4.1.

Step 4:

This step can vary depending on the Fastosh update. If the update is relatively small, it
is likely that the MATLAB Runtime will be the same between the old version of Fastosh
that you want to replace and the one that you want to install. If it is a major update, the
required MATLAB Runtime may be different between the two versions. For example,
Fastosh versions 0.9.0 and 0.9.1 are both running with MATLAB Runtime 2020a, v98.
Therefore, if you upgraded from 0.9.0 to 0.9.1, you would not need to upgrade the
MATLAB Runtime.

At this step, the installer window displays what is the MATLAB Runtime version
required to run the new version of Fastosh that you are installing. Also, it informs you
whether this version of MATLAB Runtime is already installed on your computer. If it is
the case, the installer window displays a message similar to: “MATLAB Runtime version
vXXX is already installed at this location:

“usr/local/MATLAB/MATLAB_Runtime/vXXX".
In that case, there’s nothing to do: just click on “Next” button at the bottom of the screen.
Alternatively, if Fastosh requires a new version of Matlab Runtime, you must specify at
this step where the new Matlab Runtime will be installed. The default location displayed
in the window should be similar to:
“usr/local/MATLAB/MATLAB_Runtime/”

This default location should be adequate. If you’re OK with this choice, click on the
button “Next” at the bottom of the window.

Step 5
Same as Step 5 described above in Section 1.2.4.1.

Step 6
Do this step only if the Fastosh update required installing a new version of MATLAB
Runtime. This is the same as Step 6 described above in Section 1.2.4.1.

Step 7
Uninstall from your computer the previous version of Fastosh. For example, if the old
version of Fastosh that you wish to delete is located in “/usr/Fastosh_v0.9.0”, open a
root terminal and type:
rm -r /usr/Fastosh_v0.9.0

Fastosh v. 1.0.10 - User Manual - Getting started 15



Also, you may have to uninstall, using the same method (for example: “rm -r
/usr/local/MATLAB/MATLAB_Runtime/v97”), the previous MATLAB Runtime in case
you just have installed a new Runtime version, as discussed at Step 4 above.

That’s it!

1.2.4.3 Uninstalling Fastosh on Linux

As discussed in paragraph 1.2.1, running Fastosh on your computer implies having both
the programs Fastosh and “MATLAB Runtime” installed. Therefore, these two programs must be
removed to entirely uninstall Fastosh. However, if you wish to install a newer version of Fastosh
later on, you may not need to remove your MATLAB Runtime if the latest release of Fastosh uses
the same version of MATLAB Runtime than the one already installed on your computer.

For example, if Fastosh is located in “/usr/Fastosh”, open a root terminal and type:

rm -r /usr/Fastosh

Also, if Matlab_Runtime is located in “/usr/local/MATLAB/MATLAB_Runtime”, type in the root
terminal:
rm -r /usr/local/MATLAB/MATLAB_Runtime/
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2 Basic Functionalities

2.1 Purpose of Main GUI

The Main GUI appears once the program is started. As mentioned in the first part of this
manual, the main purpose of Fastosh is to provide new useful functionalities to process XANES or
EXAFS data. These functions are available in individual modules accessible via the menu bar on
top of the main GUI of Fastosh (Figure 1). The raw XAFS spectra collected at the beamline are
firstly imported to the Main GUI and pre-processed, i.e. normalized and background subtracted to
extract chi spectra featuring the EXAFS. The Main GUI can also be used to visualize the data in
multiple ways, including 3 dimensions.

Fastosh v1.0.7 - Main GUI
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Figure 1 -Main GUI of Fastosh
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All parameters displayed on the right side of the Main GUI in the fields “Data Type”, “Data
Shift”, “Normalization”, “Background Removal”, “Fourier Transform”, “Reverse Fourier Transform”
, and “Wavelet Transform” are scan-specific and correspond to the scan whose name is highlighted
in blue in the sample list on the left side of the main GUI. For example, all scan parameters
displayed on the right side of the window shown in Figure 1 correspond to the scan
“sample_inc2_KT6_ac”. The next section provides information on each parameter and functionally
featured in the Main GUI.

2.2 Two methods to find EO

When importing an XAFS spectrum to the Main GUI, the e0 value can be found via two
methods: it can be automatically determined using the Larch function “find_e0” (i.e. automatic
method) or constrained based on a user-defined theoretical value, which can be set before data
importation (i.e. manual method).

In most cases, the automatic method is suitable to find the e0 value. In a few cases,
however, it is not. For example, if an XAFS spectrum features a very small edge-jump and poor
signal-to-noise ratio, the automatic method may find the e0 value at an absurd position in the XAFS
spectrum. Of course, the e0 value automatically found can be manually readjusted after data
importation to the Main GUI. However, if data similar to this spectrum is repeatedly imported to the
Main GUI, it is convenient to constrain the e0 to a specific value before importing the data. This
avoids manually readjusting the e0 of each spectrum after importation.

e The automatic method (Larch method, Default choice) can be selected via:
Main GUI Menu > Options > EO Determination > “Automatic”

With this method, the vector dmu is firstly calculated:

1st derivative of mu array

dmu = —
1st derivative of energy array

Then, the maximum value in dmu is found, excluding the first and last data points in the dmu
array. The index (position in the array) of the maximum value in dmu corresponds to the index
of e0 in the energy array:

EO = energy(indeXmaxdmu)

e The manual method can be selected via:
Main GUI Menu > Options > EQ Determination > “Manual”

If this menu option is selected, a window appears where EQ can be constrained to a specify
value. The final EO value of a spectrum imported to the Main GUI corresponds to the closest
energy value, among all energy values of the spectrum, to this constrained EO value.

2.3 Importing data to the Main GUI

2.3.1 Drag and Drop

Since Fastosh version 1.0.6, a “drag and drop” functionnality enables to directly take a
spectrum file from a folder and throw it to the program to open it. There are two possibilities:

-If a file is dragged & dropped for the first time, the Drag & Drop’s memory is empty, then
as usual the program will request specifying the nature of the data, in the ASCII file opener window
(case of text file), or HDF opener window (case of HDF file).

-If a file has already been dragged & dropped, then the next dragged & dropped file will be
imported following the same way as the one of previous data importation. If the data needs to be
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respecified for next drag and drop action, select “Clear Drag and drop memory” in Main GUI's
menu>File> “Drag & Drop: clear memory”.

2.3.2 Importing any file containing XAFS data, or other types of data

As described in the following sections, Fastosh can import to the Main GUI data saved in
ASCII files, HDF files (since Fastosh v1.0.10, it can be hdf5 file generated anywhere, not only
SAMBA), Fastosh project file, or Athena project file. In any cases, go to the bar menu and select
the file to import via:

“Main GUI Menu \ File \ Open file(s)...”

2.3.2.1 XAFS data from ASCII files

[ ] [ ] Fastosh 1.0.6 v_test, unreleased - ASCIlI Data Opener
T T T T T T T
. i
0al .
0sl i
04 4
0z -
1 _J 1 1 1 1 1 1
2100 2500 2300 2400 2500 2600 2700 2800
File header: | # XAS/LUCIA/ SOLEIL :

# Date : jeu. 17 déc. 2015

#

# TARGET : hydroxyapatiteNEW
# Total number of scan(s) : 3

# Scan N°: 1

# Coordinates :

# Horizontal : 12630.8
# Vertical : 2791.6

Column headers: 1:Energy 2:lo 3:FYD0 4:FYD1 5:FY0D2 &FYD3 T:TEY B:t 9:Cied

8 ]
Energy colunm: o

Data to mumeratar:
Data i denaminatar:
Log E ey A T—
Momm. mu
Chifk) I
Mot XAFE data

load reference too

Ok Cancel

Figure 2 — Importation of ASCII data generated at LUCIA beamline, Synchrotron SOLEIL

Fastosh can open ASCII file generated at any XAFS beamline as long as the file
extension is “.dat” or “.txt”. When importing this type of file, a Data Opener GUI appears (Figure
2). In this window, firstly select the data type: ‘Raw mu’ (the raw data collected at the beamline
without post-acquisition data treatment applied to it), ‘norm. mu’ if the mu has already been
treated to achieve an edge-jump equal to 1, or chi spectra. Secondly, select the appropriate
channel(s) to open the data. The “Column headers” of the ASCII file shown in the window may
help identify find the correct channels to select. For example, Figure 2 shows the opening of data
collected at LUCIA beamline, Synchrotron SOLEIL. This data was collected with a 4 pixel Si drift

Fastosh v. 1.0.10 - User Manual - Basic Functionalities 19



detector. In this file, the energy array corresponds to the first data column, which is indeed
selected by default as the energy column by the program. The fluorescence collected by the first,
second, third, and fourth pixels corresponds to columns 3, 4, 5, and 6, respectively. The 10
channel corresponds to column 2. Therefore, to open the total normalized fluorescence data
(total 1f/10), the data found at columns 3, 4, 5, 6 must be checked as numerator, and data found at
column 2 must be checked as denominator, as shown in Figure 2. Once the correct channels are
selected, click OK.

In this window, the energy is by default in eV, but can be alternatively defined as keV, for
example to open ASCII files generated at BM30B/FAME beamline, ESRF.

To also import the spectrum of the reference associated with the sample (this must imply
that a reference, e.g. metal foil, was simultaneously analyzed along with the sample and thus the
data corresponding to the reference is also available in your ascii file), click in the box “load
reference too”. This activate a set of data columns relative to the reference at the bottom of the
window. Check the box(es) in these columns corresponding to the data of the reference.

When all done, click on “OK” to close the window. At this point, Larch functions
automatically perform a number of operations, including normalization and extraction of the EXAFS
using the data corresponding to the sample and optionally its associated reference if the latter is
simultaneously imported. If both sample & reference data are imported, the data related to the
sample will be shown by default in the Main GUI of the program. To display the data related to the
reference, see Section 2.4.2.1.

2.3.2.2 Non-XAFS data

Since Fastosh v.1.0.6, the program can import dataset that are not necessarily XAFS
spectra: RAMAN, FTIR, XRD data can be imported as long as the ASCII files are similar to the
XAFS one: there must be a data column for the X axis (e.g. absorbance or 2theta) and Y axis (e.g.
intensity of raman, FTIR, or diffraction spectra). Once imported to the main GUI, the data can be
pre-processed (see Section) and then treated by MCR-ALS.

2.3.3 Importing data from any HDF file, other than those generated at SAMBA

Since Fastosh v.1.0.10, data saved in HDF files generated anywhere can be imported to
Fastosh, as long as they have a HDF5 format (i.e. .h5; .hdf5; .he5, or .hdf). Two modes are
available to select the absorption, as detailed in the following two sections. If the HDF file contains
hyperspectral data, corresponding to a 2D area probed via a spectroscopic approach (e.g.
hyperspectral XAFS mapping), it can be also imported to Fastosh; this case is described in the
third section below.

2.3.3.1 Direct selection of the absorption

If the absorption saved in the HDF file is already normalized by 10 (i.e. log(lo/l1) or lauo/lo in
case of transmission or fluorescence data, respectively), select the selection mode “Direct selection
of data” (Default choice) featured in the HDF Importer Window. Then, simply click on the specific
field within the HDF directory corresponding to the energy array of the XAFS spectrum to import
(for example, this is the field “shifted_energy” in the example below):
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@ [ ] Fastosh - HOF Importer
Optiens

Name of data imported to Fastosh: dl

Data wil be imported to Fastosh as: | Raw XAFS v
Selection mode: | Direct selection of data v |
Energy ¢ Sampie absorption X Reference absorption (optional) X
[ kev
4

Energy 1.92 X19 =

10 19+ ) ‘

i 1.88+ 7 ‘

74 1.86} ‘

mus 184+ - ‘

mux 1827 = J
out_time LB - 1

: 1.78
¥ normalization |
176+ " " i . N i " |
» Attributes 100 200 300 400 500 600 700 800

10_alignees datapoint # in current array

ref_derivative
reference

shifted_energy
transmission_normalized

» per_spectrum

Then, in the tab “Sample absorption”, select the field corresponding to the absorption of the XAFS
spectra to import. In the case below, the field called “transmission_normalized” corresponds to
multiple XAFS spectra, hence all of them will be imported to the Main GUI:

@ e Fastosh - HOF Importer
Options

Name of data imported to Fastosh: ”d'l

Data wil be imported to Fastosh as: | Raw XAFS v
Selection mode: | Direct selection of data v |
Energy v/ Sampie absorption v Reference absorption (cptional) X
Energy 15 - - ” o ]
10 r
|
n
1 \/\»~ -

12 |
mus |

05 |
mux |
out_time }

R 0r ”
~ normalization
» Attributes 17800 18000 18200 18400 18600 18800 19000

10_alignees Energy (e.V.)
ref_derivative
reference
shifted_energy

transmission_normalized
» per_spectrum

Ok

Optionnally, the reference data associated with the sample data can be imported as well:
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(] @ Fastosh - HDF Importer
Options

Name of data imported to Fastosh: | d1

Data will be imperted to Fastosh as: | Normalized XAFS v
Selection mode: | Direct selection of data v
Enemgy v Sample absorption v Reference absorption (optional) v/
Energy 0.2 ™ - -~ i
v
10 0.4 d |
1" \
0.6
12 ]
s 0.8 ‘
mux nt 1
|
out_time 42k |
~ normalization W‘
14 " " N " s " ]
» Attributes 17800 18000 18200 18400 18600 18800 19000
10_alignees Enerqgy (e.V.)
ref_derivative
reference
shifted_energy

transmission_normalized

» per_spectrum

Ok

Also, the data type to import to Fastosh can be specified, given that it is declared as “Raw XAFS”
data by default:

@ ] Fastosh - HDF Importer
Options

Name of data imported to Fastosh: ::ﬂ

Data will b2 imported to Fastosh as:  Normalized XAFS v |
Raw XAFS
Selection mode:
Normalized XAFS
Enemgy + Sample absorption « Reference absos ExaAFS

MNon XAFS data

Enemy 15 r i ! ! . : . |

2.3.3.2 Specifying the numerator & denominator of the absorption expression
If only 10, 11, and the fluorescence are saved in the HDF file, the absorption can be defined

using the Selection mode “Specify Numerator/Denominator”. Firstly, in the energy tab, check the
box corresponding to the field of the HDF file where the energy array is saved:

Fastosh v. 1.0.10 - User Manual - Basic Functionalities 22



@ [ ] Fastosh - HDF Importer
Optiens
Name of data Imported to Fastosh: | d1
Data will be imported to Fastosh as: | Normalized XAFS v
Selection mode: | Specify numerator/denominator v
Energy v/ Sample absorption X Reference absorption (optional) X
[ kev
~ [ X b
[ ;f?nxext 1,90 X10
» [ | common |
’”‘ 19} “
» per_spectrum S
e P 1.88 ~ 1
~ [m] data |
. 1.86
(] Angle \
, 1841
[] Direction2 ‘
— 182} |
\v| Energy |
‘ 18¢
O |
= 1.78 == . " . N " " " —
Ln 100 200 300 400 500 600 700 800
e datapoint # in current array
[[] mus
[] mux
[T] out_time
~ [ ] nomalization

Then in the “Sample absorption” tab, specify firstly the numerator of the absorption
expression. For example, in case of transmission, check the field corresponding to 10:

@ [ ] Fastosh - HDF Importer
Optiens
Name of data imported to Fastosh: d1
Data wil be imperted to Fastosh as: | Normalized XAFS v
Selection mode: | Specify numerator/denominator v
Energy v/ Sampile absorption v/ Reference absorption (optional) X
Current selection: | Numerator of sample absorption v |log
~ [ ] context 9.6 g g v v - - ;|
» [ ] commen 9.4 T
» [[] per_spectrum 9.2 -‘
~ [m] data 9 }
[] Angie 88 4‘
M
|_| Direction2 86 }
[C] En
L Energy 84 1
10
= 8.2 . " " N N . |
Lin 17800 18000 18200 18400 18600 18800 19000 19200
[ Enerqy (e.V.)
[ mus
[] mux
[7] out_time
~ ] normalization
Ok

Next, change “Current Selection” to “Denominator of sample absorption” in order to define
the denominator of the absorption expression. Also, check the box “log”, so that the absorption,
collected in the example below in transmission, can be defined as log(l0/11):
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=] 2] Fastosh - HDF Importer
Qptions

Name of data imported to Fastosh: | d1

Data wil be iImperted to Fastosh as: | Normalized XAFS v
Selection mode: | Specify numerator/denominator v
Enemgy v/ Sampie absorption v Reference absorption (optional) X
Current selection: | Dencminater of sample absorption v v log
~ [ ] context 4.5
» [] commen 4 |
» [] per_spectrum ‘ /\r‘__
~ [m] data 35
[ Angle
i 3 !
[ ] Direction2
[] Energy 25 |
= I
Ljio 2
“n 17800 18000 18200 18400 18600 18800 19000 19200
ml Enerqy (e.V.)
[[] mus
[] mux
[[] out_time

~ [] normalization

Ok

2.3.3.3 Importing hyperspectral data

Below is an example of an HDF file generated at ROCK beamline (Synchrotron SOLEIL)

containing hyperspectral XAFS mapping data. The name of this file is very long:

L ® Fastosh - HDF Importer
Options

Mame of data imported to Fastosh: | nomal_10_FF_01_RTback_HZ_High_ROI-250-8-1500-740_av120_20x20_00

Data will be imported to Fastosh as:| Raw XAFS v

el b ad Diiperaped gopylpnpel pyme sull ploioy =

This name can be redefined to a shorter version (e.g. “cube_0.0001"), which will be more
convenient to display in the sample list of Fastosh Main GUI, once data importation will be

completed:

[ ] ® Fastosh - HDF Importer
Dptions

Mame of data imported to Fastosh: | cube_00001

Data will be imported to Fastosh as: | Raw XAFS v

Salastinn mndss | Direst sslactinn of dats v

To select the hyperspectral data, firstly the energy array is selected from the Energy tab:
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® (@]
Options

Fastosh - HDF Importer

Name of data imported to Fastosh: | cube_00001

Data will be imported to Fastosh as: | Raw XAFS v
Selection mode: | Direct selection of data v
Energy v Sample absorption X Reference absorption (optional) X
Jkev
~ context 282 x10*
» alignment
» data 2.5
» normalization 248
» sample
- data 26
cube_00001 2.44
~ axis-0
» Aftributes i 100 200 300 400 500
arid datapoint # in current array
» axis-1
» axis-2
> general
» Attributes

Then, the absorption, saved as 3D array, is selected from the tab “Sample absorption”:

@ L] Fastosh - HDF Importer
Oplions
Name of data imported to Fastosh: | cube_00001
Data will be imporied to Fastosh as: | Raw XAFS b
Selection mode: | Direct selection of data v
Energy + Sample absorption «*
= cantext 1.2¢
» alignment 1} =
v data 08 -
» normalization 06F
» sample 04t
= data ozl |
cube_00001 ol
b auis-0
v axis-1 24300 24400 24500 24600 24700 24800 24900 25000 25100
boms-2 Energy (e.V.)
- general Modify defoult tile description if needed:
» Attributes e (e, = Curmrently displayed:
2nd dimension | tile column v R 38
3rd dimension | tile number - column # 18
570 tiles, with 75 rows & 35 columns /tile = 2625 spectra
Ok

For example, in the example below, the property “cube_00001” corresponds to the
absorption, and it is saved as 3D matrix in the HDF file. By default, Fastosh defines the third
dimension as the tile direction; the first and second dimensions are then the width and height of
the 2D probed area, respectively. This can be refined in the HDF importer window. Also, the window
displays by default the data corresponding to a pixel located in the middle of the 2D probed area.
For example, if the 2D probed area was 75x35 (HxV) in size (i.e. the example above), the program
shows by default the pixel 38 and 18 on the horizontal and vertical directions of the 2D area,
respectively.
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2.3.3.4 Trick for succesfull MCR-ALS processing of hyperspectral data in Fastosh

The hyperspectral data may have been preprocessed prior to its saving into the HDF file.
For example, the hyperspectral XAFS dataset was normalized (edge-jump equal to 1) before being
saved in the HDF file of ROCK beamline shown in the previous example. This pre-processing
procedure was applied to all individual pixels featured within the 2D area probed by hyperspectal
XAFS mapping, even when no XAFS spectrum was actually collected at some of these pixels
(typically, those corresonding to the background on the edges of the 2D area, outside of the object).
As a result, some of the hyperspectral spectra imported to Fastosh may be totally aberrant, as a
result of the normalization procedure that was applied to these flat, non-XAFS arrays:

File Edit Options Operations Chemometry Plot Exira About « B HPE~-wm
[ onecean ] ([ trchackar | [ weet ] [ tme ] astifsh Multiple normalized spectra
normal_10_FF_01_RTback_H2_High_ @ Samplo
mal_10_FF_01_RTback_H2_High_ ) 500 - i
mal_10_FF_01_RTback_H2 High_
mal_10_FF_01_RTback He Hign_ | D22 Shif
mal_10_FF_01_RTback_H2_High_ B Ve II' W '“rlil
mal_10_FF_01_RTback_H2 High_ | Raw mu ( urerthaw (i ) 4001 1
mal_10_FF_01_RTback_H2_High_ Fama [ backaraund procdge  [Z]post edae
rmal_10_FF_01_RTback H2 High_ o IERCF=T = ] 500
normal_10_FF_01_RTback_H2_High_ - — r T
‘mal_10_FF_01_RTback_Hz_High_ Eﬂw - . Pro edga Vet func. “"El
mal_10_FF_01_RTback Hz High_ | ®Mem — Otsaern  Oznda e
mal_10_FF_01_RTback_H2_High_ s x 200 1
normal_10_FF_01_RTback_H2_High_ E
normal_10_FF_01_RTback_H2_High_ — &
normal_10_FF_01_RTback_Hz_High_ | " L owmmon [ wapecrs | X 1001 i
normal_10_FF_01_RToback H2 High_ Az 10| spineeweizne| 2| | 3
normal_10_FF_01_RTback_H2_High_ sg.‘...k,m.m,m\g\ @ \EM
normal_10_FF_01_RTback_H2_High_ ~ —~
normal_10_FF_01_RTback_H2 High_ R | =2 - or 1
normal_10_FF_01_RTback_H2_High_ Lomrclampi 0 ) LISk eal 0 J
normal_10_FF_01_RToback H2 High_ [Jesctarauna
nermal_10_FF_01_RTback_H2_High_ Poting kweigt: (Do (01 @z Oa 100 7
normal_10_FF_01_RTback_H2_High_ [ Fouicr | Wavelet
normal_10_FF_01_RToback H2 High_ | Transtorm ( I
normal_10_FF_01_RTback_H2_High_ [ magnitus [Jimag. part -200 [~ T
mal_10_FF_01_RTback_H2_High_ wrngatom| 500 |[x] to [ vass X []FTuinon
mal_10_FF_01_RTback H2_High ———
mrmaua}am,Hmack,ﬁz,mzn, F::IMWWI%‘ - - 3001 I I I I I I ' L I e
normal_10_FF_01_RToack Hz High_ = {;";'“rm ] : z:u;vngq[v 24200 24300 24400 24500 24600 24700 24800 24900 25000 25100 2520
:::::jz:z:z:x:t::z:::z:: . E““E“ AT window Pletmin|  24170.5 Enoroy (V) Plotmax|  25211.8

If the goal was to perform MCR-ALS on this dataset, the aberrant spectra should not be deleted
from the Main GUI, since exactly 2625 (75 x 35) spectra must be provided to the MCR-ALS
toolbox, even if some of these spectra did not correspond to actual normalized XAFS spectra.
Otherwise, the MCR-ALS toolbox would not be capable to extract the 75 x 35 distribution map of
the pure species, since some of the pixel data would be missing. Therefore, the trick is to import
this dataset not as XAFS data, but as “Non XAFS data”, which is possible in the HDF importer
window:

[ BN )
Dptions

Fastosh - HDF Importer

Name of data imported to Fastosh: cube 00001

Data will be imported to Fastosh as: | Raw XAFS =z
Selection mode: BEwXAES
Normalized XAFS
SOOIy EXAFS
Non XAFS data
~ context 12¢
» alignment 1+
b daln 08+ [
» normalization 06} “
igampe 04+
~ data ol
cube_00001 ol
» axis-0 § ) ) i i ) ) . .
¥y 24300 24400 24500 24600 24700 24800 24900 25000 25100
» axis-2 Energy (e.V.)
™ ge0om: Modify default tile description if needed:
oo 1st cimension | tile row v Currently displayed:
2nd dimension | tile column v row & 38
3rd gimension | tile number v column # 18

570 tiles, with 75 rows & 35 columns /tile = 2625 spectra

Ok
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Once all these “Non-XAFS data” spectra are imported to Fastosh, select via the Menu bar of the
Main GUI:

“Main GUI Menu \ Options \ Non XAFS data options \ Zero out \ All selected that are
below a specific Y value...\”

e Fastosh v1.0.10 - Main GUI
File Edit Options Operations Chemomelry Plot About
|
]| cube. Non-XAFS data g
|~/]' u::uhe: |
(]| cube_ . . —
MNon XAFS data options... " | Baseling subtraction...

- cl he;.,........._..,m,_..w

[ cube_00001_rows_cal1 | Copy all marked

7| cube_00001_row7_colt Log &ll marked
]| cube_00001_rowd_col? Flatout...
; |~/|:t:uhe DU-:ID Currant | Zero out... . |l_
I |T-"]. cube_ 0000/ All selected e -
| |7] cube_DO00| All selected that are above a specilic ¥ value._.

]| cube_0000]
. - All selected that are below a spacific ¥ value. ..
|i| cL be__ﬂﬂﬂcl T oW T O

[w]| cube_00001_row14_coll

This will allow to determine a threshold value for which all spectra, where at least one of its data
points is below this threshold, will be entirely zeroed-out. For example, setting the threshold to
-0.02 results with the dataset previously shown:

o e Fastosh v1.0.10 - Main GUI
File Edit Options Operations Chemomelry Plot About S X EHEAE-wm

Soe ) (o) (e ) (= Fﬂ»*. Multiple spectra
T

ube_00001_row1_oolt Data type ! T ! !
] cube_00001_row2_colt Non-XAFS data o
] cube_00001_rows_colt { e

AR o g LA Loy PRy Jaktl
A A v e ey |

] cube_00001_rows_colt Al
V]| cube_00001_rows_colt Data shift
] cube_00001_rows _colt
[v]| cube_00001_row7_colt
] cube_00001_rows_colt

AT

]| cube_00001_rowd_colt 08
]| cube_00001_row10_colt
]| cube_00001_row11_colt
]| cube_00001_row12_colt
] cube_00001_row13_colt
¥ cube_00001.row4 ol 06
]| cube_00001_row15_colt >
V]| cube_00001_row16_colt
]| cube_00001_row17_colt
] cube_00001_row1s_coft
]| cube_00001_row19_colt 04
]| cube_00001_row20_colt
] cube_00001_rowz1_colt

0.2

¥ cul
]| cube_00001_row5_colt

V]| cube_00001_row26_colt
]| cube_00001_row27_coit

-ube_00001_row28_colt

b i
ibe_00001_row29_col 0 ‘sﬂ Pl I i i i ) ) i

I
]| cube_00001_rowd0_coll 24300 24400 24500 24600 24700 24800 24900 25000 25100

\‘Ni-'-tmﬁni.smthreshold, some spectra (the aberrant ones) were now eqleaI to zero throughout the entire
energy range, whereas the number of spectra in the sample list were still 2625 since no spectrum
was deleted. This subsquently allowed in Fastosh to successfully extract the 75 x 35 pixel map by
MCR-ALS:
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b @ Image Distribution Maps and Spectra
Jaumot et al. toolbox* Image Distribution Maps and Spectra
" Jaumat et al, Chemom. Intel Lab. Syst. 140, 1 (2015)
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2.3.4 Importing data from Athena project

Since Fastosh v.1.0.9, data saved in an Athena project can be imported to the Main GUI.
When importing such file, a small GUI appears enabling to import all files saved in the Athena
project or a selection of them.

2.3.5 Importing SAMBA HDF file (SAMBA data only): many benefits over SAMBA ASCII file

Data files generated at SAMBA beamline currently come in ASCIl and HDF formats.
Therefore, to import SAMBA data to Fastosh, one could open the SAMBA ASCII files following the
method described in Section 2.3.2. However, opening SAMBA HDF files instead of ASCII gives
multiple benefits to SAMBA Users employing Fastosh:

- The overall time spent to upload data in Fastosh can be faster when opening SAMBA data from
HDF files compared to ASCI files.

- When uploading, one does not have to specify what is the transmission or fluorescence data
corresponding to the sample or reference among all data columns in the file since Fastosh already
knows where to find the data in the SAMBA HDF file. When uploading a SAMBA HDF file, one can
directly select the transmission or fluorescence data of the sample, or upload the reference as a
sample (Figure 3). If uploading the transmission or fluorescence data of the sample, a checkbox at
the bottom of the Window Data Opener, “Include reference”, allows to import the data
corresponding to the reference in addition to the sample data (Figure 3).

- When importing data to Fastosh from “Menu>file>Open file(s)...” one can select multiple ASCII
or HDF files to upload at the same time. This requires, if the files to open are in ASCII format, to
manually select all files at the same time, including all iterations corresponding to a given sample.
In contrast, with SAMBA HDF files, one only has to select a single iteration of each sample to
import and then click on the checkbox “Open all scans in data folder associated to each selected
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file” (Figure 3). As explicitly stated, this automatically opens all iterations associated to each sample
selected.

For example, 100 and 20 scans were collected for “Sample_A” and “Sample_B”,
respectively. To upload all these data using ASCII files, one must manually select all 120 scans. In
contrast, with SAMBA HDF files, one only has to select a single scan of Sample_A and Sample_B
(whatever iteration of each sample, e.g. Sample_A_0042.hdf & Sample_B_007.hdf). If the first box
in the opening window is checked, all 120 scans will be imported into the Fastosh Main GUI.

4 Fastosh 0.9.1 - SAMBA Data Selection - X
Select data type
O Transmission @ Fluorescence O Reference

[[] Open all scans in data folder associated to each selected file
[ Include reference

4 OK Cancel
<10 ] .

25

2 R

o=

15+

1t
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/

PR

0 N R
11200 11400 11600 11800 12000 12200 12400 126(

Figure 3— Importing data from a SAMBA HDF file

- if transmission or fluorescence data is imported to Fastosh using SAMBA HDF file, the type of
acquisition mode will be displayed in the Main GUI in the field “Data Type” (Figure 4A). In contrast,
the field “Data Type” in the Main GUI will simply display “Sample” for data imported to Fastosh as
ASCII file, regardless of the type of acquisition mode that was employed to collect the data (Figure
4B).

Data Type ¥y
Transmission (® Fluorescence Reference
A)
Data Type L iiaihe o
® Sample Reference
B)
Figure 4— Fluorescence data of a sample uploaded in Fastosh from A) SAMBA HDF file and B) ASCII
file

- if sample data is imported to Fastosh from a SAMBA HDF file, a button called “Show 10" will
appear in the field “SAMBA information” of the Main GUI (Figure 5A). This button allows to display,
in a new window, the 10 channel data of the selected sample (Figure 5B). Secondly, an HDF file
allows to access to all contextual information related to SAMBA beamline setup. The type of
information available in the HDF file depends on the type of data acquisition code employed at
SAMBA on the day of beamtime. The SAMBA acquisition code underwent a major upgrade in fall
2020. Since Summer 2020, a new acquisition code called “Pulse” has been used at the beamline.
With data generated at SAMBA prior to mid 2020, a button called “Scan info” will appear at the top-
left corner of the synchrotron picture in the Main GUI (Figure 5A) only if the SAMBA INFO file
generated at the beamline is present in the directory containing the HDF file of the current scan.
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This button allows to display the content of the SAMBA INFO file, which gathers all motor positions
at the onset of data acquisition for the selected sample (Figure 5C).

If the HDF file was collected at SAMBA in Fall 2020 or afterwards, the button called “Scan
info” appears in in the field “SAMBA information” of the Main GUI (Figure 5A). This button opens
up a window that can display the...

...positions of all motors before the beginning of the scan
...positions of all motors after the scan is completed
...scan parameters

...dcm parameters (for local contact)

...mostab parameters (for local contact)

A) | Scan Info Show 10

Zn_GR36_31_01_20_0004 (I0 channel)
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4 Fastosh 0.10.3 - Scan information from SAMBA .info file = X

NA T2 wood 0004
Positions before acquisition v
A
HePump is d09-1-c00/ca/mao.1 at 4.5
0_gain is d09-1-cx1/ex/amp_iv.1 at 3
H_gain s d09-1-cx1iexiamp_iv.2 at 3
2_gainis d09-1-cx1/ex/amp_iv.3 at3
B_gain s d09-1-cx1/ex/amp_iv.4 at 0
bender_c1is d09-1-c03/op/AxisS_C1 at 242187
bender_c2is d09-1-c03/op/Axis6_C2 at 258431
camlis d09-1-c02/dt/vg1.0 at 0.1
cam2 is d09-1-c04/dt/vg1.1 at SO
cam3 is d09-1-c06/dt/vg1.2 at 100
camd is d09-1-cx1/dt/vg2-basler at 0.2
camS is d09-1-cx2/dt/vg2-basier at 0.1

cryophiis  d09-1-cx1/ex/konti-mt_rz.1 at 30.00068
cryozis d09-1-cx1/ex/konti-mt_tz.1 at 8.50018

dac0is @09-1-c00/ca/mao.1 at 0

dac2s ¢09-1-c00/ca/mao.1 at 0

dacés 4d08-1-c00/ca/mao.1 at 0

dacSis d09-1-c00/ca/mao.1 at 0

dackis d09-1-c00/ca/mao.1 at 0

dac’ s d09-1-c00/ca/mao.1 at 0

demis d09-1-c03/op/ENERGY at 26500
energy is @09-1-c03/op/ENERGY at 26500

fluo_s s d0S-1-cx1/dt/dic_ge.1-mt_ts.1 at0
fluo_xis d09-1-cx1/dt/dtc_ge.1-mt_tx.1 at 134
fluo_zis d039-1-cx1/dt/dtc_ge.1-mt_tz.1 at0
hgaplis  d09-1-cO1/ex/fent_h.1_gap at 50
hgap4 is d09-1-cx1/ex/fent_h.1_gap at 25
hgapSis d0S-1-c06/ex/fent_h.2-mt_gap at 20.0001
hgapé is d09-1-cx2/ex/fent_h.1_gap at 20.0002
hinlis d09-1-cO1/ex/fent_h.1_in at 24.85
hind s d09-1-cx1/ex/fent_h.1_in at 14.34
hin is d09-1-cx2/ex/fent_h.1_in at 9.4466
hout! s d09-1-c0V/ex/fent_h.1_out at 25.15
houtd is d09-1-cx1/ex/fent_h.1_out at 10.66
houté s d09-1-cx2/ex/fent_h.1_out at 10.5536
hpostis d09-1-c01/ex/fent_h.1_pos at 0.15
hpos4 is d09-1-cx1/ex/fent_h.1_pos at -1.84
hposSis  d0S-1-cOG/ex/fent_h.2-mt_pos at 0
hposé6 is d09-1-cx2/ex/fent_h.1_pos at 0.5535
imag! is D09-1-CO2/DT/IMAGT-MT_Tz.1 at 16.5
imag2is  D09-1-CO4/DT/MAG2-MT_Tz.1 at 36
imag3 s D0S-1-COS/DT/IMAG3-MT_Tz.1 at 36
BuB 1is d09-1-c03/Nvifjaul 1 at 6.436e-08
pent_2is d09-1-c01/vijpen.2 at 1.6032e-09 v

C) Ok
Figure 5— A) Buttons in main GUI, to visualize B) 10 channel of the sample or C) Contextual information
related to SAMBA beamline

2.4 Basic data treatment

When importing a scan to Fastosh following the steps described in Section 2.3, Larch
functions automatically normalize the imported raw mux spectrum, extract the EXAFS spectrum
following a background subtraction procedure, and estimate random noise. The scan parameters
obtained from these operations are then displayed in the Main GUI at the very last step of data
importation. These scan parameters include EO value, energy limits of pre-edge, post-edge, and
spline functions, as well as a suggested kmax value to do the Fourier Transform of the EXAFS.
The next sections describe how to visualize the data imported to the Main GUI and how to refine
each scan parameter displayed in the Main GUI.

2.4 1 Data handling in Main GUI

2.4.1.1 Multiple selection in the sample list

Four buttons are available on the top left corner of the Main GUI to select/unselect multiple
spectra in the sample list. Note that these four buttons are available next to the sample list in many
modules of Fastosh.

2.4.1.1.1 Check all, Uncheck all, Invert

The first three buttons on top of sample list are self-explanatory: press “check all” button to
select all spectra in the sample; “Uncheck all” to unselect all spectra in the sample list; or “invert”
to invert the spectra selection in the list.
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2.4.1.1.2 Lasso

The “Lasso” button enables to select a group of spectra in the sample list, by checking the
first and last spectra of the group.

Example

Suppose a group of 30 spectra has to be selected from a sample list featuring
90 spectra.
e Press the button “Lasso”. This button now displays “Check 15",

e Selectin the list the first spectrum of the group (spectrum 1 of the 30 spectra). Once
selected, the name of the spectrum becomes pink as a reminder that this one was
selected. The “lasso” button now displays “Check 24"

e Select in the list the last spectrum of the group (30" spectrum of the 30 spectra).
All 30 spectra are now selected in the list.

2.4.1.2 Plotting data of one or multiple sample(s)

2.4.1.2.1 Viewing one scan (the highlighted one in the sample list)

To visualize a particular scan imported to the program, click on its name in the sample list
featured on the left side of the Main GUI. This should highlight with a blue color the scan name that
you are interested in. From there you can show its:

- raw mu(x):
Firstly, make sure “xmu” is checked in the “Raw mu” field of the Main GUI (Figure 1).
Then, to show the data, click on the blue button “Current Raw” in the Main GUI.

- normalized mu(x):
Click on the blue button “Current Norm.” in the “Normalized mu” field of the Main GUI
(Figure 1).

- 1st derivative of mu(x):
Check “1st deriv.” in the “Normalized mu” field of the Main GUI (Figure 1). Then, to show
the data, click on the blue button “Current Norm.” in the Main GUI.

- 2" derivative of mu(x):
Check “2M deriv.” in the “Normalized mu” field of the Main GUI (Figure 1). Then, to show
the data, click on the blue button “Current Norm.” in the Main GUI.
- Chi (featuring the EXAFS):
Click on the blue button “Current Chi.” in the “Chi” field of the Main GUI (Figure 1).
- Fast Fourier Transform:
Click on the blue button “Current F.T..” in the Fourier Transform tab of the Main GUI.
- Reverse Fourier Transform:
Click on the blue button “Current R.F.T” in the Fourier Transform tab of the Main GUI.
- Wavelet Transform:
Click on the blue button “Current W.T.” in the Wavelet Transform tab of the Main GUI.

2.4.1.2.2 Viewing multiple scans in 2 or 3D

To plot multiple scans imported to the program, check each scan in the sample list that you
wish to simultaneously plot. Once all scans to be plotted are checked, you can show their:

- raw mu(x):
Click on the orange button “Multiple Raws” in the Main GUI.
- normalized mu(x):
Click on the orange button “Multiple Norm.” in the Main GUI.
- 1st derivative of mu(x):
Check “1st deriv.” in the “Normalized mu” field of the Main GUI. Then, to show the data,
click on the orange button “Multiple Norm.” in the Main GUI.
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- 2" derivative of mu(x):
Check “2M deriv.” in the “Normalized mu” field of the Main GUI. Then, to show the data,
click on the orange button “Multiple Norm.” in the Main GUI.
- Chi:
Click on the orange button “Multiple Chis” in the Main GUI.
- Fast Fourier Transform:
Click on the orange button “Multiple F.T..” in the Fourier Transform tab of the Main GUI.

Multiple scans shown in 2D

By default, if any orange plot button (Figure 1) is pressed, multiple data is displayed in 2
dimensions. The “2D plot (Multiple Scans)” option is then checked by default in the menu:

Main GUI Menu > Plot > “2D plot (Multiple Scans)”

For example, if the orange button “Multiple Norm.” (Figure 1) is pressed to display multiple
normalized spectra, and the 2D plotting option is selected in the menu, one gets the following figure
(Figure 6):

08

mux (a.u.)

06
04 J
02 J’

e

11500 11550 11600 11650 11700 11750 11800

Energy (e.V.)
Figure 6- Example of multiple normalized spectra displayed in 2D

Multiple scans shown in 3D

To display multiple scans, firstly select

Main GUI Menu > Plot > “3D plot, surface & lines (Multiple Scans)”
to show the data in 3D with a surface created, or select

Main GUI Menu > Operations > “3D plot, lines only (Multiple Scans)”

to show the data in 3D without creation of a surface.

Note: At this point, the data won’t be displayed. Any orange plot button (Figure 1) must be
pressed again to display in 3D the data corresponding to the checked scans.

For example, clicking on the orange button “mux” (Figure 1) with the surface 3D plotting
option selected, one gets the figure below (Figure 7):
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Figure 7- Example of multiple normalized spectra (same as those shown in Figure 6) displayed in 3D,

using a three-color plot option

2.4.1.2.3 Coloring multiple scans in 2 or 3D

-Number of colors

When plotting multiple scans in 2D or 3D, the data is displayed in rainbow colors (default
option). The “Rainbow color plot in (Multiple Scans)” is then checked by default in the menu of Main
GUI:

Main GUI Menu > Plot > “Rainbow color plot (Multiple Scans)”

The Rainbow color option is useful to display data in 2D, but is usually not the best option
to display data in 3D. For 3D plots, a blend of two, three, or four colors is usually the best choice.
To display multiple scans in 2, 3, or 4 colors, select in the menu of Main GUI, respectively:

Main GUI Menu > Plot > “Two color plot (Multiple Scans)”
Main GUI Menu > Plot > “Three color plot (Multiple Scans)”

Main GUI Menu > Plot > “Four color plot (Multiple Scans)”

-Type of colors
The color types used in the plot can be also modified from their default RGB values. To
open the RGB selector window for 2, 3, or 4 colors, select in the Menu, respectively:

Main GUI Menu > Plot > “Two color selection... (Multiple Scans)”
Main GUI Menu > Plot > “Three color selection... (Multiple Scans)”
Main GUI Menu > Plot > “Four color selection... (Multiple Scans)”

This will open a window to select colors in Red Green Blue (RGB) format. For example, the
window below appears when “Four color selection” is selected (Figure 8):
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Figure 8 - Four-color selection window

In this window, each box column corresponds to the R, G, B values of a color.

The tile number above each column specifies which specific scan among the set of scans (i.e. tile
# in the scan stack) the color is applied to. The first and last colors are always the first and last
tiles. If, for example, the first color is tile #1, and the second color is tile #20, the colors of tile #2 to

19 will be a blend of the first and second colors.

- To edit a specific color, firstly select the corresponding column in the field “Apply to”.

- Any color button on top of the window can be pressed to quickly select a color (black, blue, red,
yellow, orange, etc...). For example, press “Red” to apply the R, G, B, values corresponding to the
red color (i.e. R=1, G=0, B=0) to the selected column. Alternatively, you can edit each RGB value

to customize a color.

Example:

A stack of XAFS spectra corresponding to an operando experiments carried
out at the beamline is shown above Figure 7. In this stack, tile #1 to 20 were taken
before the chemical reaction started. The reaction started at tile #21, and finished at tile
#60. The choice of colors in this Figure is not ideal as these colors do not help
differentiate between the time periods where the chemical reaction took place and
before it started. To improve this figure, one can use the window shown in Figure 8 and

do the following setting modifications:

Black Gray
Blue Yellow
Apply to ®
Tile number. 1
R 02
G 1
B o3

20

02

04

Red

Orange

21

0

Green

Purple

60

02

01

03 0 1
OK

Procedure to get the plot below:
Step 0: Select 3D plot

In the Main GUI menu, select:

Menu > Plot > “3D plot, surface & line (Multiple Scans)

Step 1: Select a four-color plot
In the Main GUI menu, select:
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Menu > Plot > “Four color plot (Multiple Scans)”
Step 2: Open the window to edit the colors and tile numbers

In the Main GUI menu, select:

Menu > Plot > “Four color plot (Multiple Scans)”
Step 3: Modify the RGB values of each column

-Select the first column, and press “Green” button to apply RGB values
corresponding to the green color to the first column.

-Select the second column, and press “Green” button to apply RGB values
corresponding to the green color to the second column (you can make the
second color a bit darker than the first color by setting G=0.4).

-Select the third column, and press “Red” button to apply RGB values
corresponding to the red color to the third column.

-Select the fourth column, and press “Blue” button to apply RGB values
corresponding to the blue color to the fourth column.

Step 4: Modify the tile numbers
-Select the third column, and edit the tile number to 21.
Step 5: Refresh the plot with the new plot settings

-Press the orange button “Multiple Norm.” (Figure 1) to refresh the plot and

show the data with the new plot settings. The figure now looks like that:
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2.4.1.2.4 Stacking multiple scans in 2D

To vertically scatter a set of scans in 2D (Figure 9B), firstly check all scans in the sample
list to scatter and then go to:

Main GUI Menu > Plot > “2D stack plot... (Multiple Scans)”

. The vertical distance between each scattered scan must be specified in the field “Scatter
selected by:” (Figure 9A). To vertically display two different sets of scattered scans, with a distinct
space between the two sets to visually differentiate them, a vertical shift can be applied to all scans
belonging to the second set. This value can be specified in the field “Shift selected by:” (Figure 9A).

Scatter selected by 04
Shift selected by 2
Apply to selected
A)
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Figure 9- A) Stack plot options and B) an example of 2D data stack. NOTE: the legend can be moved
anywhere in the plot by just clicking/holding the mouse on the legend and dragging it anywhere in the
plot.

Example: The example of 2D stack plot showed above (Figure 9B) features 9 spectra.
This data corresponds to three samples A, B, & C with three spectra per sample. This
figure was obtained after doing the following steps:

Select « stack » plot options
Check the three scans of SAMPLE A in the sample list
- Change the scatter plot options to these setting:
“Scatter select by:” 0.4
“Shift select by:” 0
- Once these values are typed, press below them the button “Apply”
Uncheck the three scans of SAMPLE A in the sample list
- Check the three scans of SAMPLE B in the sample list
- Change the scatter plot options to these setting:
“Scatter select by:” 0.4
“Shift select by:” 2
- Once these values are typed, press below them the button “Apply
Uncheck the three scans of SAMPLE B in the sample list
- Check the three scans of SAMPLE C in the sample list
- Change the scatter plot options to these setting:
“Scatter select by:” 0.4
“Shift select by:” 4
- Once these values are typed, press below them the button “Apply
Refresh the plot with the new plot settings
- Check all spectra of samples A, B, and C
-Press the orange button “Multiple Norm.” (Figure 1) to refresh the plot
and show the data with the new plot settings.

2.4.1.3 Normalization (Larch method)

The raw mu(x) spectrum imported to the Main GUI must be normalized as a first step of
the EXAFS extraction procedure. This enables, as mentioned in Section 2.4.1.5 on “Background
removal”, to flatten the extracted chi spectrum featuring the EXAFS and estimate the edge-step of
the mu(x) spectrum whose value is employed to normalize the chi spectrum. The EXAFS is indeed
broadly defined as “the normalized oscillatory part of the absorption coefficient above the
absorption edge”.
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Normalizing the mu(x) spectrum consists in fitting a pre-edge function (generally linear) and
post edge function (generally a quadratic polynomial) to the part of the mu(x) spectrum below and
above the absorption edge, respectively. The latter is represented in the program by the EO
parameter. The edge-step is equal to the difference between the post-edge and pre-edge function
at the energy of EO.

In many cases, the default normalization parameters automatically obtained following data
importation to the Main GUI should be satisfactory, especially when the element of interest is not
too diluted in the sample. However, in some cases the automatic normalization is not satisfactory,
and the default normalization parameters must be corrected. It is then a good practice to
systematically check the normalization right after importing a mu(x) spectrum to the Main GUI, as
described in the next section.

2.4.1.3.1 Visually estimating the normalization

mux (a.u.)

If a correct normalized is achieved, the pre-edge region of the normalized spectrum should
be flat and equal to 0 throughout the Y axis. Similarly, the oscillating and flat parts of the post-edge
region of the normalized spectrum should evenly oscillate around 1 and be equal to 1 on the Y
axis, respectively. To verify that, firstly check the normalized spectrum by pression the blue button
“Current Norm.” in the Main GUI. Examples of acceptable and unacceptable normalized spectra
are shown in Figure 10A & B, respectively. The normalized spectrum shown in Figure 10B is
unacceptable as its pre-edge part is not equal to 0 throughout the Y axis. Instead, the pre-edge
part keeps on increasing above 0 with increasing energy. Additionally, the flat part of the post-edge
region is not equal nor oscillate around 1 throughout the Y axis. It keeps on decreasing from 7600
eV to the end of the spectrum.

Visualizing the raw, unnormalized mux spectrum along with the fitted pre-edge and post-
edge functions can help understand the cause of the normalization issue. Ideally, the pre-edge and
post-edge functions should both fit well the experimental spectrum and be roughly parallel to each
other, especially at the energy of EO where the edge-jump is assessed. For example, these
functions were more or less parallel to each other (Figure 11A) to obtain the well-normalized
spectrum shown in Figure 10A. This was not the case, however, with the pre-edge and post-edge
functions employed to obtain the spectrum not well normalized shown in Figure 10B. The pre-edge
function indeed dropped with increasing energy instead of fitting the data of the unnormalized
spectrum (Figure 11B). Similarly, the post-edge function was too curvy and far from following the
data trend towards the end of the unnormalized spectrum (Figure 11B). This typically represents
the case where the extraction parameters should be modified to optimize the normalization. The
modifications of normalization parameters are discussed in the next section.

Energy (e.V.) Energy (e.V.)

A) B)
Figure 10 - Examples A) acceptable and B) problematic normalized spectra
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Figure 11 - Example of A) correct or B) problematic pre-edge and post-edge functions, which were used

to obtain the normalized spectra shown in the previous Figure

2.4.1.3.2 EO readjustment

The minimum and maximum energy values of the pre-edge & post-edge functions are not
defined as absolute energy values but relative to the energy position of the edge jump, which is
represented in the program as the EO value. One must make sure that the EO value is adequate
before adjusting the parameters relative to the pre-edge & post-edge functions. To do the
normalization, the EO value can be set anywhere between the beginning and end of the edge-jump,
given that it may be necessary to fine-tune this parameter at a latter step of the data analysis,
notably to perform linear combination fitting.

If the “automatic” EO determination method (Section 2.2) is employed to find €0, the EO
value can be found at the maximum of the 1s' derivative of the mux spectrum, which falls
somewhere around the middle of the edge-jump. This EO value should be ok to perform the
normalization. It is, however, also possible that the normalization algorithm (“‘automatic” EO
determination method discussed in Section 2.2) does not correctly find the edge-jump and
erroneously set the EO value at an absurd position in the XAFS spectrum, e.g. in the middle of the
EXAFS. This can be the case notably when the XAFS spectrum features monochromator glitches
or diffraction peaks. It can also occur when the edge-jump is too small, which may imply that the
element of interest is too diluted in the sample.

To readjust the EO, either type a new EO value directly in the Main GUI or interactively
choose it from the plot. This can be done by pressing the cross button next to the EO value in the
Main GUI and clicking on the desired energy position in the plot. There is a ten second-countdown
to do this operation.

2.4.1.3.3 Victoreen pre-edge function

A Victoreen function is used by default to fit the pre-edge region of the mux spectrum. This
function is selected in the menu of the Main GUI when opening Fastosh:

Main GUI Menu > Options > Pre-edge function type... > “Victoreen”
The expression of a Victoreen function is:
Pre edge=a*E +b* E "¢t
where E is the full energy array of the mux spectrum, nvict is the order of the Victoreen function,

which is a user-defined parameter in the Main GUI window, and a & b are coefficients of a linear
function fitted to satisfy this relationship:

* — * i
a * Eiemin to iEmax * b = MUigmin to iEmax * Eimin to iEmax ™%

Fastosh v. 1.0.10 - User Manual - Basic Functionalities 39



where iEmin & iIEmax are the array indexes in E of Emin & Emax, which are the minimum and maximum
energy value of the pre-edge region, respectively.

In the Main GUI, the Emin & Emax values of the pre-edge region are defined in the fields “Pre-
edge function from:” and “to:”. These are not defined as absolute energy values but relative to the
energy position of the edge jump, which is represented in the program as the EO value.

By default, the order of the Victoreen is equal to 0 (linear function), as shown in the field of
the Main GUI: “Pre-edge Vict. func. ord.:”. This degree value should be adequate for any spectrum
where the pre-edge region is quite flat. The Victoreen degree should be modified only if the pre-
edge region is so curvy that a linear function cannot fit the data. This may occur for example when
the tail of the Compton peak significantly leaks into the ROl of MCA where the fluorescence
spectrum is extracted. In this case, the Victoreen degree should be increased; if this is still not
satisfactory, a polynomial pre-edge function should be tested (see next section).

If the Victoreen pre-edge function does not fit well the data, a common cause is that the
min and/or max values of the fitted pre-edge region arelis not optimized. The best approach is to
empirically find in the pre-edge region the min and max values for which the function fits well the
data. A good fit is obtained when the pre-edge region of the resulting normalized spectrum is flat
and equal to 0 throughout the Y axis. For example, the default min and max of the pre-edge function
used to obtain the unacceptable normalized spectrum shown above were -80 and -50 eV,
respectively. After a few trial and errors, it was empirically found that slightly modifying the min &
max to -100 & -30 eV, respectively, enabled to get a good fit of the pre-edge (Figure 12 & Figure
14B).

mux (a.u.)

7300 7400 7500 7600 7700

Energy (eV.)

Figure 12 - Example of a linear function that fits well the pre-edge region.

To modify the min or max value of the pre-edge in the fields “Pre-edge function from:” and
“to:”, respectively, either type a new value directly in the Main GUI or interactively choose it from
the plot. This can be done by pressing the cross button next to the value in the Main GUI and
clicking on the desired energy position in the plot. There is a ten second-countdown to do this
operation.

2.4.1.3.4 Polynomial pre-edge function

The pre-edge part of a mu spectrum acquired in fluorescence mode can be sometimes
extremely curvy, such as the mu spectrum shown as an example in Figure 13A. This can occur
when the tail of peak corresponding to the scattered emission leaks into the ROI of the MCA from
where the mu spectrum is extracted, and especially when the scattered emission is much higher
than the sample fluo emission reaching the detector. In this case, a victoreen function may not
properly fit the pre-edge part of the mu spectrum, even with a function order higher than 0. A
polynomial function can be then a better choice. For instance, the pre-edge part of the mu spectrum
shown in Figure 13A was well fitted using a polynomial function of order 6, as demonstrated by the
decent normalized spectrum obtained (Figure 13B). This type of pre-edge function can be selected
from the menu of the Main GUI:

|ll

Main GUI Menu > Options > Pre-edge function type... > “Polynomia
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3500

Figure 13 — (a) Example of polynomial pre-edge function of order 6 applied to a mu spectrum and (b)
resulting normalized spectrum

By default, the order of the polynomial is equal to 1 (linear function). The order value is
displayed in the field of the Main GUI: “Pre-edge Poly. func. ord.:”, when “Polynomial” function is
selected from the menu. It should be increased until a good fit of the pre-edge part is achieved.
Additionnally, the post edge part must be relatively flat and not too curvy, as shown in Figure 13A.
With a pre-edge polynomial function, the fit of the mu pre-edge part is done not only between
between Emin and Emax in the pre-edge region of the mu spectrum, but also on the part of the mu
spectrum above E,, after subtracting from this part the edge jump. This helps keep the pre-edge
polynomial function relatively flat towards the end of the mu spectrum.

2.4.1.3.5 Post-edge function

A polynomial function is used to fit the post-edge region of the mux spectrum. The min and
max values of the fitted part of the post-edge region are defined in the fields “Post-edge function
from:” and “to:” in the Main GUI. These are not defined as absolute energy values but relative to
the energy position of the edge jump, which is represented in the program as the EO value.

By default, the degree of the polynomial is equal to 2 (quadractic function), as shown in the
field of the Main GUI: “Post-edge Poly. func. deg.:”. In most cases, this should be adequate to fit
the post-edge region of an XAFS scan. It can be sometimes necessary to decrease the degree of
the polynomial to 1 when for instance the EXAFS part is too short and a polynomial function with
a degree of 2 fails from normalizing the data.

Like the fitting of the pre-edge region, it is common that the post-edge function does not fit
well the data because the min and/or max values of the fitted post-edge region are not optimized.
The best approach is to empirically find in the post-edge region the min and max values for which
the function fits well the data. A good fit is obtained when the oscillating and flat parts of the post-
edge region featured in the resulting normalized spectrum evenly oscillate around 1 and equal to
1 on the Y axis, respectively.

For example, the default min and max of the post-edge function used to obtain the
unacceptable normalized spectrum shown above in Figure 11B were 80 and 400 eV, respectively.
After a few trial and errors, it was empirically found that slightly modifying the min & max to 80 &
782 eV, respectively, enabled to get a better fit of the post-edge (Figure 14A & Figure 14B).

To modify the min or max value of the post-edge in the fields “Post-edge function from:”
and “to:”, respectively, either type a new value directly in the Main GUI or interactively choose it
from the plot. This can be done by pressing the cross button next to the value in the Main GUI and
clicking on the desired energy position in the plot. There is a ten second-countdown to do this
operation.
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Figure 14 - Example of a quadratic function that fits well the post-edge region & B) New normalized
spectrum obtained using the optimized pre-edge and post-edge functions shown in Figure 13 and 14A,
respectively

2.4.1.4 Alternative normalization methods applied to multiple spectra

Since Fastosh v1.0.6, the program proposes five simple normalization methods, as an
alternative to Larch’s normalization method to normalize raw mu spectra imported to the program.
The first one is unique to Fastosh, the others are from the program PyMCA [8]. All these alternative
normalization methods must be applied to multiple spectra, not one at a time: to use any of them,
itis compulsary to have at least two scans selected in the sample list of the Main GUI. Then, select
the desired method in:

Main GUI Menu > Options > “Normalization of all checked spectra based on...”

When any of these methods is employed, the raw mu data is interpolated based on the energy grid
of the first selected raw mu spectrum.

2.4.1.4.1 Fastosh simple method: substract offset and locally equalize spectra

With this method, the minimum absorption value is substracted from each raw mu
spectrum, so that its minimum value is equal to zero. Then, each spectrum is divided by its last
absorption value. Finally, a user-defined part of the raw mu spectra is vertically equalize via a least
square fitting method. By default, the equalized part is equal to the last 5 eV of the spectra.

2.4.1.4.2 PyMCA method 1: “Substract offset and normalize to maximum”

With this method, the minimum absorption value is substracted from each raw mu
spectrum, so that its minimum value is equal to zero.

Then, each spectrum is divided by its maximum absorption value, so that its maximum
value is equal to 1.

2.4.1.4.3 PyMCA method 2: “Substract offset and normalize to counts”

With this method, the minimum absorption value is substracted from each raw mu
spectrum, so that its minimum value is equal to zero.

Then, each spectrum is divided by the integral of its absorption measured across its entire
energy range. The integral is performed via a basic rectangular “mid point’ rule.

2.4.1.4.4 PyMCA method 3: “Substract offset and normalize to integrated area”

With this method, the minimum absorption value is substracted from each raw mu
spectrum, so that its minimum value is equal to zero.
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Then, each spectra is divided by the integral of its absorption measured across its entire
energy range. The integral is performed via a trapezoidal rule, as opposed to the basic rectangular
“mid point’ rule.

2.4.1.4.5 PyMCA method 4: “Normalize to maximum”

With this method, each spectra is simply divided by its maximum absorption value, so that
its maximum value is equal to 1.

2.4.1.5 Background removal

The principle of the background subtraction procedure to extract, from the raw data, the chi
spectrum featuring the EXAFS is detailed below in the first part of this section. This procedure is
based on the autobk algorithm included in Larch. The Matlab code employed in Fastosh has been
slightly modified from the original Python code of Larch. The difference between the two versions
is explained in this section. The principle of the background removal procedure is described below
so that the meaning of all user-defined background subtraction parameters displayed in the Main
GUI can be understood. These parameters are individually detailed at the end of this section.

2.4.1.5.1 Principle of background subtraction in Larch (Python & Matlab versions)

The post-edge region of the unnormalized mu spectrum possesses multiple oscillations mixed
together, which can be classified into two categories: the background oscillations and those
belonging to the chi featuring the EXAFS. Among all oscillations mixed in the post-edge region, the
ones having the lowest frequencies correspond to the absorption background. This variation in
absorption is not dependent on the atomic environment around the absorber. It would then still
occur in the post-edge region of a mu spectrum corresponding to an isolated, single atom ideally
present in a vacuum with no neighboring atoms around it. In contrast, all other oscillations mixed
with the background oscillation, a few wavenumbers above the EO energy in the post-edge region
of mu spectrum, are related to the photoelectron travelling back and forth from the absorber to the
neighboring atoms. These oscillations, which inform on the chemical structure around the absorber,
constitute the EXAFS and are featured in the chi spectrum, whose expression is shown in Equation

(1):

raw MuX(from Eq to Emay) —Packground from Eq to Emax)

(1) Chi (from E0 to Emax) =
edge SteP(measured at Eg)

Accordingly, the contribution of the background must be removed from the post-edge region of the
mu spectrum to isolate the EXAFS. This step of the data treatment is called the “background
subtraction”. It is performed automatically by Larch functions when importing a raw mu spectrum
to Fastosh, just like the normalization.

When importing a mu spectrum, the normalization is firstly done to flatten the post-edge
region of the mux spectrum from where the chi is extracted and measure the edge-step at the
energy of EQ. The autobk function then uses this edge-step value and the background (from Eq to
Emax) to extract the chi spectrum featuring the EXAFS, following the expression shown in Equation
(1). This is done at the final stage of the background subtraction procedure, after autobk
automatically calculates the background via a fitting procedure described in the next paragraph.
This fitting procedure must be understood to grasp the meaning of the background subtraction
parameters displayed in the main GUI of Fastosh, i.e. Rbkg, spline kmin, kmax, and clamps.

2.4.1.5.2 Details on how “background” in Expression (1) is obtained by autobk

In autobk, the background is represented by a spline function. It is essentially a series of
2"d degree polynomials that successively join at knots spreading throughout the post-edge region
of the mu spectrum. The number of knots of the spline is given by Equation (2):
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. ) 2*Rpke*(spline kmax—kmin)
(2) Total number of knots in spline = L - +1

where spline kmax and kmin are the limits of the spline in k space and user-defined parameters.
The spline is a b-spline type; the first and last knots are degenerated and the second and the one
before the last one are removed. The meaning of Rekg featured in Equation (2) is explained below.
Since the total numbers of knots of the spline is known, the horizontal positions of all spline knots
are constrained and constant. In contrast, the vertical positions of all knots (called “coefs” in autobk)
are floated when a least-square fit is performed to obtain the background spectrum. This is a non-
linear fitting procedure whose steps are described in the next paragraph.

For the first iteration of the fitting procedure, an initial guess of the background spectrum is
obtained by setting the value of each coef of the spline equal to the value of the unsubtracted chi
at each knot position, i.e. coefs=chi(knots). This initial background is subtracted from the post-edge
region of the mu spectrum, hence “subtracted chi” is obtained. This chi is then interpolated to a
0.05 /A grid using a smoothing spline, and eventually Fourier-transformed. This Fourier Transform
(FT) is done employing an apodization window (“Hanning”) and a user-defined spline k-weight (set
to 2 by default). Then, a portion of the chi FT is used for the minimization procedure, from 0 A to
the user defined Rykg value (set to 1 A by default) as the lower and upper limits of the FT part used
in the fit, respectively. Therefore, the fit minimization is done by default using the part from 0 to 1
A of the FT. The values corresponding to the real and imaginary values at each point of this FT
portion are then alternatively put onto a single array, called “out” in autobk. Then, “out” is used to
calculate “scale” following the expression shown in Equation (3).

(3) scale =1 + 100 * mean (out?)

Finally, “out” and “scale” are both used to calculate “residual”, following the expression shown in
(4). Residual is essentially a single array of numbers constituted of three sub arrays concatenated
one after another: “out”, the low-end part of chi spectrum weighed by the clamps, and the high-end
part of chi spectrum weighed by the clamp (4).

(4) Residual = [out], [low_clamp*scale*chigirst three data points)] , [Ni_clamp*scale*chi(ast three data points)]

In (4), low_clamp and hi_clamp are user-defined values that are employed to weight the low-end
and high-end of the chi spectrum, respectively. The fit then iteratively modifies the vertical
positions of the spline’s knots (coefs) in order to minimize “Residual”. This means that for
each iteration of the fit, the whole procedure described above (i.e. a spline is obtained after
modifying coefs, the chi and its FT are computed, and residual is finally calculated) until fit
convergence has been reached. When this is the case, the final coefs of the last fit iteration are
used to get the final spline, which is eventually employed to extract the chi spectrum following the
expression shown in Equation (1). A summary of this entire procedure is shown in Figure 15.
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Figure 15 — Background fitting procedure performed by Larch function

After autobk function is done with the background subtraction step, it does one last
operation: the chi spectrum of the background obtained from the fit and used to extract the chi
spectrum of the sample (Eq. (1)) is converted into a full background mu spectrum. To do that, the
background chi spectrum obtained from the autobk fit, which starts from EO to Emax in the full
energy array of the sample data, is concatenated (i.e. “stitched”) to the part of the mu spectrum
corresponding to the sample (i.e. the raw spectrum imported to Fastosh) from Emin to EO on the

full energy array.

After all automatic operations are completed when importing data into the Main GUI, the
mu spectrum corresponding to the sample and its associated background mu spectrum are plotted

Chlsubstracted (kfull range)
Smooth spline interpolation to 0.05 step grid
Chlsubstracted (k0.0Sk grid)

., /edgejump
Final Ch'substracted (k0.0Sk grid)

in blue and red colors, respectively (Figure 16).
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Figure 16 - mu spectra corresponding to the sample (spectrum in blue color) and its associated
background (spectrum in red color). The yellow dot indicates the position of EQ.
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2.4.1.5.3 Specificity of Larch autobk adapted to Fastosh

Since Fastosh v1.0.1, the nature of the mathematical function used to represent the
background is exactly the same between the original Larch version written in Python and the one
adapted to Matlab featured in Fastosh. It is a b-spline in both versions. Therefore, the outcome of
the automatic chi extraction should be the same between the two versions.

2.4.1.5.4 Rokg

This parameter defines the upper limit of the Fourier-transformed chi portion that is used
to calculate “residual” during the fit (Expression (4)). A general rule of thumb is that the Rpkg value
should be roughly half the distance of the first shell around the absorber. If Rpkg value is too low,
the oscillations having the lowest frequencies featured in the post-edge region of the mu spectrum,
hence the oscillations of the background, won’t be filtered enough and will “leak” into the Fourier
Transform of the chi. In that case, the Fourier Transform may feature peaks below the one
corresponding to the first shell, including at 1 A or below (such small interatomic distances are
physically impossible). In contrast, if Rukg value is too high, some of the EXAFS signal may be
erroneously considered as background signal. As a result, the signal in the FT related to the atomic
shells around the absorbed may be cut.

The default value of Rekg (1 A) is adequate in many instances. Also, there might be more
than one correct value to choose from. For example, if 1 A is correct, 0.9 or 1.1 A may give the
same results and thus could be also adequate values to employ. To check the effect of Rekg on the
FT, one can copy the current spectrum (right click on its name to make a copy), apply a new Rexkg
value to the copied spectrum, and plot together the FT of the duplicate samples to compare them.
To summarize, a good Rukg value in the FT should not leak some too-low frequencies (Rukg vValue
too small) and should not cut the signal you care about (Rekg Value too high).

2.4.1.5.5 Spline k-weight

This parameter represents the k-weight of the Fourier-transformed chi spectrum used
during the Autobk optimization of the Spline. It allows to optimize the background subtraction at a
specific part of the chi function. A low value and high value, i.e. 1 and 3, will emphasize the lower
and higher of the data in the chi spectrum, respectively.

A method to set this parameter is discussed in Kelly et al. 2008 [9]. Basically, a suitable
spline k-weight should result in a chi spectrum that is equally balanced below and above the zero
line of the EXAFS oscillations when a plotting k-weight of 1, 2, or 3 is employed. A good Spline k-
weight should then produce a chi spectrum that is independent of plot k-weight, or at least the part
of chi spectrum that you are interested in. This implies that the lower part of the chi spectrum ~ <3
A may be not considered when assessing the suitability of a given spline k weight value.

2.4.1.5.6 Spline Kmin & Kmax

Spline kmin and kmax are the lowest and highest values of the spline, respectively. Keeping
kmin €qual to zero should be suitable in most cases, if not all cases. Regarding kmax, one should
keep the value of this parameter as high as possible, even if the chi spectrum is mostly noise at
high k values, as long as the spectrum does not feature distortions such as monochromator glitches
that cannot be suppressed using deglitching tools. If the spectrum features large distortions that
cannot be removed, the signal may be cut by either truncating it or lowering Spline kmax. Also,
slightly lowering Spline kmax may be helpful in achieving a good background subtraction when the
spline is not fitting the data at high k values and modifying the high clamp value has no effect (see
next section).

2.4.1.5.7 Clamps

The low and high clamps are essentially integer values that are used to weigh the low- and
high-end parts of the chi spectrum in the calculation of Residual, respectively (Expression (4)).
Residual is the quantity minimized during the least-square fit performed by autobk to extract the
background (Section 2.4.1.5.2). The higher the clamp value, the more the background spline will
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be forced to fit the experimental chi spectrum in the region where the clamp is applied. From a
practical standpoint, a misfit between the experimental spectrum and spline is likely to occur mostly
towards the end of the mu spectrum. The high clamp is then often more relevant than the low
clamp, which is rarely used. A misfit typically occurs when the end of the experimental mu spectrum
is flat while the end of the background mu spectrum appears wavy. As a result, the end of the chi
spectrum may dramatically drop or rise instead of reaching a value around zero. Modifying the high
clamp current value to a higher one may overcome this problem. If modifying the high clamp value
does not help improve the background spline, one could try slightly decreasing the value of Spline
kmax, as discussed in the previous section.

2.4.1.6 Fast Fourier Transform

2.4.1.6.1 k range: Kmin and Kmax

The endpoints of the chi spectrum part that is Fourier Transformed correspond to kmin and
kmax. Since the Fourier Transform is performed on the EXAFS featured in the chi spectrum, Kmin
shouldn’t be too small to exclude the end part of the XANES, which corresponds to the first part of
the chi spectrum. The XANES ends in the chi spectrum about 50 eV above the EO value, which
corresponds to ~3.6 /A in k space. Therefore, a kmin equal to 3 /A proposed by the program
represents a default value not too conservative to start with. This value may be decreased if the
goal is, for instance, to widen the EXAFS range in order to increase the resolution of the Fourier
Transform. However, this should be done only if the new kmin value does not significantly modify
the shape of the Fourier Transform.

Regarding kmax, its value should enable to include as much signal of the chi spectrum as
possible in order to maximize the resolution of the Fourier Transform. However, it should be before
the end part of the chi spectrum mostly dominated by random noise. This is summarized in Shelly
Kelly et al. 2008 [9]: “optimizing the k range for EXAFS data analysis involves a tradeoff between
increasing resolution of neighboring atomic shells and decreasing the contribution of spectral noise
to the Fourier transform”.

2.4.1.6.2 Window

This functionality allows to specify the type of apodization window employed to perform the
Fourier Transform. It is in fact a “Fast Fourier Transform” as the processed EXAFS signal is finite
and bounded by kmin and kmax endpoints. Fast Fourier Transforming a finite EXAFS signal featuring
non-zero values at kmin and kmax endpoints causes ripples in the resulting Fourier Transform
spectrum. These ripples appear as small curved peaks at all R values in the Fourier Transform.
They are thus problematic as they could be potentially mistaken for peaks that we care about, i.e.
those due to photoelectron single or multiple scatterings. The ripples can be minimized by
multiplying an apodization function to the chi spectrum, which brings the signal to zero values at
the two endpoints kmin and Kmax.

There are six types of apodization windows proposed: Hanning, Parzen, Welch, Gaussian,
Sine, & Kaiser. The chosen apodization window can be plotted along with the experimental chi
spectrum to observe the window shape. Go to Plot Options at the bottom-left of the Main GUI,
select “chi” in the menu tab, check “window”, and then replot the chi spectrum by pressing the “chi”
plot button. Each type of apodization window has a specific shape and thus effect on ripple
minimization in the Fourier Transform. However, the main information that Users get from the
Fourier Transform spectrum should not significantly depend on apodization window type. It is
generally recommended that a whole data set should be treated using only one type of apodization
window, the choice in window type being left to the User.

2.4.1.6.3 dk

The value of dk parameter corresponds to the width of the left and right sills of the
apodization window. The left and right sills are centered at kmin and kmax, respectively. For example,
if kmax=12 /A and dk=1, the right sill of the apodization window will start to decrease at 11.5 /A
and reach a zero value at 12.5 /A. Increasing the value of dk may enhance the minimization of
ripples featured in the Fourier Transform spectrum (see previous section). However, the dk value
should not be too high either to minimize the filtering by the window of the structural oscillations
featured in the EXAFS signal.
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2.4.1.6.4 FT plot window, with or without theoretical chi models created by FEFF

If no theoretical models have been created using the Fastosh module “Quick EXAFS
modelling” (see Section 8 of this User Manual), the plot window will display only the FT
corresponding to the current sample, when the blue button “Current FT” is pressed in the Main GUI
(Figure 17a). If theoretical chi models have been created, the Fourier Transform of the highlighted
sample is displayed along with the Fourier Transform of the theoretical data: all models combined
(Figure 17b), a specific single scattering path (Figure 17c), or all individual single scattering paths
(Figure 17d), using the plot options available on the left side of the plot window (Figure 17).
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Figure 17 - Fastosh plot window when the blue button “Current FT” is pressed in the Main GUI to display
the FT data relative to the current sample: if no theoretical chi models have been created using the
Fastosh Module “Quick EXAFS fitting” (Section 8 of the User Manual), only the Fourier Transform of the
highlighted sample is displayed (a). If theoretical chi models have been created using the Fastosh
Module “Quick EXAFS fitting”, the Fourier Transform of the highlighted sample is displayed along with
the Fourier Transform of the theoretical data: all models combined (b), a specific single scattering path
(c), or all individual single scattering paths (d)

2.4.1.7 Reverse Fourier Transform: Rmin, Rmax, Window, and dR
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Performing a reverse Fourier Transform can be helpful in isolating a specific oscillatory part
of the chi spectrum that contributes to a discreet region of the Fourier Transform whose boundaries
are defined by Rmin and Rmax values. As discussed in the previous section, the chi spectrum is
multiplied by an apodization window to minimize ripples in the Fourier Transform spectrum.
Similarly, the Fourier Transform is multiplied by an apodization window to minimize ripples in the
reverse Fourier Transform spectrum.

To do a reverse Fourier Transform, firstly specify the values for Rmin and Rmax, i.€. the
endpoints of the specific region of the Fourier Transform to be reverse Fourier Transformed, as
well as the type of apodization window and its sill width (dR). Then, click on the “kq” plot button to
display the original chi spectrum (in blue color) and the resulting reverse Fourier Transform
spectrum (in red color).

2.4.1.8 Plot k weight

The plot k weight value allows to emphasize a specific part of the chi or Fourier Transform

spectrum. The k-weighed chi is equal to:
k-weighed chi(i)= chi(i). k(i)Plotk weight

where “k” is the k array associated to chi array, and “i” is the position of a data point in the
arrays. The higher the plot k weight value, the higher the emphasis towards the end of the spectrum
(Figure 26). The plot k weight value can be also modified to determine the optimal value of the
spline k weight parameter as mentioned in Section 2.4.1.5.5. Additionally, the plot k weight can be
used as a mean to identify whether two atomic shells observed at two different R values in the
magnitude of the Fourier Transform are similar or significantly different from each other in nature.
If an element corresponding to a given shell has an atomic number at least three times higher than
the element corresponding to the other shell, then the magnitude ratio between the two shells
should increase with increasing plot k weight [9]. In contrast, if the elements corresponding to the
two shells have similar atomic numbers (i.e. those within one or two atomic numbers), then
modifying the plot k weight should not significantly modify the relative difference in magnitude of
the two shells.

A suitable value of k plot weight to use by default should result in a Fourier Transform
where all observable atomic shells would provide a relative even contribution to the spectrum. The
magnitude of the chi spectrum should have a symmetrical envelop along the k space axis. For
example, this corresponds to plot k weight=2 for the data shown in Figure 26.

2.4.1.9 Wavelet Transform

2.4.1.9.1 Presentation

Since Fastosh v1.0.7, the EXAFS data can be processed via a Wavelet Transform
approach, as an alternative to the Fourier Transform approach. The type of Wavelet can be either
the Cauchy or Morlet Wavelet. For more details about each of them, refer to the original studies
that introduced them, i.e. in Mufioz et al. [1] and Funke et al. [2], respectively. In this User Manual,
most of the figures featuring some Wavelet Transform examples were made using the EXAFS
spectrum corresponding to the mineral phase thorite. This spectrum was featured in the original
paper of Mufoz et al. [1], which represents the first study that introduced the use of Wavelet
Transform of the EXAFS. The structure of thorite is suitable for showcasing the usefulness of
wavelet transform of the EXAFS as it features notably a:

- Th-Sishell at 3.16 A, with 2 Si atoms
- Th-Siand Th-Th shells both at 3.9 A, with 4 Si and 4 Th atoms in the shell, respectively
- Th-Th shell at 5.95 A, with 8 Th atoms

Mufioz et al. [1] showed that while only a single peak can be observed at 3.9 A in the
magnitude of the FT spectrum of thorite, the WT map does suggest the presence of Th-Si and Th-
Th shells at 3.9 A (Figure 18). Therefore, compared to FT, WT may allow to better identify the
presence of more than one shell existing at a specific distance.
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Figure 18 - EXAFS spectrum of thorite, and its corresponding Cauchy Wavelet Transform and Fourier
Transform featured in Figure 1 of Mufioz et al. [1] (a), and the WT and FT data reproduced in Fastosh
(b). This EXAFS spectrum will be employed in other WT examples featured in this User Manual

2.4.1.9.2 Wavelet Plot options

Several plot options are available to display the Wavelet transform, via the “Plot type”
scrollable menu in the Wavelet Transform tab of Fastosh Main GUI:

- Plot type: “WT of current (+ model, if created)”

When this plot option is selected, the wavelet transform of the EXAFS, corresponding to
the sample currently highlighted in the program Main GUI can be displayed, with or without
theoritical models created with FEFF (Figure 19). Additional plot options are available from the
Wavelet Transform tab:

e “Colors”: Several color options are available to display in color the WT map,
including a colormap called “T and K 2009”, as a tribute to the 2009 manuscript
by Timoshenko and Kuzmin [10] (Figure 19b), as well as several built-in or
modified Matlab colormaps, including the default color choice “Jet” (Figure
19a).

e  “WT map style”: The current WT map can be displayed either as surface and
contours (Figure 19 a & b), surface only (Figure 19c), or contours only (Figure
19d).

©)
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Figure 19 - A wavelet transform map displayed using different plot options. No theoritical FEFF model
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If theoretical models have been created using the Fastosh module “Quick EXAFS
modelling” (see Section 8 of this User Manual), the sample map will be automatically displayed as
“surface only”. Then, the contours, stacked on top of the sample WT map shown as “surface only”,
correspond to the sum of all theoretical single scattering paths combined (Figure 20a), or a specific
theoretical single scattering path (Figure 20b).

Additionnally, if theoretical models have been created using the Fastosh module “Quick
EXAFS modelling” (see Section 8 of this User Manual), the plot window will display, below the WT
map, the chi spectra of the sample and the theoretical model (Figure 20a&b). Alternatively, the
reverse fourier transform corresponding to the sample/theoretical model spectra can be plotted, by
choosing “RFT” instead of “chi” in the scrollable menu called “Sample plotted as” located on the
left side of the plot window.
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- Plot type: “WT of current + chi + 3 ; WT(k;)”

When this plot option is selected, the chi of the highlighted sample is shown (horizontal plot
at the bottom of the plot window) , as well as the wavelet transform corresponding to the chi (2D
map in the middle of the plot window) and the sum of the R arrays found at all k values of the WT
map, referred as 3 WT(ki)”, i.e. essentially all the pixel columns of the WT map summed together
(vertical plot on the left of the figure). Optionnally, on top of the latter plot, the magnitude of the FT
can be added via a checkbox available at the bottom left of the plot window (Figure 21). This
functionality is useful in comparing the resolution in R between the WT and FT. For example, in
the example shown in Figure 21, the Cauchy Wavelet Transform was done using the n parameter
equal to 200 (default n value). Based on the obvious difference between the i WT(ki) and FT
spectra, the resolution in R of the WT seems lower than the R resolution of the FT.

Two additional information on the i WT(ki) / FT vertical plot are given below:

e To conveniently display both the i WT(ki) and magnitude of FT spectra in the
same plot as shown in Figure 21, the amplitude of the >i WT(ki) spectrum is,
in fact, modified using a fitting function where an amplitude correction factor is
floated to minimize the difference between the magnitude of FT spectrum and
the Yi WT(ki).

e Tomake the >iWT(ki) and FT trully comparable, the magnitude of FT spectrum
displayed is obtained using the current chi range min & max values, apodization
window type, and dk, specific to the current Wavelet Transform (values
specified in the Wavelet Transform tab of the Main GUI), not the current chi
range min & max values, apodization window type, and dk, of the current
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Fourier Transform (values specified in the Fourier Transform tab of the Main
GUI)
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Figure 21 - Plot window when the “WT of current + chi + i WT(ki)” plot option is selected. In this
example, a Cauchy WT was employed with the n parameter equal to 200 (default n value). Based on
the obvious difference between the Y i WT(ki) and magnitude of FT spectra, the resolution in R of this
WT seems lower than the FT resolution.

- Plot type: WT of current + chi + wavelet

When this plot option is selected, the chi of the highlighted sample (in black color) as well
as the specific wavelet that is employed to obtain each pixel of the WT map (in red color) are
displayed together in k space in a horizontal plot located at the bottom of the plot window (Figure
22). Optionally, the apodization window applied to the chi, whose type and dk value are both
specified in the Wavelet tab of the Main GUI, can be displayed (in blue color). Uncheck “Chi
window”, located in the Wavelet tab of the Main GUI, to mask the apodization window in this plot.

Above this plot, the WT map is displayed. A red cross inside the WT map indicates the
pixel location corresponding to the current wavelet shown in k space in the bottom plot (Figure 22).
If a new cross position in the WT map is interactively chosen, by clicking anywhere in the WT map,
or if any wavelet parameter (Cauchy’s n, or Morlet’s eta and sigma) is modified from the Main GUI,
the current wavelet will be modified accordingly. Similarly, if any EXAFS-related parameter (i.e.
kmin, kmax, apodization window, or dk) is modified from the Wavelet Transform tab of the Main
GUI, the EXAFS used to perform the WT, and consequently the WT map, will be modified
accordingly. To summarize, this plot option can be used as an educational tool to visually
understand:

- the relationship between the specific k and R values at each pixel of the WT map and
the wavelet’s frequency and center position in k space

- the effects of the wavelet parameter (Cauchy’s n, or Morlet’s eta/sigma) on the shape
of the wavelet used to process the EXAFS.
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Figure 22 -Plot window when the “WT of current + chi + wavelet” plot option is selected.

- Plot type:

WT of current + Reverse WT

When this plot option is selected, the WT map is shown, along with another plot at the
bottom of the window that features the chi of the highlighted sample (in black color) and the reverse
wavelet transform (in red color). The code to calculate the reverse wavelet transform spectrum is
a Matlab adaptation of the reverse WT function from the Python code “WtEXAFS” by Zhihang Ye

[11].
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Figure 23- Plot window when the “WT of current + Reverse WT” plot option is selected.
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2.4.1.9.3 Cauchy-Morlet WT Comparator

For a given EXAFS spectrum, the Cauchy Wavelet Transform looks very similar to the
Morlet Wavelet Transform, but does not look like exactly the same as the Morlet Wavelet
Transform, when the default wavelet parameters are employed for each wavelet type (i.e. Cauchy’s
default n value= 200, and Morlet’s default eta and sigma values = 15 & 1, respectively) (Figure 24
a & b). The mathematical expression of the Cauchy and Morlet wavelet transforms, which were
described in Mufioz et al. [1] and Funke et al. [2] respectively, are not the same:

. , k’z
Cauchy ¥(k') = (7—)"*? Morlet ¥(k') = 2k’ oGo2)

e
k'+i
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Therefore, is the small difference observed in Wavelet Transform results, shown as an
example in Figure 24 a&b, mainly due to the difference in nature of these two Wavelet types, or
because the default values of the wavelet parameters, colored in red in the two expressions above,
are not exactly equivalent? To address this issue, a Fastosh functionality enables to minimize the
difference between the Cauchy and Morlet WT maps, by floating the n parameter value of the
Cauchy, while the Morlet WT parameters (eta and sigma) are fixed during the fit to their values
specified in the Main GUI. To perform such operations, go to:

Main GUI Menu > Extra > “Float “n” of Cauchy wavelet to minimize the
difference between..>Cauchy and Morlet wavelet transforms of current sample”

This fitting procedure does lower even more the difference between the Cauchy and Morlet
wavelet transforms (Figure 24 c). Therefore, since the two types of wavelet transforms provide very
similar results when applying equivalent wavelet parameters, Cauchy is the default choice of
wavelet type in Fastosh as the users only has to handle one wavelet parameter instead of two.
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Figure 24 -Morlet Wavelet Transform of an EXAFS spectrum with eta=15 and sigma=1 (default values)
(a), Cauchy Wavelet transform of the same EXAFS with n=200 (default value) (b), and Cauchy Wavelet
transform of the same EXAFS with n=223, after fitting this parameter to minimize the difference between

Cauchy and Morlet Transforms

2.4.1.9.4 Cauchy Wavelet Transform- Fourier Transform Comparator

As demonstrated previously (Figure 21), the Cauchy Wavelet Transform resolution in R
can be lower than the Fourier Transform resolution in R when the Cauchy’s n parameter is set to
its default value (n=200). A Fastosh functionality then enables to automatically increase the Cauchy
Wavelet Transform resolution in R and equalize it to the Fourier Transform resolution in R. This is
achieved by minimizing the difference between the magnitude of the Fourier Transform spectrum
and the sum of the R arrays found at each k value of the Cauchy WT map (3 WT(ki)) while floating
the value of the Cauchy n parameter. To perform such operations, go to:

Main GUI Menu > Extra > “Float “n” of Cauchy wavelet to minimize the
difference between..>Cauchy Wavelet and Fourier transforms of current sample”
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Although this function improves the resolution in R of the WT map and equalize it to the
Fourier Transform resolution, as demonstated in the example shown in Figure 25, it also inevitably
decreases the resolution in k of the WT map, since R and k resolutions of the WT map are inversely
proportional. Nethertheless, even with the decreased resolution in k space, one can still spatially
distinguish in the WT map the Th-Si shell at 3.16 A, the two Th-Si and Th-Th shells at 3.9 A, and
the Th-Th shell at 5.95 A (Figure 25).

Two additional information on this fitting procedure are provided below:

e In addition to the Cauchy n value, an amplitude correction factor is floated
during the fit to minimize the difference between the FT spectrum and the i
WT(ki).

e Tomake the i WT(ki) and FT spectra trully comparable, the FT spectrum used
in the fitting procedure is obtained using the current chi range min & max
values, apodization window type, and dk, specific to the current Wavelet
Transform (values specified in the Wavelet Transform tab of the Main GUI), not
the current chi range min & max values, apodization window type, and dk,
specific to the current Fourier Transform (values specified in the Fourier
Transform tab of the Main GUI)
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Figure 25 - Plot window when the “WT of current + chi + > i WT(ki)” plot option is selected, with the
Cauchy n parameter equal to 1046, after floating this parameter to equalize the difference between the
Cauchy WT and magnitude of the FT
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2.4.2 Viewing the spectrum of a sample or associated reference
2.4.2.1 Viewing the reference data

To view the data corresponding to the reference (e.g. a metal foil) associated to a sample,
firstly click on the sample name in the sample list featured in the Main GUI. Make sure that the
button “Reference” is activated in the field “Data Type” of the Main GUI. If it is not activated as
shown in Figure 27A, the reference data was not imported to the Main GUI along with the sample
data. To import both data, please refer to Section 2.3. If the Reference button is activated as shown
in Figure 27B, the reference data was imported along with the sample data. Click on “Reference”
button, and click on any black plot button (e.g. mux, Chi, FT, or kq) to visualize the reference data.
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Reference data imported along with sample data

Figure 27 — “Data Type” in Main GUI: A) reference data was not imported along with sample data; and
B) reference data was imported along with sample data

2.4.2.2 Viewing the references associated to multiple samples

To view the reference data associated to multiple samples, the button “Reference” (Figure
27B) must be selected for each reference to display. There are two approaches to select multiple
references.

The first approach, which is not convenient when plotting many references, is to manually select
each individual reference to display following the method described in Section 2.4.1.2. For
example, this method must be repeated 30 times to display 30 references !

A faster approach consists in selecting this option in the Menu bar of the Main GUI:

Main GUI Menu > Plot > “Data type: show Reference for all sets of sample/reference”

As explicitly stated, this will select all references imported to the Main GUI.

Once all references to display are selected, and their associated sample names are
checked in the sample list of the Main GUI, click on any orange plot button (e.g. Mux, Chi, FT) to
plot the references.

Once you are done looking at the reference, you can unselect all reference data and select
instead their associated sample data by selecting in the Menu:

Main GUI Menu > Plot > “Data type: show Sample for all sets of sample/reference”

2.4.3 Data calibration & alignment

The “Data Calibration & Alignment” module of Fastosh allows to calibrate a set of samples.
This is done using the references (e.g. metal foil) associated to all samples to calibrate.
Accordingly, the reference data must be imported to the main GUI along with the sample data to
perform the calibration of the data set. To import to the main GUI both reference and sample data,
please refer to Section 2.3 “Importing Data”. To calibrate a sample data set, go to:

Main GUI Menu > Operations > “Data Calibration & Alignment”

The calibration & alignment window appears (Figure 6). The list shows all reference data
imported to the main GUI, not the sample data. The plot shows the reference of the purple-
highlighted reference name in the list.

To calibrate a whole data set, follow these two steps:

- One reference is firstly calibrated among all uploaded references

To calibrate this reference, an E shift is calculated based on the energy position of one
particular data point in the reference spectrum, which is typically the maximum of the first inflection
point of the spectrum corresponding to a metal foil. The E shift is equal to the theoretical value
(known) of this data point minus the current value of this data point found in the experimental
spectrum. The calibration then consists in shifting the whole energy array of the reference by this
E shift value.
- Once a reference is calibrated, the remaining references are aligned to it.
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Each remaining reference is aligned to the calibrated reference by a least-square fitting
approach. The fit minimizes the difference between the calibrated reference (A) and the reference
to align (ref B) by floating an E shift added to the E array of ref B. For each reference aligned, the
E shift value obtained from alignment is applied to both reference and sample data.

Calibration:

Choose a reference to calibrate. The chosen reference is highlighted with a purple
color in the reference list of the window. In the example above (Figure 6), the
calibration is done on the first reference in the list: ‘E2_MS_Noeuds_4mois_0001".
The data was collected at the Cd K edge.

Choose how the reference is plotted to do the calibration. You can plot either the
1st derivative (default choice) or mu spectrum.

Make sure that the blue cursor in the plot is at the position where you want to do
the calibration. In the example above (Figure 28), the calibration should be done at
the maximum of the first inflection point in the spectrum. The cursor is indeed at
this position (Figure 28). In terms of energy, this cursor position is at 26710.9 eV
as shown in the window.

In theory, the maximum of the first inflection point of a Cd metal foil should be at
26711 eV based on the literature. Since it is found at 26710.9 eV, a shift of 0.1 eV
must be applied to the reference to calibrate it. You can then either write 26711 in
the field “Modify cursor energy to:”, or 0.1 in the field “shift applied:”. Either way,
press ENTER to validate the new value.

Press the button “Apply 0.1 eV shift to highlighted” to do the actual calibration of
the highlighted reference.

Alignment:

Checked all references that you wish to calibrate in the reference list of the window.

4 Fastosh 0.9.1 - Data Calibration & Alignment
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4 Fastosh 0.9.1 - Data Calibration & Alignment - X
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Figure 29 — Calibration & Alignment window. The references to calibrate
are spectra corresponding to a Cd metal foil.

e Once all references to calibrate are checked in the list, press on the button “Align
all marked automatically”. A fit is successively done on each checked reference.
The current reference being fitted is shown with an orange color. The resulting E
shift applied to the reference obtained from the fit is shown in the box “Shift applied”
at the bottom left of the window. For example, for “E2_MS_Noeuds_4mois_0011",
a 0.1 eV has been applied to the E array of this reference, as shown below (Figure
29).

Once all checked references are aligned, you are done with calibrating your data set.
Close the window by pressing the button “Close”. You can notice in the Main GUI that
the calibration was done since the E shift for each set of sample/refence is now
displayed in the field “E shift” (Figure 30).

File Edit Operations Chemometry Plot About

Uncheck all invert M‘

[JE2_MS_Noeuds_dmois_0001 ~| Data Type

CJE2_MS_Noeuds_4mois_0002 Transmission @ Fluorescence O Reference
[CJE2_MS_Noeuds_4mois_0003

[(]E2_MS_Noeuds_4mois_0004 Data Shift

[CJE2_MS_Noeuds_4mois_0005 Eshit| 01 Yshit Yfactor 1

S

Fingé 30 — After calibration, the E shift is displayed in the Main GUI for each
set of sample/reference. Here, a 0.1 eV shift was applied to
“E2 MS_Noeuds_4mois_0011"

2.4.4 Chunk Merging

To open the “chunk Merging” module, go to:
Main GUI Menu > Operations > “Chunk Merging”

This module can be used for two main purposes:
¢ To reduce the total amount of data to analyze (main purpose)
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When a slow chemical reaction is followed at the beamline for a long time period using
a rapid acquisition mode, a high number of individual scans may be collected. In that case,
it may be unnecessary to treat each scan individually. For example, if an acquisition of a
slow chemical reaction followed at the beamline resulted in 200 individual scans, scan #1
may be very similar to scan #5. Also, scan #196 may be very similar to scan #200. One
could then create 40 chunks with 5 individual scans per chunk to reduce the total number
of scans to handle in the data analysis.

To rename a set of individual scans having a specific name and increasing file
increment

For example “ExperimentA 001, ExperimentA 002, ..., ExperimentA 050" can be
renamed to: “New_name_1, New_name_002,..., New_name_050".

The Chunk Merging window features three large vertical lists (Figure 31):

“Spectra Selection”: the first list on the left side of the window corresponds to the sample
list, i.e. the names of all scans uploaded to the main GUI. To add more scans to this list,
close the Chunk Merging window, import more data to the Main GUI, and reopen the
Chunk Merging window.

“Chunks to merge”: the second list, in the middle of the window, groups the names of
individual scans that are selected in the first list. Each group is displayed with a specific
color. The number of individual scans per group is defined by the parameter “Spectra per
chunk”. Its value is equal to 2 by default and can be modified in the Chunk Merging window
in the field “Spectra per chunk” (Figure 31). This implies that the color of the scan names
displayed in the second list changes by default every 2 scans.

For example, if 22 scans are selected in the first list, and “Spectra per Chunk” is equal
to 5, then 4 groups will be displayed in the second list using the first 20 selected scans.
The names of the last two selected scans (i.e. scans 21 & 22) will be shown in a small list
entitled “Leftover spectra” at the bottom of the Chunk Merging window. These two scans
won’t be used to chunk the data when the button “Merge and Transfer Data” is pressed.

“All merges to be created”: the third list, on the right side of the window, corresponds to
the names of the chunk averages that will be created once the button “Merge and Transfer
Data” at the bottom right of the window is pressed. The specific color used in the second
list to group each individual scan is also shown in the third list next to each chunk average.

NOTE: When opening the Chunk merging window, the content of second and third lists
may be empty. This is because no scan is selected in the first list on the left side of the
window. Individually select scans in the sample list, or use “All” or “Lasso” button for
multiple scan selection. This will automatically refresh all related contents of the Chunk
Merging window.

To chunk merge a data set:

e Firstly, check all scans to chunk in the sample list featured on the left side of the
window. To check all scans in the list, click on the button “All” on top of the list. The
color grouping of individual scans in the second list and names of chunk averages
in the third list are automatically redefined.

e Specify the number of scans per chunk in the box “Spectra per chunk”, and click
ENTER. The color grouping of individual scans and names of chunk averages are
then automatically redefined based on the new “Spectra per chunk” number
provided.
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4 Fastosh 0.9.2 - Chunk Merging
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Figure 31 - Chunk merging window

In the example shown in Figure 32, the number per chunk was changed to 5 (it
was set to 2 in Figure 31, for the same data set). One can notice that each color
group in the second list (“Chunks to merge”) is indeed composed of 5 individual
scans. Sometimes there’s not enough selected scans to create a last group. In that
case the names of the scans that could not be used to create a last group are
shown in the small box “Leftover spectra”. For example, with “Spectra per chunk”
set to 2 (Figure 31) and 5 (Figure 32) for the same data set, there was 1 (Figure
31) and 2 (Figure 32) leftover spectra, in other words there was (2-1=) 1 and (5-2=)
3 scans missing to create a last group, respectively.

Before chunking the data (i.e. pressing the button “Merge & Transfer data” at the
bottom right corner), the names of the chunk averages to create, which are
displayed in the third list on the left side of Chunk Merging window, can be
customized.

There are different options to customize the name of each chunk merge:

The increment type of all chunk merge names can be either normal
(default choice) with increasing numbers (e.g. merge 1, merge 2, merge
3, etc...) as in Figure 32, or increasing time periods as shown in Figure
34. To select the increment type to “normal” or “time”, use the selector
“Increment Type”, which is found in the middle of the Chunk merging
window (Figure 33A & B).

The name of each chunk average, which is “merge” by default followed
by the increment of each chunk average (Figure 32 & Figure 34 for chunk
average names displayed with normal & time increment type,
respectively). This can be modified in the field “Name of each merge”
found in the middle of the Chunk Merging window (Figure 33 A & B).

If the Chunk Merging module is only used as a tool to rename each
individual scan and not as an averaging tool, set the “Scans per chunk”
parameter to 1 and provide a new name in the field “Name of each
merge”.
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Note: to keep the increment at the end of each name, the part
“ %s” must be kept at end of the name specified in the field
“Name of each merge” (Figure 33 A & B).

4 Fastosh 0.9.2 - Chunk Merging
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Figure 32 - Chunk merging window with the same sample list as the one shown in
the previous Figure but with “Spectra per chunk” set to 5 in its dedicated field at the

top of the window

The increment starting value is set to 0 if the increment type is normal
(Figure 33A) or time, which is in that case given in seconds (Figure 33B).
Modifying this starting value is possible in the field “Start Value” (Figure

33A &B).

Additionally, if the increment type is set to normal, the increment value is
set to 1 by default. It can be modified in the field “Increment value” (Figure

33A).

Chunk info (only if “increment type” is set to “normal”) The “chunk
info” option seen in the middle of Figure 33A will be active by default. This
displays at end of each chunk merge name the number of Spectra per
chunk and the iteration of all individual scans used to create the chunk:
merge_1_5scans_1-5
merge_2_5scans_6-10
merge_3_5scans_11-15

etc...

if this option is deactivated, then only the iteration of the merge names

will be shown:

merge_1
merge_2
merge_3
etc...
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Figure 33 - Middle part of the Chunk merging window when “Increment Type” selector is on A) “Normal”

or B) “Time”

- Time increment value (only if “increment type” is set to “time”).
There are two ways to set the time increment value. It can be set based
on the time length of a single scan (default option), or one scan group.
To use the former and latter approaches, check and unchecked the box
“Constrain time increment value”, respectively (Figure 33B).

If the box “Constrain time increment value” is checked, the time
length corresponding to one scan can be specified in the field “Time per
spectrum” (Figure 33B). For example, if this value is set to 1 minute and
30 seconds, and there are 3 scans per group (i.e. “Scan per chunk”
parameter set to 3), then the displayed time increment value of each
chunk merge will be 4 minutes and 30 seconds.

If the box “Constrain time increment value” is unchecked, the
“Time per spectrum” field will be disabled and the “Increment Value” field
will be enabled (Figure 33B). The time length corresponding to one scan
group can be specified in the field “Increment Value”. The displayed time
increment value of each chunk merge will be then equal to this value.

- Time format (only if “increment type” is set to “time”). To display the
time increment value of each chunk merge, different type formats are
possible:

-hours/ minutes/ seconds (default format)

-seconds only

-minutes only

-hours only

-hours/ minutes
Select any of these time format using the menu bar “Time Format” in the
middle of the Chunk Merging window (Figure 33B).

e Once all parameters are set, the data can be processed. Before proceeding to the
data treatment, a processing option can be selected at the bottom right of the
Chunk Merglng window (Figure 34):

Replace all selected by new merges: in the sample list of the Main GUI,
all scans corresponding to those selected in the Chuck Merging window
will be replaced by the new chunk merges.

- Add new merges to list: the new chunk merges will be added to the
sample list already existing in the Main GUI.
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Delete all, then add new merges: All content of the sample list in the
Main GUI will be deleted. Then, the new chunk merges will be added to

it.
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Figure 34 - Chunk merging window with the same sample list as the one shown in the previous Figure
but the names of all merges shown with time increments instead of normal increasing increments

2.4.5 Data truncation

Then, to finally process the data, press the button “Merge & Transfer data” at the
bottom right corner of the Chunk Merging window (Figure 34).

Once all chunk merges have been transferred to the Main GUI, close the Chunk
Merging window.

This module allows to truncate an unwanted part of the mu or chi spectrum. For example,
the end part of the mu spectrum shown below (Figure 35) features a second edge-jump. Either the
highlighted sample or all selected samples in the sample list in the Main GUI can be truncated. In
any case, the spectrum that is shown in the truncation module corresponds to the highlighted

sample in the Main GUI. To open the “Data truncation” module, go to:

Main GUI Menu > Operations > “Data truncation”

The spectrum will be truncated relative to a specific energy value defined by the user,
whose position in the plot is shown by a vertical dashed line (Figure 35). The part of the spectrum

below or after this energy value will be deleted.

Procedure to truncate:
Firstly, specify if the mu or chi spectrum will be truncated, using the “mu” or “chi’
selector located on top of the Truncation Window (Figure 35).
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Provide the energy value where the truncation will be performed. Either type a new
value directly in the field dedicated to it in the Data Truncation window or
interactively choose it from the plot. This can be done by pressing the cross button
next to the energy value in the Data Truncation window and clicking on the desired
energy position in the plot. There is a ten second-countdown to do this operation.
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Figure 35 — Data truncation window: example of scan to be truncated

e Choose if the spectrum will be truncated below or above this value, using the
“before” or “after’ selector located in the middle of the Truncation Window (Figure
35).

e Click on “Truncate” to delete the unwanted part of the spectrum.

e Select one option to transfer the data to the Main GUI from the four-option menu
bar located in the middle of the Truncation Window (Figure 35). The names of the
four options are self-explanatory:

Apply truncation...
...to a copy of current in Main GUI
...to current (no copy) in Main GUI
...to a copy of all checked scans in Main GUI
...to all checked scans (no copy) in Main GUI

e Press the button “Apply” to transfer data to the main GUI. Once all data has been
transferred, close the Data Truncation window.

2.4.6 Interpolation

Fastosh enables to interpolate data imported to the main GUI, either the highlighted sample
or all selected samples in the sample list. In any case, the spectrum that is shown in the
interpolation module corresponds to the highlighted sample in the Main GUI. To open the
“Interpolation” module, go to:

Main GUI Menu > Operations > “Interpolation”

The Interpolation window is shown in Figure 36.

2.4.6.1 Usefulness

Interpolation allows modifying the energy array of an XAFS while preserving the absorption
trend of the original spectrum. This could be done in Fastosh for two main purposes:

e Data reduction: Interpolation can reduce the size of an XAFS spectrum, for example from
several thousand data points to only a few hundred data points.
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Figure 36 - Interpolation window

To process a set of EXAFS spectra: Performing an operation, such as PCA, linear
combination fitting, or MCR-ALS, on a set of EXAFS spectra may require to firstly employ the
same e0 value in the XAFS to extract the EXAFS. Sometimes, a specific e0 energy value
cannot be applied to multiple XAFS spectra when the value is not available in the XAFS energy
arrays considered. It may be then required to interpolate all XAFS data to a common energy
array before extracting the EXAFS.

Note: Whenever the program performs an operation on a set of XANES/mu spectra,
such as spectral averaging, PCA, linear combination fitting, or MCR-ALS, the code firstly
interpolates all spectra of the data set, except the first one, based on the energy array
of the first spectrum of the data set.

2.4.6.2 Interpolation methods

Two methods are available to interpolate an XAFS spectrum.

With the first one (default method), specific parameters are applied to the pre-edge, XANES,
and EXAFS regions:

Interpolation Menu > Interpolation method... > “Specific interpolations in pre-edge,
XANES, and EXAFS regions”
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2.4.6.2.1 Plot options

The spectra before and after interpolation can be displayed by checking the boxes “Original
spectrum” and “New spectrum”, respectively.

-15t region: pre-edge This region starts at the beginning of the XAFS spectrum
and finishes before the beginning of the XANES. This part of the XAFS should be
featureless and ideally flat. A rough energy step size can be then used in this
region, such as 5 or 10 eV. This part of the interpolated XAFS is displayed with a
green color.

-2d region: XANES The beginning and final energies of the XANES part are
relative to the energy of €0. A fine energy step size should be used in this part.
Use the plot options “New spectrum” and “Original spectrum” to plot the data
before and after interpolation, respectively. The chosen energy step size for the
XANES should not result in a decrease in resolution of the sharp features present
in the XANES. This part of the interpolated XAFS is displayed with a blue color in
the interpolation window.

-3 region: EXAFS The step size of this part of the XAFS is expressed as a wave
number in k space (/A). It can be converted into energy value (e.V.) following the
expression below:

Step sizey space (/&) = J0.2625 * Step SiZeenergy (e.v)

Because of the root square relationship in the above expression, an EXAFS with
a constant step size value in k space (/A) is equivalent to an EXAFS with
increasing step size values in energy (e.V.). The EXAFS part of the interpolated
XAFS is displayed with a red color in the interpolation window.

With the second interpolation method, a constant step size in energy (e.V.) is applied
throughout the entire spectrum:

Interpolation Menu > Interpolation method... > “Same step size throughout spectrum”

The spectra can be plotted with user-defined Emin and Emax. TO zoom back to the original full
spectra, press the button “Show full plot”

The spectra before and after interpolation can be vertically scatter from each other, using a value
specify in the field “Scatter spectra by:”.

2.4.6.2.2 EO value

Whether the first or second interpolation is chosen, one option enables to freely define the
EO value for which the XANES Emin and Emax of the interpolated spectrum is based on. This
allows to make sure that this specific value is available in the energy array of all interpolated
XAFS spectra to be processed as one data set.

To define a specific €0 value, choose the option “redefine e0” and specify the new energy
value. The interpolated spectrum and interpolated data shown in the table “New spectrum
data” refresh automatically. Otherwise, choose the option “same as original” (Default option).
In that case, the e0 energy value of the original spectrum will be preserved in the new
spectrum, and the interpolation will be based on this value.

2.4.6.2.3 Transfer options to main GUI

Once the interpolation method and parameters have been defined, one can transfer the
new spectrum to the Main GUI for further data processing. There are four options to transfer the
data to the Main GUI:

- To a copy of current: a copy of the highlighted spectrum in the main GUI will be created

- To current, no copy: the highlighted spectrum in the main GUI will be replaced by its
corresponding interpolated spectrum
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- To a copy of all selected scans: a copy of all selected spectra in the Main GUI will be created

- To all selected scans, no copy: all selected spectra in the main GUI will be replaced by their
corresponding interpolated spectra

Choose any of these options in the menu bar at the bottom of the Interpolation window,
then press on the “Apply” button next to this menu bar (Figure 36) to proceed to the data
transferring to the main GUI.

2.4.7 Deglitching strategy: manual or automatic?

Fastosh proposes multiple choices of deglitching methods, which could be classified in two
main categories: manual (Section 2.4.8) or automatic (2.4.9) deglitching approaches.

If the goal is to deglitch the chi spectrum, it is recommended in Fastosh to firstly try
the automatic deglitching method as it requires no or minimum efforts to do the deglitching.
It then allows to quickly find out whether it represents a suitable method to deglitch the chi
spectrum. For spectra featuring not many data points, e.g. scans collected using a step-by-step
acquisition mode, a manual deglitching method may be the most appropriate approach. It indeed
allows to exactly target the values corresponding to the problematic data points in the spectrum. In
contrast, if many data points have to be processed, typically in XAFS spectra collected using a
rapid acquisition mode, the automatic deglitching method may represent the best approach.

2.4.8 Manual deglitching

2.4.8.1 Presentation of manual deglitching methods & main window

The spectrum displayed & treated in this module corresponds to the current scan
highlighted in blue color in the list of spectra uploaded to the main GUI. Therefore, to deglitch a
specific scan, firstly select it in the Main GUI before opening the Manual Deglitching module. Then,
to open the module, go to:

Main GUI Menu > Operations > “Manual Deglitching”

There are two different methods to manually deglitch the data:
e The first method consists in selecting a group of problematic data points in the
spectrum by interactively drawing a box around them. All data points inside the
box will be deleted. See procedure described in Section 2.4.8.2.1.

e The second method consists in editing one by one the raw data values
corresponding to the glitches in the mu spectrum. The values of the problematic
data points are then not deleted but modified to user-defined values. See
procedure described in Section 2.4.8.2.2.

o Either way, the deglitching can be performed on the chi (default choice) or mu
spectrum. Select in the menu:

Manual Deglitching Menu > Options > Mu data selection
or

Manual Deglitching Menu > Options > Chi data selection

When opening the Manual Deglitching module of Fastosh, a window appears featuring four
figures (Figure 37):

¢ The two figures on top of the figure (mu and chi spectra) are used to deglitch
the data. The deglitching is done on one of these two spectra, depending on
the user choice set in Menu>Options. The default choice is the chi spectrum,
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which is displayed without data interpolation onto a constant 0.05/A step grid,
meaning that all collected data points are shown.

The two figures at the bottom of the figure correspond to the mu and chi
spectra before (if “Original” box is checked) and after (if “New” box is checked)
deglitching. The mu/chi spectra before and after deglitching are displayed with
a purple and black color, respectively. Also, the chi spectra displayed at the
bottom right corner of the window (before and after deglitching) are shown with
a data interpolation onto a constant 0.05/A step grid.

Options Help
0 5%

Mu, before deglitching

Average110F

Chi, before deglitching (press icon in toolbar to select data)

6500

6800 690K

Plot k weight 2
Mu, after deglitching %) [ New Chi, after deglitching & interpolation %] ] New
J\/ A
6500 6600 700 6800 0 7000 0 1 2 3 4 8 1

Figure 37 - Manual deglitching window at opening

2.4.8.2 Manual deglitching procedures

2.4.8.2.1 Interactively selecting a set of data point
Deglitching from chi spectrum
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Make sure the deglitching will be carried out on the chi spectrum:
Menu>Options>"Chi data selection” must be checked

Zooming step (optional): before interactively selecting the problematic data points
to deglitch, it is possible to zoom inside the part of the chi spectrum where these
data points are located. In the Menu bar, on the top left corner of the window, click
on the magnifier icon (Figure 38A). Draw a box inside the chi spectrum in the region
to zoom. When done, click again on the magnifier icon to deactivate the

zooming option.

Data selection step: click on the box icon in the menu bar (Figure 38B). Clicking on
this button deactivates all figures of the window, except the one showing the chi
spectrum to deglitch in the top right corner of the window. Draw a box in this figure
that will contain all problematic data points to remove (Figure 38). All data points
inside the box are then displayed with a red color.
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If not satisfied with the data point selection, reset the selection with the menu
option: Menu>Options>"Reset Data Selection”.

If satisfied, press the “Process” button located in the middle of the window to
deglitch the spectrum (Figure 38). The mu and chi spectra before and after
deglitching are shown at the bottom of the window in black and purple colors,
respectively (Figure 39).

If not satisfied with the deglitched spectra, reset the whole window with the menu
option: Menu>Options>"Reset deglitching”.

If satisfied, the new, deglitched spectrum can be exported to the Main GUI of
Fastosh (where it can be saved) by pressing the button “Transfer to main GUI” at
the bottom of the window.

When all done, close the Manual Deglichting window.
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Figure 39 - The interpolated chi spectrum (bottom right corner of the window) was successfully
deglitched based on the spectrum before (purple color) and after (black color) data processing

Deglitching from mu spectrum

Make sure the deglitching will be carried out on the mu spectrum:
Menu>Options>"mu data selection” must be checked

From there, it is the same procedure than the one mentioned above to deglitch the
chi spectrum: firstly, zoom in the mu spectrum using the magnifier icon (Figure
40A), click on the box icon (Figure 40B) to draw, inside the mu spectrum figure, a
box that will contain the problematic data points (Figure 40C), and then press the
“Process” button. One can notice that the new chi spectra obtained by deglitching
the chi (Figure 39) and mu (Figure 41) are similar to each other.
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Figure 40 - To interactively deglitch a set of data points in the mu, firstly zoom in the region of interest in the
mu spectrum using the magnifier icon in the menu bar (A), then select the little box icon in the menu bar
(B) to draw in the mu spectrum a box containing the data points to remove (C)

Mu, before deglitching (press icon in toolbar to select data) Chi, before deglitching

Average110T

0.146f
(37 S
0136
0.13)
0.125}
012
0118
011)
0,108}
09

Mu, after deglitching

6600 6700 6800 6900 7000 0 1 2 3 4 5 6 7 [ 9 10

Process Plot k weight 2

%] M New Chi, after deglitching & interpolation %) M New

05

05

Transfer to main GUI

Figure 41 - The interpolated chi spectrum (bottom right comer of the window) before (purple color) and
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Figure 42 — Window to edit one at a time the data points in the mu spectrum

2.4.8.2.2 Editing data point values

Procedure
e Inthe menu bar of the Manual Deglitching window, select:

Menu>Options>"Edit Mu”

e A window appears, vertically displaying on the left and right side the energy and
absorption arrays corresponding to the mu spectrum, respectively (Figure 42).
Clicking on any absorption value automatically highlights in red color the position
of the chosen data point in the mu figure, and possibly in the chi figure (if the chosen
data point is above the EO value) in the Manual Deglitching Window.

o Edit the value of the chosen data point. The new mu and chi are then automatically
showed at the bottom of the Manual Deglitching Window.

e If not satisfied with the new mu & chi spectra, reset the whole window with the menu
option: Menu>Options>"Reset deglitching”.
If satisfied, the new mu spectrum can be exported to the Main GUI of Fastosh
(where it can be saved) by pressing the button “Transfer to main GUI” at the bottom
of the window.

e When all done, close the Manual Deglitching window.

2.4.9 Automatic deglitching

2.4.9.1 Presentation

2.4.9.1.1 Principle

The spectrum treated in this module corresponds to the current scan highlighted in blue
color in the list of spectra uploaded to the main GUI. Therefore, to deglitch a specific scan,
firstly select it in the Main GUI before opening the auto-deglitching module. To open this
module select:

Main GUI Menu > Operations > “Auto-Deglitching”

This module proposes two auto-deglitching approaches, which can be chosen using the
menu of the Auto-deglitching window:
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Auto-Deglitching Menu > Type > “Auto-Deglitching from chi” (Default
choice)

Auto-Deglitching Menu > Type > “Auto-Deglitching from 10”

The principle of each approach is the following:

- Auto-deglitching of the chi spectrum: for ASCII data generated at any beamline

The chi spectrum not background subtracted and featuring all data points (i.e.
before chi is interpolated into a constant 0.05/A step grid in k space) is fitted with a
smoothing spline function. At each k value of the chi spectrum, the modulus of the
experimental value is subtracted by the value of the fitted function. If the resulting value
is above a defined threshold value, the experimental data point is considered as a glitch
and removed from the mu spectrum. This approach can only identify glitches located in
the region of the mu spectrum above the EO value, as it employs the upper part of the
XAFS spectrum to find them.

- Auto-deglitching of the entire mu spectrum: for data saved in SAMBA HDF file
only

To entirely deglitch the mu spectrum including its part below EO (the part below

chi), the data corresponding to the 10 channel is fitted with a smoothing spline function.

At each E value of the spectrum, the modulus of the experimental value is subtracted by

the value of the fitted function. If the resulting value is above a defined threshold value,

the experimental data pointis considered as a glitch and removed from the mu spectrum.

With both methods, the deglitched mu spectrum and its corresponding chi spectrum
(background subtracted & interpolated to a 0.05/A grid) are eventually displayed so that one can
visually determine the effectiveness of the deglitching.

2.4.9.1.2 Caveat on using Autodeglitching to multiple spectra

Since Fastosh version 1.0.0, two data options, which are available at the bottom of the
autodeglitching window, allow to either deglitch only the sample that is highlighted in the Main GUI
of Fastosh (“Transfer to a copy of current in Main GUI”) or all samples that are marked in the Main
GUI of Fastosh (“Transfer to a copy of all checked in Main GUI”). In the latter case, the deglitching
parameters that are defined in the Autodeglitching module for the highlighted sample are applied
to a copy of all samples that are marked in the Main GUI of Fastosh. This option should be used
only when glitches energy positions and intensities are reproducible from scan to scan. If they are
not similar to each other, degliching should be done individually on each sample. In this case, after
deglitching a sample, close the autodeglitching window, select a new highlighted sample in the
Main GUI, and reopen the autodeglitching window to deglitch the new sample.

2.4.9.1.3 Description of the Auto-deglitching window
- Auto-deglitching of the chi spectrum

1t window: “Fitting”

The chi spectrum not background subtracted and featuring all data points (i.e.
before chi is interpolated into a constant 0.05/A step grid in k space) is displayed in black
color, and its corresponding fit (a smoothing spline function) is shown in red color.

2" window: “Threshold selection”

The values shown in black color in this figure correspond to the modulus of the
experimental chi value subtracted by the value of the fitted function, at each k value of
the chi. These values are scaled to %, with the highest value being equal to 100 %. The
threshold level (in %) is also displayed with a horizontal dotted line. All values above this
threshold are considered as glitches and are encircled in red color.

3" window: “Full data, before background subtraction and deglitching”

The chi spectrum not background subtracted and featuring all data points (i.e.
before chi is interpolated into a constant 0.05/A step grid in k space) is displayed in black
color and its data points identified as glitches are encircled in red color.
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4" window: “Mu, before deglitching”
The original mu spectrum is displayed in black color and its data points identified
as glitches are encircled in red color.
51" window: “Chi”
Chi spectrum (background subtracted & interpolated to a 0.05/A grid) before and
after deglitching in purple and black colors, respectively.
6" window: “Mu”
Mu spectrum before and after deglitching in purple and black colors, respectively.

Auto-deglitching of the entire mu spectrum: for data saved in SAMBA HDF file only.

1t window: “10”

The data of the 10 channel (ionization gas chamber before the sample) is displayed
in black color, and its corresponding fit (a smoothing spline function) is shown in red
color.

2" window: “Threshold selection”

The values shown in black color in this figure correspond to the modulus of the
experimental 10 value subtracted by the value of the fitted function at each E value of
the 10 spectrum. The highest value is used to normalize all values in %, the highest value
being 100%. The threshold level (in %) is also displayed with a horizontal dotted line. All
values above this threshold are considered as glitches and are encircled in red color.

3™ window: “Full data, before background subtraction and deglitching”

The chi spectrum not background subtracted and featuring all data points (i.e.
before chi is interpolated into a constant 0.05/A step grid in k space) is displayed in black
color and its data points identified as glitches are encircled in red color. If glitches were
identified at energies below the EO value (i.e. beginning E of the chi), they won’t be
displayed in this figure.

4" window: “Mu, before deglitching”

The original mu spectrum is displayed in black color and its data points identified

as glitches are encircled in red color.
51" window: “Chi”

Chi spectrum (background subtracted & interpolated to a 0.05/A grid) before and

after deglitching in purple and black colors, respectively.
6™ window: “Mu”
Mu spectrum before and after deglitching in purple and black colors, respectively.

2.4.9.1.4 Parameters

The two main parameters employed in both chi and |0 auto-deglitching approaches are the

coefficient of the fitted function and the glitch threshold:

e “Coef” is the degree of the smoothing spline function used to fit the experimental
spectrum. The lower its value, the stiffer the fit, thus the less likely abnormal values are
reproduced by the fit. The default value of this parameter is set to 0.01. One can visually
estimate whether this default value is satisfactory from the fit results displayed in the first
figure of the auto-deglitching window. Ideally, the fit should exactly follow the variations
in the experimental spectrum except those corresponding to the glitches.

e “Threshold”: any values above it will be considered as glitch in the spectrum. Its value is
set by default to four times the standard deviation of all data shown in the second figure.
This data corresponds to the modulus of the experimental spectrum subtracted by the
value of the fitted function, at each position of the experimental spectrum.

Example 1: No adjustement
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2.4.9.2 Examples

Below are examples of chi spectra deglitched with the auto-deglitching module of Fastosh.
Sometimes, the spectrum is fully deglitched just by opening the module, implying that the default
values of Threshold and Coef are adequate to obtain satisfactory deglitching results (Example 1).
This can be the case when glitches do not significantly impact the experimental spectrum and/or
the spectrum has a poor signal-to-noise ratio that masks the spectral imperfections. In other cases,
however, it is necessary to decrease the value of Coef or Threshold (Example 2), or the values of
both parameters (Example 3) to get satisfactory deglitching results. An example of mu spectrum
deglitched using 10 channel data is also provided (Example 4).

e Based on the original chi and new spectra shown at the bottom left corner in purple
and black color, respectively, all obvious glitches were removed with the default
values of Coef. (0.01) and Threshold (46 %).

e Simply press the button “Transfer to main GUI” at the bottom of the window so that
the new deglitched spectrum can be saved or handled for further analyses in
Fastosh.

Example 2: Adjusting one parameter
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Transfer to main GUI

e Only the Threshold value was modified to get a satisfactory deglitched chi

spectrum: the best value was empirically found at 12%.

These are the original and new spectra in the Main GUI, shown in blue and red

Y: 10

color, respectively:
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Example 3: Adjusting two parameters

®0e Fastosh 0.10.3b - Auto-Deglitching
Type Actions Help ¥
&

sla43opt-TalL3-average

Type: Auto deglitching from chi, E space

Fitting Min. 9930.5 Max. 10998.7 Weight 0 Coef. 0.00015 Threshold selection . Threshold (%) 1

100

| | . ' L L I = ' —— = 5
10000 10100 10200 10300 10400 10500 10600 10700 10800 10900 10000 10100 10200 10300 10400 10500 10600 10700 10800 10900

Full data, before background substraction & deglitching Mu, before deglitching

‘ ‘ s L8 ‘ . . ‘ ‘ ; ;
10000 10100 10200 10300 10400 10500 10600 10700 10800 10900 9800 10000 10200 10400 10600 10800

Chi Plot weight 2 Ok (O E Mu

" L L L Jo L = Tt 1= == 1= ==
0 2 4 6 8 10 12 14 16 9800 10000 10200 10400 10600 10800

Transfer to main GUI

e Coef. was set at 0.00015. This enable to obtain a fit that only followed all real
oscillations in the spectrum. If Coef. was set to a value above 0.00015, the fit was
following the real oscillations but also some glitches around 10300-10350 eV in the
original spectrum.

e Additionally, threshold was set to 1% to get a satisfactory deglitched spectrum.

Example 4: mu deglitched using 10 channel (SAMBA data only)

e Here, only the Threshold value was modified to get a satisfactory deglitched mu
spectrum. The best value was empirically found at 2%. This threshold value was
applied to the 10 channel data to deglitch the mu spectrum.
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® @® Fastosh 0.10.3b - Auto-Deglitching
Type Actions Help bl
R @
A b,
K12-EXAFS-AVG-of-53-files
Type: Auto deglitching from 10
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\H\ |
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Chi Plot weight 2 Ok (E

m

L T |
6500 6600 6700 6800

Transfer to main GUI

2.4.10 Two-D Filtering

2.4.10.1 Usefulness & principle

A set of spectra evolving with time, for example corresponding to a chemical reaction
followed in-situ at the beamline, can be filtered in 2D (energy + tile directions), instead of 1D (energy
direction only) as shown in Figure 43 A. This may increase the accuracy of the filtering since noise
is considered in both directions. An example of a data set treated with a 2D filter is shown in Figure
43B & C.

Since Fastosh v1.0.7, the 2D filtering function applies at once a 2D Savitzky-Golay filter to
the data set, instead of a 1D Savitzky-Golay filter applied successively in the energy and tile
direction. The 2D filter can be applied either to the normalized mu spectra or EXAFS spectra not
interpolated to a smooth 0.05 /A grid (so that the filter is applied to all data points collected in the
EXAFS).
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Figure 43 - A) Direction differences between 2D (energy & tile directions) vs 1D (energy direction only)
filtering. The bottom of the figure features an example of a data set B) before and C) after 2D filtering

2.4.10.2 Presentation of the 2D filtering window

Firstly, in the Main GUI, check all spectra of the data set to filter. Then, open the 2D filtering
module via the Menu bar on top of the Main GUI window:

Main GUI Menu > Operations > “2D Filtering”

The 2D filtering window is three main parts, which can be seen in Figure 44.

e Filtering options:
- Specify whether the 2D filter is applied to the normalized mu spectra or
EXAFS spectra not interpolated to a smooth 0.05 /A grid
- Specify the parameters of the 2D Savitzky-Golay filter
- Apply filter to all the data set

¢ Plotting options
- Display the original data, or filtered data, or original + filtered data
- Display the entire dataset or the current spectrum, in the spectral or tile
direction. Displaying the current spectrum enables to visualize locally on
the data the effect of the Savitzky-Golay filter

e Data plot and transfer of results to Main GUI
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eCe Fastosh v1.0.7

Filtering options 2D Savitzky-Golay filter applied on ~ Mu ™
Degree 3 Window size "
Apply 2D filter
Plotting options Data displayed: = Mu a Original data only ﬁ
Flotting along the energy direction: © Al + current (Energy dir.) Current only (Energy dir.)
Min:  8850.02 Max: 9794.16 Depth: 1
Plotting along the tile direction: All + current (Tile dir.) Current only (Tile dir.)

Current: Cu_005_RED_0001 (#1 in energy direction)

8500 oy Lol

2300 8400

2200
5000 2000 8100

Transfer Results to: A copy of each checked in Main GUI a Tranfer results Close

Figure 44 - Two-D filtering window. Different parts of the window are shown with a specific color
(description in the text)

2.4.10.3 Setting & testing filter parameters

The 2D Savitzky-Golay filter has two parameters to specify: filter degree & frame length. A
filter degree of 3 (default value) should be suitable in most cases. The frame length value must be
an odd number and cannot be below the filter degree. Increase the frame length, apply the filter to
all, and visually assess the filtering efficiency on the highlighted spectrum (energy direction) or
energy value (tile direction), or the entire dataset.

2.4.10.4 Viewing and transferring 2D filtering results

Multiple plotting options are available to display the original data set and/or filtering results.
When satisfied with the results, press the “transfer results” button, after specifying the type of
transfer from the scrollbar next to the transfer button. This will transfer the new filtered spectra to
the Main GUI, where the data can be further analyzed or saved.

2.4.11 Useful tips!

2.4.11.1 Displaying progressive difference

Small spectral variations occurring in a set of XAFS spectra sometimes cannot be visually
detected in a regular 2 or 3D plot of the data set. Interesting findings can then remain unnoticed.
Displaying a progressive difference may be useful to observe these small variations. Each
spectrum of a progressive difference plot (PDP) is essentially each spectrum of a data set (DS)
subtracted by the first spectrum of the data set:

1st spectrum of PDP = 1st spectrum of DS - 1st spectrum of DS

2nd spectrum of PDP = 2" spectrum of DS - 1st spectrum of DS

3 spectrum of PDP = 3 spectrum of DS - 1st spectrum of DS

4t spectrum of PDP = 4t spectrum of DS - 1st spectrum of DS
etc...
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For example, a set of XAFS corresponding to a chemical reaction followed in-situ at the
beamline is displayed as a regular 3D plot in Figure 45. The green and red/blue spectra were taken
before and after the beginning of the reaction, respectively. All red spectra look similar to each
other, beside an obvious progressive decrease in their white-line intensity (Figure 45). In contrast,

mux (a.u.)

11550

Energy (e.V.)
Figure 45 - Regular 3D plot of a data set corresponding to a chemical reaction followed in-situ at the
beamline. No intermediate species can be observed from these spectra.

mux (a.u.)

Energy (e.V.)

Figure 46 - Progressive different plot of the data set shown in the previous figure. This reveals a temporal
spectral modification around the edge-jump energy in some of the red spectra, which remained
unnoticed when displaying the data with a regular 3D plot.

the progressive difference plot of this data set reveals a temporal spectral modification around the
edge-jump energy in some of the red spectra (Figure 46), which suggests the presence of reaction
intermediates. Applying an MCR-ALS fitting approach on this set data provided further evidences
that intermediate species could have existed during the chemical reaction.

This plotting option can be activated via the menu of the Main GUI :
Main GUI Menu > Plot > “Progressive Difference (Multiple Selection)”

Then, press a multiple-scan plot button in the Main GUI to display the progressive plot.

2.4.11.2 Displaying the stack tile number in a 3D plot of highlighted scan in Main GUI

This functionality enables to identify in the 3D plot what is the spectrum corresponding to
the current scan in the Main GUI, whose name is highlighted in blue color in the list of all spectra
uploaded to the program, and its corresponding tile number in the stack plot. For example, the
current scan in the Main GUI shown in Figure 47 is “A_08_red_Pt L3 0040”. This spectrum is
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highlighted in black color in the 3D plot, while all other spectra are colored in grey (Figure 47). Its
corresponding tile number is also displayed at the bottom of the plot (“Tile #39”).

This plotting option can be activated via the menu of the Main GUI:
Main GUI Menu > Plot > “Show Highlighted Scan (3D)”

Then, press a multiple-scan plot button in the Main GUI to display the highlight the current scan.
As explicitly stated, this function is available only if the 3D plotting option is activated in Menu>Plot.

File Edit Operations Chemometry Plot

Check sl Uncheck ol Invert

Tile # 39

IAA 08 rad B¢ 13 0058 v Energy (e.V.)

Figure 47 — The current scan in the main GUI (“A_08 red_Pt L3 0040”) is highlighted in black color in
the 3D plot while all other spectra are displayed in grey color. Its corresponding tile number in the stack is
also shown at the bottom of the plot.

2.4.11.3 Moving up and down sample names in list of Main GUI

The position of a sample listed in the sample list of the Main GUI can be moved up or down

in the list. Press the key “g” on your keyboard to move up the sample in the list, or “w” to move
down the sample.

2.4.11.4 Applying one specific parameter of the highlighted scan to other scans

To apply only one specific parameter of the highlighted scan to other scans, right click on
the name of the parameter next to the field where its value can be edited. For example, to apply
only the EO value of the highlighted scan to other scans, right click on the text “EQ:” on the left side
of the EO value displayed in a box in the middle of the Main GUI. A menu appears where “Apply
this EO to all selected” or “Apply this EO to all in list” can be selected.

To apply all parameters of the highlighted scan to other scans, right click or go to Menu>Edit
and select “Apply Current to all Selected” or “Apply Current to all in list”.

2.4.11.5 Modifying, saving, and reimporting preferences of data plotter’s look

Since Fastosh v.1.0.6, it is possible to modify the look of the data plotter. Click on the
orange icon “OPT” in the Data Plotter Menu bar to open the plot preference window (Figure 48). In
this window your personal preferences (including the size of the window can be saved in a “.Fplot”
file, and can be reloaded anytime. For example, this can be potentially useful for quickly obtaining
small figures, with a look of your taste, to add in written reports or oral presentation slides.
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Plot Appearance Options
Load my personal plot preferences (*.Fplot" file)

General Options
Frame width: 13

Ticks location: ) inside Outside

Cursor position activated: ) Yes No

Title (only for single selection)

Title displayed : @) ves No
Title size: 20 <
R
Titlein bold: Yes Or

Numbers on axes

© ves O ves Yes

Numbers displayed : . %a, ° o

Size of numbers: 16

Numbersinbold: Yes @ no

Labels of axes

Label displayed : Q= Q= Q=
No No No
Label size: 17 18 16
T B @ o Labelsinbold: ) ves @ o
. Data Options
RuNi_005_RED_0010 ,
T T T T T Data line width: 14
05+t Data point size: 1"

1
.5
0
05 Save my personal plot preferences (".Fplot" fie)

k2.chi(k) (&%)

Reset all options

Close

Figure 48- To open the plot preference window (right), press the button “OPT” in the menu bar of the
Data Plotter window (left)

2.4.12 Pre-data treatment of non-XAFS data

Non-xafs data imported to Fastosh can be pre-treated before being processed by MCR-
ALS. The available pre-treatment functionnalities are:

e Spectrum truncation: see Section 2.4.5.

Main GUI Menu > Operations > “Tuncating”

e Baseline subtraction, in:
- Main GUI Menu > Options > Non-xafs data options> « Baseline subtraction »

This tool employs the baseline subtraction function of Mazet et al. 2005 [12].

e Zeroing-out problematic spectra

This functions enables to substitutes the spectrum Y data for zeros values. This can be
notably useful for removing problematic spectra belonging to a 2D map: if the problematic spectra
were simply deleted from Fastosh, some pixels of the map would be missing in the data matrix to
be processed by MCR-ALS. Zeroing-out the data then enables to “preserve” the number pixels,
hence the dimensions of the map are unmodified: the MCR-ALS results relative to the map can
then be plotted in 2D. One can zero-out the current spectrum highlighted in the sample list, all
selected spectra in the sample list, or all selected spectra in the sample list that have at least one
Y value above a user-defined value. This function is available in:
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- Main GUI

Menu > Options > Non-xafs data options> « Zero-out... »

Figure 49 - Example of a Raman dataset, consisting of 1250 spectra belonging to two RAMAN 2D maps
of 25x25 pixel in size, processed using the pre-data treatment tools of Fastosh specific for non-XAFS

data

Example

Two Raman maps were collected, each of them were 25x25 pixels in size (625
RAMAN spectra were collected per map).

All 1250 RAMAN spectra were imported to Fastosh as “non-XAFS” data; the 625
spectra of the first map, then the 625 spectra of the second map (Figure 49, top
left).

Using the data truncation tool, the spectra were truncated to about 820-920 (Figure
49, top right).

The Y values of all spectra that have at least one Y value above 300000 were set
to zero (Figure 49, bottom left).

The RAMAN spectra were then background subtracted using the baseline
subtraction tool (Figure 49, bottom right). The resulting data can be then treated
by MCR-ALS.
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3 Live Viewer

This module of Fastosh can be open via the menu of the Main GUI:

Main GUI Menu > Operations > “Live Viewer”

3.1 Presentation

3.1.1 Usefulness

This module enables to rapidly visualize and average spectra saved in a specific data folder.
It can also show the progressive improvement of the estimated random noise and signal-to-noise
ratio for a set of spectra corresponding to a specific sample. Therefore, this module can be used:

o directly at the beamline, as a fully-automatic tool to display all XAFS spectra or their
corresponding average spectrum for the sample being analyzed. It can be also helpful in
determining when enough data has been collected for the sample being analyzed.

o after the beamtime, as a post-acquisition tool to glimpse all scan iterations collected for a
given sample, and merge them into one average spectrum, which is transferrable to the
Main GUI.

3.1.2 Description of Live Viewer window

E ) Fastosh 0.10.5 - Live Data Viewer & Averager
File Sample options Plotoptions Operations Help y
T
FeKedge_Fe_soil_long_ 12 “
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Next update (s): 151 Stop clock Elimits:  6900.0 8099.5 klimits: 0.0 16.0 Rlimits: 0.0 80 |pe= on
DYCFeKedge Fe soil long 0001 ot SR ol S s z SN
= s E
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2
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Last update done in 10.3 Window: Han... [ dk: 1.0 T V V'V ——
000 -
Transfer average to main GUI Apply to a ent sample ~ Apply o all semles i st 0 1 2 3 5 6
Radial distance (A)

Figure 50 - Live Viewer window

An example of a data set saved in a specific folder and processed by the Live Viewer is
shown in Figure 50. To fill out the content of this window, only one spectrum saved in a data folder
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was imported to the module as the chosen spectrum; the program automatically found in the data
folder all iterations relative to the chosen spectrum, and all other sample names whose spectra are
similar in nature than the chosen spectrum (details on how the module operates are provided in
the next section). The Live Viewer window is divided in seven parts, which are highlighted in Figure
51 in specific colors:

Refresh time period (s):

360 © Two last merges All merges Last scan All scans

Nextupdate(si 151  Stopclock  Efimits: 69000 = 80995  klimits: 0.0 160 Rlimits: 0.0 6.0
DYCFeKedge Fe_soil long X« 10t Average of 3 scans N
FeKedge_Mn_soil_long_ = |

12
S 88 — — seT——— = — I
: \ i
|
() [ \
900, 3. 8 7 785! 80995~ /
=< \ /|
Energy (eV) > oz A \‘ [\
5 T | | 1
Potkweightt 10 1 @2 3 - S0 [ 6 R \ (1 J" ""J ‘ 1
Gy
My Nom.  Chi FT.  1stDerw. | | \ ‘:’/ ’ l. i

Norm. E0:  7126.0 Edge: 770404 Pre-edge Vict. func. deg: !
Post-edge Poly. func. deg: 2
Pre-edge function from:  -225.0 to: -75.0 eV
KA
Post-edge function from:  150.0 to: 9736 eV o \
/ \
Chi Rbkg: 1.0 Spline k weight: 3 \
Spline k range from: 0.0 to: 16.0 /A \
1
: g . e |
Spline E range from: 0.0 to: 9738 eV % / | eR
Lowclamp: 0 [ Highclamp: 0 [ [ \ /
| | |
FFT FFTkrangefrom: 30 to: 101 /A / \ ~
\ \ A N
Window:  Han... [ dk: 1.0

Apply tc (current samplie) Cancel Apply to all samples in list

Seven different parts of the Live Viewer window, highlighted with specific colors (see text for
description of each part)

Figure 51 —

e Blue —list of all samples found in the data folder. These correspond to specific file names
whose first iteration spectra are similar in nature to the spectrum imported to Live Viewer.
The sample names found in the data folder are shown in this list without the multiple
scan iterations associated to each of them. One of these sample names is highlighted
in blue color. The rest of the data shown in the window (i.e. scans parameters displayed
in the middle of the window, and plots displayed in the right side of the window)
corresponds to this highlighted sample.

. list of all scan iterations found in the data folder for the current highlighted
sample. The spectrum associated to each of these iterations is similar in nature to the
spectrum imported to Live Viewer.

e Green — On the right side of the window, three plots feature the data relative to the
current highlighted sample: normalized mu, chi, and Fourier Transform. In these plots,
the data relative to the highlighted sample can be shown in multiple ways depending on
the Plotting options available on the top middle part of the window (Section 3.3.3), and
those available from the menu bar.

e Purple —Three buttons (S/N, €, €r) are located on the very right side of the Live Viewer
window. Pressing any of them opens up a secondary window that show the signal-to-
noise ratio and estimated random noise for all merges related to the current highlighted
sample (Section 3.3.5).
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3.2 How it operates

3.2.1 Generalities

Red — This box features all Larch function input parameters that are used to process all
XAFS spectra relative to the current highlighted sample. These spectra must be
processed using the same input parameters (e.g. €0 value, plot k weight, spline range)
so that they can be conveniently compared to each other in the Live Viewer window.
The XAFS data displayed in the box corresponds to the average spectrum of all
iterations of the highlighted sample, from which the default parameters are obtained
during the first automatic update. All parameters in the box can be manually modified by
the user. If one parameter is modified, the entire box switches to an edit mode and the
countdown to the next automatic update is set on pause. The edit mode is no longer
active and the countdown resumes when the button “Apply to all (current sample)” is
pressed at the bottom of the box.

Orange — Time period between two automatic updates (set to 360 seconds by default),
and countdown to the next update, in seconds.

Information related to the processing of the current highlighted sample. If the
highlighted sample has more than 20 checked iterations, the iterations are split into
groups so that the automatic update can be always rapidly completed regardless of total
iteration number (Section 3.2.2). The number of groups created, scan iterations per
group, and left-over iterations are displayed in this part of the window.

At the left bottom side of the Live Viewer window, a button allows to transfer to the
Main GUI the average spectrum of all checked iterations corresponding to the current
highlighted sample.

3.2.1.1 Principle, in a nut shell

The Live Viewer module automatically identifies, in a specific data folder, all file names
whose corresponding spectra are similar to each other in nature (i.e. similar Enin and Emax). All
these file names are then listed on the left side of the Live Viewer window (Figure 50). One file
name present in this list is highlighted in blue color. This highlighted sample can be manually or
automatically defined, as mentioned in Section 3.2.3. All scan iterations relative to this specific file
name are displayed in the middle of the Live Viewer window (Figure 50). The XAFS spectra
displayed in the Live Viewer window then correspond to these iterations relative to the highlighted
sample. The program automatically performs this file identification in the data folder on a regular
basis, based on a countdown in seconds. If a new file name, or a new scan iteration relative to the
highlighted sample, has been added to the data folder, the program may automatically reprocess
all XAFS data displayed in the Live Viewer Window at the next cyclic update.

3.2.1.2 Importing an XAFS scan

To identify all spectra that are similar to each other in the data folder, one of them must be
imported to the Live Viewer module. The Emin and Emax of this particular spectrum will be used as
reference values during each automatic update, whose steps are described below in Section 3.2.2.

The file to import can be a SAMBA HDF file or an Ascii file (.txt, .dat, .DAT,) or. If it is an
Ascii file, an iteration number must be featured at the end of the file name, for example:

MySample_0001.txt
MySample1.txt
MySample__ 1.txt
etc...

3.2.1.2.1 Opening a SAMBA HDF file (SAMBA data only)

The data opener window for SAMBA HDF file is very simple as it only requires to specify
whether transmission or fluorescence data should be imported to the Live Viewer window. After
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data importation, the chosen acquisition mode is displayed in the middle of the Live Viewer Window
as a reminder of what data type was chosen. Optionnally, one can also import the reference
spectrum. If this option is selected, the average data exported from the Live Viewer module to
Fastosh Main GUI will be automatically aligned.

3.2.1.2.2 Opening an ASCII file

Opening an ASCII file in the Live Viewer module is similar to opening an ASCII file in the
Main GUI, which is discussed in Section 2.3.2. The columns relative to the energy and mu data
saved in the ASCII file must be specified in a window similar to the one shown in Figure 2. In this
window, the column(s) in the ASCII file relative to the reference data can be also specified.
Additionally, it is possible to specify on top of the ASCII file opener window whether the sample
data being imported was collected in transmission or fluorescence acquisition mode. If any of these
two modes is specified, it will be displayed in the middle of the Live Viewer Window as a reminder
of what data type was chosen.

3.2.1.2.3 Opening the reference data collected along with sample data and auto alignment

An option available in the ASCII or SAMBA HDF file opener window enables to import to
the Live Viewer the reference data collected along with the sample data. If this option is selected,
the reference data is not displayed in the Live Viewer window. However, when an average
spectrum is generated from the Live Viewer and transferred to the Main GUI, the merge sample
and reference data are both included in the transferred spectrum, just like when the sample and
associated reference data are imported to the Main GUI.

Additionnally, since version 1.0.3 of Fastosh, the merge sample and reference data are
auto aligned during transfer to the Main GUI. If this option is selected, the reference associated
with the chosen sample must be calibrated after data importation. Calibration is done from a
window (Figure 52) that appears right after closing the ASCII or SAMBA HDF file opener window.
In this window, move the cursor position to the location of the spectrum where the energy can be
redefined to a known value, if the default cursor position is not suitable. The default cursor position
is found at the first inflection point of the mu spectrum. Then, redefine the energy at this data point
of the spectrum in the field “Modify cursor energy to”. Finally, press the button “Apply” to do the
actual calibration of the reference. Finally, press “Done” to close the window.

[ ] LM_calibration_autoalignment

Calibration for auto alignment

s ]
t

a1l
4

o mﬂnﬂ) ';&? . .'-" %

28600 26700 26800 26900 27000 27100 27200 27300

1stderiv. )

Cursor position at:  26711.5 X

Medify cursor energy to: 26712.0 = shift applied: 0.5 eV.

Apply 0.5 eV shift to highlighted

Done

Figure 52- Calibration of reference used for auto alignment
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3.2.2 Description of all automatic steps performed during an update

After importing a spectrum to the Live Viewer as described in Section 3.2.1.2, a number of
automatic operations are performed following these five successive steps:

Step 0 - Only if an update has already been done: checking whether a new update
is necessary

All file names in the data folder are compared to those present in the data
folder at the previous automatic update. If the content of the data folder is identical
between the current and previous automatic updates, the current update does not
proceed to the next step and stops right away.

Step 1 : Identifying in the data folder all file names similar in nature to the imported
file

At the very first automatic update, each file in the data folder with a specific
file name (if multiple file iterations exist for a given file name, only the first iteration
is used) is open to test whether its corresponding energy array has the same Enin
(with a £ 2 eV difference tolerated), Emax (with a £ 2 eV difference tolerated), and
total number of data points than those in the energy array of the imported file. For
example, if the data folder has ten files having a specific file name, the Live Viewer
window will display this message when the first file is checked:

"Updating data, please wait (1/10 sample files tested)'

For any automatic update other than the very first update, only the new files with
specific file name that were not present in the data folder at the previous update are
tested. Therefore, the first automatic update may take longer time to complete than
the following ones.

Step 2 : Identifying in the data folder all scan iterations associated to the current
highlighted sample that are similar in nature to the imported file

At the very first automatic update after selecting the current highlighted
sample (more on highlighted sample selection in next Section 3.2.3), each scan
iteration in the data folder associated to the current highlighted sample is open to
check whether its corresponding energy array has the same Emin (with a £+ 1 eV
difference tolerated), Emax (with a £ 1 eV difference tolerated), and total number of
data points than those in the energy array of the imported file. For example, if the
current highlighted sample has ten associated scan iterations saved in the data
folder, the Live Viewer window will display this message when the first file is
checked:

"Updating data, please wait (1/10 scan iterations tested)'

For any automatic update other than the first update after selection of the current
highlighted sample, only the new iterations that were not present in the data folder
at the previous update are tested. Therefore, the first automatic update after
selection of the current highlighted sample may take longer time to complete than
the following ones.

Step 3 : Processing of all scan iterations associated to the current highlighted
sample

The iterations associated to the highlighted sample identified in the previous
step are processed following these successive operations:

-In the energy array of each iteration, the energy must always increase in
value, otherwise the data point is deleted.

-Data of all iterations, except the first one, are interpolated (linear
interpolation) based on the energy array of the first iteration.

Fastosh v. 1.0.10 - User Manual - Live Viewer 91



- Before processing the data using Larch functions, if more than 20
iterations were identified at Step 2, they are evenly split into groups so
that the total number of groups does not exceed 20, and the iterations
within each group are merged together. This limits the total number of
spectra to process with Larch functions, as the latter represents the most
time-limiting step of the entire update process. The grouping thus
guarantees a rapid automatic update regardless of the number of iterations.
For example, if 56 iterations were found, 18 groups are created; each group
consists in three iterations merged together. Since 18 x 3 = 54, the last two
iterations won’t be used in the final steps below.

-All iterations are merged, and the average is processed using Larch
functions. If these operations are done at the first update after the current
highlighted sample was defined, the scan parameters obtained from these
operations (e.g. €0, pre-edge function and post-edge functions parameters)
are used as input parameters in the Larch functions employed to process
each iteration/group below, unless some of these parameters have been
manually constrained by the user (more on default parameter modifications
in Section 3.3.2).

-Each iteration (if < 20 iterations), or group (if > 20 iterations) is processed
using Larch functions with the same input parameters= normalization,
background subtraction, Fourier Transform, and random noise estimation.
The signal-to-noise ratio of the spectrum is also assessed (more on this
estimation in Section 3.3.5).

For example, if 54 iterations of the highlighted sample were found in the data folder,
the Live Viewer window will display this message when the first iteration is
processed:

‘Updating data, please wait (1/54 operations)...'

Also, in this example, the processing will slightly slow down every three operations
since this corresponds to the creation of a complete group, which is then processed
with Larch Functions.

e Step 4 : Creation of 3D plots relative to the current highlighted sample
3D plots are created using the data relative to all iterations (if < 20
iterations) or groups (if > 20 iterations). This is not instantaneous as it implies
interpolating the data to create surfaces used for 3D rendering. The Live Viewer
window will display this message:

'Last step: creating 3D plots...'

3.2.3 Selection of the highlighted sample

Right after importing a file (Section 3.2.1.2) into Live Viewer, the sample highlighted in the
sample list of the Live Viewer window corresponds to the name of the imported file. The XAFS data
displayed in the Live Viewer window then corresponds to the data relative to this file and all its
associated scan iteration files found in the data folder.

The highlighted sample can be set to a new one manually or automatically:

¢ Manuel selection of the highlighted sample: a new highlighted sample can be
set by interactively clicking, in the sample list featured on the left side of the Live
Viewer Window (Figure 50), on the new sample name to highlight. Since this
operation changes the current highlighted sample, the Live Viewer window is
automatically updated following Steps 2, 3, and 4 described in the previous section
so that the data relative to the new highlighted sample can be shown in the window.
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o Automatic selection of the highlighted sample: the highlighted sample can be
automatically changed in the sample list of the Live Viewer window during an update
if two conditions are met:

1) A new file name was found in the data folder during Step 1 (see previous
Section) of an update. This file name was not present in the data folder at
the previous update.

2) The option “Always display a new sample” is checked in the Live Viewer
menu (this option is checked by default):

Live Viewer menu > Sample options > “Always display a new
sample”

If these two conditions are met, the new sample name found in the data folder during
Step 1 of the update will then appear in the sample list of the Live Viewer window,
and will become the current highlighted sample. After Step 1, the update will
proceed to Steps 2, 3 and 4 since a new highlighted sample has been defined. At
the end of this update process, the data relative to the new highlighted sample is
shown in the Live Viewer window.

To avoid this possible automatic modification of the highlighted sample, one can select in the menu:
Live Viewer menu > Sample options > “Always stay on the current sample”

In that case, if a new sample name is found in the data folder during Step 1 of the update process,
only the sample list of the Live Viewer is updated, i.e. the new sample name is added to the sample
list. The update stops at the end of Step 1 and does not proceed to Steps 2, 3, and 4 because the
highlighted sample has not been changed.

3.3 Functionalities

3.3.1 Constraining the EO value

When importing a file to the Live Viewer, the €0 value can be set via two methods: it can
be automatically determined using the Larch function “find_e0” (i.e. automatic method) or
constrained based on a user-defined theoretical value that is set before data importation (i.e.
manual method).

e The automatic method (Larch method) is selected by default in the Live Viewer menu
bar:

Live Viewer menu > Sample Options > EO Determination > “Automatic”

e To constrain e0 to a user-defined value, set the “EO Determination” method to
“Manual’:

Live Viewer menu > Options > EQO Determination > “Manual”

If this menu option is selected via the Live Viewer menu bar, a window appears where
the theoretical EO value can be specified. This must be done before importing a file
to the Live Viewer module. If any spectrum is imported to Live Viewer after
constraining €0, the e0 will be set to the closest value, among all values available in
the raw energy array of the sample, to the user-defined EO value.
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3.3.2 “Edit Mode”: modifying default parameters

3.3.2.1 Principle

During the first update after the current highlighted sample has been defined, the average
spectrum of all scan iterations of the highlighted sample is processed using Larch functions
(normalization, autobk background-subtraction, and Fourier Transform functions). The parameters
obtained from these operations (e.g. €0, pre-edge function and post-edge functions parameters)
are displayed in a box in the middle of the Live Viewer window (Figure 51). These parameters are
used as input parameters to process each iteration/group of the highlighted sample. Therefore, all
XAFS spectra shown in the Live Viewer window can be conveniently compared to each other as
they were processed using the same input parameters (e.g. e0 value, plot k weight, spline range).
Although the default values of these parameters are automatically obtained during the first update,
they can be modified later on by the user, by directly modifying their values in the central box of
the Live Viewer window. This central box of the Live Viewer also shows the data (raw mu,
normalized mu, chi, Fourier Transform, or first-derivative spectrum) relative to the average of all
checked iterations of the current highlighted sample.

If any parameter is modified in the central box of the Live Viewer window, the box switches
to an Edit mode: all parameters in the box are colored with a blue color (Figure 53) and the
countdown to the next automatic update of the Live Viewer window is paused. No automatic update
can thus occur when the parameters are being modified in “Edit mode”.

As long as the cental box is in “Edit mode”, all data relative to the current highlighted
sample, displayed on the right side of the Live Viewer window (Figure 51), will not be
reprocessed using the new parameters. The new parameters are only applied to the average
spectrum displayed in the box. This is to avoid a complete window update every time the value
of a single parameter is modified.

If the new parameters are satisfactory, based on their effects on the average spectrum
displayed in the parameter box in “Edit mode”, press on the button “Apply to all (current sample)”
at the bottom of the box (Figure 53), to switch back to normal mode. This initiates a complete
window update: all data relative to the highlighted sample is processed using the new parameters.
The countdown to the next automatic update resumes.

Average of 3 scans (Edit Mode)
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FFT FFT k range from: 3.0 to: | 10.1 | /A
Window: Han... u dk: 1.0
Apply to all (current sample) Cancel Apply to all samples in list

Figure 53 - Parameter box of the Live Viewer, in “Edit mode”
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3.3.2.2 Apply all parameters to sample list

If the current highlighted sample has been manually or automatically changed (Section
3.2.3), the Live Viewer window undergoes a complete update (Section 3.2.2). The parameters used
for the previous highlighted sample can be kept and used to process the data of the new highlighted
sample, by clicking on the option “Apply to all sample in list” at the bottom of the parameter box
(Figure 53), before the change in highlighted sample. Otherwise, new parameters will be
automatically obtained during the first update relative to the new highlighted sample.

3.3.3 Plotting options

3.3.3.1 Four ways to display data relative to the current highlighted sample

The right side of the Live Viewer window features three plots where the normalized, chi,
and Fourier Transform spectra relative to the current highlighted sample are displayed, respectively
(Figure 50). The contents of these plots are defined using four plotting options that are available
on top of the Live Viewer Window:

- Last two merges (2D only) / Default option

Two spectra are displayed per plot: the first one, shown in blue color, corresponds to the
average of all checked scan iterations in the scan iteration list of the Live Viewer window. The
second one, shown in red color, corresponds to the average of all checked scan iterations except
the last checked iteration. This enables to visually assess from the plot whether collecting the last
iteration has improved the quality of the merge. If not, this could suggest that collecting the last
iteration for this sample was unnecessary, thus the acquisition for this sample may be stopped at
this point.

- All merges (2D or 3D possible)

All merges relative to the current highlighted sample are displayed per plot. For example,
if the scan iteration list features 5 iterations and all of them are checked, there will be 4 average
spectra displayed: merge of the first two iterations, first three iterations, first four iterations, and all
five iterations. Optionally, these spectra can be shown in 3D.

- Last scans/groups (2D only)
The last checked scan iteration (if less than 20 iterations are checked) or group (if more
than 20 iterations are checked) relative to the current highlighted sample is displayed in each plot.

- All scans/groups (2D or 3D possible)

All checked scan iterations (if less than 20 iterations are checked) or groups (if more than
20 iterations are checked) are displayed in each plot. Optionally, these spectra can be shown in
3D.

3.3.3.2 Plot boundaries

The boundaries of the plots featured on the right side of the Live Viewer window can be
modified at the top part of the window (Figure 50). These are the “E limits” to modify the Emin or
Emax of the normalized spectra plot, “k limits” to modify the kmin Or kmax Of the chi spectra plot, and
“R limits” to modify the Rmin or Rmax of the Fourier Transform spectra plot.

3.3.3.3 Displaying data in 2D or 3D

When the plotting option “all merges” or “all scans/groups” (described in Section 3.3.3.1) is
selected, the data is displayed by default in 2D on the right side of the Live Viewer window. This is
because this option is checked by default in the menu:

Live Viewer menu > Plot options > “2D plots”

If the plotting option “all merges” or “all scans/groups” is selected, a menu option enables
to display the data in 3D:
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Live Viewer menu > Plot options > “3D plots”

Note that if the plotting option “last two merges” or “last scan/group” (described in
Section 3.3.3.1) is selected, the data will be always displayed in 2D even if the “3D plots”
option is selected in the menu.

3.3.3.4 3D plot rotation

If the plotting option “all merges” or “all scans/groups” is selected, and the “3D plots” is
selected in the menu, the data is plotted in 3D in the Live Viewer window. The three plots can be
individually rotated. By default, the 3D rotation is active on the normalized mu plot as this option is
checked in the menu:

Live Viewer menu > Plot options > “3D rotation to E plot”
To specifically rotate in 3D the chi plot, this option must be firstly selected in the menu:
Live Viewer menu > Plot options > “3D rotation to k plot”

Lastly, to specifically rotate in 3D the Fourier Transform plot, this option must be selected in the
menu:

Live Viewer menu > Plot options > “3D rotation to R plot”

3.3.3.5 Shifts to scatter multiple spectra

3.3.3.5.1 Y shifts: for 2D plot

If multiple spectra are shown in 2D in the Live Viewer window, they can be vertically scatter
by applying a shift to each spectrum. A specific value can be provided for the normalized mu, chi,
or Fourier Transform plot via:

Live Viewer menu > Plot options > “E plot Y shift (2D)”
Live Viewer menu > Plot options > “k plot Y shift (2D)”

Live Viewer menu > Plot options > “R plot Y shift (2D)”

3.3.3.5.2 Z shifts for 3D plot

If multiple spectra are shown in 3D in the Live Viewer window, the depth of the 3D figure
can be extended by applying a shift to each spectrum. A specific value can be provided for the
normalized mu, chi, or Fourier Transform plot via:

Live Viewer menu > Plot options > “E plot Z shift (3D)”
Live Viewer menu > Plot options > “k plot Z shift (3D)”

Live Viewer menu > Plot options > “R plot Z shift (3D)”

3.3.3.6 Displaying first derivative

By default, the normalized mu spectra relative to the current highlighted sample are shown
on the right side of the Live Viewing window (Figure 50). This is because the following option is
checked in the menu:

Live Viewer menu > Plot options > “Show normalized mu”

Instead of displaying the normalized mu spectra, the first derivative of mu spectra relative to the
current highlighted sample can be displayed by selecting this option in the menu:

Live Viewer menu > Plot options > “Show mu first-derivative”
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Displaying the first derivative can notably help determine that all scan iterations are relatively
aligned to each other in energy.

3.3.3.7 Plot color options

By default, the newest and oldest spectra featured in all plots of the Live Viewer are
displayed in blue and red color, respectively. This is following option is indeed checked by default
in the menu:

Live Viewer menu > Plot options > “Color plots”

Alternatively, the newest and oldest spectra featured in all plots of the Live Viewer can be displayed
in black and gray color, respectively, via this option in the menu:

Live Viewer menu > Plot options > “Black & White plots”

3.3.4 Viewing sample of reference data relative to a single iteration

Since version 1.0.3 of Fastosh, one can display either the XAFS spectrum corresponding
to a single scan iteration whose number is listed in the Live Viewer window, or the aligned sample
reference along with the calibrated reference. The first option is selected by default in the menu:

Live Viewer menu > Sample options > “Clicking on a iteration to display the... > ...
sample”

The second option can be selected from the menu. Note that this functionnality is activated
only when the reference is imported along with the data:

Live Viewer menu > Sample options > “Clicking on a iteration to display the... > ...
aligned sample reference and calibrated reference”

Each of these functionnalities are discussed in the next two sections.
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Figure 54 - a) Example of an iteration list; b) secondary window displaying the mu spectrum of the
selected iteration c¢) After unselecting an iteration, the button “Update” at the bottom of the window must
be pressed to refresh the entire window

3.3.4.1 Viewing sample data of a single iteration and unselecting it

The raw sample data of each iteration listed in the iteration list of the Live Viewer window
(Figure 51) can be accessed by simply double-clicking on the specific iteration in the list. For
example, in Figure 54a, a double-click was done on iteration “0016” to check the raw data of this
scan. This opens up a secondary window displaying the mu spectrum corresponding to this
iteration (Figure 54b). Simply press the upper or lower key on the keyboard to navigate through
the iteration list to automatically refreshes the secondary window and display the raw data of the
iteration currently selected. For example, the raw data corresponding to iteration 0016 in Figure
54b is problematic since the XAFS spectrum is distorted. This iteration is thus unselected from the
iteration list (Figure 54c). After all problematic iterations have been unselected from the list, the

button “Update” at the bottom of the window (Figure 54c¢) must be pressed to refresh the entire
window, using only the data of the remaining checked iterations.

3.3.4.2 Viewing the aligned reference spectrum of current iterration

The aligned reference associated to each iteration listed in the iteration list of the Live
Viewer window can be viewed by simply double-clicking on the specific iteration in the list. Firstly,
this option must be selected from the menu, as mentionned in Section 3.3.4. A window appears
(Figure 55), where the aligned reference of the current iteration is displayed in orange color. The

calibrated reference is displayed too, in blue color. The energy shift required to align the reference
of the current iteration to the calibrated reference is shown on top of the figure, in e.V.
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Figure 55 - Secondary window displaying the aligned reference of the current iteration and calibrated
reference

3.3.5 Displaying signal-to-noise ratio and random noise estimation

The right edge of the Live Viewer window features three buttons: S/N, €, €r (Figure 50).
Pressing any of them opens up a secondary window where the signal-to-noise ratio (S/N) and
estimated random noise € and Er are plotted as a function of total number of scan iterations per
average associated to the current highlighted sample (Figure 56). This secondary window is
automatically refreshed at every Live Viewer update. Therefore, if used during an acquisition,
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this secondary window can be left open on the computer screen next to the Live Viewer window,
to visually follow the progressive improvement in spectral quality.

The SIN, & Er are calculated for all averages associated to the current highlighted sample.
For instance, if four scan iterations were collected for the highlighted sample, there are four
associated averages: the first iteration itself (no merge in this case), the first two iterations, the first
three iterations, and all four iterations merged together.

While the S/N value is calculated by a Fastosh function and provided as a supplementary
information on noise estimation, the values for €cand Er are calculated by Larch functions. As
mentioned below, & is directly proportional to €r and thus does not provide any significant
additional information on data noise. It is reported along with S/N and €r in Live Viewer only for
sake of completeness.
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Figure 56 - S/N, €k, ER as a function of number of scan iterations averaged together, relative to the
current highlighted sample

e Signal-to-noise ratio (S/N)

The signal-to-noise ratio is estimated in the first part of the mu spectrum, from the beginning
of the mu spectrum to 100, 150, 200, and 250 eV below the €0 energy value, if the latter is <10000,
<20000, <30000, and >30000 eV, respectively. This part of the mu spectrum should be flat (noise
aside) as it occurs before the rise in edge-jump. It is fitted using a polynomial function of degree 2.
The fit is used to represent the ideal, perfect signal devoid of noise. The estimated signal-to-noise
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ratio is equal to the average of the absolute difference between the experimental spectrum and the
ideal, noise-free signal measured at each point in the early part of the mu spectrum.

e R epsilon (Er): estimated random noise in chi(R)

The noise in chi(R) is estimated by calculating the root mean square average of chi(R)
between 15 and 30 A. It is assumed that this part of the chi(R) contains no meaningful structural
information and its signal only corresponds to “white noise” (noise independent of R). Since these
assumptions could be challenged, Er may be inaccurate and underestimate the actual noise level
in chi(R).

o K epsilon (E): estimated random noise in chi(k)

The noise in chi(R) is converted into noise in chi(k) using the Parseval’s theorem:

(2*m* (2 *kweight + 1)

0.05 * (kmax(z*kweight+1) _ kml-n(Z*kweight+1))

Sk: SR*

Given this equation, € is directly proportional to Eg, thus their variations should mirror each
other, as shown in Figure 56.

3.3.6 Transferring merge to the Main GUI

The mu spectrum corresponding to the average of all checked iterations of the current
highlighted sample can be transferred to the Main GUI by pressing the button “Transfer average to
main GUI” at the bottom left of the Live Viewer window (Figure 50). The transfer is instantaneous
if only data relative to the sample has been imported to the Live Viewer. If the reference data has
been also imported to the module, the transfer takes a few moments to complete because all data
relative to the reference is processed at this point.

Before transferring a merge spectrum to the Main GUI, it is important to make sure that the
energy values of all iterations are well calibrated. If not sure about that, open both sample and
reference data of each scan iteration in the Main GUI and adjust the energy calibration/alignment
of all scan iterations using the Calibration and Alignment module of Fastosh (Section 2.4.3). Merge
the sample data only when the energy calibration of the reference is consistent in all scan iterations.
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4 Preliminary data treatment prior to PCA, TT, MCR-ALS, or LCF

Principal Component Analysis (PCA)/Target Transformation (TT), Multi Curve Regression-
Alternate Least Square (MCR-ALS) fitting, and Linear Combination Fitting (LCF) are described in
Sections 5, 6, & 7 of this manual, respectively. All these data treatment methods involve the
simultaneous processing of multiple spectra, grouped as a Data Matrix (PCA, TT, MCR-ALS) or a
set of experimental and reference spectra (LCF). The grouped spectra are normalized mu, 18t
derivative of normalized mu, or chi (EXAFS). A prerequisite to process these spectra by MCA/TT,
MCR-ALS, or LCF is that all spectra must be firstly imported to the Main GUI and consistently
normalized, and also background-subtracted if there are EXAFS:

e Consistent normalization:

- the baseline in the pre-edge region before the edge-jump of all mu spectra should be equal
to 0. For example, a set of mu spectra with inconsistent and consistent normalization in the
pre-edge region is shown in Figure 57A and B, respectively.

- the end of all normalized mu spectra should be equal to 1, or oscillate around 1. Even if only
the XANES region is studied, the raw XAFS spectrum collected at the beamline should extend
far enough beyond the XANES region to conveniently & unambiguously normalize the post-
edge region of the spectra.

e Consistent background subtraction (EXAFS spectra):

If the redox states of the element of interest are not too different in the samples
corresponding to the EXAFS spectra, it is recommended to use the same EO value to extract
all EXAFS spectra. In some cases, it is not possible to apply the same EO to all raw mu spectra
as the latter may not share the same energy array (e.g. mu spectra collected with different
scan parameters). If it is not possible to apply the same EO to all spectra, the raw mu data can
be firstly interpolated to a common energy array using the Interpolation module of Fastosh
(Section 2.4.6). Also, the spline parameters, especially spline kmax & kweignt, Should be the same
to extract all EXAFS spectra.

a) b)
Figure 57 - normalization of 99 mu spectra belonging to a Data Matrix to process by PCA: a)
inconsistent normalization and b) consistent normalization in the pre-edge region between 8960 and
8975 eV (data from Manceau et al. 2014).
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5 PCA & Target Transformation (TT)

5.1 Usefulness

The principles of Principal Component Analysis (PCA) and Target Transformation are
specifically detailed below (Sections 5.4.1 & 5.5.1). These methods are applied to a data set that
is essentially a group of either normalized mu or EXAFS experimental spectra (i.e. the “Data
Matrix”). It is assumed that the main chemical forms of the element of interest are the same in all
samples corresponding to the spectra of the Data Matrix. These species thus represent the
“principal components” of the sample mixture. Performing a PCA on the Data Matrix can be helpful
in determining how many principal components are present in the sample mixture. Target
transformation can be performed to identify the nature of each principal component: a spectrum
that represents a specific chemical form of the element of interest (i.e. typically a reference
spectrum among a library of standards) is target-transformed to determine whether this species is
one of the principal components present in the sample mixture.

The relative quantities of the principal components in the sample mixture are sample-
specific. They can be determined for any sample that is part of the Data Matrix using MCR-ALS
(Section 6) or more traditionally using a Linear Combination Fitting approach (Section 7). In the
latter case, PCA, Target Transformation, and even MCR-ALS should be performed before LCF, as
they help determine the number and types of references to choose from the standard library to
perform LCF.

5.2 Preparation of Data Matrix & references in Main GUI

The data processed by Principal Components Analysis (PCA) is essentially a group of
normalized mu or EXAFS experimental spectra. The number of spectra in the Data Matrix must be
at least equal to the number of principal components: if they are equal, the spectra of the samples
must correspond to the spectra of the pure components (in this case, there would be no need to
identify the nature of the principal components). Before opening the PCA/TT module, the data must
be consistently preprocessed in the Main GUI, as mentioned in Section 4.

After all data has been consistently pre-processed in the Main GUI (i.e. all spectra of the
Data Matrix to process by PCA, and optionally all reference spectra to target transform after PCA),
select:

Main GUI Menu > Chemometry > PCA/Target Transformation

All spectra of the Data Matrix must have similar energy range. If not, the shortest energy
range is used as the one for all spectra of the Data Matrix in the PCA module. This means that all
spectra of the Data Matrix, whose energy ranges are longer than the shortest one, are truncated
so that all spectra have the same energy range. Additionally, all XANES/mu spectra of the Data
Matrix, except the first one, are interpolated based on the energy array of the first spectrum.

Similarly, all reference spectra to be Target Transformed after PCA should have an energy
range similar to the one employed to process the Data Matrix by PCA. If some of the reference
spectra have longer energy range than the PCA E range, they will be adequately truncated. If some
of them have shorter energy range than the PCA E range, it will be impossible to perform the Target
Transformation. Either exclude these reference spectra from the reference list to target transform,
or redo the PCA by shortening the energy range of the Data Matrix where PCA is performed, as
explained in the next section.

5.3 Module window at opening

Once the PCA/Target Transformation window is open, all spectra of the Data Matrix are
plotted on the top right corner of the window (Figure 58)

The minimum and maximum values of the energy range of the Data Matrix to process by
PCA are shown in the fields “PCA min and max”, below the sample list (Figure 58).

Specify the E or k range of the data to process, type of SVD method (see next part of this
manual), and then start the PCA by pressing the button “Do PCA” (Figure 58).
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5.4 PCA
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Figure 58 - PCA/Target Transformation module at opening: the EXAFS spectra of the Data Matrix
selected in the Main GUI are plotted and their names are shown in the sample list

5.4.1 Principle

All spectra to process by PCA are grouped into a n x m data matrix [D], where n is the total
number of data points per spectrum and m is the total number of spectra. At the beginning of PCA,
[D] can be preprocessed to center the data. The specificities of these SVD methods are presented
in the next section. The PCA decomposes the data matrix [D] into singular values following a matrix
factorization (5):

(5) [D] = [U] X [S] x [V]

In Equation (5), [U], [S], and [V]is a n x n, n x m, and m x m matrix, respectively. The [score] matrix,
which is equal to [U] x [S], corresponds to the representation (coordinates) of the spectra in the
new data space. The first column of [score] represents the first component of [D] that expresses
the maximal variance in [D], the 2" column of [score] represents the 2" component of [D] that
expresses the residual variance orthogonal to the 1st component, the 3™ column of [score]
represents the 3 component of [D] that expresses the residual variance orthogonal to the 2™
component, and so on... These correspond to apparent, not true, fractions of the variance if XAFS
data is not centered [13]. The total variance in [D] is equal to the sum of the eigenvalues, which
correspond to the square of the singular values [7]. The latter are the elements of the diagonal of
[S]. The eigenvalues are in descending importance along the diagonal of [S], starting from the top
left corner of [S].
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In some cases, one can determine, by summing one by one the eigenvalues from left to
right along the diagonal of [S], what is the minimum number of eigenvalues required to reproduce
most of the total variance. This number of eigenvalues corresponds to the number of principal
components present in [D]. The remaining eigenvalues correspond to the secondary components
present in [D], i.e. noise of the data. However, this approach based on the eigenvalues does not
always enable to accurately determine the number of principal components in the mixture as
demonstrated in the few examples below. Alternative approaches are then also proposed in the
program and are described in the next section.

5.4.2 SVD method: centering or no pre-processing

Prior to performing the Singular Value Decomposition (SVD), the dataset can be optionally
centered. Centering [D] consists in substracting the spectal mean (a.k.a. “observation mean”) of
[D] from the dataset [D]. As a result, the spectra are vertically centered to zero (Figure 59).
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Figure 59 — A dataset [D] not centered (a) and the same dataset centered (i.e. [D] substracted by the
spectral mean of [D])

The first principal component of an uncentered dataset [D] is proportional to the spectral
mean of [D]. Therefore, when the dataset [D] consists of normalized mu spectra/’XANES spectra,
the first eigenvalue is overwhelmingly high compared to the remaining eigenvalues as the mean
edge-jump contributes a lot to the overall data variance, thus making the PCA results difficult to
interpret. One way to “mask” the edge-jump contribution of the mean is then to center the dataset
[D] prior to SVD. In contrast, when the dataset [D] consists of EXAFS spectra, the first principal
component does not feature an edge-jump; hence its corresponding variance fraction does not
overwhelm the remaining ones when no centering is performed to the dataset prior to SVD. This is
why the option “centering” is checked by default in the PCA/module of Fastosh when the dataset
consists in normalized mu spectra, and it is unchecked by default when the dataset consists in
EXAFS.

Because centering essentially consists in removing the first principal component of
the dataset, one must add an additional principal component to the total number of principal
components inferred from the PCA results to compensate for this removal. For example, if
the scree plot (see following section), obtained from PCA, which was performed on a centered
dataset consisting in normalized mu spectra, suggests two principal components, they are three
principal components in the original dataset.

5.4.3 Interpreting PCA results

Once the Data Matrix has been processed by PCA, the number of principal components
can be determined using different approaches available in Fastosh: eigenvalues, logarithmic
difference of the eigenvalues, IND, and singular values. As demonstrated in the examples below,
these approaches can provide contrasted results. The limitations of some of these approaches are
discussed in the Manceau et al. 2014 paper, entitled “Estimating the number of pure chemical
components in a mixture by X-ray absorption spectroscopy” [14].

Among the four approaches, the IND method represents the least reliable method since it
is particularly dependent on level of data noise and number of components in the data matrix [14].
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The result obtained with IND can be much more erroneous compared to those obtained with the
other methods, as demonstrated in Section 5.4.3.2.2 below.

The singular value method has been proposed in some algorithms, such as the MCR-ALS
Toolbox of Jaumot et al. [3], as mentioned in the MCR-ALS chapter of this manual at Section 6.4.2.
As a matter of fact, this approach can provide similar or even more accurate results than those
obtained with other methods, as demonstrated in Section 5.4.3.2.3 below.

The total numbers of meaningful components inferred with different approaches may be
similar but not exactly identical to each other. Similarly, more than one possible number of
meaningful components can be sometimes inferred per method. In that case, all the possible
numbers of principal components should be considered/tested in the data analyses post-PCA,
including target transformation, MCR-ALS, or LCF, to determine whether any of them makes the
most sense in terms of final results and considering prior knowledge of the system.

5.4.3.1 Eigenvalue methods

The eigenvalues are equal to the square of elements in the diagonal of the [S] matrix
obtained by PCA [7]. Each eigenvalue corresponds to the apparent variance contribution, relative
to the total variance, of each Data Matrix component identified by PCA. The relative variance
contribution of the eigenvalues decreases along the diagonal of the [S]. The number of principal
components present in the system may be then inferred by plotting the eigenvalues following the
methods described in the next three sections.

5.4.3.1.1 The cumulated relative eigenvalues (default plot)

The eigenvalues are firstly normalized so that their sum is equal to 100, and their cumulated
values are plotted starting from the last eigenvalues. Plotting the cumulated eigenvalues makes
the component relative contribution more obvious to see compared to when the eigenvalues are
plotted without cumulating them (method presented in next section), regardless of normalization to
100 %.

5.4.3.1.2 The eigenvalues listed in the result table of the PCA window

In the example shown in Figure 60, the first eigenvalue listed in the table, corresponding to
the first component, is equal to 13.2, thus representing 71.8% of the total variance. The second,
and third eigenvalues are 3.6, and 0.7, representing about 20 and 4 % of the total variance,
respectively. Therefore, the first three components represent most (i.e. 95 %) of the total variance,
which can be seen in the column “Cum. Var.” (cumulated variance) in the result table.

Principal Component Analysis
Sing. Value Eig. Value Rel.var. (%) | Cum.var.(%) Sores u plot e "
1 3635 13.212 71.8 718 Comp. #1 E [D] in SVD
2 [1.909 3.644 19.8 91.6 >
3 |0.866 0.750 4.1 95.7 12 ’\
4 0492 0.242 1.3 97.0 10FY
5 |0.400 0.160 09 979 5 L \
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7 |o311 0.097 05 99.0 é 6r
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9 |0.254 0.065 0.4 99.7 ol N
e e e e e e o
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Figure 60 —PCA results after processing the Data Matrix previously shown

5.4.3.1.3 Eigenvalue plotted against component number
Select “Scree (Eig.)” in the menu bar above the plot:

If the eigenvalue of each component is plotted against the component number in ascending
order (“scree plot”), one can visually observe the relative contribution of each eigenvalue to the
total variance. The scree plot typically features two distinct parts. The first one can be distinguished
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by a sharp decrease in eigenvalues, and corresponds to the structural components in the Data
Matrix. The second one is characterized by a lower and more linear decrease in eigenvalues
compared to the first part, and mainly corresponds to the data noise in the Data Matrix. Hence, the
number of principal components is equal to the number of data points featured in the first part of
the scree plot. In the example shown in Figure 60, the first part corresponds to the first two data
points of the scree plot. The third data point is not included in the first part since its corresponding
contribution to the total variance is negligible (i.e. 2.5%) and it seems linearly in trend with the
remaining data points based on a visual observation of the scree.

5.4.3.1.4 Variance fraction plotted against component number

Select “Scree (Var. frac.)” in the menu bar above the plot:

Another type of scree plot commonly found in the literature consists in plotting the relative
variance contribution of each component against the component number. The relative variance
contribution of each component, in % of the total variance, is equal to each eigenvalue divided by
the sum of all eigenvalues and multiplied by 100. The data trend in this type of scree plot is exactly
the same as the one where eigenvalue is plotted against component number.

5.4.3.1.5 Logarithmic first difference of the eigenvalues
Select “Aflog(eigenvalues)]” in the menu bar above the plot:

A study demonstrated, using different data matrices consisting of micro-XANES spectra of
real natural samples collected at a microprobe beamline, or artificial spectral mixtures of known
principal components, that the scree approach employed to determine the number of principal
components can provide inaccurate results [14]. It was also shown that plotting the logarithmic first
different of the eigenvalues (A[log(eigenvalues)] = —[log(eigenvalue) j+1 — log(eigenvalue)]] where j
represents one specific position along the diagonal of [S]) could represent a more accurate
approach than the scree method to determine the number of principal components. In the
AJlog(eigenvalues)] plot, the maximum observed in the last peak before all values reach a minimum
close to zero indicates the number of principle components.

For example, Figure 61a shows the A[log(eigenvalues)] plot using a data set from Manceau
et al. 2014 [14]. The Data Matrix processed by PCA corresponds to an artificial spectral mixture of
three principal components. A maximum is observed at component number 3 in the plot before all
values reach a minimum close to zero. This suggests that there are three main components in the
mixture, as it is truly the case. In contrast, the scree plot for the same data set erroneously suggests
that there’s only one principal components (Figure 61b).
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Figure 61 - Example of a) Allog(eigenvalues)] plot using a data set from Manceau et al. 2014 [14]. The
Data Matrix corresponds to an artificial XANES spectra mixture of three principal components; and b)
scree plot for the same data set

5.4.3.2 Other methods

5.4.3.2.1 Eigenvalues, excluding the first one (XANES spectra only)

When a Data Matrix of XANES spectra is processed by PCA, the eigenvalue of the first
component can be much higher than the rest of the eigenvalues, suggesting that there’s only one
principle components in the system. For example, this is the case with XANES data matrix of
Manceau et al. 2014 whose corresponding scree plot is shown in Figure 61b [14]. This is due to
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the fact that the edge-jump of all XANES spectra dominates the overall variance in the data set.
The number of principal components can then be determined without considering the first
eigenvalue by clicking on the box “Exclude 1t P.C.” below the result table (Figure 62). The
cumulated variance fractions in the result table are then recalculated accordingly. Figure 62 shows
the same scree plot reported in Figure 61b but with the 15t component excluded. This time, the
eigenvalues and corresponding scree plot suggest that there are two principal components in the
Data Matrix, which corresponds to an artificial XANES spectra mixture of three principal
components. Therefore, removing the first eigenvalue does help elucidate the correct number of
principal components for this data set.

Principal Component Analysis
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Figure 62 — PCA results for the same data used in Figure 61b, with the first component excluded

5.4.3.2.2 IND
Select “IND” in the menu bar above the plot:

The indicator (IND) function was introduced in Malinowski (1977) [15] as an empirical
function that can be employed to determine the number of principal components. For a specific
component number N of a Data Matrix containing m spectra, the IND is equal to:

m
i=N+1 }‘i

DN = =2 [n(m -1y

Where Ai corresponds to the eigenvalue at position number i in the diagonal of [S], m is the total
number of spectra in the Data Matrix, and n is the total number of data points per spectrum. The
IND is then successively calculated for all m components of the Data Matrix. The component
number N providing the lowest IND value corresponds to the number of principal components in
the sample mixture. The IND values reported in manuscripts can be normalized by the lowest value
of IND, like in Manceau et al. (2014) [14]. Therefore, another plotting option enables to plot the
normalized IND (select “norm. IND” in the menu bar). The data trends between IND and normalized
IND plots are the same, thus the choice to report the results between these two options should not
matter.

As demonstrated in Manceau et al. (2014) [14], the IND function is particularly dependent
on the number of spectra and level of noise in the data. If the number of spectra is adequate (i.e.
not too little, or large), the IND result can be consistent with those obtained with other approaches
to determine the number of principal components. For example, Figure 63a shows the IND plot of
the data set previously shown. The minimum of IND does suggest that there are two principal
components, which is consistent with the scree plot (Figure 60). However, if there are too many
samples in the Data Matrix, the estimation picks up too much noise, and the IND overestimates
the total number of principal components. For instance, Figure 63b shows the IND plot of the 100
spectra Data Matrix from Manceau et al. (2014) [14] is also shown in Figure 61. The minimum of
IND plot erroneously suggests that there are 28 number of principal components, although there
are in reality only 3 in the artificial spectral mixture, as correctly suggested by the
Aflog(eigenvalues)] plot (Figure 61a).
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Figure 63 —a) IND plot of data set shown in Figure 60 ; and b) normalized IND plot of data set from
Manceau et al. (2014) [14] shown in Figure 57

5.4.3.2.3 Singular values

Select “Norm. Sing. Values” in the menu bar:

As previously mentioned, the eigenvalues are defined as the square of the elements in the
diagonal of the [S] matrix obtained by PCA [7]. Some codes report eigenvalues following this
definition, such as the LabView code presented in Manceau et al. (2014) [14]. In contrast, some
other programs proposing PCA functionalities report eigenvalues using an alternative definition:
the eigenvalues in these codes correspond to the elements in the diagonal of [S]. This corresponds
to the definition of “singular values” [13]. As previously mentioned, the eigenvalues derived from
XAFS data represent apparent fractions of the variance, not true fractions, since XAFS spectra in
the Data Matrix are not centered [13]. One could then consider that a singular value also represents
another apparent variance indicator as it is linked to eigenvalue by a square root relationship. As
a matter of fact, plotting singular value against component number, and interpreting the plot like a
scree to determine the number of principal components, can provide results more accurate than
other approaches including the regular scree plot method previously described, as demonstrated
in three examples below. Accordingly, the program proposes an option to plot the normalized
singular value against the component number. The normalized singular value of each component,
in %, is equal to each singular value listed in the result table divided by the sum of all singular
values and multiplied by 100.

Example 1: Data shown in Figure 60 (Data matrix: EXAFS spectra)

In this first example, the data matrix corresponds to 8 EXAFS spectra. The
scree plot corresponding to this data matrix, which was shown in Figure 60, indicated
that there are two main components. The plot of singular value vs component number
corresponding to this data is shown below (Figure 64). The plot indicates that the third
component represents about 10% of the sum of all singular values. This could then
suggest that 3 principal components are present in the mixture. Based on a prior
knowledge of the system, having 3 PC would make more sense than 2 PC in this
particular mixture.
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Figure 64 -Singular value plot corresponding to the data shown in Figure 45 & Figure 46

Example 2: Data shown in Figure 61, Figure 62, & Figure 63 (Data Matrix: 100
artificial XANES featuring 3 principal components, from Manceau et al. (2014)
[14])

In this second example, it is known that 3 principal components are present in
the sample mixture. However, the regular scree plot corresponding to this data
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suggested the presence of only 2 components, when the 1st component was included
(Figure 61b) or not (Figure 62). The plot of singular value vs component number
corresponding to this data, when the 1st component is not considered to exclude the
variance contribution of the edge-jump, is shown below (Figure 65). The third
component only contributes to 6% of the sum of the singular values, however, this data
point does not seem to be part of the obvious linear relationship shared by all data
points starting from the fourth one to the last data point of the scree plot. Hence, this
plot could suggest the presence of 3 main components in the system, as it is truly the
case.
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Figure 65 Singular value plot corresponding to the data shown in Figure 61, Figure 62, & Figure 63

Example 3: Data Matrix: 100 artificial XANES featuring 7 principal components
(from Manceau et al. (2014) [14])

In this third example, it is known that 7 principal components are present in the
sample mixture. Both the regular scree plot (Figure 66a) and singular value plot (Figure
66b) suggest that the mixture only has one component as the variance is overwhelmed
by the contribution of XANES edge-jump. When the first component is excluded, the
regular scree plot suggests the presence of at least 4 principal components (Figure
66¢), while the singular value plot suggests 6 or 7 (Figure 66d). The plot of logarithmic
first difference of the eigenvalues (Figure 66¢) features a maximum occurring at
component number 7 before all values reach a minimum, suggesting 7 principal
components in the mixture. Additionally, it was concluded in Manceau et al. (2014) [14]
for this mixture that the number of principal components could be between 5 and 7
since another peak occurs at component number 5 in the A[log(eigenvalues)] plot
(Figure 66c¢). Lastly, the number of principal components suggested by the IND plot is
very far from the truth since the minimum occurs at component number 29 (Figure 66d).
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Figure 66 — Data matrix made of 100 artificial XANES featuring 7 principal components processed by

PCA [14]: regular scree plot with (a) or without (c) the first component; singular value plot with (b) or
without (d) the first component; plot of logarithmic first difference of the eigenvalues (e); plot of IND (f)

These examples suggest that the singular value plot (excluding the 1t component, if
XANES spectra) and A[log(eigenvalues)] plot are the most accurate methods among all proposed
approaches to determine the number of principal components. The IND approach is the least
accurate.

5.5 Target Transformation

5.5.1 Principle

First step: getting the R matrix

The PCA results enabled to determine the number of principle components in [D], which is

referred as “r’ in this paragraph. Based on the r value, a new expression of [D], corresponding to
its noise-filtered form, [D]noise-fitered, iS Obtained:

(6) [D] = [D]noise—filtered = [U]reduced-[S]reduced-([v]t)reduced

In (6), [D]noise-fitered is @ M X N matrix, [U]reduced iS @ M X r matrix and essentially the [U] matrix cropped
after its r'" column, [S]requced iS @ I X r matrix and essentially the [S] matrix cropped after its r'" column
and row, and ([V]")reduced is @ r X N matrix and essentially the [V]t matrix cropped after its r'" row. In
other words, only the elements of [U], [S], [V] corresponding to the principal components are kept
in this new expression of [D] since they describe most of the data variance; the elements
corresponding to the noise are removed. The expression in (6) is equivalent to:

(7) [DI=[RLIC]

where [C] = ([V])reduced , and [R] = [Ulreduced * [Slreduced . The [R] matrix is used in the next step to
calculate the SPOIL value.

Second step: calculating the SPOIL value

The target transformation test consists in determining whether the real error associated to
the target vector (RET), i.e. the reference spectrum being target-transformed, is proportional to the
real error associated to the target vector projected in the space of the data matrix (REP) [7]. The
REP is calculated using the eigenvalues of the data matrix components that do not describe the
variance, i.e. all eigenvalues positioned after those associated to the principal components, starting
from the left side along the diagonal of [S], and a transformation vector, which is obtained using
the target vector and [R] matrix. The RET is calculated using REP, [R] matrix, and target vector.
Once REP and RET are known, the SPOIL value can be inferred since SPOIL= RET/REP. The
higher the SPOIL value, the more the variance in the data matrix is degraded (“spoiled”) by the
reference being tested, hence the less likely the target is part of the sample mixture.
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5.5.2 Comparison with SPOIL values reported in Malinowski (1978)

The target transformation procedure was introduced in Malinowski (1978) [7]. Two data
matrices constituted of mass spectroscopy spectra, from Ritter et al. (1976) [16], were employed
in Malinowski (1978) [7] to demonstrate the usefulness of target transformation. The first and
second data matrices represented a mixture of cyclohexane/hexane  and
cyclohexane/cyclohexene, respectively. When the reference spectrum corresponding to
cyclohexane or hexane was target-transformed using the first data matrix, excellent SPOIL values
were obtained (i.e. SPOIL < 1.5), suggesting that the two tested species were part of the mixture.
Similarly, when the reference spectrum corresponding to cyclohexane was target-transformed
using the second data matrix, an excellent SPOIL value was obtained. Lastly, when the reference
spectrum corresponding to hexane was target-transformed in the second mixture, a very poor
SPOIL value was obtained (i.e. >> 6), suggesting that hexane was not present in the mixture.
Therefore, the SPOIL values systematically well predicted whether the tested species was a
principal component of the data matrix.

Using the same mass spectroscopy data of Ritter (1976) [16], cyclohexane or hexane was
target transformed in the cyclohexane/hexane or cyclohexane/cyclohexene data matrix using the
code of Fastosh. A comparison between the Target Transformation results obtained with the
Fastosh code and those reported in Malinowski (1978) is shown in the table below:

RET REP SPOIL
Mixture Target Malinowski Fastosh Malinowski  Fastosh Malinowski  Fastosh
cyclohexane/hexane cyclohexane 0.13 0.08 0.13 0.13 0.70 0.62
hexane 0.09 0.07 0.14 0.14 0.56 0.52
cyclohexane/cyclohexene  cyclohexane 0.20 0.18 0.15 0.15 1.39 1.17
hexane 3.68 3.54 0.05 0.05 77.76 69.88

The results between Malinowski (1978) [7] and Fastosh are similar to each other. Since all
target transformation results depend on those obtained from PCA of the data matrix, the small
result discrepancies could be due to a difference in singular value decomposition (svd) method
between the one employed in Malinowski (1978) and the one used in Fastosh (a Matlab built-in
function).

5.5.3 Procedure

5.5.3.1 Selecting reference spectra to target-transform

To start the target transformation procedure, specify the number of principal components
determined by PCA and the reference spectra to target transform in the PCA/TT window (purple
fields in Figure 67). All selected spectra to target transform must have the same or higher energy
range than the E range employed to process by PCA the data matrix. If not, unselect the short
reference spectra or reprocess by PCA the data matrix with a shorter E range. When done, click
OK.

5.5.3.2 Results

The target transformation results are shown at the bottom of the window (Figure 68). The
reference spectra that were target transformed and their SPOIL are listed with increasing SPOIL
values. The plot shows the target vector and its predicted vector relative to the reference spectrum
highlighted in the SPOIL result table.
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5.5.3.2.1 SPOIL
According to Malinowski (1978) [7], the SPOIL values can be classified as:

0to 1.5 - Excellent

1.5 t0 3. - Good

3to4.5 - Fair

4.51t06 - Poor

>6 - Not acceptable

Or:
0to3 - Acceptable
3to6 - Moderately acceptable
>6 - Not acceptable

Therefore, some studies in the literature that applied the target transformation procedure
on XAFS data considered that only the references providing excellent or good SPOIL values (i.e.
SPOIL between 0 and 3) could possibly represent the principal components. Some other studies
also considered the references providing fair SPOIL values (between 3 and 4.5) as possible
principal components, since their SPOIL fall within the first part of the moderately acceptable range
(3-6). Accordingly, the SPOIL value of the highlighted reference is reported in the window (Figure
68) with a specific color following a color code that reflects Malinowski’'s SPOIL classification:

SPOIL from 0 to 1.5: green to blue
SPOIL from 1.5 to 3: blue to gray
SPOIL from 3 to 4.5: gray to red
SPOIL > 4.5: red

5.5.3.2.2 Plot of target array vs projected vector

The plot at the bottom right corner of the window (Figure 68) shows the target and projected
vectors relative to the reference highlighted in the result list. The target vector corresponds to the
spectrum of the reference being target-transformed. The projected vector corresponds to the target
vector projected in the space of the data matrix [7]. If the tested reference is indeed a component
of the data matrix, the two spectra should be similar to each other. This can be visually assessed
from the plot.
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6 MCR-ALS

6.1 Usefulness

The Multivariate Curve Resolution — Alternating Least-Squares (MCR-ALS) is performed
after Principal Component Analyses (PCA). PCA is firstly done to determine how many principal
components are present in a sample mixture. The MCR-ALS approach then enables to determine
the relative quantity of these principal components present in each sample of the sample mixture.
Additionally, MCR-ALS allows to obtain the spectra corresponding to these principal components,
but does not inform on the nature of these spectra. To help identify their nature, Fastosh proposes
a post-MCR-ALS tool where the pure spectra extracted by MCR-ALS can be compared with those
from a reference library.

6.2 Principle of MCR-ALS

The principal of PCA, and the three different PCA methods available in Fastosh, were
described in Section 5.4.1. The Data Matrix is processed via a singular value decomposition
approach to identify the number of principal components in the sample mixture. Once this number
is known, a noise-filtered expression of the Data Matrix can be obtained: [D]= [D]noise-fitered = [R].[C]
(Section 5.5.1).

Then, MCR-ALS can be used to transform [R] and [C], which are essentially two chemically
meaningless matrixes obtained from PCA, into two chemically meaningful matrices, shown as
[Pure Spectra] and [Pure Coefficients] in the expression below:

(8) [D]=[R].[C] =[Pure Spectra].[Pure Coefficients]

[Pure Spectra] consists in all spectra corresponding to the principal components present in the
sample mixture and [Pure Coefficients] corresponds to the relative quantity of these principal
components needed to reconstruct each sample spectrum of the Data Matrix. The transformation
of [R] and [C] into [Pure Spectra] and [Pure Coefficients] is done by MCR-ALS following these
steps:

e Step 0: An initial estimation of [Pure Spectra] or [Pure Coefficients] is obtained using
either the SIMPLISMA or EFA method (Section 6.4.3). In the following loop, the initial
estimation was done on [Pure Spectra], thus [Pure Coefficients] is obtained at step 1
below. If the initial estimation is done on [Pure Coefficients], then [Pure Spectra] is
obtained at step 1. Either way, both [Pure Coefficients] and [Pure Spectra] are
alternatively refined in the loop:

MCR-ALS loop:
e Step 1: [Pure Coefficients] is obtained:
[D]/ [Pure Spectra] = [Pure Coefficients]

e Step 2: [Pure Coefficients] is subjected to a set of user-defined constrains, detailed in
Section 6.4.4, so that the solutions of this matrix can be physically meaningful.

e Step 3: A new expression of [Pure Spectra] is obtained:
[D]/ [Pure Coefficients] = [Pure Spectra]

e Step 4: [Pure Spectra] is subjected to a set of user-defined constrains, detailed in
Section 6.4.4, so that the solutions of this matrix can be physically meaningful.

e Step 5: A fit residual is calculated to check whether convergence has been reached
(Section 6.4.6.1.2). If so, the loop is ended and results are reported. Otherwise, the
loop starts again a new iteration at Step 1.




The outcome of MCR-ALS is the two refined matrices [Pure Spectra] and [Pure
Coefficients]. Each of them can be saved as a text file, as detailed in Section 6.4.6.2. Additionally,
if the data are XANES or mu (not EXAFS), all spectra of the principal components extracted by
MCR-ALS can be transferred to the Main GUI (Section 6.4.6.2).
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Figure 69- Pre MCR-ALS: selection of scans that are part of the Data Matrix

6.3 Pre MCR-ALS

6.3.1 Main steps

The data processed by MCR-ALS must be a group of normalized mu or EXAFS
experimental spectra, i.e. the “Data Matrix” mentioned in the previous paragraph (Section 6.1).
Once MCR-ALS is completed, an option enables to compare the spectra of the pure components
extracted by MCR-ALS with reference spectra from a standard library. Accordingly, before opening
the MCR-ALS module, all data (i.e. the spectra of the Data Matrix to be processed by MCR-ALS,
and optionally all reference spectra to utilize after MCR-ALS) must be imported and consistently
preprocessed in the Main GUI, as mentioned in Section 4.

After all data has been consistently preprocessed in the Main GUI, open the MCR-ALS
module via the Main GUI menu:

Main GUlI Menu > Chemometry > “MCR-ALS”
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Once the main MCR-ALS window is open, there are essentially three main steps before
launching the toolbox:

o Step 1: Specify the Data Matrix
Select all scans that are part of the Data Matrix from the sample list in the Pre MCR-
ALS part of the main MCR-ALS window (Figure 69). At least 5 scans must be selected
to activate the Jaumot et al. toolbox in the middle of the window.

o Step 2: Select the data type
Specify if the data is normalized XANES/mu (select “Norm”) or chi/EXAFS (select
“EXAFS”), using the menu in the middle of the Pre MCR-ALS part of the window. If the
raw data imported to Fastosh is already normalized, select “Raw” instead of “Norm”.

If the data corresponds to mu/XANES spectra, all spectra except the first one
selected from the list are interpolated based on the energy array of the first spectrum
of the list.

Additionally, if the data corresponds to XANES/mu spectra and the dataset is
not centered, the 13t principal component can represent most of the variance in the
data set, since it can mainly correspond to the XAFS edge-jump (in fact, the spectral
mean). The option “Exclude 15t PC”, available in the Pre MCR-ALS corner of the main
MCR-ALS window (Figure 69) enables to remove the contribution of the 15t component
from the uncentered [D]. This can help determine the number of principal components
before starting MCR-ALS, as mentioned below in Section Erreur ! Source du renvoi
introuvable.. However, it is recommended to always include the 15t component
to process the Data Matrix by MCR-ALS. If there were N number of principal
components identified based on PCA performed at the Pre MCR-ALS stage without
including the 15t component, then N+1 number of principal components should be
considered to perform MCR-ALS with the 15t component included. If the 15t component
is excluded from the Data Matrix to perform MCR-ALS, it will be eventually added to
the extracted pure phases once MCR-ALS is completed.

o Step 3: Select fitting range
Select the range of the Data Matrix to process in the field “MCR-ALS data set from:

R

to:

o Optional last step: PCA & Multiple SIMPLISMA.

Two tools called “PCA” & “Multiple SIMPLISMA” are available at the bottom of the
Pre MCR-ALS corner of the main MCR-ALS window. The first one can be used to
perform PCA on the Data Matrix prior to MCR-ALS. It proposes more options to
visualize PCA results than those available in the Jaumot et al. toolbox (Section 6.3.2).

Additionality, if the goal is to use the SIMPLISMA method to do an initial estimation
of [Pure Spectra] or [Pure Coefficients] at the beginning of MCR-ALS (Section 6.4.3),
the “Multiple SIMPLISMA” tool can be used prior to starting the MCR-ALS toolbox to
rapidly test multiple SIMPLISMA thresholds as explained in the next Section (6.3.2).

6.3.2 PCA & Multiple SIMPLISMA

6.3.2.1 PCA

The “PCA” window enables to perform PCA on the Data Matrix selected in the main MCR-
ALS. Select “PCA...” at the bottom of the Pre MCR-ALS corner of the main MCR-ALS window. A
new window opens up, where different options to perform SVD and visualize the PCA results are
available: scree plot of eigenvalues, singular value plot, logarithmic first difference of the
eigenvalues, & IND plot. All these options were described in the section dedicated to PCA analyses
(Section 5.4.3). Note that the singular value plot in this window is the same as the scree plot
reported in the Jaumot et al. toolbox (Section 6.4.2).
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Figure 70 - Jaumot et al. toolbox: SIMPLISMA done on a Data Matrix with 3 principal components with
A) a 2% noise threshold and B) a 79% noise threshold

6.3.2.2 Multiple SIMPLISMA

6.3.2.2.1 Usefulness

SIMPLISMA is one of the two methods that can be employed in the Jaumot et al. toolbox
to do an initial estimation of [Pure Spectra] or [Pure Coefficients]. The Principle of SIMPLISMA will
be detailed below in Section 6.4.3.1. To perform SIMPLISMA on a data matrix, the number of
principal components must be known, thus PCA must be done prior to SIMPLISMA. Additionally,
a noise threshold value, in %, must be provided to perform SIMPLISMA as explained later on
(Section 6.4.3.1). If the initial estimation is done on [Pure Spectra], each row and column of the
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data matrix correspond to a full experimental spectrum and a specific data point energy in all
spectra, respectively. The SIMPLISMA approach finds what are the most dissimilar spectra (“pure
spectra”) in the data matrix based on the chosen threshold value (more details on how SIMPLISMA
finds these spectra in Section 6.4.3.1). It is assumed that each of these dissimilar spectra
correspond to the spectrum of a specific principal component. For example, in the SIMPLISMA
window of the Jaumot et al. toolbox shown in Figure 70a, the user-defined threshold value was set
to 2 %. The row numbers in the data matrix corresponding to the most dissimilar spectra were then
3, 25, & 41 (Figure 70a). These three spectra are shown in the SIMPLISMA window (Figure 70a).
When the user-defined threshold value was set at 79 %, the row numbers in the data matrix of the
most dissimilar spectra were 3, 56, & 57 (Figure 70b).
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Figure 71 —Results for 101 SIMPLISMA operations in the Multiple SIMPLISMA window, considering 3

principal components in the sample mixture. In this window, the highlighted threshold value is equal to A)

2% orB) 79 %.

To test multiple threshold values in the SIMPLISMA window of Jaumot et al. toolbox, each
value must be individually provided to the GUI as shown in Figure 70 a & b. This can be quite time
consuming since that there are 101 possible threshold values that can be employed to perform
SIMPLISMA (the threshold must be an integer between 0 and 100 %). The “Multiple SIMPLISMA”
functionality of Fastosh enables to test all 101 possible thresholds at once. One can then
identify at a glimpse how many thresholds provide the exact same results.

For example, the data employed in the Jaumot et al. toolbox’s SIMPLISMA window in
Figure 70 was also processed with “Multiple SIMPLISMA” (Figure 71). Results indicate that the
101 threshold values can be categorized into two groups. The first group consists in 4 threshold
values, between 0 and 3 %. Using any of these threshold values, the numbers/positions in the data
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matrix of the most dissimilar spectra found by SIMPLISMA are 3, 25, & 41. The second group
consists of 97 threshold values, between 4 and 100 %. Using any of these threshold values, the
numbers/positions in the data matrix of the most dissimilar spectra found by SIMPLISMA are 3, 56,
& 57. Therefore, in this example, there’s finally only two possible choices of threshold values to
perform SIMPLISMA in order to obtain the initial estimation of [Pure Spectra] in the MCR-ALS
Jaumot et al. toobox. If not sure about the choice in threshold value, SIMPLISMA & MCR-ALS
could be successively done two times, using any threshold value from Group1, and then Group 2,
and the final results could be eventually compared to each other. However, given that the pure
spectra do not seem to be really dependent on threshold values based on their appearances in the
SIMPLISMA window (Figure 70 and Figure 71), the choice of threshold value should not
significantly matter in this particular example. Also, the data matrix is constituted of mu spectra in
this example, which implies that the threshold is actually not so relevant (see Section 6.4.3.1).

If the initial estimation is done on [Pure Spectra], with a data matrix constituted of EXAFS
spectra, the threshold should be similar to the variance contribution of the noise, which corresponds
to the base level of the scree plot obtained by PCA. Accordingly, if the base level of the scree plot
is, for example, around 5-10%, one can perform multiple SIMPLISMA with a noise threshold
between 5 and 10% (i.e. 6 SIMPLISMA done at once) to check whether different results can be
obtained.

6.3.2.2.2 Description of the Multiple SIMPLISMA window

Before performing multiple SIMPLISMA, the number of principal components must be
provided on top of the Multiple SIMPLISMA window. If this number is not known, press “PCA...” to
determine this number (Section 6.3.2.1).

Additionally, either [Pure Spectra] or [Pure Coefficients] must be chosen to do the initial
estimation. In most cases, the initial estimation should be done on [Pure Spectra], as explained
later in Section 6.4.3.1.2. Then choose what are the threshold range to perform multiple
SIMPLISMA (default range is from 0 to 100%, thus 101 threshold values/SIMPLISMA operations).
Finally, press “Do SIMPLISMA” to perform Multiple SIMPLISMA.

The results are shown in three figures featured in the Multiple SIMPLISMA window. In all
of them, all data points corresponding to a specific principal component are displayed with a
specific color. For example, in Figure 71, it was specified that 3 principal components were present
in the sample mixture. Therefore, all data points corresponding to the 15!, 2", and 3™ principal
component are displayed in the figures with a blue, red, and yellow color, respectively.

o “Purest variable representation”
If the initial estimation is done on [Pure Spectra], the most dissimilar spectra found
(“pure spectra”) in the data matrix are shown in this plot.
If the initial estimation is done on [Pure Coefficients], the most different
concentrations (“pure concentrations”) in the data matrix are shown in this plot.

e “Pure index per threshold”

The numbers/positions of each pure spectrum/concentration in the data matrix is
shown on the X axis for each principal component. The specific threshold value
employed to perform SIMPLISMA is shown on the Y axis. For example, in Figure 71,
the pure spectrum number corresponding to the first principal component was always
3, regardless of the threshold value. For the second and third principal components,
one can observe that two sets of results were obtained: the first one for threshold
values between 0 and 3 % (pure spectra 25 & 41), and the second one for threshold
values between 4 and 100 % (pure spectra 56 & 57).

The horizontal bar highlights the results corresponding to the threshold value
specified on top of the window. When the latter was set to 2 and 79 %, the pure spectra
numbers were 3, 25, 41 (Figure 71a) and 3, 56, 57, (Figure 71b), respectively. These
are the same SIMPLISMA results as those obtained in the Jaumot et al. MCR-ALS
toolbox, when these two threshold values were employed (Figure 70 a & b).

o “Frequency per threshold”
This figure shows how many times the pure spectra/concentrations per principal
component corresponding to the threshold value specified on top of the window was
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found for all Multiple SIMPLISMA performed. For example, in the example shown in
Figure 71a, the threshold value specified on top of the window was 2 %. The pure
spectrum of the first principal component corresponding to the 2 % threshold value was
found with 101 multiple SIMPLISMA/threshold values. The pure spectrum
corresponding to the second or third principal component corresponding to the 2 %
threshold value was found with 4 multiple SIMPLISMA/threshold values (Figure 71a).

6.3.2.2.3 Choice of COO expression

As detailed below in Section 6.4.3.1, a “Correlation around the Origin” (COO) matrix is used
by SIMPLISMA to find the pure variables except for the first one. The expression of COO employed
in the Jaumot et al. toolbox defers from the one in Windig & Guilment (1991) [17], which introduced
the SIMPLISMA method. The COO expression of Windig & Guilment (1991) method is then used
by default in the Multiple SIMPLISMA window to find the pure variables. The choice of COO
expression (either Windig & Guilment or Jaumot et al.) can be modified via the menu bar on top of
the Multiple SIMPLISMA window:

Multiple SIMPLISMA Menu > COO Expression

The type of COO expression usually does not affect the final SIMPLISMA results when the
initial estimation is done on [Pure Spectra], but may have an effect when [Pure Coefficients] is
estimated. Since the initial estimation should be usually done on [Pure Spectra] when XAFS data
is processed by SIMPLISMA as mentioned below in Section 6.4.3.1.2, this difference in COO
expressions should not matter too much.

6.4 Jaumot et al. MCR-ALS Toolbox

This part of the manual does not represent a complete guide of the toolbox; please rather
refer to the publications of Jaumot et al. for specific details [3, 4]. It does aim, however, to provide
practical information on how to apply this toolbox specifically to XAFS data, so that any XAFS user
who is unfamiliar with MCR-ALS can autonomously start using the toolbox. Firstly, a description of
all steps to follow in the toolbox is provided.

6.4.1 Overall procedure

There are five steps:

e Step 1: (First window) Provide the number of principal components. If the number is already
known, directly specify it (press “Manual”) or find it, using the PCA module of the toolbox (press
“SVD”) -see Section 6.4.2 below.

e Step 2: (Also, first window) Do the initial matrix estimation by choosing either SIMPLISMA
(press “PURE”) or EFA (press “EFA”) -see Section 6.4.3 below.

e Step 3: second window “Selection of the data set”: specify the number of individual datasets,
if the data matrix is a group of datasets (“augmented” data matrix).

o Step 4: (window “Constrains: row mode”) Specify all constraints to apply to [Pure Coefficients]
-see Section 6.4.4 below.

e Step 5: (window “Constrains: column mode”) Specify all constraints to apply to [Pure Spectra]
-see Section 6.4.4 below.

e Step 6: (last window before ALS optimization) Specify the convergence criterion before starting
the fitting procedure -see Section 6.4.6.1.2 below.
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6.4.2 PCA, prior to MCR-ALS

The PCA window of the Jaumot et al. toolbox displays the result of the Singular Value
Decomposition (SVD) of the Data Matrix (Figure 72). The “Eigenvalues” reported in this window
correspond to the elements in the diagonal of [S] obtained from SVD. This Eigenvalue definition
thus differs from the one employed in Malinowski (1978) [7], Manceau et al (2014) [14], or in the
PCA windows of Fastosh (Sections 5.4 & 6.3.2.1), where the Eigenvalues correspond to the square
of the elements in the diagonal of [S]. As mentioned in Section 5.4.3.2.3, an Eigenvalue defined
using any of these two definitions can be considered as an apparent variance indicator. Plotting
singular value against component number just like in the Jaumot et al. toolbox (Figure 72a), and
interpreting the plot like a scree to determine the number of principal components, may provide
results more accurate than other approaches including the regular scree plot method, as
demonstrated in Section 5.4.3.2.3. To test other approaches to determine the number of principal
components in the data matrix, use the PCA window of the Pre MCR-ALS part (Figure 72b) before
opening the toolbox, as it proposes more than one option to plot the PCA results (Section 6.3.2.1).
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Figure 72 - PCA result window in A) Jaumot et al. toolbox and B) Fastosh’s pre MCR-ALS, using the
same data matrix

6.4.3 Initial estimation: SIMPLISMA or EFA

The Simple-to-use Interactive self-Modeling Mixture Analysis (SIMPLISMA) [17] and
Evolving Factor Analysis (EFA) [18] are two methods available in the Jaumot et al. toolbox to do
the initial estimation of [Pure Spectra] or [Pure Coefficients]. The SIMPLISMA is applied to a data
matrix whose spectra are not temporally related to each other. For example, SIMPLISMA can be
applied to spectra corresponding to different soil samples from a contaminated site. The EFA is
applied to spectra that gradually evolve with time, such as spectra successively obtained during an
operando experiment conducted at the beamline.

6.4.3.1 SIMPLISMA

6.4.3.1.1 Principle

The SIMPLISMA approach is referred as “PURE” in the Jaumot et al. toolbox as it is a pure
variable-based method [17]. A “pure variable” is a variable whose intensity is due to only one of
the components in the mixture under consideration. The steps of the SIMPLISMA procedure are:

e Step 1: The form of the data matrix [D] is defined based on whether the initial estimation
is done on [Pure Spectra] or [Pure Coefficients]. In the former case, each row and column
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of the data matrix correspond to a full spectrum and the values at a specific incident x-ray
energy in all spectra, respectively. In the latter case, [D] is transposed so that each row
and column correspond to the values at a specific incident x-ray energy in all spectra and
a full spectrum, respectively.

Step 2: The first pure variable is identified. Firstly, “Possible Pure ;1" is calculated for each

row “i” of the data matrix:

Oj

(9) Possible Pure i 1=
Hit o

“wey [Py}

where “i” is the row number in the Data Matrix, “o0;” is the standard deviation of all column

values at row ", “ui” is the mean of all column values at row “”, and “a” is equal to:

_ threshold
a= 100 .max(W)

where “threshold” is the user-defined threshold value (in %) and “max(u)” is the highest
average among all column means calculated along each row of the data matrix. The “a”
is employed in Expression (9) to avoid the case where “y” is equal to zero (case
impossible with XANES but possible with EXAFS spectra since the data oscillates around
0).

The row number in the data matrix corresponding to the first pure variable (Pure 1)
is equal to the value of “i” for which the highest “Possible Pure i 1" is obtained.

Step 3: The remaining pure variable(s) is/are found. The value “Possible Pure ;| is

calculated for each row “i” of the data matrix and each pure variable j, with j>1:

-
(10) Possible Pure ij= (—1 ) Wi
Hit a ’

where wi; is a determinant-based function whose meaning is described below. The row
number in the data matrix corresponding to the pure variable (Pure ;) is equal to the value
of “i” for which the highest “Possible Pure i’ is obtained.

Any pure variable other than the very first one must be independent from the
previous pure variable. Accordingly, wij is used as a weight function in Expression (10) to
determine the independence of the variable j. It is equal to:

Ci,i Ci,p1 Ci,pj_1
A wij=| P - o
Cilpj—l ij—l'pj—l

.

where “” is a row number in the Data Matrix [D], p1 is the row number in the Data Matrix
corresponding to the first pure variable, pj.1 is the row number in the Data Matrix
corresponding to the last pure variable found before the current pure variable being
searched, and “C” is the “correlation around the origin” (COO) matrix. Its expression is:

1 D] ( [D] )T
(12)c= -. *
s J2+(0+0)?)  \J(HZ+(o+a0)?)

Note: the above COO expression corresponds to the one introduced in Windig & Guilment
(1991) [17]. It defers from the COO expression originally defined in the Jaumot et al.
toobox, which is:
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1 D] ( D] )T
(13)C=-. *
s J(e2+(u+a)2)  \J(o2+(pta)?)

The SIMPLISMA procedure in the Jaumot et al. toobox featured in Fastosh was then
slightly modified so that the COO expression employed by default by SIMPLISMA is the
one introduced in Windig & Guilment (1991) (Expression (12)). To use instead the
expression originally employed in the toobox (Expression (13)), uncheck the box “COO
expression of Windig & Guilment 1991” in the SIMPLISMA window (Figure 70). The actual
effect on the results due to this COO expression difference is discussed in the next section
(Section 6.4.3.1.2).

6.4.3.1.2 Procedure
Once the SIMPLISMA window of the toolbox is open, follow these four steps:

6.4.3.2 EFA

Step 1: Specify if the initial estimation is done on [Pure Spectra] or [Pure Coefficients].
With XAFS data, SIMPLISMA should be done on [Pure Spectra] in most cases.
Indeed, XAFS data matrix are usually composed of XAFS spectra were the number of
data points per spectrum exceed the number of spectra in the data matrix. A typical XAFS
data matrix can, for example, consist in 10 spectra, each of them featuring 1000 data
points. If the initial estimation is done on [Pure Spectral, the standard deviation and mean
calculated to find the pure variables (Expressions (9) & (10)) will reflect the data variability
in all 1000 x-ray energies per spectrum. In contrast, if the initial estimation is done on
[Pure Coefficients], the standard deviation and mean will reflect the data variability in all
10 spectra at a specific x-ray energy of the spectra. Although this variability can reflect
structural variations between spectra, it can also, partly or mainly, reflect the variations
only due to noise since XAFS spectra usually feature a non-negligible amount of random
noise.

Step 2: Specify whether the COO expression employed by SIMPLISMA to find the pure
variables is the one introduced by Windig & Guilment (1991) [17] (default choice) or the
one originally employed in the toolbox. The type of COO expression usually does not
affect at all the final SIMPLISMA results when the initial estimation is done on [Pure
Spectra], but may have an effect when [Pure Coefficients] is estimated. Since the initial
estimation should done in most cases on [Pure Spectra] as mentioned in the previous
paragraph, the difference in COO expressions should not matter.

Step 3: Specify a threshold, in %. If the initial estimation is done on [Pure Spectra], the
threshold should be similar to the variance contribution of the noise, which corresponds
to the base level of the scree plot obtained by PCA.

Step 4: Press OK to do SIMPLISMA. The row numbers of all pure variables in the data
matrix and their respective pure spectrum are shown in the window.

6.4.3.2.1 Principle

The EFA method is strictly applied to data matrices where spectra are temporally related

to each other. Therefore, the ordering of the spectra in the data matrix must reflect this temporal
relationship.

A PCA analysis is repeatedly performed on a data matrix where the total number of spectra

is gradually increased, starting from the first spectrum collected to the last spectrum collected. The
eigenvalues obtained at the end of all these PCA analyses are plotted in a figure against number
of spectra in the data matrix. This procedure is then repeated, but starting from the last spectrum
collected to the first spectrum collected. All obtained eigenvalues are again plotted in the same
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figure as the previous one. The overlay of the forward and reverse analyses provides an estimation
of the concentration profiles, i.e. [Pure Coefficients].

Figure 73 —

log(eigenvalues)

7o - ===~ Noise level

5 10 15 20 25 30 35 40 45 50
Elution times (a.u.)

Example of noise level determination when a data matrix of chromatographic spectra was
processed by EFA[18].

From version 1.0.6, Fastosh proposes two different EFA approaches. The first one is

employed when the data matrix, to be processed by MCR-ALS, consists of a single kinetics dataset.
The second approach is employed when the data matrix, to be processed by MCR-ALS, is an
“augmented” data matrix consisting of several kinetics datasets grouped together. In the first and
second case, select “EFA on one matrix” and “EFA on multi matrices” in the first window of the
Jaumot et al. Toolbox, respectively. The procedure related to each approach is detailed below.

6.4.3.2.2 Procedure: case of an individual kinetics dataset

If the data matrix to be processed by MCR-ALS consists of a single kinetics dataset, select

“EFA on one matrix” in the first window of the Jaumot et al. Once the EFA window of the toolbox is
open, simply repeatedly press on “Continue” button in the window to successively:

Do all forward PCA analyses

Do all backward PCA analyses. Once completed, the forward and backward results are
plotted in a same figure, as log(eigenvalue) per number of spectra (Figure 74a).

Show a box in the EFA window where the noise level can be provided. This corresponds
to where the concentration profiles and noise separate from each other on the Y axis, as
shown in the example in Figure 73. Providing a value will only rescale the figure and mask
the noise contribution so that the concentration profiles can be better visualized. Since
this noise level value is actually not used in the EFA procedure, this step can be skipped.
However, in any case a value must be provided to the box to activate again the button
“Continue” in the window and move on to the next step.

Display the final concentration profiles of the principal components plotted as eigenvalue
per number of spectra in the data matrix (Figure 74c). The concentration profile of each
principal component is determined using the forward and backward PCA results of the
principal component. The concentration profile is equal to the forward profile as long as
the eigenvalues of the forward profile are smaller than those of the backward profile. If
they become higher, the concentration profile is then equal to the backward profile (Figure
74b).
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Figure 74 -EFA results in the Jaumot et al. toolbox: A) forward and backward analyses results reported
as log(eigenvalue) per number of spectra/row number in the data matrix B) same plot as the previous
one, but with the concentration profiles of all principal components highlighted in green color; C) same
plot as the previous one, but zoomed in, and with results reported as eigenvalue per number of spectra;
and D) last window of EFA in Jaumot et al., where the concentration profile of each principal component
is shown with a specific color, in eigenvalue per number of spectra.

6.4.3.2.3 Procedure: case of an “augmented” data matrix (multiple kinetics datasets)

A limitation of the original Jaumot et al toolbox is that the EFA cannot be performed on an
“augmented” data matrix consisting of several kinetics datasets grouped together. Indeed, in this
particular case, using the EFA method is impossible as it can only be applied to a matrix
corresponding to a single kinetic experiment. Similarly, using SIMPLISMA is not ideal either, as the
purest species identified with this method may not necessarily correspond to the principal
components in the different kinetics datasets that are defined, in the ISP matrix, as relevant for the
MCR-ALS calculation. From version 1.0.6, Fastosh proposes a tool to perform the EFA method on
each individual dataset, and then concatenate the initial [coefficients] associated to each dataset
into one [coefficients] corresponding to the augmented data matrix. In the first window of the
toolbox, select “EFA on multi matrices” instead of “EFA on one matrix”. Then, in a new window,
specify the number of individual kinetics datasets, and the first and last scans belonging to each of
these individual kinetics datasets.

Note: the first and last scans belonging to the last individual kinetics dataset is
automatically inferred, based on the selection relative to all previous individual kinetics datasets.
The results are plotted in a similar way as the EFA module originally included in the toolbox.
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Figure 75 -Tool to perform EFA on an augmented data matrix consisting of more than one temporally-
relevant datasets

6.4.4 Constraints

Selecting the appropriate constraints and knowing how to apply them is the most crucial
point to ensure obtaining meaningful and reliable MCR-ALS solutions [19]. This section describes
the MCR-ALS constraints that can be applied to XAFS data: non-negativity, unimodality, closure,
and equality. The constraints are firstly applied to [Pure Coefficients] in the window “Constrains:
row mode”, and then to [Pure Spectra] in the window “Constrains: column mode”.

6.4.4.1 Automatic setting of constraints

From version 1.0.6, Fastosh features a function that automatically sets the basic
constraints applied to XAFS data. If MCR-ALS is to be performed on...

...Norm data: Non-negativity and closure are automatically set to [Pure Coefficients], and non-
negativity is automatically set to [Pure Spectra]

...EXAFS data: Non-negativity and closure is automatically set to [Pure Coefficients] only.
...non-XAFS: No constraint is automatically applied.

To deactivate this function, unchecked in the menu of the Fastosh’s MCR-ALS window:

Menu of Fastosh’s MCR-ALS window > Options > “Typical MCR-ALS constraints already
selected in the toolbox”
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6.4.4.2 Non-negativity

This applies a non-negativity constraint on all values of the matrix. This constraint should
be systematically imposed to [Pure Coefficients] whether the spectra are XANES or EXAFS,
since the coefficients (i.e. relative contribution of the spectra corresponding to all principal
components to reconstruct any experimental spectrum of the data matrix -the coefficients are
referred as “concentrations” in the toolbox) should always be positive. Additionally, a non-
negativity constraint should be always imposed to [Pure Spectra] if the spectra are XANES,
since they are essentially normalized mu spectra and thus cannot be negative. However, this
constraint should not be imposed to [Pure Spectra] if the spectra are EXAFS as the data oscillates
around 0.

There are three types of non-negativity constraints available, which are described below.

6.4.4.2.1 Force to zero

This constraint simply replaces negative values with zeros. Choose this option only when
not all profiles in [Pure Spectra] or [Pure Coefficients] are constrained or when statistically sounder
non-negative least square methods (e.g. fnnls described below) fail or take too long to complete
[3]. Therefore, “Force to zero” should not be chosen in most cases. If this option is chosen, specify
also the number of profiles to constrain (i.e. all profiles, most likely).

6.4.4.2.2 nnlis

The non-negative least-squares (nnls) constraint is an old least square-based approach
that may imply long and unnecessary computational steps. Use instead the fnnls constraint as it is
an improved version of nnls.

6.4.4.2.3 fnnis

The fast non-negative least-squares (fnnls) improves upon nnls by avoiding redundant
computations [20]. This should be the non-negativity method to choose by default. If it is chosen,
specify that all principal components are constrained, which is the only choice available in the menu
“Nr. Of species with non-negative profiles?”. If this is not done, the toolbox may return an error later
on.

6.4.4.3 Unimodality

The unimodality constraint forces that only one maximum is allowed per profile. The
unimodality can be either vertical, horizontal, or average (Figure 76).

Original Vertical Horizontal Average
(no constrain) unimodality unimodality unimodality

Figure 76 -Schematic representation of the three different unimodality types

The vertical unimodality forces all non-unimodal parts of the profile to zero. The horizontal
unimodality forces all non-unimodal parts to be equal to the last unimodal value. The average
unimodality (the smoothest one) forces all non-unimodal parts to be an average between the two
extreme values being still unimodal using a regression procedure.

A constraint tolerance (a.k.a. “constraint threshold”) can be selected to allow for some local
departures of the unimodality condition. For instance, 1.5 means that 50% of local departure of the
unimodal condition is allowed, i.e. that in the decreasing slopes of the main peak, a particular point
can increase a maximum of 50% of the previous value before the unimodality constraint is applied.
Values between 1.0 (no departures from the unimodal condition allowed) and 1.1 are usual in
systems with low to medium noise levels [3]. More details on the effects of the threshold value
applied to the vertical, horizontal, or average constraints is shown in Figure 77. Based on the
results shown in this figure, the vertical approach is the most radical method. It may yield to
uncorrect results when the threshold is too low (e.g. 1.1) and data is as noisy as the one shown in
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Figure 77 as a significant portion of the data is set to zero. The average method is the most
conservative relative to the original data.

Once the unimodality type and constraint tolerance have been set, specify how many
principal components are constrained by unimodality using the menu “Nr. Of species with
unimodality profiles?”.

If the data matrix consists of XAFS spectra that are temporally linked to each other, e.g. a
set of spectra that were collected during a kinetic experiment followed in-situ at the beamline, a
unimodality may be applied to [Pure Coefficients], if a non-unimodal behavior is not expected to
occur based on prior-knowledge of the system. However, if the data matrix consists of XAFS
spectra that are temporally independent from each other, e.g. XAFS spectra corresponding to
different polluted soil samples, a unimodality constraint should not be applied to [Pure Coefficients].

Example of concentration profile of one pure species, with no
unimodality applied (each datapoint value is displayed):
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Figure 77 - Threshold effect when a vertical, horizontal, or average constraint is applied
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6.4.4.4 Closure

6.4.4.4.1 Principle

Excerpt from Jaumot et al. (2015) [3]:

The closure constraint permits to fulfill the mass balance in the system (Figure 78). The
total concentration of the system (closure constant) can be fixed to a single value or to a variable
(changing) value. If the variation of the closure constant along the experiment is known (e.g.,
titration experiments with known dilutions), the name of a vector variable that contains the total
concentration values at each point of the process should be introduced in the suitable box. The
program also allows for the introduction of two closure conditions (two mass balance equations);
however, the application of this option is not recommended when common species are shared by
both mass balances. Finally, closure can be implemented as an equality constraint (the closure
constant is exactly equal to some preselected value) or as a smoother inequality constraint. In the
latter case, the mass balance should equal or be lower than the preselected value for the closure
constant.

Fastosh v. 1.0.10 - User Manual - MCR-ALS 129



6.4.4.4.2 Application of closure constraint to XAFS data

As previously mentioned, the term “concentration” referred by Jaumot et al. corresponds
to the relative amounts of the principal components in each sample of the data matrix. The
experimental spectrum of a sample belonging to the data matrix can be reconstructed by summing
all spectra of the principal components multiplied by their respective relative amount
(“coefficients”). For example, if two principal components of [D] are present in a sample belonging
to [D] in equal proportions (in mol % of the element of interest), their respective coefficients are 0.5
for this sample. Consequently, the experimental XAFS spectrum of this sample can be
reconstructed by summing the XAFS spectra of the two principal components, each of them
multiplied by 0.5. Therefore, a closure on [Pure Coefficients] should be applied to XANES or
EXAFS data, to force the sum of all principal component coefficients to 1 for each spectrum
of the data matrix. This can be done in the “Constrains: row mode” window by:

e Applying the “closure” constraint

¢ Inthe menu “Nr. of closure constraints to be included?”, Select “1”, so that only
one closure constraint is applied.

e Next to “Which species are in 15t closure”, check the box “All”, so that the
constraint is applied to all principal components of the data matrix.

¢ In the menu “Closure conditions” menu, select “Equal to”
e Inthe field “First closure constraint equal to”, type “1”

e (Do not check the box “Closure Variable”)

Ctotal i Ctotal

No constraint Closure
Figure 78 -Schematic representation of the closure constraint (From R. Tauler:
https://core.ac.uk/download/pdf/36047261.pdf)

6.4.4.5 Equality

6.4.4.5.1 Principle

Since Fastosh v1.0.6, the coefficient(s) or spectrum corresponding to a specific principal
component can be fixed instead of being floated during the ALS step. This option can be notably
applicable to a dataset corresponding to an in-situ experiment conducted at the beamline where
the first and last scans of the dataset entirely correspond to the reactant & product of the reaction,
respectively. In that case, the spectra of the first and last principal components can be fixed during
the ALS step and equal to the first and last spectra of the dataset. Moreover, the coefficients of the
first and last principal components can be fixed to 1-0 and 0-1, for the first and last spectrum of the
dataset, respectively.

If the Equality Constraint has to be applied to [concentrations], in the window dedicated to
setting the constraints to [concentrations], the Jaumot et al. toolbox must be feeded with a
“concentration csel matrix”. The size of “concentration csel matrix” is equal to the size of [Pure
concentrations] refined during the ALS step. This matrix is created automatically (from Fastosh
v1.0.6), and can be easily edited (Figure 79 A). In the original toolbox, it has to be manually created
using Matlab. The “concentration csel matrix” contains either real numbers (i.e. fixed values during
the ALS step) or “NaN”, i.e. “Not A Number” values (i.e. floated values during the ALS step).

Similarly, if the Equality Constraint is selected in the window dedicated to setting the
constraints to [Pure spectra], the Jaumot et al. toolbox must be feeded with a “spectra csel matrix”.
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This matrix is also created automatically (from Fastosh v1.0.6), and can be easily edited (Figure
79 B). In the original toolbox, it has to be manually created using Matlab. The size of “spectra csel
matrix” is equal to the size of [Pure spectra] refined during the ALS step. The “spectra csel matrix”
contains either real numbers (i.e. fixed values during the ALS step) or “NaN” values (i.e. floated
values during the ALS step).

6.4.4.5.2 Application of Equality Constraint to [Pure concentrations]

Let’s consider a dataset corresponding to a reaction followed in-situ at the beamline and
featuring three principal components. The first and last scans of the dataset entirely correspond to
the reactant (first principal component) & product (third principal component) of the reaction,
respectively. The second principal component corresponds to an intermediate species that
temporally forms during the in-situ reaction.

The coefficients of the first and last principal components can be then fixed to 1-0 and 0-1,
for the first and last spectrum of the dataset, respectively. To do that, follow these steps:

¢ In the window dedicated to setting the constraints to [Pure concentrations],
select “Equality Constraint”.

e Still in this window, press on “Modify concentration csel matrix”. A window
appears (Figure 79 A).

e The coefficients of the first and third principal components present in the first
sample of the dataset (“RuNi_005_RED_004") are modified, from NaN & NaN
to 1 & 0, respectively. To do that, directly edit the values in the table. Similarly,
the coefficients of the first and third principal components present in the last
sample of the dataset (“RuNi_005_RED_033”) are modified, from NaN & NaN
to 0 & 1, respectively (Figure 79 A).

Once done, close the window.

¢ In the field “Select csel matrix:”, scroll down the menu “select a variable from
the WS” and choose “conc_csel_matrix”

e In the field “Constraints are:”, scroll down the menu “select...” and choose
“equal than”

6.4.4.5.3 Application of Equality Constraint to [Pure spectra]

Let’s consider the same dataset described in the previous section. The spectra of the first
and third principal components can be fixed during the ALS step and equal to the first and last
spectra of the dataset. To do that, follow these steps:

e In the window dedicated to setting the constraints to [Pure spectra], select
“Equality Constraint”.

e Still in this window, press on “Modify spectra csel matrix”. A window appears.
(Figure 79 B).

e The first spectrum of the dataset (“RuNi_005 RED_004") is selected and
applied to “Pure #1”. The last spectrum of the dataset (“RuNi_005_RED_033")
is selected and applied to “Pure #3” (Figure 79 B).
Once done, close the window.

¢ In the field “Select csel matrix:”, scroll down the menu “select a variable from
the WS” and choose “spectra_csel_matrix”

e In the field “Constraints are:”, scroll down the menu “select...” and choose
“‘equal than”
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@ Fastosh
Current:  Pure#1
Value: 0 applied from 1 to 30 Apply
Pure #1 Pure #2 Pure #3
1: RuNi_005_RED_0004 1 NaN 0
2: RuNi_005_RED_0005 NaN NaN NaN
3: RuNi_005_RED_0006 Nah NaN NaN
4: RuNi_005_RED_0007 NaN NaN NaN
5: RuNi_005_RED_0008 Nah NaN NaN
6: RuNi_005_RED_0009 NaN NaN NaN
7: RuNi_005_RED_0010 Nal NaN NaN
8: RuNi_005_RED_0011 NaN NaN NaN
9: RuNi_005_RED_0012 Nah NaN NaN
10: RuNi_005_RED_0013 NaN NaN NaN
11: RuNi_005_RED_0014 NaN NaN NaN
12: RuNi_005_RED_0015 NaN NeN Nal
13:RuNi_005_RED_0016 Nah NaN NaN
14: RuNi_005_RED_0017 Nah NaN NaN
15: RuNi_005_RED_0018 NaN NaN NaN
16: RuNi_005_RED_0019 NaN NaN NaN
17: RuNi_005_RED_0020 NaN NaN NaN
18: RuNi_005_RED_0021 Nah NaN NaN
19: RuNi_005_RED_0022 NaN NaN NaN
20: RuNi_005_RED_0023 NaN NaN NaN
21: RuNi_005_RED_0024 NaN NaN NaN
22:RuNi_005_RED_0025 Nah NaN NaN
23: RuNi_005_RED_0026 NaN NaN NaN
24: RuNi_005_RED_0027 NaN NaN NaN
25: RuNi_005_RED_0028 Nal NN NaN
26: RuNi_005_RED_0029 NaN NaN NaN
27:RuNi_005_RED_0030 NaN NaN NaN
28:RuNi_005_RED_0031 Nal NaN NaN
29: RuNi_005_RED_0032 Nah NaN NaN
30: RuNi_005_RED_0033 ] NaN 1
Close

A)

6.4.5 Advanced toolbox functionnalities

® L Fastosh
Cument:  RuNi_005_RED_0033
Applied to: | pure #3
Apply
Pure #1  RuNi_005_RED 0004
Pure #2 | Not constrained
Pure #3  RuNi_005_RED 0033
7 ' . i e T
08+ | i
06 i
04
02f | |
[ " . \ \
8200 8300 8400 8500 8600 8700
Close

B)

Figure 79- Constraining the A) concentration csel matrix or B) spectra csel matrix

From the version 1.0.6 of Fastosh, the advanced functionnalities of the toolbox, e.g.
“Correlation”, “Multiway”, and “Kinetic HM”, as detailed in the Jaumot et al. 2015 manuscript, are
unlocked and usable in the program. The correlation module has been slighly customized: in this
module (Figure 80, left), press the red button “Edit concentration matrix” to open a window (Figure
80, right) where the concentration matrix has already been created and can be easily edited - in
the original toolbox, this matrix has to be manually created using Matlab). In this window, all values
are set by default to “NaN’ (= concentrations not constrained).

Correlation Constraint Options

Compounds to perform regression

Figure 80 - Customized
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“Correlation matrix’

Apply avalue to multiple rows of a specific Pure:
appiedto | Pure #1 <

Apply

Pure #1

1.00006-05
1.00006-05
1.00006-05
1.00006-05
1.00006-05
1.0000e-05
1.00006-05
1.00006-05
1.00006-05
1.00006-05
1.00006-05
1.00006-05
1.00000-05
1.0000e-05

Pure #2 Pure #3
1:A_ext_Sn02_14pw_BN_redux_SnK_0040
2:A_ext_Sn02_14pw_BN_redux_SnK_0041
3:A_ext_Sn02_14pw_BN_redux_SnK_0042

4:A_ext_Sn02_14pw_BN_redux_SnK_0043
_Snk_0044

5:A_ext_Sn02_14pw_BN_redux_SnK_
6:A_ext_Sn02_14pw_BN_redux_SnK_0045
7:A_ext_Sn02_14pw_BN_redux_SnK_0046
8:A_ext_Sn02_14pw_BN_redux_SnK_0047
9:A_ext_Sn02_14pw_BN_redux_Snk_0048
10:A_ext_Sn02_14pw_BN_redux_Snk_0049
11:A_ext_Sn02_14pw_BN_redux_Snk_0050
12:A_ext_Sn02_14pw_BN_redux_Snk_0051

13:A_ext_Sn02_14pw_BN_redux_Snk_0052

14:A_ext_Sn02_14pw_BN_redux_Snk_0053
15:A_ext_Sn02_14pw_BN_redux_Snk_0054
16:A_ext_Sn02_14pw_BN_redux_SnK_0055

17:A_ext_Sn02_14pw_BN_redux_SnK_0056

18:A_ext_Sn02_14pw_BN_redux_Snk_0057

19:A_ext_Sn02_14pw_BN_redux_Snk_0058

20:A_ext_Sn02_14pw_BN_redux_SnK_0059

21:A_ext_Sn02_14pw_BN_redux_SnK_0060

22:A_ext_Sn02_14pw_BN_redux_Snk_0061

23:A_ext_Sn02_14pw_BN_redux_Snk_0062

24:A_ext_Sn02_14pw_BN_redux_SnK_0063

25:A_ext_Sn02_14pw_BN_redux_SnK_0064

26:A_ext_Sn02_14pw_BN_redux_SnK_0065
27:A_ext_Sn02_14pw_BN_redux_SnK_0066
28:A_ext_Sn02_14pw_BN_redux_SnK_0067
29:A_ext_Sn02_14pw_BN_redux_SnK_0068

30:A_ext_Sn02_14pw_BN_redux_Snk_0069

31:A_ext_Sn02_14pw_BN_redux_Snk_0070

32:A_ext_Sn02_14pw_BN_redux_SnK_0071

33:A_ext_Sn02_14pw BN redux_Snk_0072

EEEEEE EEEEEEEECEEEEEEREEEEEREEEEE
EEEEEEEEEEEEEEECEEE EE EEEREREEREE

EEEEEEEEEEEEEE

34:A_ext Sn02_14pw_BN_redux_Snk_0073
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" tool of Jaumot et al. Toolbox.
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6.4.6 Fitting

6.4.6.1 ALS optimization: general parameters & window

Before starting the ALS optimization, the number of iterations and convergence criterion of
the fit procedure can be modified from their default values, as mentioned below.

6.4.6.1.1 Number of iterations

The maximum number of iterations allowed during the ALS optimization is set to 50. To
ensure that the fitting procedure does not stop only because the number of iterations exceeded
this maximum, this parameter can be systematically set to a very high value, e.g. 500.

6.4.6.1.2 Convergence Criterion

At the end of each MCR-ALS fitting loop, the residual matrix is calculated:
[Residual] = [D] — ([Pure Spectra] * [Pure Coefficients])

where [D] is the original data matrix, and [Pure Coefficients] & [Pure Spectra] are the new matrices
refined during each individual loop. The standard deviation “c” of [Residual] is then obtained:

_ \/Zi]-Residuali]- 2
G_

n*m

. “wn

where “Residual i;” is the value in [Residual] at row position “I” and column position “”, and n & m
are the total numbers of rows & columns in the data matrix, respectively. Convergence is achieved
when in two consecutive iterative cycles, the relative difference between the ¢ values obtained at
the end of the two loops is less than the convergence criterion, in %. Once the actual ALS fitting
procedure has started, o obtained at the end of each iteration is shown as “Std dev. of residuals
vs. exp data”in the ALS optimization window.

The default value of the divergence criterion is set to 0.1 %. This value may be modified
depending on the stage of the optimization. For instance, a higher value can be used (e.g. 1 %) at
the first attempt for exploratory purposes. Once a good model has been found, lower values can
be attempted to check whether there is any appreciable improvement in the results [4]. In contrast,
the value of the convergence criterion may be increased if the fitting procedure fails to reach
convergence after 20 iterations with no result improvements between each loop (in that case the
ALS Optimization window returns the message: “Fit not improving for 20 times consecutively
(divergence?), stop! ).

6.4.6.1.3 ALS optimization window

Once the fitting procedure has begun, the data of [Pure Spectra] and [Pure Coefficients],
being progressively & alternatively refined at each fit iteration, is shown in two figures in the upper
part of the ALS optimization window. This window also shows at each iteration the explained data
variance (R?) and the lack of data fit to assess the dissimilarity among the experimental data matrix
[D] and the data modeled by MCR-ALS. The expressions of R? and lack of fit are:

Y.iiDji2—YiResidual;; 2 Y ;i Residual j; 2
R2=100 |[————1—— Lack of fit (%) = 100_|== —
YijDij XijDij

where “D ii” is the value in [D] at row position “i” and column position “, and “Residual ;" is the
value in [Residual] at row position “i” and column position “j”.

Two different lack of fit values are reported at each iteration in the ALS optimization window.
They are calculated using two different types of data matrix [D]: “lack of fit (PCA)” is calculated

using the PCA-reproduced data matrix using the same number of components as in the MCR-ALS
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model, and “lack of fit (exp)” is calculated using the raw experimental data matrix. These values
can be employed to assess whether experimental data were well fitted and also to evaluate whether
the ALS optimization fit results are similar to those obtained by PCA [4].

Jaumot et al. toolbox
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MCR-ALS user frienly interface: RESULTS

ALS optimization

Concentration profiles

0.000000 0.875388 0.124612 KT1_bulk
0.383407 0.616593 0.000000 KT2 bulk
0.685830 0.000000 0.314170 KT6_bulk
@.700305 0.014047 9.285649 inc2_KT6_contN
0.401340 0.576513 0.022147 inc1_KT1 conth
0.793632 0.206368 0.000000 inc1_KT2_conth
8.563295 0.000000 9.436705 inc1_KT6_contW
0.462351 0.307426 0.230223 inc1_KT1 ac
0.324636 0.557144 0.118220 inc1KT1_fb
9.784681 0.215319 2.000000 inc1_KT2_ac
Save as 0.686668 0.313332 0.000000 inc1 KT2_fb
12 1 0.754372 0.048315 0.197313 inc1_KT6_ac
0.749289 0.103692 0.147020 inc1_KT6_fb
rsous ;| MCR_ALS results 0.504599 0.188524 0.306877 inc2_KT6_ac
0.144192 0.036958 0.818850 inc2_KT6_fb

Tags

ou Desktop | T R

Format v (RESULTS ONLY)

(RESULTS + SCAN NAMES)

All Files e

3000 3500

Std. dev of residuals vs. exp. data = 0,0033567

Fitting error fack of fit, lof) in % (PCA) =0.26524

Fitting error fack of fit, of) in % (exp) = 0.37437

Back 2 param Percent of variance expiained (r 2 ) at the optmum is = 99.9988

Figure 81 - ALS optimization window at the end of the fitting procedure (Jaumot et al. toolbox)

6.4.6.2 Handling MCR-ALS results

6.4.6.2.1 Saving as a text file

Once the fitting procedure is completed, return to Fastosh main windowby pressing “Return
to Fastosh & proceed with post MCR-ALS”. This button closes the toolbox and makes the main
MCR-ALS of Fastosh reappears on the screen (Figure 81). Once back in the MCR-ALS window,
the “Save text files of [Spectra] and [Coef]” allows to save the MCR-ALS results in separate text
files.

The first text file “Pure_Spectra.txt” features, in the first column, the energy (XANES) or k
(EXAFS) values of the all pure spectra. All remaining columns of this text file correspond to the
absorption data of the pure spectra.

The coefficients of the pure spectra in each experimental spectrum of the data matrix are
saved in the second text file “Pure_Concentration.txt’. The columns and rows correspond to the
pure spectra and experimental spectra of the data matrix, respectively. By default, the text files
only feature the values of [Pure Spectra] or [Pure Coefficients]. To add to “Pure_Concentration.txt”
the name of the experimental spectrum corresponding to each row as shown in Figure 81, scroll
down the menu “Format” in the window that appears after pressing the button “Save results” and
select the option: “Results + scan names” (Figure 81).

6.4.6.2.2 Transferring pure spectra to main GUI

The pure XANES/mu or chi spectra obtained by MCR-ALS can be transferred to the main
GUI via “Transfer pure spectra to Main GUI” in the post MCR-ALS part of the main MCR-ALS
window of Fastosh.

The pure spectra obtained by MCR-ALS are actually normalized mu spectra given that the
XANES employed in MCR-ALS are normalized. At this point, the transferred pure spectra can be
plotted or saved from the Main GUI
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6.4.7 Displaying maps of pure species, for datasets acquired in 2D

6.4.7.1 Displaying the GUI

If the dataset processed in the Jaumot et al. toolbox was acquired in 2D, a window called
“Image Distribution Maps and Spectra” built-in the Jaumot-et-al toolbox, allows to display the map
of each pure species, once convergence is achieved. To display this window:

- In the “ALS optimization” window, once convergence is achieved, click on the “Information”
button (see 1 in Figure 82). This opens the “optimization information” window.

- Inthe “Optimization Information” window, click on “Image”. (see 2 in Figure 82). This opens
the “Image scores refolding” window

- In the “Image scores refolding” window, one must provide the correct number of pixels in
the vertical and horizontal directions of the map, and the number of maps processed. Then,
click on “Plot”. (see 3 in Figure 82). This opens up the “Image Distribution Maps and
Spectra”.

6.4.7.2 Added features for displaying 2D maps, non available in the original toolbox

Some functionnalities were added to the window “Image Distribution Maps and Spectra”, notably
the possibility of deactivating the “homing” on each axis, and the possibility to create composite
map of all pures species.

e e Summary of somzaton ewion ® Images scores refolding

Optimization information Image scores refolding

— st B Paxols and Images info
Pixels in vertcal direction * 2

a singlo numbar f all imagos are equaly sized,

avector if mages havo diferent sizes

Pixels in horzontal directon * 2

Number of mages

0 7 T Optional
0 0z 04 s o8 1 Indexes of poxels i resokiton (a1 by detaun)

Indexes of background pixels. (0 by defauty

Wavelength axis for spectra arbitrary channels (optional, arbirary channels)

- -

Select image rumber:
Select component rumber:

Homing on X duwing data callection
Homing on Y during data collection

Refolded distribution Spectra

imoge st ibuton Wags and Spectra e 0 Fastosh - MCR-ALS composite map
Image Distribution Maps and Spectra

a1 B

] B
pure_1 [l
pure_2 [l

Pure_4

Figure 82 — Displaying the composite map of all pure species present in a dataset acquired in 2D

6.4.7.2.1 Homing on each axis during data acquisition

Suppose that the “Homing on Y during data collection” is checked. This means that when
the recording of given row of the image was completed, the data acquisition system systematically
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returned to the first column of the image to start recording a new row, similarly to a typewritter
homing motion. The original toolbox strictly expected this data acquisition behavior. In contrast, if
homing is not checked, it is assumed that the recording of a new row of the image alternatively
started at the first or last column of the map, similarly to an Alpine Skier going down the hill in zig-
zag motion. This is typically the behavior that a fly-scan acquisition mode employs.

6.4.7.2.2 Composite map of all pure species

The original Jaumot et al. toolbox could only display the map of one specific pure species
at a time. An added function allows to display the composite map of all pure species. To display it,
click on the button “Composite” available in the window “Image Distribution Maps and Spectra”
(see 4 in Figure 82). The composite map appears in a new window, where it is possible to modify
the color of each pure species. It is also possible to exclude one pure species from the composite
map (typically the one corresponding to the background), as shown in Figure 82 (species 3 was
excluded from the composite map).

6.5 Post MCR-ALS
6.5.1 Generalities

6.5.1.1 Principle

The MCR-ALS enables to obtain the spectra corresponding to the sample mixture’'s
principal components, but does not inform on the nature of these spectra. To help identify their
nature, they are used, along with all spectra belonging to a user’s reference library, to calculate
multiple R factors. For each possible combo of pure spectrum and reference spectrum, an R factor
is calculated to estimate the mismatch between the two spectra. Given the R expression, the lower
the R value, the more similar the two spectra are to each other:

Yp=1lpure spectrum(p) — reference spectrum(p)]?

R factor =
actor 1, [pure spectrum(p)]?

9

where “t” is the total number of points in each spectrum, and “p” is a specific data point in each
spectrum. Therefore, the reference spectrum that gives the lowest R factor value is, among all
reference spectra considered, the one matching the most the pure spectrum.

6.5.1.2 Procedure

Simply press the button “Load reference library & calculate R factor” in the post MCR-ALS
window: a new window appears featuring a list where all wanted references can be selected. This
list corresponds to the same sample list as the one featured in the pre MCR-ALS part but without
the samples that were processed by MCR-ALS. The spectra of the selected references are then
cropped to the same energy range as the one employed to perform MCR-ALS. Additionally, if the
spectra are XANES/mu, all references are interpolated to the same energy array as the one of the
data matrix.

6.5.2 Amplitude correction factor (EXAFS only)

Suppose that the studied element is entirely present in a sample as one chemical form.
The XAFS spectra corresponding to the sample and the reference exactly representing this
chemical form should be identical, thus the R factor obtained with these two spectra should be
equal to 0. This is only true, however, if the two spectra were collected using the same experimental
conditions (e.g. temperature, beamline optics, scan parameters, etc...) and there is also no artefact
or systematic error in the whole data set. For example, if the data are XANES/mu spectra, incorrect
normalization prior to MCR-ALS can represent a source of systematic error. Additionally, if the data
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was acquired in fluorescence mode, over-absorption occurring during data acquisition can be
another source of systematic error in XANES or EXAFS spectra.

To compensate for any artificial amplitude difference between two EXAFS spectra used to
calculate R, an option enables to iteratively minimize this difference via a least-square fitting
approach. The amplitude of one of the two spectra (the reference spectrum) is floated in the fit, i.e.
an “amplitude correction factor”, applied to the reference spectrum, is varied. The floated amplitude
correction factor is not allowed to be negative so that the EXAFS of the reference cannot be flipped
upside down in case the two spectra do not match at all; the lowest value allowed is zero. In this
case, the amplitude-modified EXAFS of the reference is all flat and the R factor is equal to 1.

This functionality is not available for XANES spectra, and by default not activated for EXAFS
spectra: the option “Amplitude correction fitting to minimize R factor” in the post MCR-ALS part of
the main window is set to “No” (Figure 83).

Pre MCR-ALS MCR-ALS Post MCR-ALS
MCR-ALS data set: file selection Transfer pure spectra to main GUI
Check all Check none Invert Lasso
Amplitude correction fitting to minimize R factor: Yes ° No
B4 Inc1_KIT1_ac
inc1_KT1_fb Load reference library & calculate R factors
v e
inclKI2_ao R factor fitting results
inc1_KT2_fb
incttKTS.a0 hi hite |0 9;1u5r3e - 1 2opsu7r1e_B 1 2:.:;: -
A TD, ite | 0. 4 .
inc1_KT6_fb STD_c oropyromorp. ite
- STD_HydratedPbOxide |2.46712 1.25506 3.71548
!nc2_KT6_ac STD_cerussite 0.0435463  BJRIE] 1.4908
inc2_KT6_fb STD_hydrocerussite | 0.604108  3.30852 0.638446
STD_chloropyromorphite STD_PbAcidBirnessite | 1.62851 0835523 177676
STD_HydratedPbOxide STD_PbGoethite 1.90263 0.840358 2.44104
STD_PbHA 1.46135 1.25439
o STD_PbHydrogenPhosph...| 0.916231 1.08517 0.877385
Show @ MCR-ALS data set highligthted scan only STD_PbO 213763 1.94569 317841
B STD_PbO2 511719 23.3821 15.0434
je 1st ; Jaumot et al. toolbox =
Bxars | LA k weight 2 STD_PbS 160543 118442 643134
STD_PbSiO3 1.90751 1.12853 2.65019
MCR-ALS data set from 3.0 to 10.0 STD_PbSO4 0.774081 5.74176
LSTD plumboaummite Ya....0.710364 4.28741 1.76457
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PCA & Multiple SIMPLISMA... Save fit results Save R factor results

Figure 83 -Post MCR-ALS results

6.5.3 Result table

Once all R values have been calculated, the results are shown in a table in the post MCR-
ALS part of the main MCR-ALS window (Figure 83), where the columns and rows correspond to
the pure spectra and references, respectively. The lowest R factor value obtained for each
column/pure spectrum is highlighted in orange color. For example, in Figure 83, the spectrum of
reference “cerussite” is, among all references, the most similar to the spectrum of pure A, based
on the R factor value. This table is interactive: clicking on any value in this table will plot the data
corresponding to the pure and reference spectra employed to calculate the selected R factor value.

To save in a text file these two spectra shown in the figure, click on “save results” button at
the bottom of the Post MCR-ALS part of the window. To save in a text file all R factor values shown
in the table, click on “Save R factor results” also at the bottom of the window (Figure 83).
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7 Linear Combination Fitting

The LCF method is applied to normalized mu (XANES), chi (EXAFS), or normalized
mu 18t derivative of experimental and reference XAFS spectra. These spectra must be already
imported to the Main GUI and consistently pre-processed before opening the LCF module, as
mentioned in Section 4. Once all data involved in LCF has been well preprocessed, open the
LCF module via the menu of the Main GUI:

Main GUI Menu > Operations > “Linear Combination Fitting”

7.1 Usefulness

Suppose a sample mixture where the chemical forms of the element of interest are the
same in each sample of the mixture, but in specific quantities per sample. If the number of these
chemical species, their nature, and relative proportions in each sample are unknown, they can be
potentially determined by PCA (Section 5.4), Target Transformation (Section 5.5) or MCR-ALS
(Section 6), and Linear Combination Fitting (LCF) or MCR-ALS (Section 6), respectively.

If all samples of the mixture contain the same principal components, the spectrum of any
sample belonging to the mixture can be reconstructed using the spectra of the principal
components. The reconstructed spectrum is equal to the sum of the spectra of the principal
components multiplied by the relative proportions of the principal components in the sample.
Determining these relative proportions is the purpose of LCF: the fit consists in minimizing, via a
least-square approach, the difference between the experimental spectrum and the fit spectrum,
which is equal to the sum of all reference spectra multiplied by their spectral fraction. These
fractions, or “coefficients”, are the floated parameters in the fit. When the fit reaches convergence,
the final coefficient obtained for each reference is proportional to the relative quantity in the sample
of the principal component represented by the reference, in mol % of the element of interest present
in the sample.

7.2 LCF procedure

To perform LCF on an experimental spectrum, firstly select:

e The experimental spectrum to fit, and reference spectra used to construct the fit
spectrum
The spectrum highlighted in green color in the list (Figure 84) is the experimental
spectrum fitted by LCF. All selected spectra in the sample list are the reference spectra used
in the fit. However, when opening the LCF module window, no spectrum is selected in the
sample list. To select the reference spectra, either manually select them by checking each
spectrum, use the “check all” or “lasso” buttons (2.4.1.1), or press “import selection” button
(Figure 84). The latter allows to select the same spectra as those selected in the sample list
of the Main GUI.

¢ Type of data fitted
The fit is done on the normalized mu (XANES), chi (EXAFS), or normalized mu 1%t
derivative of the XAFS spectrum. Choose the spectrum type on top of the window. Make sure
that the data has been well preprocessed in the Main GUI before opening the LCF module as
mentioned in Section 4.

¢ Fitting range

The fitting range, whose minimum and maximum values are shown below the spectrum

type on top of the LCF window, should be also specified.
To fit a XANES or 15t derivative spectrum, the fitting range can extend much beyond the
XANES region of the spectrum. It should at least contain the XANES part, a few dozens
of e.V. below and above EO value to include the main oscillations around the white line of
the spectrum, where the principal spectral differences are likely to occur between spectra.
- To fit an EXAFS spectrum, the fitting range minimum should not be too low (e.g. < 2 /A)
notably since the lower part of the chi is dominated by multiple scatterings that are not
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representative of the EXAFS signal [9]. The fitting range maximum should allow to include
as much signal as possible. However, if the last part of the experimental EXAFS spectrum
is mostly noise, it should not be included in the fit.

e Select fitting options
The fitting options are detailed in the next section (Section 7.3).

o Start fit
To start the fit, press the “fit” button in the middle of the LCF window (Figure 84). If the
data are XANES or 1st derivative spectra, all reference spectra used in the fit are interpolated
based on the energy grid of the experimental spectrum, before starting the fit. The fit
minimization is done using a Levenberg-Marquardt least-square algorithm with function and
optimality tolerances both set to 104
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Figure 84 - Linear Combination Fitting window
7.3 Fitting options
7.3.1 Fit constrains

7.3.1.1 Non-negativity on all floated

This option forces the reference spectra coefficients floated in the fit to be always positive.
As explicitly stated, this constraint only applies to all floated coefficients. Therefore, if the option
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“Last inferred, not floated” (Section 7.3.1.2) is activated, the coefficient of the last reference
spectrum may be negative even if the Non-negativity option is activated, since it is not floated
during the fit.

It is reasonable to have this option always activated.

7.3.1.2 Last inferred, not floated

This constraint forces the sum of all coefficients to be equal to 100%. To do that, the last
coefficient, corresponding to the last reference spectrum involved in the fit, is not floated but
inferred using the other coefficients: it is equal to 100 minus the sum of all floated coefficients. This
implies that if the sum of all floated coefficients is above 100% (case where the reference spectra
employed in the fit do not perfectly reproduce the experimental spectrum), the last coefficient is
negative, even if the “Non-negativity on all floated” option (Section 7.3.1.1) is activated.

Not activating this option allows maximum degree of freedom in the fit, which is
recommended.

7.3.2 Free fit: scale sum to 100%

This option can be activated only if the “Last inferred, not floated” option is not activated,
thus only when all coefficients are floated during the fit (free fit). If all coefficients are floated, their
sum is likely to be different than 100% at the end of the fit. Accordingly, if this option is activated,
the values of all coefficients obtained at the end of the fit are scaled after the fit is completed so
that their sum is equal to 100%.

Given that the uncertainty associated with the LCF method is about 10% [9], this option
should be activated only if the sum of all freely fitted coefficients is between 90 and 110%.
Therefore, a free fit without activating this option should always be done as a first step to make
sure that the scaling is applicable.

7.3.3 Multiple fits

7.4 Results

This option enables to specify the number of reference spectra employed in the fit in the
field: “Combination of ... references”. If this number is lower than the number of selected reference
spectra in the list, multiple fits will be performed. Each fit will employ a unique combination of
reference spectra.

Suppose a sample that is part of a mixture, where the main chemical forms of the element
of interest in the mixture represent the mixture’s principal components (i.e. these species are
present in each sample of the mixture). The XAFS spectrum corresponding to the sample may be
reconstructed by LCF using the reference spectra corresponding to the principal components. As
previously mentioned, PCA and Target Transformation can be employed before performing LCF
to determine the number and nature of principal components of the mixture, respectively.
Therefore, the number of spectra employed in the LCF fit can be set to the number of principal
components inferred from PCA. Similarly, the reference spectra to use in the LCF fit can be
selected based on the Target Transformation results.

For example, PCA analyses suggest that there are 3 principal components present in the
mixture, and Target Transformation results indicate that 7 reference spectra could potentially
represent one of these 3 principal components. Therefore, all these 7 references can be selected
in the sample list of the LCF window, and the number of reference spectra employed in the fit can
be set to 3. The program will then perform 35 fits. Each fit will consist in a unique combination of 3
references among the 7 references selected in the list.

7.4.1 Goodness of fit: R Factor, chi-square, & red. chi-square

7.4.1.1 Definition

The R factor estimates the discrepancy between the experimental and reconstructed
spectra once the fit is completed:
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Yh=1[data(p)—fit(p)]?

(14) R factor = T data(p)]?

where “data” is the experimental spectrum, “fit’ is the spectrum reconstructed by LCF, “t” is the
total number of points in each spectrum, and “p” is a specific data point in each spectrum.

Two additional goodness of fit indicators are also reported, x2, i.e.“chi square” (not to be
confused with the “chi” function that contains the EXAFS), and reduced x2. Their theoretical

expressions are:

= tlﬂ Zfi\? [data(i) — fit(i)]z

2
X t £(i)2

1
Reduced x2 = Fik X2

where “tinp” represents the total number of independent measurements associated with the
experimental spectrum, “” is an independent data point corresponding to a specific independent
measurement, “¢” is the measured uncertainty at the independent data point “”, and “d” is the
degree of freedom of the fit, which is equal to d = tinp — number of fitted parameters. The number
of fitted parameters corresponds to the number of floated coefficients in the fit (i.e. the number of
reference spectra employed in LCF). Given the difficulty to determine the number of true
independent points and ¢, it is approximated in this LCF module that tinp = t and €(i)=1. Therefore,

the reported x2 and reduced x2 are approximated to:
t
X2 = Z(data(i) — fit(i))>
i=1

(15) Reduced x2 = t_ (data(i) — fit(i))?

1
(t=9)
where “S” is the number of reference spectra employed in the fit.

7.4.1.2 Interpretation of R, x2, and reduced 2

While the values of R, x2, and reduced x2 can be reported among the LCF results, none
of them represent an absolute criterion of fit quality. However, the value of reduced x2 can be
employed as a criterion to compare the relative quality of two fits that utilize the same fitting range
but different types of reference spectra to reconstruct the data. If the reduced x2 of one fit is at
least two times smaller than the reduced x2 of the second fit, then the first fit can be considered as
significantly better than the second fit -in other words, the latter is significantly worse than the first
fit. Otherwise, the qualities of the two fits can be considered as equivalent [9].

7.4.2 Result list

When a fit is completed, the R, x2, and reduced x2, the value of each coefficient (in mol %
of the element of interest) associated to each reference spectrum, and the sum of all coefficients,
are reported in the result list at the bottom of the LCF window (Figure 84). The experimental
spectrum and the reconstructed spectrum obtained from the fit are displayed in the middle of the
LCF window in black and red colors, respectively (Figure 84).

If multiple fits are done, all fit results are listed in increasing order of R factor values in the
result list. The reconstructed fit spectrum corresponding to the first fit reported in the result list, i.e.
the one having the lowest R factor value, is displayed by default in the LCF window, in red color
(the experimental spectrum is displayed in black color). The result list is interactive: clicking in
the list on the results of any fit displays in the plot the reconstructed spectrum of the
corresponding fit.
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7.4.3 Red chi square comparison
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Figure 85 - Result comparator window

A tool enables to quickly visualize how many equivalent best fits were obtained by LCF
based on the reduced chi-square results, and what are the most frequent references that
contributed to these fits. To open this tool, press “Red. Chi-square comparison” on the right side of
the LCF window (Figure 84) once all multiple fits are completed.

In the table on top of the comparator window (Figure 85), each column corresponds to a
fit, with increasing reduced chi-square value from left to right. The first column on the left of the
table thus corresponds to the fit with the lowest reduced chi square value. The number of this fit is
1, and it is shown in green color in the column header. The numbers of all fits whose reduced chi
square values are lower than 2 times the lowest reduced chi square value are also highlighted in
green color in the column header. In contrast, the numbers of all fits whose reduced chi square
values are at least 2 times higher than the lowest reduced chi square value are highlighted in red
color in the column header. Therefore, the quality of the first fit with the lowest reduced chi-square
is equivalent to the quality of all other fits marked in green and significantly better than the quality
of all fits marked in red.

Each row of the table corresponds to the name of a reference spectrum used in the fit. Any
reference spectrum, whose fit contribution is higher than the threshold (set to 10 % by default, but
it can be modified on top of the comparator window), is checked in the table, for each fit.

The horizontal bar plot at the bottom of the comparator window (Figure 85) shows the total
number of fit contributions above the threshold of each reference spectrum in all fits marked in
green. For example, in the example shown in Figure 85, there are 5 fits marked in green. The
reference “STD_PbS04” gave a contribution above 10% in all these five fits. The reference
“STD_PbHA” contributed to four fits, the reference “STD_chloropyromorphite” contributed to two
fits, “STD_PbGoethite” contributed to one fit, and all remaining references did not give a
contribution above 10 % in any of the five fits.

7.4.4 Show residual and/or components

Select “show residual” on top of the plot to display the difference between the experimental
and reconstructed spectra. The Residual thus corresponds to the parts of the experimental
spectrum that were not reproduced by the fit. A perfect fit should have a residual equal to O
throughout the fitted range.
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Select “components” on top of the plot to display the contribution of each reference
spectrum to the reconstructed spectrum. This contribution corresponds to the reference spectrum
multiplied by its associated fit coefficient (Section 7.2).

7.4.5 EXAFS fit: view Fourier transform results

If the fitted spectrum is an EXAFS, the Fourier Transform data of the fit can be displayed.
From the menu tab in the middle of the LCF window, choose to plot the magnitude, imaginary part,
real part, imaginary part + magnitude, or real part + magnitude of the experimental spectrum and
fit spectrum shown in black and red colors, respectively (Figure 86). The Fourier Transform
parameters can be modified by pressing the “FT parameters” button.
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7.4.6 Saving results

Figure 86 - LCF of EXAFS: options to plot the Fourier Transform data of the fit

Different options are available to save the LCF results:
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Press “Save fit results” at the bottom of the Result List in the LCF window to
save as a text file the entire content of the Result List.

Press “Save plot data” on the right side of the LCF window to save as a text file
the plot data corresponding to the current fit displayed. This includes the
experimental spectrum and its reconstructed spectrum for the current fit, the
residual, and reference contributions (i.e. reference spectra used in the fit
multiplied by their respective coefficients).

Press “Show plot” to open up a window showing the plot of the current fit. From
there, a picture of the plot can be saved as .PNG, .JPG, .TIF, or .PDF
(compatible notably with Adobe or lllustrator) file. Before saving, the plot grid

or legend can be added/removed from the plot.
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7.4.7 Transferring normalized mu or chi to main GUI

The reconstructed normalized mu or chi spectrum can be transferred to the main GUI via
“Transfer fit to Main GUI” at the bottom of the LCF window. This can be useful notably to create a
figure where multiple spectra are vertically stacked with the functionality “stack plot” available from
the Main GUI (Section 2.4.1.2.4).

7.5 LCF on multiple samples using a specific set of references

7.5.1 Guidelines

Prior to Fastosh v 1.0.6, a specific sample could be fitted using multiple sets of references,
all at once. Since Fastosh v 1.0.6, multiple samples can be fitted using a specific set of references,
all at once. The results can be visualize using different options: R factor or red. Chi.2 of all fitted
samples can be plotted in 2D; residual spectra of all fitted samples can be plotted in 3D.

e Firstly select in the menu >LCF mode> “Fit multiple samples with a single combination of references”
e As usual, specify the nature of the data to fit (norm mu, chi, 1t or 2" derivative), and fitting range

e Select in the list the first sample of the dataset, and the last one: all samples are then colored in
green color. Note that all samples of the sample dataset to fit simultaneously must be listed next to
each other in the list.

e Then, select at least one reference that will be used to reconstruct by LCF each sample of the
dataset. Note that a sample can also be a reference (example: a kinetic dataset can be fitted with its
first and last samples, as in the example shown below)

7.5.2 Visualization of results

The results relative to all samples can be notably displayed as:

e Rorreduced chi square: these parameters in the LCF module of Fastosh were defined earlier in this
chapter. If the reduced chi squares of all samples are shown, a red color will be assigned to all values
that are at least two times higher than the lowest reduced chi square obtained in the dataset, as
shown in Figure 87 (in this example, all values are in red color, except the last one). Additionnally,
the name of the sample with the highest/poorest reduced chi square is displayed in the plot as well.

e Residuals, in 2 or 3D: Since Residual corresponds to the difference between the experimental and
reconstructed spectra, one can visualize the parts of the experimental spectrum that were not
reproduced by the fit. For example, Figure 88 shows the residuals obtained from the dataset
displayed in Figure 87. The misfits seem to correspond mostly to the XANES region of the spectra
collected in middle of the reaction.
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Figure 87 — LCF of multiple samples belonging to a kinetic dataset using a specific set of references : the
first and last samples of the data set
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Figure 88 - Results of residuals, shown in 3D (same multiple LCF results as the previous figure)
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7.5.3 Usefulness of LCF on multiple samples belonging to a kinetic dataset

In the example shown in Figure 87 & Figure 88, a drastic increase in reduced chi square,
R factor, and residuals in the middle of the dataset, which corresponds to an experiment that was
carried out at the beamline, suggests that the first sample (reactant of the reaction) and last sample
(product of the reaction), which were both used as the LCF references, cannot, by themselves,
reproduce entirely the dataset, especially in the middle of the reaction. This suggests the presence
in significant amounts of an intermediate species: there are more than two principal components
present in the dataset. Therefore, performing LCF on multiple samples belonging to a temporally-
relevant dataset may be notably useful as a complementary approach to PCA to determine the
number of principal components present in a sample mixture corresponding to a kinetic reaction
prior to performing Target Transformation or MCR-ALS.
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8 Quick EXAFS fitting using single scattering paths modelled by

FEFF

8.1 Presentation

8.1.1 Purpose

This module enables to model an EXAFS spectrum using single scattering paths created
by FEFF8L, which is included in Fastosh. This module is accessible via the menu of Fastosh Main
GUI:;

Main GUI Menu > Operations > “Quick EXAFS fitting using single scattering FEFF
models”

This represents a rapid and simple method to model the EXAFS, meant notably to help
interpret rapidly a region of interest of a WT map. For example, it may be used to reconstruct a
region of a WT map that corresponds to two shells with different neighbor types but similar
distances, or to rapidly obtain the real distance of the first shell. It is not meant to reproduce a full
EXAFS spectrum, which may involve multiple scattering paths. A future Fastosh module will enable
to fully model the EXAFS, including its possible multiple scattering contributions.

8.1.2 Main functionalities

While it already exists a plethora of FEFF-based tools to model an EXAFS spectrum, this
Fastosh module proposes a unique approach to perform such task. Its main functionalities are:

- Theoretical EXAFS spectra representing single scattering path models can be
created using FEFF8L, and fitted to the experimental EXAFS spectrum, using a GUI
very easy and rapid to use

- The minimization of the EXAFS fitting procedure can be done either from the Fourier
Transform or Wavelet Transform. Regardless of this choice of fitting minimization
approach, any created FEFF model can be plotted either in FT or WT space, in the
Fastosh plot window

- Fitting can be done on the sample currently highlighted in the sample list featured
in the main GUI, or all samples checked in the list (multiple fits done at once)

- The fitting results are reported in different ways: as a fitting report (traditional way),
as a table, summarizing the model parameters, similarly to the common way fitting
parameters are reported in peer-reviewed manuscripts, or as a bar plots to visually
compare the fitting results obtained for different samples

8.2 Single scattering path creation using FEFF8L

8.2.1 Example of a path creation

In the “Quick EXAFS Modelling & Fitting” window, one can rapidly create using FEFF a
new theoretical chi corresponding to a specific single scattering path model. Simply specify the
atom type of absorber, the atom type of scatterer, the absorber-scatterer distance, and the
absorption edge corresponding to the desired single scattering path model: basically fill out the
four empty fields colored in red and marked with a “required field” star in the window (Figure 89) .
Once this information is given, press the button “Create model shell”. Fastosh then automatically
creates a feff input file with the supplied information and run FEFF8L. After completion, the model
data is added on top of the sample data when the FT or WT is displayed in the Fastosh plot window.

For example, it was demonstrated in Mufoz et al. [1] that the first shell of thorite consists
of 8 oxygen around thorium at 2.4 A. This theoretical shell was then created in the module (Figure
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90a). The resulting model data is then displayed along with the sample data, corresponding to the
experimental spectrum of Thorite, in the Fastosh plot window when the FT or WT plot option is
selected (Figure 90b).

@ @ Fastosh - Quick EXAFS Modelling & Fitting
Options

New shell modelled by FEFF:

Atom type of absorber *
Atom type of scatterer *
Absorber-scatterer distance A

* required fields

Edge * \Select an edge type... v
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( Close )

Figure 89 - To create a single scattering model, simply fill out the four fields colored in red in the window
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Figure 90 -Quick EXAFS Modelling & Fitting window after creating a theoretical model representing the
first shell of thorite (a) and the Fastosh plot window displaying the FT or WT of the sample thorite before

and after this model creation (b)

8.2.2 Parameters required to build the theoretical chi

The previous section detailed how a theoretical model representing a single scattering path
could be created in Fastosh. This section describes more in details what Fastosh does to obtain

the theoretical chi spectrum corresponding to the model.
To build a model chi spectrum, one can rely on the theoretical expression of the EXAFS:

—2R{
(16)  x(k) = S3 5 N; 12 %00 e~20Fsin (2KR; + &;(K))
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This equation features multiple physical parameters, which are described in details in the
literature (e.g. [9]). The values of these parameters are either obtained by FEFF or set to a user-
defined or default value, as described in the three next sections.

8.2.2.1 Parameters whose values are obtained by FEFF8L

Fastosh employs FEFF8L to obtain three of the parameters involved in the EXAFS
equation in order to build the theoretical chi, i.e. the probability of elastic scattering (f;(k)), the
mean free path (A(k)), and the phase shift correction factor (6;(k)):

—ZRi
x(k) = SZ % N; L2 e7® e=2K%fsin (2kR; + 6;(K))

The values of these three parameters are specific to the atoms type of the absorber and
scatterer, the distance between them, as well as the energy of absorption. Thus, specifying this
information is a prerequisite to run FEFF8L.

For the energy of absorption, not only an absorption edge must be provided by the user
prior to running FEFF, but also also an additional term is taken into account, AEO, which is not
featured in the EXAFS equation above. This term accounts for the discrepancy between the
theoretical and experimental energies corresponding to the photoelectric phenomenon. The value
of AEQ is equal to zero by default when a path is created in Fastosh. If multiple paths are created,
the same AEO value is applied for all paths.

8.2.2.2 Parameters set to specific values, other than the amplitude term

The Ri parameter featured in the EXAFS equation corresponds to the absorber-scatterer
distance of the path i. In Fastosh, the value of this parameter for a path i, used to build the
theoretical chi, is obtained using two additional parameters, namely Rineoretical and AR, following the
equation:

R= Riheoretical + AR

The Rineoretical parameter represents the theoretical distance of the path i used by FEFF,
and its value is user-defined. The AR accounts for the discrepancy between the theoretical and
actual distance (not to be mistaken with another AR term that appears for example in the
Fastosh plot window when the Fourier Transform is displayed, which accounts for the
phase shift in the distance!). The value of AR is equal to zero by default when a path is created
in Fastosh. Similarly, for the mean square relative displacement term o? (a.k.a. Debye-Waller
factor) featured in the EXAFS equation, Fastosh assigns by default a value equal to 0.003 when
creating a path.

8.2.2.3 The amplitude term, User-defined as SO2 x N, SO2, or N

Not only the “Quick EXAFS Modelling & Fitting” Fastosh module enables to create
theoretical single-scattering path models, but it also allows to refine their associated parameters
via a fitting approach to minimize as much as possible the difference between theoretical and
experimental data (fitting in Section 8.4). During a fit, the values of some EXAFS equation
parameters are floated, which may include the Reduction Amplitude Factor (SZ) and the
degenerecy Ni (i.e. the number of neighboring atoms in an atomic shell i). Since these two
parameters, which both affect mainly the amplitude of the EXAFS signal, are directly correlated
with each other in the EXAFS equation, a single value must be floated for the combination SZ x N,
referred as the amplitude term, when none of these two parameters are fixed at a given value
during the fit. Since this is the case by default when opening for the first time the “Quick EXAFS
Modelling & Fitting” window, the model parameter table shows, by default, one column named S?
x N, once a path is created (Figure 90a).
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Optionally, one can fix N to a user-defined value, so that the amplitude term in the model
parameter table (and during fitting, see Section 8.4 ) is only equal to SZ, and vice-versa. To fix any
of these two parameters, go to:

Quick EXAFS Modelling & Fitting Menu > Options > “Define amplitude parameter”

A window appears (Figure 91). To define the amplitude term as S3 only, supply a value for
N. Conversely, to define the amplitude term as N only, supply a value for SZ. Typically, a reference
compound of known structure is firstly employed to obtain the S3 value (case where “SO2, with N
fixed to:” is selected, with N value typically constrained to the degenerecy of the 1st shell of the
reference compound). Then, this S2 value is used afterwards for all remaining samples of a dataset
acquired at the same absorption edge [9], so that the amplitude term is only equal to Ni (case
where “N, with SO2 fixed to:” is selected, with SO2 value previously constrained using the reference
compound).

"amp" is defined as...
® SO2xN
(0802, with N fixed to:

(N, with SO2 fixed to:

Ok

Figure 91 - GUI to define the amplitude term

8.3 Manual modification of a model parameter value

Once the model has been created, one can compare the sample and model data using the
Fastosh plot window. For example, the WT map of thorite, displayed as a surface in Figure 90b,
seems to match well with the WT map corresponding to theoretical Th-O path at 2.4 A, displayed
as contours in Figure 90b. However, one should also compare the chi and FT data (magnitude and
real/imaginary part data), not only the WT data. Indeed, when comparing the FT data
corresponding to thorite and the theoretical Th-O path at 2.4 A, one can see that the magnitude of
FT spectrum’s amplitude of the model shell is much lower compared to the one of thorite, and the
frequency is slighly off based on the FT real part. Therefore, while the model parameters values
employed to create the Th-O path allowed to obtain a model close to the experimental data, they
seem to be not entirely accurate, and should be refined to minimize as much as possible the
difference between the model and experimental data.

To modify the model parameters, one method consists in changing manually the value of
each model parameter directly from the interactive model parameter table featured in the “Quick
EXAFS Modelling & Fitting” (Figure 92). For instance, with the previous Th-O path example,
increasing manually from 1 to 8 the amplitude term (i.e. SO2 x N) in the table will definitely provide
a model more faithful to the experimental data (Figure 92). However, with this example, the
frequency of the FT real part spectra seems still slighly off between the experimental and model
data. Therefore, more parameter modifications should be done to improve this model. Given that
more than one model parameter can affect the frequency and amplitude of the EXAFS signal,
manually modifying the model parameters one at a time represents a very tedious approach. A
more efficient way to refine the model parameters all together is to employ a fitting procedure via
least-square minimization, as detailed in the next section.
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Figure 92 -The model parameter table is interactive: if any of its values is manually modified, the Fastosh
plot window will be refreshed accordingly.

8.4 Fitting a model EXAFS to the experimental EXAFS

8.4.1 Principle

As mentioned in the previous paragraph, employing a fitting procedure via least-square
minimization to refine the model parameters represent a better approach than manually modifying
each model parameters, one at a time.

Firstly, a model chi spectrum is built based on the EXAFS equation using the theoretical
parameters mentioned previously in Section 8.2.2. Then, during the fit, the values of the
parameters that are allowed to float are modified at each fit iteration in order to minimize, using a
non linear least-square approach (trust-region-reflective algorithm), the difference between the
experimental and theoretical data. The nature of the data used during minimization is detailed in
the next section.

8.4.2 Choice of minimization approach: Fourier Transform (FT) or Wavelet Transform (WT)

The minimization of the fit can be done either using the Fourier transform or the Wavelet
Transform data. Select either “FT of EXAFS” or “WT of EXAFS” in the field “Fitting minimization
done from” featured in the “Quick EXAFS Modelling & Fitting” window (Figure 90a). For example,
if FT is selected, the fit will try to minimize the difference between the FT of the experimental EXAFS
and the FT of the theoretical EXAFS spectrum. More precisely, for both the experimental &
theoretical data, it is an array consisting of the real part of the FT concatenated with the imaginary
part of the FT that is used during minimization. The same approach is used when the minimization
is done using the WT maps of the model and experimental EXAFS: for both the experimental &
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theoretical data, it is a 2D array consisting of the real part of the WT map concatenated with the
imaginary part of the WT map that is used during minimization.

As mentioned in the next section, when the FT minimization is employed, the k range (kmin
and kmax) and apodization window (type and dk value) used in the fit, for both the theoretical and
experimental spectra, correspond to the values specified for the current sample in the FT section
of the Main GUI, while the R range (Rmin and Rmax) used in the fit is specified in the “Quick
EXAFS Modelling & Fitting” window.

In contrast, when the WT minimization is employed, the k range (kmin and kmax), R range
(Rmin and Rmax), and apodization window (type and dk value) used in the fit, for both the
theoretical and experimental spectra, correspond to the values specified for the current sample in
the WT section of the Main GUI.

Because the size of a FT spectrum is much smaller than the size of a WT map using
equivalent fitting ranges, the FT minimization is much faster than the WT minimization, that is why
the FT minimization is the default minimization choice in Fastosh. However, it may provide slightly
less accurate results, especially when the WT R resolution is optimized, as the 2D map carries
more information than a 1D spectrum. Hence, the WT minimization might be prefered to perform
the final fit, while the FT minimization might be prefered before performing the final fit.

8.4.3 Fit preparation: checking all parameters involved in the fit

Before starting a fit, or between two consecutive fits, all parameters involved in the fit should
be checked or modified if needed to optimize the fitting results. These parameters are reviewed in
the next three sections.

8.4.3.1 Parameters exclusive to the experimental spectrum that affect the fit results

As previously mentioned, the experimental EXAFS spectrum is employed during the fitting
procedure, along with the theoretical EXAFS spectrum. Hence, the experimental EXAFS spectrum
must be well processed to optimize the fitting results. The parameters relative to only the
experimental EXAFS spectrum affecting the fitting results are basically €0, normalization, and chi
extraction parameters relative to the current sample highlighted in the sample list of the Main GUI
and whose values are all listed in the Main GUI (Figure 93). If necessary, these values can be
modified directly from the Main GUI between two fits. For instance, if the AEO was flloated during
a fit and its value is a bit too high once the fit is completed, the €0 value of the experimental
spectrum may be slighly increased from the Main GUI by a few electron Volts as an attempt to
reduce the AEO value in the next fit.

In Fastosh Main GUL:

Normalized mu ( Current Narm. | )

ST B <O (i.e. beginning of EXAFS) m

(®) Norm () 15t deriv. (") 2nd deriv. Post edge Paly. func. deg

Pre edgs function fmm| -208.5 “ ;\ to ‘ -70.0 ‘ X | av . .
— — normalization

Post-edge function (rarn| 150.0 “ )(‘ to ‘ 789.9 ‘ X ‘e\f

Chi | Current Ciy I{ J

Rbkg: Spline k we\gm:

Spline k range ﬁum:‘ 0.00 ‘;| to ‘ 14.40 “ ;|JA
Spline E range fmm:‘ 0.00 ‘El to ‘ 789.90 “E|e\’ ChI eXfl“aC‘l'lon
Low clamp: | 0 v | Hi clamp:| 0 v |
D background
Plotting k weight: '::;' a ‘C:" 1 :i" 2 "::' 3

Figure 93 — Parameters exclusive to the experimental EXAFS spectrum that affect the fit results
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8.4.3.2 Parameters applied during a fit to both the experimental and theoretical spectra

8.4.3.2.1 Generalities

The fit parameters applied to both the experimental and theoretical spectra are essentially
the fit k range (fit kmin and kmax), fit R range, (fit Rmin & Rmax), chi apodization window (type and dk),
and optionnally wavelet transform type & wavelet parameters. Their values, and where to find
them in Fastosh, depend on the current choice of fitting minimization approach (described
previously in Section 8.4.2), as detailed in the next two sections. Anyway, regardless of the
minimization approach chosen (FT or WT minimization), it is always important that:

- The fit k range is maximized as far as the signal of the chi goes, in order to maximize
the number of independent points of the fit and consequently the degree of freedom of
the fit (more on them in Section 8.4.4). Hence kmax should be set towards the end of
the chi where the EXAFS signal dies off. A value of 3/A for kmin generally represents
a good conservative value to starts the EXAFS and the fitting range, too.

- The fit R range must only cover the portion in R space that is modelled by the
theoretical path(s), not below or above it. Since the R range goes by default from 0 to
6 A, it should be reduced when the current model covers a region in R space shorter
than 0-6 A. For example, if one wants to fit the Th-O path at 2.4 A of thorite created in
Figure 90, the R range should be reduced from 0-6 A (Figure 94a) to 1.4-2.4 A before
starting the fit (Figure 94b), in order to obtain the best possible fit results (Figure 94c).

thorite thorite - - ____thorite
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Figure 94 -Optimization of fit R range prior to fitting the model representing the Th-O path at 2.4 A
(theoretical spectrum) over thorite (experimental spectrum) (a & b), and fitting results (c)

8.4.3.2.2 Case where fitting minimization is done using the FT

When the fitting minimization is done using the FT, the fit k range (kmin and kmax) and
apodization window (type and dk value) applied to both the experimental and theo. spectra during
the fit correspond to the values specified in the FT section of the Main GUI, while the fit R range
(Rmin and Rmax) is specified in the “Quick EXAFS Modelling & Fitting” window (Figure 95).

8.4.3.2.3 Case where fitting minimization is done using the WT

When the WT minimization is employed, the k range (kmin and kmax), R range (Rmin and
Rmax), and apodization window (type and dk value) applied to both the experimental and theo.
spectra during the fit correspond to the values specified in the WT section of the Main GUI (Figure
96).
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In the Fourier tab of Fastosh main GUT:
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In the Quick EXAFS Modelling and Fitting GUT:

EXAFS fitting:
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Figure 95 -Fit parameters applied to the experimental & theoretical EXAFS spectra, when FT
minimization method is selected
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Figure 96 -Fit parameters applied to the experimental & theoretical EXAFS spectra, , when WT
minimization method is selected
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8.4.3.3 Parameters relative to the theoretical spectrum only

The values of the parameters relative to the theoretical spectrum used in the fit were
originally all either used-defined or calculated by FEFF at the model creation step. Before starting
a fit, one can modify their values from the interactive model parameter table of the “Quick EXAFS
Modelling & Fitting” window. One can also specify whether these parameters are floated, fixed, or
unused during a fit. In the interactive model parameter table, click on a specific column or row
header to modify the fitting status of a specific model parameter or path, respectively. For example,
if a column header of the table is set to “Fix”, all values in this column will be set to Fix. Therefore,
the specifc model parameter corresponding to this column is fixed during a fit. A specifc model
parameter can be either floated or fixed (Figure 97a).

Similarly, if a row header of the table is set to “Unused”, all values in this row will be set to
Unused. In that case, the specifc model path corresponding to this row is skipped during a fit. A
specifc model path can be floated, fixed, or unused (Figure 97b).
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Abs. Scat. Edge R theo R+ AR a2 hel S502xN
Float Fix Float |Floa |~
Float Th 0 L3 2.40 2.41 0.0062 3.17 Fix
Float Th Si L3 3.20 3.20 0.0025 317 Float
Float Th Th L3 4.00 3.83 0.0031 3.17 4.790
Float Th Si L3 4,00 3.08 0.0030 317 3.411
(a)




Abs. Scat. Edge R theo R+ AR o2 el S02x N

Float Float Float Float
Fix Th o] L3 240 241 0.0062 3.17 10.347
Fix Th Si L3 3.20 3.20 0.0025 3.17 2.758
Float Th Th L3 4,00 3.93 0.0031 3.17 4,790
Jnu sed| -
Fix
Float
Unused

(b)
Figure 97 - The fitting status of a specific model parameter or path can be modified using
the column (a) or row (b) headers of the table, respectively

8.4.4 Condition to allow the fitting functionality

To being able to fit a given experimental EXAFS spectrum, the degree of freedom of the fit
must be positive. If the degree of freedom was negative, there would be not enough data point
available to perform the fit. The degree of freedom is equal to the number of independent points
minus the number of fit variables. The latter corresponds to the total number of model parameters
employed in the fit. The number of independent points is expressed as [9]:

Nindependent points = %(ﬁt Kmax- fit kmin)(ﬁt Rmax- fit Rmin) +1

Therefore, the number of independent points depend on both the fit k and R ranges. Once
a path is created, Fastosh will calculate the number of independent points, using the current fit k
and R ranges (mentioned previously in Section 8.4.3.2), the number of variables, and degree of
freedom. Their values are returned in green color in the EXAFS fitting box (Figure 98). If the degree
of freedom is positive, the fit buttons will be activated in the EXAFS fitting window (Figure 98a). If
it is negative, the fit buttons will be deactivated in the EXAFS fitting window (Figure 98b).

EXAFS fitting:
Fitting minimization done from (®) FT. of EXAFS ()W.T. of EXAFS

FT fit range: k space .00 - 17.00 /A, dk=4.00 (kalser), & R space - A

=> Nb of independent points: 32.2 & Degree of freedom: 28.2 (with 4 fit vanables)

( Fit current: "kw3_tharite” |

| Fit all marked, with current's model & parameters applied to them |

(a)

EXAFS fitting:

Fitting minimization done from (®) FT. of EXAFS (JW.T. of EXAFS

FT fit range: k space 3.00 - 9.00 /A, dk=4.00 (kaiser), & R space . A

== Nb of independent points: 3.8 & Degree of freedom: -0.2 (with 4 fit variables)

(b)

Figure 98 - Case where fitting is allowed (a) and case where fitting is not allowed (b)
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8.4.5 Fitting report

Once the fit is completed, the “Quick EXAFS Modelling & Fitting” window automatically
displays the fit report. It features multiple information related to the fit, including, of course, the fit
results, but also notably all the fit parameters employed, date of fit, and time to complete the fit.
The first report parts feature the results and also inform on the quality of the fit, i.e. the goodness
of fit, the uncertainties associated with each fitted parameter, and fit correlations. These parts are
described in details in the next sections. Lastly, a color code, expressing the physical likelyhood of
the model parameters (described below in Section 8.4.6), is applied to all fit parameter results
returned in the fitting report.

8.4.5.1 Goodness of fit

The fit report returns the R factor and Reduced Chi Square as indicators of goodness of fit.
Their expression were provided in Equations (14) & (15), respectively. As mentioned later in
Section 8.4.7, the Reduced Chi Square is mostly employed to compare two fits with each other,
and more precisely, two fits having the same fit k range but different fit R ranges. In contrast, the
R factor may be employed to assess the goodness of fit of a single fit, as it simply reflects on the
spectral misfit between the theoretical spectrum, refined by the fit, and the experimental spectrum.
Fastosh applies a color code when reporting the R factor, following the R factor guidelines
proposed in the book of Scott Calvin [21]:

R factor Guidelines Color code

0-0.02 Good enough green
0.02-0.05 Consistent with a broadly correct model, with some details wrong or low quality data  green to blue
0.05-0.1 Serious flaws in model or very low data quality blue to red

>0.10 Model may be fundamentally incorrect red

8.4.5.2 Uncertainty

The error bar associated with each fitted parameter expresses the uncertainty in the fitting
results, as standard deviation. It corresponds to the square root of each element featured in the
diagonal of the covariance matrix (not returned in the fitting report), which is calculated by Fastosh
once the least-square fitting procedure is completed. For now, in the current version of Fastosh
(v1.0.7), no scaling is applied to this value.

8.4.5.3 Correlation

This expresses how much two fitted parameters are correlated with each other. Its value
ranges from 0 (absolutely no correlation between the two parameters) to 1 (the two parameters are
perfectly correlated). Ideally, the parameter correlations in a fit should not be too high, otherwise it
may indicate that the fit features too many variables for the number of independent points available.
Fastosh applies a color code when reporting the correlation values, ranging from green
(correlation= 0) to red (correlation = 1). The expression of the correlation (Cor) between the
parameters A and B is:

Covar(A, B)
\/diagCovar(A) x (diagCovar(B)

Cor(A,B) =

where Covar and diagCovar correspond to the covariance matrix and its diagonal array,
respectively.
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8.4.6 Color code reflecting the physical likelyhood of model parameters

For all results relative to the fitted parameters and their associated error bars, reported in
the Fitting Report (8.4.5), Summary Table (8.5.2.18.4.5), or Bar plot (8.5.2.2), a color code is
applied to express whether the results makes sense from a physical standpoint. This is done
considering these limits for each model parameter, which are used as general guidelines:

Fit parameter Minimum  Maximum

amplitude >0
a’ >0 0.02
AEOQ -10 10
AR -0.1 0.1

Given these limits, the color code follows these criteria:

Fit parameter value + error margin < parameter limits
=> the fit parameter value & associated error bar are colored in green

Fit parameter value < parameter limits
AND
Fit parameter value + error margin > parameter limits
=> the fit parameter value & associated error bar are colored in orange

Fit parameter value > parameter limits
=> the fit parameter value & associated error bar are colored in red

8.4.7 Determining what is the best fit between two fits

8.4.7.1 Three possible cases

The nature of the indicator employed to identify the best fit among two fits depends on how fitting
was performed [21]. There are three possible cases :

- If the two fits were performed using the same fit k range, fit R range, but the first fit
had more fit variables than the second fit, use the Hamiton Test (see Section 8.4.7.2).
The test will determine whether the first fit is significantly better than the second one. This
is employed typically to determine whether adding another model shell in the same fitting
region improved significantly the fit. It can be then particularly useful in interpreting a
Wavelet Transform map, as demonstrated below in Section , as it allows to determine
whether a secondary shell of weak contribution is trully present at a given distance.

- If the two fits were performed using the same fit k range, but different fit R ranges,
use the reduced chi?. If the first fit has a reduced chi square at least two times lower than
the second fit, the first fit can be considered better than the second one [9].

- If the two fits were performed using different fit k ranges, use the R Factor. As
previously mentioned in Section 8.4.5.1, the R factor can be employed to assess the
goodness of fit for a single fit. Therefore, if this indicator is employed to assess the quality
of two fits or more, it actually does not provide a relative comparison of all fits but more
an individual goodness-of-fit assessment done on all fits.
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8.4.7.2 Hamiton Test

This test is employed to determine whether one fit is signicantly better than another one,
with the prerequisite that the two fits have the same fit k range, fit R range, and the number of
variables in the first fit must be higher than the one in the second fit. The test consists in calculating
the Regularized Lower Incomplete Beta Function (RLIBF), expressed as %, representing a lower
bound on the probability of one fit being better than another one purely due to randomness [21].

The RLIBF is calculated following these six steps:

R factor of 1st fit
R factor of 2nd fit

1) xis obtained with x =

degree of freedom in 1st fit
2

2) ais obtained with a =

(number of variables in 1st fit—number of variables in 2nd fit)
2

3) b is obtained with b =

4) Beta function (BF) is calculated following this equation:
1
BF(ab)= [, t*'(1 —t)*~*dt

5) Lower incomplete beta function (LIBF) is calculated following this equation:
LIBF(xab) = [0 t*1(1 — )Pt dt

6) The Regularized lower incomplete beta function (RLIBF) is obtaine given:
LIBF(x;a,b)

RLIBF =
BF(a,b)

8.4.8 Example: fitting of thorite EXAFS and Hamilton Test

The EXAFS spectrum of thorite featured in the study of Mufioz et al. [1] and an equivalent
one, employed multiple times in this User Manual, were shown in Figure 18. According to Mufioz
et al. [1], the first four shells around thorium in the structure of thorite are:

- Th-O shell at 2.42 A, with 8 O atoms
- Th-Sishell at 3.16 A, with 2 Si atoms
- Th-Siand Th-Th shells both at 3.9 A, with 4 Si and 4 Th atoms, respectively

The goal of this example is to demonstrate that the structure above, including the
presence of both Si and Th around 3.9 A, can be verified via a fitting procedure using the
experimental EXAFS spectrum of thorite. Firstly, it is important to mention that the experimental
EXAFS of thorite may be modelled in R space from 0 to 4 A using only single-scattering paths in
the “Quick EXAFS Modelling & Fitting” tool. Indeed, according to FEFF8L, single scattering paths
mostly contribute to the signal from 0 to 4 A, except for two multiple scattering paths that contribute
to about 21-22 % of the amplitude at about 3.98 A (Figure 99). The FEFF calculations do confirm
the presence of the four first shells around the thorium atom in the thorite structure as mentioned
in Mufioz et al. [1]. Indeed, the FEFF results indicate that there are a Th-O shell at around 2.48 A,
with 8 O atoms, one Th-Si shell at 3.16 A, with 2 Si atoms, and a shell with 4 Th / 4 Si at about 3.9
A (Figure 99).
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Path # Path type Description Rel. amp |nlegs Deg. Distance
1 Single scattering Core-=0-= Core 100.0 z 4 2.4631
2 Single scattering Corg->0-> Cora 92.4 2 4 2.4351
3 Single scattering Corg-=5l== Core 217 2 el 3.1635
4 Multiple scattering Core->0->3-> Corg 4.7 3 B 3.5946
5 Single scattering Core-=5l-> Core 107 z 4 3.8056
[ Single scattering Gore-=Th-= Core T0.6 2 4 3.9056
T Multiple scaltering Corg=>0->5-> Cong 21.7 3 8 3.9497
B Multiple scattering Core-=0-=51-=0-= Cora 21.1 4 4 3.9937
a Single scattering Core-=0-= Cora 3.5 2 4 4. 2983
10 SII'IQIE! scatlcrlng Core-»0-=> Cora 6.0 2 B 44032
11 Single scattering Gore->0-= Gora 5.0 2 8 4 5452

Figure 99 -FEFF8L results (calculation done independently of Fastosh v1.0.7) using as input the atomic
environment of thorium inside the structure of thorite at the L3 absorption edge.

Therefore, these four theoretical shells were created using the “Quick EXAFS Modelling &
Fitting” tool of Fastosh (Figure 100).

Abs. Scat. Edge R theo R+ AR a2 Ae0 N
Float Float Float Float
Float Th (o} L3 2.48 2.48 0.0030 0.00 8.000
Float Th Si L3 3.16 3.16 0.0030 0.00 2.000
Float Th Th L3 3.90 3.90 0.0030 0.00 4.000
Float Th Si L3 3.90 3.90 0.0030 0.00 4.000

Figure 100 — Interactive model parameter table after the four path creations

Then the model was fitted using the EXAFS of thorite as the experimental spectrum. The
first fit trial provided satisfactory results, except the AR of the Th-Si model path at 3.9 A was a big
too large, i.e. AR=0.09 A +/-0.002. Consequently, prior to the next fit trial, the value of R+AR for
this path was interactively increased to 3.95 A from the model parameter table (Figure 101). Note
that when any R+AR value is modified in the table, FEFF is recalcuting the path parameters using
this new distance. Therefore, it takes a little bit more time compared to when the value of another
model parameter is modified in the table.

Abs. Scat. Edge R theo R+ AR a2 hel S02xN
Float Float Float Float
Float Th o L3 248 2.41 0.0069 5.76 11.523
Float Th Si L3 3.16 3.20 0.0027 5.76 2.875
Float Th Th L3 3.90 3.83 0.0033 5.76 5.580
Float Th Si L3 3.90 3.9 0.0017 5.76 3.336

Figure 101 -Modifying the R+AR value from the Interactive model parameter table

After modifying the R+AR value, a new fit was performed, which provided satisfactory results. The
fitting was then again repeated multiple times until the model parameters reached a local minimum.
The final fit results are shown in Figure 102.

As shown in Figure 102, the fit results suggest that there are notably a Th-Th path at 3.92
A, and near it, a Th-Si path at 4 A. However, since the Th-Th path at 3.92 A seems to contribute
significantly to the region around 3.5 - 4 A in both the FT or WT corresponding to thorite (Figure
102), one could challenge whether the Th-Si path is trully present at 4 A.
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Shell Rtheo. ||R+AR |+/- o2 +- N +- AEO +- R factor s — All models ¢
‘ . P '
thorite] Th-O 2.48 242 | 12) || 0007 | 1@ || 107 | 81) || 270 | 71) <5
Th-Si 3.16 318 | 1(2) || 0003 | 13 29 | 5(1) 2o
Th-Th || 3.90 392 | 8@3) || 0.004 | 84 62 | 61) £
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Figure 102 — Fit results of a model involving four single-scattering paths to reproduce the local atomic
environment from 0 to 4 A around thorium in the thorite structure

Moreover, performing an additional fit, using the same model but this time without the Th-
Si path at 4 A (this path is set to “Unused” in the interactive model parameter table featured in the
“Quick EXAFS Modelling & Fitting” window) provide results that overall seem to be consistent with
a plausible structure (Figure 103).

F < thorite — A models_combined
< 5 -
N v
= =
<0 g0
= 5
O 5 s
o
% .
05 1 15 2 25 3 35
5 10 15 Radial distance (A)
k (/A)

Shell | |Rtheo. |[R+*AR |+ | o2 + ||N +-  ||aEO |4
thorite| Th-O | 248 ’ 243 | 22) || 0007 | 2@ || 107 | 200) || 320 | 1(0)
‘ | Thesi [| 316 [[ 319 [ 202 \ [ 28 [ 10
\ ThTh || 390 [| 393 | 12 [| 0004 | 1039 [[ 56 | 100

Figure 103 - Fit results of a model identical to the previous one, but without the Th-Si path at 4 A

Therefore, to determine whether the Th-Si shell at 4 A is trully present in the structure, one
can perform an Hamilton Test. To perform this test in the “Quick EXAFS Modelling & Fitting”
Fastosh window, using the above example:

1- Press the button “Take this fit as the 1st fit to perform an Hamilton Test” , at the bottom
left corner of the “Quick EXAFS Modelling & Fitting” window, once the fit corresponding
to the 4-path model is completed

Set the path whose presence in the structure is challenged to “Unused” in the
interactive parameter table, and redo the fitting several times if needed until reaching
a local minimum

2-
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3- Press the button “Take this fit as the 2 fit to perform an Hamilton Test” , at the bottom

left corner of the “Quick EXAFS Modelling & Fitting” window, once the fit corresponding
to the 3-path model is completed.

The result report of the test is then displayed automatically in the “Quick EXAFS Modelling
& Fitting” window. With the example above, the Hamilton test results indicate that the 15t fit is
significantly better than the 2" fit (Figure 104). This implies that the Th-Si at 4 A is indeed trully
present in the structure, at a similar distance to a Th-Th shell.

Result summary of the Hamilton Test:

The Regularized Lower Incomplete Beta Function is 0.03 %,

thus the Hamilton Test indicates that the 1st fit represents an improvement
over the 2nd fit at the 99.97 % confidence level.

Therefore, considering a minimum acceptable confidence level at 95%,

Result details of the Hamilton test:

var_1: R factor from sample WT map fitting, 1st fit: 0.020015
var_2: degree of freedom in 1st fit: 15.629298

var_3: number of variable in 1st fit: 13

var_4: R factor from sample WT map fitting, 2nd fit: 0.064374
var_5: number of variable in 2nd fit: 10

"x" used in the functions below: var_1/var_4 : 0.310908

"a" used in the functions below: var_2 /2 : 7.814649

"b" used in the functions below: (var_3 - var_5) /2 : 1.500000
Beta Function: 0.038743

Lower Incomplete Beta Function: 0.000012

Regularized Lower Incomplete Beta Function: 0.000305 (or 0.03 %)

Figure 104 -Result of the Hamilton test corresponding to the example described in the text

8.5 Multiple fits at once

8.5.1 Principle

This functionality enables to fit all samples that are marked in the sample list of the Main
GUI. Once the button “Fit all marked” is pressed, the marked samples are automatically assigned
some parameters relative to the current sample before the fitting begins on all marked, as described

below.

Each fitted sample will be assigned:

The current sample’s theoretical model paths

The current sample’s fit parameters that are applied to both experimental and
theoretical spectra during the fit. Those parameters were defined at Section 8.4.3.2.
They are essentially the fit k range (kmin and kmax), fit R range, (Rmin & Rmax),
apodization window choices (type and dk), and optionnally wavelet parameters when
the WT minimization approach is used.

Each fitted sample will not be assigned:

The current sample’s fit parameters that are exclusive to the experimental spectrum.
Those parameters were defined in Section 8.4.3.1. These are essentially the e0 value,
normalization and chi extraction parameters. Indeed, a given set of parameters is not
always applicable to multiple samples even when the latter are supposed to be very
similar to each other --that's notably the case when the data is noisy. Nevertheless,
the resulting normalization and EXAFS extraction must be consistent when employing
the fitting approach on multiple spectra.
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8.5.2 Fitting results

8.5.2.1 Table summarizing the fitting results

Once the fitting is completed, click on the tab “Table” to display a summary table of the
results. The results summarized in the table shown as an example in Figure 105 correspond to ten
spectra. They belong to the same dataset and were collected successively during an operando
experiment conducted at the beamline. One can conveniently notice from the table that a model
corresponding to a Cu-O path at 1.96 A does reproduce well the first shell of all spectra at the
beginning of the reaction, but progressively this model is less accurate as the distance of the first
shell tends to increase during the reaction (Figure 105). In this table:

e The each error results are systematically displayed with only two numbers (the
second one being in parenthesis): the first and second numbers correspond to
the first non-zero number of the error bar value and its decimal place,
respectively. For instance, 4(3) stands for 0.004.

e All fitted model parameters are displayed following the color code described
previously at section 8.4.6.

e The R factor is displayed following the color code described previously at
Section 8.4.5.1.

Shell Rtheo. |[R+AR |+/- o2 +- SO2xN |+/- AEO0 +/- R factor
experiment_1 Cu-0 1.96 1.96 3(2) 0.003 3(3) 1.9 3(1) -0.89 1(0) 0.0392
experiment_2 | Cu-O 1.96 1.96 | 2(2) 0.005 | 3(3) 1.8 2(1) 0.14 | 1(0)
experiment_3 Cu-0 1.96 1.96 2(2) 0.004 2(3) 1.8 2(1) -0.66 1(0)
experiment_4 Cu-0 1.96 1.96 2(2) 0.006 3(3) 1.8 3(1) -0.74 2(0) 0.0388
experiment_5 | Cu-O 1.96 1.97 | 2(2) 0.004 | 3(3) 1.3 2(1) 0.82 1(0) 0.0270
experiment_6 | Cu-O 1.96 1.96 3(2) 0.9 2(1) 0.72 2(0) 0.0425
experiment_7 | Cu-O 1.96 1.3 6(1) 5.87 3(0) 0.1833
experiment_8 Cu-0 1.96 2.16 3(2) 1.8 5(1) 18.59 3(0) 0.0655
experiment_9 Cu-0 1.96 2.20 2(2) 0.004 3(3) 3.1 6(1) 2212 2(0) 0.0311
experiment_10| Cu-O 1.96 2.21 2(2) 0.007 4(3) 4.4 9(1) 22.93 2(0) 0.0538

Figure 105 - Fitting result summary table

8.5.2.2 Bar plot relative to each model parameter or R factor

Once the fitting is completed, the results relative to a specific fitted model parameter or the
R factor can be displayed as a bar plot, using the appropriate tab. This can be useful to visually
observe a trend in the fit results between different samples. For example, to take the same example
as the one employed in the previous section, one can clearly observe that the the distance in R
increases at some point during the reaction (from experiment 7) , and the Cu-O path at 1.96 A

seems no longer valid. The bar plot display the data in color, following a color code:
¢ All fitted model parameters are displayed following the color code described

previously at section 8.4.6.
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e The R factor is displayed following the color code described previously at
Section 8.4.5.1.

experiment_1: Cu-O 1.96 A}

experiment_2: Cu-O 1.96 A

T

experiment_3: Cu-O1.96 A|

experiment_4: Cu-O 1.96 A|

experiment_5:Cu-O 1.97 A} ]

experiment_6: Cu-O 1.96 A

I

IIlFlilill

Variable per fit

experiment_7: Cu-O 2.03 A

experiment_8: Cu-O 216 A|

experiment_9: Cu-O 2.20 A

experiment_10: Cu-0 2.21 A

005 0 005 01 015 02 025
AR (A)

Figure 106 -Bar plot corresponding to the AR fitting results of 10 spectra belonging to the same dataset
collected at the beamline in operando conditions, and fitted simultaneously
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9 Modules to exploit SAMBA files (SAMBA data only)

9.1 HDF Processor (SAMBA data only)

This module of Fastosh can be open via the menu of the Main GUI:

Main GUI Menu > Operations >For SAMBA’s files only...> “HDF Processor”

9.1.1 Usefulness

This module has three main purposes:

e To rapidly glimpse at all collected XAFS scans saved in the data folder without importing any
data to the program. This can be notably helpful in identifying the iterations that are not
exploitable.

e To merge HDF files corresponding to successive iterations. The average file can be open in
“MCA Viewer” module of Fastosh for further data analysis.

e To convert an HDF file to a text file. For example, if 60 scan interations were collected for a
given sample, 60 individual HDF files would be created at the beamline. All 60 HDF files can
be converted to 60 text files. For each scan iteration, a new fluoescence spectrum can be
extracted from a specific set of pixel MCA data recorded by SAMBA’s multi pixel fluo detector
(i.e. Ge 36 pix or SDD 13 pix detector). For example, specific pixels that were affected by
diffraction phenomena during acquisition can be deactivated in order to extract a new,
undistorted fluoerescence spectrum. Additionnaly, a new ROI can be employed to extract the
fluorescence spectrum.

® Fastosh 1.0.0_pre_r_b - HDF File Processor
Options v
Select a data folder Refrosh sample kst
Al None Scan # shown: 0004
il sampias 1o process in data folder List of all HDF flles associated to the highighted sample to process
Transmission
Total Sample “ Points E min E max Speed dt Detector
40 o w00 0530 sm 0000 o © Total fuorescence (OT cor)
47 GPnB 2 2006 55000 o535 500 00 00
) s sa000 s sm 0w %Ge DT enr n pix 1 )
. 05 sa000 s ) ™ 2000
s 900 5w s 0000 %000
> . : O uncor. fluo pix1 T
o o5 0000 o sm o %0e
as, 500 5086 0 00 G
Referonce
» e w00 osns ) oo 000
i, 500 55 500 0000 e 14000
0 s 52000 o sm o e
" seos 500 os0ns 50 000 2Ge
12000
P 9000 os0ns 0 ouw 000 |
" s, 5000 osms sm ™ "o
W o o 2000 s M om  %Ge
10000
w oo 52000 s sm ome o Iy
w o ms 9000 osns ) ™ 00 V
W 00 s sm 0000 00 8000
" o sa00 s 00 oo 000
n sa00 s sm oo e
P 2000 s @ oo e 6000
s 1000 s ) o 00
2 s 00 osons ) ™ 2000
4000
» s 50000 e 50 0w non
u w000 s s o %Ge
® w00 s sm 0w e 0
» 05 5000 5385 500 0,000 £ 5900 6000 6100 6200 6300 6400 6500
Creato a .txt filo of the average - FAST
Create a .HOF file of the average - SLOW
Convert hdf file nto .txt fle
Process only highighted Process all selected Close

Figure 107 - HDF Processor window
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9.1.2 How to use this module

9.1.2.1 Specify repertory of data folder

Firstly, make sure that all SAMBA HDF files to be exploited are located in the same folder.
The repertory of this folder must be specified after opening the HDF Processor window. This can
be done by pressing the button “Select a data folder” at the top left corner of the HDF Processor
window. The names of all HDF files present in the data folder are then automatically listed on the
left side of the HDF Processor window (Figure 107). The total number of iterations per HDF file is
specified on the left side of each name. One name is highlighted in blue color in the sample list
(the first sample in the list, by default). The details of each iteration associated to the highlighted
sample are shown in the middle of the window (Figure 107). These details are iteration number,
total number of data points, energy range (Emin and Emax), monochromator velocity (“Speed”) in
eV/sec, acquisition integration time in seconds/data point (“dt”) per scan, and type of detector
employed:

36Ge = 36 pixel germanium fluorescence detector, Canberra
13SDD =13 pixel Si fluorescence detector, Mirion

9.1.2.2 Data visualization

By default, the data corresponding to the last iteration of the highlighted sample is displayed
on the right side of the HDF Processor window. One can interactively click on any other
iteration listed in the iteration table to display its corresponding data. Also, by default, the
data shown corresponds to the transmission (“Transmission” = log(l0/I1)) of the current iteration.
One can alternatively display the data corresponding to the deadtime-corrected total fluorescence
(“Total fluorescence (DT cor.)” = sum(IF(i) x (input count rates(i) / output count rates(i)) /10), with i
being a given fluo detector pixel), the deadtime-corrected data collected at a specific fluo detector
pixel (“DT cor. fluo” = IF(i) x (input count rates(i) / output count rates(i)) /I0), the deadtime-
uncorrected data collected at a specific fluo detector pixel (‘DT uncor. fluo” = IF(i)/I0), or the
reference (“Reference” = log(11/12)) (Figure 107). This functionality thus allows to quickly inspect
the collected spectra without importing them to the Main GUI of the program.

All None Invert
List of all HDF files associated to the highlighted sample to process

# Points E min E max Speed dt Detector

1 1000 26500.0 27300.0 1000 0.08 36Ge
2 750 26500.0 27100.0 10.00 0.08 36Ge
3 750 26500.0 27100.0 1000 0.08 36Ge
4 750 26500.0 27100.0 10,00 0.08 36Ge
5 750 26500.0 27100.0 1000 0.08 36Ge
6 750 26500.0 27100.0 10.00 0.08 36Ge
7 750 26500.0 27100.0 1000 0.08 36Ge
8 750 26500.0 27100.0 10.00 0.08 36Ge
9 750 26500.0 27100.0 1000 0.08 36Ge
10 750 26500.0 27100.0 10.00 0.8 36Ge
1 750 26500.0 27100.0 1000 0.08 36Ge
12 750 26500.0 27100.0 10.00 0.08 36Ge
13 750 26500.0 27100.0 1000 0.08 36Ge
14 750 26500.0 27100.0 10.00 0.08 36Ge
15 750 26500.0 27100.0 1000 0.08 36Ge
18 750 26500.0 27100.0 10.00 0.08 36Ge
17 750 26500.0 27100.0 1000 0.08 36Ge
18 750 26500.0 27100.0 10.00 0.08 36Ge
19 750 26500.0 27100.0 1000 0.08 36Ge
20 750 26500.0 27100.0 10,00 0.08 36Ge
21 750 26500.0 27100.0 1000 0.08 36Ge
22 750 26500.0 27100.0 10.00 0.08 36Ge
23 750 26500.0 27100.0 1000 0.08 36Ge
24 750 26500.0 27100.0 10.00 0.08 36Ge
25 750 26500.0 27100.0 1000 0.08 36Ge

Figure 108- Example where not all scan iterations are selected by default because of differences in scan
parameters between scan iterations
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9.1.2.3 Data averaging

9.1.2.3.1 Best practice to select scan iterations to average

If the goal is to process the HDF files of multiple samples, whose names are listed
in the table located in the left side of the HDF Processor window, it is recommended before
processing the data to inspect all iterations collected for each sample, by highlighting one
by one each sample name. This allow to identify and unselect all problematic iterations before
processing the data.

If scan parameters were modified at SAMBA beamline between different scan iterations of
a given sample analyzed, all scans acquired for this sample may not have exactly the same energy
range or number of data points. In that case, the program will not merge together all these
iterations. Only scan iterations that have the same total number of data points, Enin (£ 2 V),
and Emax (£ 2 eV) as those corresponding to the 1t iteration are selected by default. For
instance, in the example shown in Figure 108, the Emax (27300 eV) of first iteration is different than
the Emax Of all remaining iterations (27100 eV). Consequently, only the first iteration is selected by
default in the table, and not the remaining ones (Figure 108). In this example, the button “invert”,
located right above the table, should be pressed to invert the iteration selection so that all scans of
the highlighted sample except the first scan can be selected and subsequently processed together.

9.1.2.3.2 Creation of TXT or HDF merge file

Once the data of all relevant samples have been primary checked following the method
discussed in the previous section (9.1.2.3.1), the data can be processed.

- Firstly, select at the bottom left of the window the desired processing method(s) (choosing the
two methods is possible):

e “Create a .txt file of the average -FAST”
This merges all transmission and fluorescence data for all selected iterations of the
sample(s) to process. The output is a text file containing 5 columns: Energy,
normalized transmission (log(l0/11)), normalized fluorescence (IF/I0), normalized
reference (11/12), and 10 channel.

o “Create a .HDF file of the average -SLOW”
This merges all data in the SAMBA HDF files corresponding to all selected iterations
of the sample(s) to process. The output is an HDF file, which can be open in MCA
Viewer module (Section 9.2). Merging HDF file is a slow process. The reason why is
explained in details below (Section 0).

- Then, starting the data averaging. The data processing can be done on either:

e The current sample highlighted in blue color in the sample list:
= Press “Process only highlighted” button at the bottom of the HDF File Processor
window.

o All samples whose names are checked in the sample list:
= Press “Process all selected” button at the bottom of the HDF File Processor
window.

After choosing any of these two options, one must specify the folder where the created output files
will be stored.

9.1.2.3.3 Operations done during merging

Since the monochromator movement during a scan is not perfectly reproducible, multiple
XAFS scans may not have exactly the same energy arrays, even when the same scan parameters
are employed to collect the data. This implies that the data corresponding to multiple XAFS scans
must be interpolated, so that they share the same energy array, prior to merging them together.
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The number and type of interpolations performed vary depending on whether a merge .txt or .HDF
file is created. This is described below.

- Creation of merge text file (Fast method)

Suppose there are 10 XAFS scans to merge together. The data arrays corresponding to
10, 11, 12, and IFtal (total fluorescence collected at all detector pixels, deadtime-corrected) of scans
2 to 10 are then interpolated. This is done using the energy array of the first scan as the
interpolation query. Hence, all interpolated data eventually share the same energy array, i.e. the
energy array of the first scan. Finally, each type of interpolated data (10, 11, 12, and IFta) is merged.

- Creation of merge HDF file (Slow method)

The MCA patterns collected at each pixel of the fluorescence detector represent in size
most of the data saved in SAMBA HDF file. Indeed, when an XAFS scan is collected at SAMBA
beamline using a continuous acquisition mode, an MCA pattern containing 4096 data points is
recorded by each fluorescence detector pixel, at every energy step of the XAFS scan. For example,
if an XAFS scan features 3000 energy steps, and the fluorescence detector has 36 pixels, there
will be 3000 x 36 = 108000 MCA patterns collected and saved in the HDF file of the scan. Now
suppose that 10 iterations of such XAFS scan are successively collected at the beamline, and their
corresponding HDF files should be merge together. As previously mentioned, these 10 XAFS
scans do not exactly have the same energy arrays even though they were collected using the same
scan parameters. Consequently, the MCA patterns of all 10 XAFS scans were actually not recorded
at the exact same energy value at each step of the XAFS scan. The MCA data of scans 2to 9 are
then interpolated using the energy array of the first scan (containing 3000 data points) as the
interpolation query. The program then must perform a very large number of interpolations, which
explains why merging SAMBA HDF file is a slow process.

For instance, with the example discussed above, the total number of interpolations to
perform is:

e 4096 points/MCA collected at each energy step of the XAFS scan

o 36 detector pixels, each of them collected a specific MCA pattern

o 9 HDF files with MCA data to interpolate

= 4096 x 36 x 9 = more than 1.3 million interpolations of arrays
containing 3000 data points! It is then recommended to merge all HDF files
overnight, for example during the night before exploiting the merge HDF files.

Additionally, when a merge HDF file is created, the data arrays corresponding to 10, 11, 12, and
IFiwotal (total fluorescence collected at all detector pixels, deadtime-corrected), and fluorescence
deadtime array are interpolated. Finally, each type of interpolated data is merged.

9.1.2.4 Data conversion from HDF to TEXT file while redefining ROI and pixel selection

To convert HDF to TEXT files while redefining ROI and pixel selection, firstly check on “Convert
.hdf file into .txt file” at the bottom left corner of the HDF processor window (Figure 109). Note that
when selecting this option, the button “Pixel Selection for scan #...” and the fields to modify the ROI
limits become activated (Figure 109). These are not activated when the option “Convert .hdf file
into .txt file” is not checked. In the example shown in Figure 109, the current iteration was iteration
#4. One can then redefine the pixel selection for iteration #4 by pressing on the button “Pixel
Selection for scan # 4” (Figure 109). This opens up a new window where all pixel data
corresponding to the current iteration, as shown in Figure 110.

Create a .txt file of the average - FAST

Create a .HDF file of the average - SLOW

Convert .hdf file into .txt file Pixel selection for scan #4... ROI from 5100 to 5700

Process only highlighted Process all selected

Figure 109 — Bottom left comer of the HFD Processor window
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Figure 111 — After checking on “Show Dead Time (%)’ option on the right side of the Pixel Viewer
window, deadtime is displayed in red color for each pixel, and the total spectrum

Note that the Pixel Viewer window shown in Figure 110 can be automatically refreshed when
interactively selecting a new scan interation from the iteration table featured in the HDF Processor
window. For instance, using the example shown in Figure 110 where the data of iteration #4 is
displayed in the Pixel Viewer window, if one clicks on iteration #5 in the table featured in the middle
of the HDF Processor window, the Pixel Viewer window automatically updates and eventually

shows the data corresponding to iteration #5.
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The deadtime-corrected fluorescence data is displayed by default when opening the Pixel
Viewer window. To display the deadtime-uncorrected fluorescence data, check on the “Dead Time
Correction” option on the right side of the window.

Additionnaly, the deadtime-corrected fluorescence data is not displayed by default when
opening the Pixel Viewer window. To display it, check on the “Show dead time (%)’ option on the
right side of the window. The deadtime is then displayed in red color, as shown in Figure 111. The
deadtime scale, in %, is shown on the Y axis on the right side of each spectrum plot . In the example
shown in Figure 111, one can observe, from the deadtime plots, that some pixels have been
significantly affected by diffraction phenomena. Therefore, displaying the deadtime can help
identify the pixels to unselect. Methods to unselect pixels are described in the next two sections.

9.1.2.4.1 Preliminary step: manual or automatic pixel selection on a single iteration

Once the Pixel Viewer window is open (Figure 110), one can manually unselect some pixels
by unchecking the box below each plot. Alternativaly, one can automatically remove all pixels
whose deadtime is above a user-defined threshold in at least one data point of the XAFS spectrum,
by pressing “Find all DT above”, on the right side of the Pixel Viewer window (Figure 111). The
value of this threshold, which is 30% by default, can be modified on the right side of the Pixel
Viewer window (Figure 111). For example, using the example shown in Figure 110 where the data
of iteration #4 is displayed in the Pixel Viewer window, and after setting the deadtime threshold to
20 %, 5 pixels where automatically unselected. Note that the plot of total fluoerescence, on the
right side of the Pixel Viewer window, is automatically updated after unselecting a pixel.
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Figure 112 — Same as previous figure, but after pressing on the button “Find all DT above 20 %”. This
automatically unselected all pixels whose deadtime was above 20% in at least one data point of the
spectrum.

Once done with pixel selection, press the button “Transfer to table”. The numbers of the pixels
unselected in the Pixel Viewer window are now written in the last column of the iteration table
featured in the HDF processor, entitled “Unwanted pixels” (Figure 113). In Figure 113, one can see
that 5 pixels were unselected for iteration #4. One can apply this specific pixel selection to all or
only a specific set of iterations corresponding to the same sample.

After transferring a pixel selection to the table of the HDF Processor window, this pixel
selection can be applied to all iterations of a sample using the following menu option available on
top of the HDF Processor Window:
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HDF Processor > Options > “Apply current pixel selection to all scans”

Alternatively, a pixel selection can be applied to a specific set of iterations, by following this
procedure (Figure 114):

o Firstly select all iterations to apply the same pixel selection, e.g. iterations #4, 5, 6,
&7.

e Do the pixel selection on one iteration, for example, #4, and transfer this pixel
selection to the table.

e This pixel selection can be applied to pixels #5, 6, & 7 using the following menu
option available on top of the HDF Processor Window:

HDF Processor > Options > “Apply current pixel selection to selected
scans”

Al None Invert Lasso
List of all HDF files associated to the highlighted sample to process
# Points E min E max Speed dt Detector Unwanted pi>
1 695 58000 65386 " sm 0009 1Ge Nane
2 2605 58000 85385 500 0009 36Ge None
3 00 58000 66385 500 0,009 36Ge None
4 2655 58000 65386 500 0.009 36Ge 4,14,27,29,%
5 3695 58000 85386 500 0009 36Ge None
6 0% 58000 66386 500 0,009 6Ge None
7 3695 58000 65386 500 0039 36Ge Nane
8 06 56000 66385 500 0009 6Ge Nore
9 365 58000 65385 500 0009 36Ge None
10 2696 58000 86386 500 0.009 36Ge None
" 3696 58000 66385 500 0,009 36Ge None
2 3685 58000 65385 500 0009 36Ge None
13 3606 5800.0 65385 5.00 0.009 36Ge None
1 3605 58000 65386 500 0009 36Ge None
15 3655 58000 5386 500 0009 36Ge None
1 269 58000 65386 500 0009 36Ge None
17 696 58000 66385 500 0009 36Ge None
) 3655 58000 65385 500 0009 36Ge None
19 3606 5800.0 65385 5.00 0.009 36Ge None
2 3 58000 66385 500 0009 %6Ge None
2 695 58000 65386 500 0009 3Ge Nane
2 3695 58000 85386 500 0009 36Ge None
» 00 58000 65386 500 0,009 36Ge None
2 2655 58000 65385 500 0009 36Ge None
) 365 58000 85385 500 0009 36Ge None

Figure 113 — lteration table is refreshed after transfer of a pixel selection : pixels 4, 14, 27, 29, and 36 are
now listed as unselected. Therefore, the data from these pixels will not be used to extract a new
fluorescence spectrum, once the HDF file will be converted to a text file
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Figure 114 — Iteration table now shows that pixel selection was applied to only selected iterations

9.1.2.4.2 Preliminary step: Automatic pixel selection on all iterations of a sample

The HDF Processor features a functionnality to automatically perform, using a single
command, pixel selections on all iterations of a sample. This function unselect any pixel whose
deadtime is above a user-defined threshold in at least one data point of the XAFS spectrum. To

use this function, follow this procedure:

o Specify the value of the threshold, which is 30% by default, using the following
menu option available on top of the HDF Processor Window:

HDF Processor > Options > “Change deadtime threshold...”

e Start the automatic processing, using the following menu option available on top of
the HDF Processor Window (highlighted in blue in Figure 115)

HDF Processor > Options > “Automatic pixel finder with DT > 30% for

all iterations”
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Figure 115 — Automatic pixel processing of all iterations corresponding to current sample. Results are

shown in the column “Unwanted pixels” in the table featured in the middle of the HDF Processor window

9.1.

9.1.

2.4.3 Preliminary step: Modifying ROI

While a specific pixel selection can be defined for each iteration of a sample as shown in the
previous sections, only one Region of Interest (“ROI”, i.e. the specific region of the MCA pattern
where the fluorescence is extracted) can be used for all iterations of a sample. Specify it in the
fields “ROI from” at the bottom of the HDF Processor window (Figure 115). The ROI originally used
at SAMBA for the first iteration of the current sample is displayed by default.

2.4.4 Second step: creating TXT files

Once all optionnal preliminary steps have been completed (i.e. pixel selection and/or ROI
modification), the HDF files can be converted to text files. Press on the button “Process Only
highlighted” on the bottom left corner of the HDF Processor window. This will do the HDF/text file
conversion for all selected iterations corresponding to the highlighted sample. Alternatively, if the
button “Process all selected” is pressed, the HDF/text file conversion is done on all selected
iterations corresponding to all samples selected in the sample list, on the left side of the HDF
Processor window.

9.2 MCA Viewer (SAMBA data only)

This module of Fastosh can be open via the menu of the Main GUI:

Main GUI Menu > Operations >For SAMBA’s files only...> “MCA Viewer”

9.2.1 Usefulness

A single SAMBA HDF file generated at SAMBA beamline, corresponding to a single XAFS
spectrum, or a merge HDF file created with the “HDF Processor” module of Fastosh (see
Section 9.1), corresponding to an average XAFS spectrum, can be open in this module. From
there, one can:

e Display all MCA patterns saved in the HDF file.
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o Display the XAFS spectra collected at all pixels of the fluorescence detector and their
associated deadtime. Problematic pixels can be unselected and a new XAFS spectrum can
be extracted from MCA without them.

¢ Redefine, specifically for each pixel, the original ROl employed to collect the fluorescence data
at SAMBA. A new XAFS spectrum can be extracted from MCA using the new ROI values.

e Subtract the baseline from the counts above it in the ROI of the MCA patterns and then extract
a new XAFS spectrum.

e Determine the fraction of MCA outside of the ROI that is affected by spectral artefacts (e.g.
diffraction peaks), and use this fraction to correct the XAFS spectrum extracted from the ROI.

9.2.2 Importing an HDF file

A single HDF file, generated at SAMBA beamline, or a merge HDF file, created using the
HDF Processor module of Fastosh (see Section 9.1), can be imported to MCA Viewer via the menu
of the module:

MCA Viewer Menu > File > “Open an HDF file”

When an HDF file is imported, all fluorescence detector data saved in the HDF file are loaded and
processed. This represents a more convenient approach than reopening and reprocessing the data
every time an operation is requested by the user in the MCA Viewer module. The file importation
thus requires a few seconds to complete, and proceeds in two steps. A message is displayed on
top of the MCA Viewer at each of these two steps:

- “First step: loading & processing spectra of pixel #”. the fluorescence spectra and associated
deadtime arrays are loaded at this step, and deadtime correction is applied to each fluorescence
spectrum, for each detector pixel.

- “Second step: loading & processing MCA pattern of pixel #”. all MCA patterns and associated
deadtime arrays for each detector pixel are loaded at this step, and deadtime correction is applied
to each MCA pattern. If all loaded MCA patterns corrected or uncorrected for deadtime were stored
in the computer’s flash memory, the computer performances could be severely diminished. They
are then stored in the temporary folder of the computer. All data is eventually deleted automatically
from the temporary folder. This process is transparent for the user.
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9.2.3 Main Window

9.2.3.1 Presentation

The MCA Viewer window (Figure 116) features:

o At its top, the total MCA at a specific energy of X-rays. It corresponds to the sum of MCA
patterns at all selected pixels and at a specific energy of incoming X-rays hitting the sample. The
selection of pixels is shown on left side of the MCA Viewer window (checked boxes are all selected
pixels). All pixels should selected/checked by default right after opening an HDF file. If some of
them are not checked and displayed with a grey color after opening a file, these pixels are
permanently turned off in the detector. If some pixels are manually unchecked, the button “refresh”
on the left side of the window (Figure 116) must be pushed to recalculate the sum of MCA and
display it on top of the MCA Viewer window. The specific energy of X-rays probing the sample of
the current MCA is shown in the field “Energy” as well as its corresponding tile number in the field
“‘MCA” in the top left corner of the MCA Viewer window (Figure 116). For example, if an XAFS
spectrum features 3000 data points, there are 3000 MCA tiles, from 1 to 3000.

o At its bottom, the original XAFS spectrum collected in fluorescence mode at SAMBA,
shown in gray color (Figure 116). This spectrum corresponds to the total fluorescence collected in
the ROI at all selected pixels (IFwta) divided by 10 channel. By default, it is shown with deadtime
correction applied to it. Optionally, deadtime correction can be unselected by unchecking the box
“deadtime correction” at the bottom right of the MCA Viewer (Figure 116).

. On the left side of the MCA Viewer window, a box shows the current pixel selection and
the method number. See Section below for further details on “Method”.
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9.2.3.2 Browsing MCA tiles

There are four methods to browse the MCA tiles:

e Use the horizontal scroll bar on top of the displayed MCA pattern in the MCA Viewer window

e Click anywhere in the XAFS spectrum plot except directly in the XAFS spectrum itself. If
one clicks directly on the XAFS spectrum, instead of anywhere else above or below it in the
plot, the energy selection won'’t be considered. A vertical bar in the XAFS spectrum plot shows
the position of the current energy corresponding to the MCA displayed in the window.

e Specify the energy in the field “Energy” on the top left corner of the MCA Viewer window

e Specify the MCA tile number in the field “MCA” on the top left corner of the MCA Viewer window

All these functionalities are linked to each other. For example, if one clicks in the XAFS plot to
interactively select an energy, the corresponding position of the scroll bar, energy value, and tile
number will be automatically refreshed in the MCA Viewer window.

9.2.4 Operations

9.2.4.1 Viewing and removing pixels

The XAFS spectrum collected in fluorescence mode at SAMBA beamline may sometimes
be distorted due to acquisitions artefacts, such as diffraction phenomena. One example of such
problematic XAFS spectrum is displayed at the bottom of the MCA Viewer window in Figure 116.
If the XAFS spectrum is locally distorted, one should determine whether these distortions occur at
all pixels of the fluorescence detector or only at specific pixels. In the latter case, the problematic
pixels can be excluded and a new XAFS spectrum can be extracted without using the fluorescence
data collected at these pixels.

To view all pixel data collected by the fluorescence detector, click on the button “Pixel
Viewer...” on the left side of the MCA Viewer window (Figure 116). A new window appears
displaying the normalized XAFS fluorescence spectra collected at each pixel (IF,ixe/I0), and the
total normalized fluorescence spectrum (IFiotal selected pixels/|0) On the right side of the window (Figure
117 A). The pixel distribution on this window corresponds to the real pixel distribution on
the detector: for example, pixels #1, 6 31, and 36 at the four corners of the Pixel Viewer window
(Figure 117) are indeed located at the four corners of the monolithic Ge crystal of SAMBA'’s 36 pix
Canberra detector. The deadtime for each pixel can be also displayed, by clicking on the button
“Show deadtime” on the right side of the window. The deadtime scale appears on the right side of
each pixel plot (Figure 117 B) In the example shown in Figure 117, the problematic pixels are
obviously all those located on the right side of the detector (pixels #1 to 18). Problematic pixels can
be unselected by unchecking the boxes below the pixel plots. The total normalized fluorescence
spectrum is then automatically updated on the right side of the window (Figure 117 C). When pixel
selection is done, click on the “Ok” button at the bottom right corner of the window, to close the
window.

After closing the Pixel Viewer window, the pixel selection shown on the left side of the MCA

Viewer window is automatically updated to match with the pixel selection done in the Pixel Viewer
window. Also, the total MCA pattern displayed at the top part of the MCA Viewer window is
automatically updated to only display the data relative to the selected pixels.
Click on the button “Extract” to obtain the new XAFS spectrum extracted using the current pixel
selection. The new XAFS spectrum is shown at the bottom of the MCA viewer window with a blue
color (Figure 118). In the above example, one can notice that unselecting half of the pixels of the
detector (Figure 117) enabled to get rid of all distortions that were originally present in the XAFS
spectrum collected at SAMBA (Figure 118).

Finally, press the button “Transfer new spectrum to main GUI” at the bottom of the MCA
Viewer window (Figure 118) so that the new spectrum can be saved in the Main GUI.
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Figure 117- Pixel Viewer window: data of XAFS spectrum shown in the previous figure, with A) all pixels
; B) all pixels + deadtime; C) after unchecking problematic pixels
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9.2.4.2 Modifying ROI min & max

If an XAFS spectrum collected in fluorescence mode at SAMBA is locally distorted, one
possible method to suppress the distortions is to modify post-acquisition the original ROI used at
the beamline to collect the fluorescence data. Below are two examples of problematic XAFS
collected at SAMBA. The cause of the distortions was specific to each example. These spectra
could be fixed post-beamtime by modifying the ROI.
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Figure 119 - Example of an Zn K-edge XAFS spectrum distorted due to fluorescence of another element
leaking in the ROI: A) before reaching the W L3-edge ; B) at the W L3-edge ; C) MCA after increasing
the ROI Emin to 8500 eV ; and D) new XAFS spectrum obtained after increasing the ROI Enin to 8500 eV

and pressing the button “Extract”

Example 1: Fluorescence of another element leaking into the ROI

An XAFS spectrum of a Zn-polluted sediment core sample was collected at
SAMBA at the Zn K edge (9659 eV). A small secondary edge-jump can was observed
at about 10205 eV, which corresponds to the energy of the W L3 edge (Figure 119).
This W contribution could come from the tungsten-made Auger Drill that was used to
collect the sediment core sample. The Emin of ROl used at SAMBA (8300eV) was too
low as the W La emission (8398 eV) “leaked” inside the ROI when the energy of
incoming X-rays hitting the sample reached the energy of W L3 edge at 10205 eV (see
small shoulder at ~8400 eV in the MCA of Figure 119 B, which is not present in the
MCA of Figure 119 A). Increasing the Emin of the ROI from 8300 to 8500 eV (Figure 119
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C) enabled to shun the W contribution and thus extract a clean XAFS spectrum (Figure
119 D).

Example 2: Diffraction contribution leaking into the ROI
Diffraction phenomena emitted by crystalline samples and hitting the
fluorescence detector can have multiple effects on the MCA patterns. Modifying the
ROI range may result in different extracted XAFS spectra, as demonstrated in Figure
120.
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Figure 120 - Post-edge regions of XAFS spectra extracted using three different ROI ranges (shown on
the left side of the figure) using the same MCA data, which corresponds to a soil sample analyzed at the
CrKedge.

9.2.4.3 MCA background subtraction

As previously mentioned, diffraction phenomena emitted by crystalline samples and hitting
the fluorescence detector can have multiple effects on the MCA patterns. In rare cases, the
diffraction results in an elevation of the MCA background and does not significantly affect the rest
of the MCA pattern above the background. The background can then be subtracted from the MCA
pattern to minimize artefacts in the extracted XAFS spectrum. This is done by fitting a baseline in
the MCA pattern using the codes of Mazet et al. (2005) [12], as explained below. However, in most
cases, diffraction emission does not affect only the background but also the rest of the MCA pattern,
including the peak corresponding to the element of interest. Therefore, performing background
subtraction is often not effective in minimizing diffraction artefacts in the XAFS spectrum extracted
from MCA, and mostly results in a decreased in signal-to-noise ratio.

To do background subtraction:
-Select “Background subtraction” on the left side of the MCA viewer window

-Press “Test one” button on the left side of the MCA Viewer window: this will fit the
baseline only on the current MCA tile displayed in the MCA Viewer window (i.e. this
MCA corresponds to the sum of all MCA patterns collected at each pixel for a specific
energy of incoming X-rays). Visually estimate on the plot whether the baseline was well
fitted. If a poor baseline was obtained, modify the default baseline parameters after
clicking on the button “Parameters”.

- The baseline fitting method of Mazet et. (2005) [12] has three parameters: function
type, threshold, and polynomial order. The “asymmetric truncated quadratic” (default
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choice) is often the most adequate function type. Also, a polynomial order equal to 3
(default choice) is often adequate. The threshold value can be sometimes modified to
optimize the baseline.

- Once the parameters are suitable to fit correctly the baseline on the current MCA tile,
test once again the baseline fitting on another MCA tile. It is recommended to test the
baseline fitting at least on one MCA tile before the edge jump of the XAFS, and one
after the edge-jump.

-Once convinced that the baseline parameters are effective after testing them on a few
MCA tiles, click on “Do All” button to do baseline fitting on all MCA tiles. This will take
a few moments: if the XAFS spectrum has 5000 data points, there are 5000 associated
MCA tiles, thus 5000 background fitting routines to perform.

- Press “Extract” button to do the actual background subtraction to obtain a new XAFS
spectrum. The final fluorescence calculated on each MCA tile (i.e. each data point of
the extracted XAFS spectrum) is equal to the integral of the full MCA between ROI Emin
to Emax minus the part of the MCA below the baseline between ROI Enmin to Emax. Finally,
press “Transfer spectrum to the Main GUI” to save the new extracted XAFS spectrum
in the Main GUI.

9.2.4 .4 Diffraction corrector

9.2.4.4.1 Principle

When the energy of the incident X-ray beam increases during acquisition of an XAFS
spectrum, some parts of the MCA pattern collected by the fluorescence detector can considerably
evolve in shape, amplitude, or energy position. This includes, of course, the fluorescence line in
the ROI, the Compton peak (inelastic scattering of the incident X-ray beam), and the Rayleigh peak
(elastic scattering of the incident X-ray beam) above the ROI. In contrast, some parts of the MCA
is not supposed to significantly vary when the energy of the incident X-ray beam increases. This is
the case of the fluorescence emission lines of all the sample’s chemical elements whose absorption
edges are below the one of the element studied by XAFS. The amplitude of these features should
only decreases slowly as the energy of the incident X-ray beam increases. Therefore, if their
amplitude change dramatically during an XAFS acquisition, they must be modified by artefacts.
The diffraction corrector tool enables to quantify the fraction of the MCA that is artificially modified in
a region that is not supposed to significantly vary. This fraction is then used to correct the new
XAFS spectrum that is extracted from the ROI.

To calculate this factor, the integral of the MCA, in a region of the MCA whose features are
not supposed to significantly evolve when the energy of the incident X-ray beam increases (i.e.
somewhere outside of the ROI in the MCA), is calculated at each energy of the XAFS spectrum.
The integral of the MCA region outside ROI vs energy of the XAFS spectrum, and its corresponding
baseline obtained using the codes of Mazet et al. (2005), are displayed in the top part of the
Diffraction corrector window (Figure 121). The former is divided by the latter to obtain the MCA
distortion factor at each energy of the XAFS spectrum, which is displayed in the middle part of the
Diffraction corrector window (Figure 121). Finally, the original and corrected XAFS spectra are
shown in the bottom part of the Diffraction corrector window, in red and black color, respectively
(Figure 121). The latter is obtained by dividing the MCA distortion factor from the former.

9.2.4.4.2 Parameters

“MCA used”

The specific region of MCA used by the Diffraction corrector tool to calculate the correction
factor. This region should feature some fluorescence lines that do not significantly change as the
energy of the incident X-ray beam increases. By default, this region is from 10eV to an energy of
10eV below the minimum of the ROI. These defaults values are often not ideal to obtain the
correction factor and require to be modified, as shown in the example provided below. If the
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minimum and maximum values are respectively set below and above the ROI, then the ROI part
will be excluded. For example, if the MCA limits are set to 6000-8000 eV, and the ROl is 7300-
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Figure 121 - Diffraction corrector window

7600, then the actual MCA part used by the Diffraction corrector tool will be 6000-7290 &
7610 to 8000 eV.

this region corresponds to the whole energy range of the XAFS spectrum. In some cases, this
region may be shortened. For example, if the white line of the XAFS spectrum is very intense, and
the resolution of the fluorescence detector is not high, the fluorescence of the studied element may
“leak” (“tailing effect”) inside the MCA region used by the Diffraction corrector window at energies
around the white line. Real parts of the XAFS signal around the energy of the white line may then
be considered as artefacts and removed by the Diffraction corrector tool! In that case, to avoid
cutting the real data, the region of the XAFS spectrum to correct should be shortened, for example
from an energy after the white line to energy corresponding to the end of the XAFS spectrum.
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- Baseline parameters: function type, polynomial order, threshold
The codes of Mazet et al. (2005) are used to calculate the baseline. The “asymmetric
truncated quadratic” (default function type choice) should be adequate in most cases. A polynomial
order equal to 3 (default choice) is suitable for a baseline that is mostly flat. If the baseline does
not match a curvy data trend, increase its polynomial order to an adequate value. Decreasing the
threshold value decreases the level of the baseline below the data trend, hence more features in
the MCA pattern can be removed by the diffraction corrector tool.

9.2.4.4.3 Example

An example of an XAFS spectrum acquired at the Ni K edge and processed in the
diffraction corrector tool is shown in Figure 121. When the diffraction tool window was firstly
opened, the default limit values of the MCA region were 10-7290 eV, knowing that the ROl was
7300-7600 eV. It was empirically found that these limit values were not suitable and changed to
6000-8000 eV. The actual MCA region used by the tool was then 6000-7290 & 7610 to 8000 eV
since the ROl is always excluded. This MCA region included the K alpha and beta emission of Fe
(Figure 122). A high polynomial order was used so that the baseline could well fit the data. The
default type of baseline function and threshold values were employed. All obvious distortions were
sucessfully removed from the XAFS spectrum, as shown at the bottom of Figure 121.
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Figure 122 — Same sample as the example shown in Figure 121 : MCA at an energy above the Ni K
edge

9.2.4.5 Method number

The “Method number (#)” on the left side of the MCA viewer window enables to
consecutively apply specific data treatment procedures to different group of pixels for the same
HDF file. Since the total fluorescence spectrum collected by a multi pixel fluorescence detector is
the sum of all fluorescence collected at each pixel, the multiple fluorescence spectra obtained for
different groups of pixels, using various data treatment methods, can be eventually summed up
together.

For example, the data of a sample analyzed in fluorescence using the 36 pixel Ge detector
is loaded to the MCA Viewer. Suppose that everything went wrong with this sample during the
acquisition: diffraction peaks significantly affected the MCA background for pixels 1 to 10 and an
electronic issue decalibrated the MCA of pixels 20 to 25. The data of all remaining pixels are OK.
In that case, a new fluorescence spectrum can be extracted in three consecutive steps, using a
specific method for each step. In the first step (“Method # 1” is shown in the MCA Viewer window):
pixels 1 and 10 are selected, all remaining pixels are not selected. A background subtraction
method is applied to pixels 1 to 10. Then, the button “Apply & Extract” is pressed: the fluorescence
spectrum for this pixel section is extracted. Once the extraction is completed, the MCA Viewer now
displays “Method # 27, pixels 1 and 10 are now disabled (since they have been used to extract data
in the previous method), and all remaining pixels are now selected by default. Firstly, for this new
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method, all pixels are unchecked except those corresponding to pixels 20 to 25. The ROl is then
modified for pixels 20 to 25 to compensate for the MCA decalibration. Then, the button “Apply &
Extract” is pressed: the fluorescence spectrum relative to pixels 20 to 25 is extracted, and added
to the fluorescence spectrum obtained with Method # 1. Once the extraction of Method # 2 is
completed, the MCA viewer now displays “Method # 3”, pixels 1 and 10 and pixels 20 to 25 are
disabled, all remaining pixels are now selected. Since all these remaining pixels are OK, they are
left selected, and the button “Apply & Extract” is pressed (i.e. no ROI modification or background
subtraction is done on the remaining pixels): the fluorescence spectrum obtained for this last pixel
group is extracted and added to the total fluorescence spectrum obtained with Method # 1 & 2. The
final fluorescence spectrum can be saved and/or transferred to the main GUI.

9.3 Information Plot (SAMBA data only)

This module enables to plot against each other the values of two types of contextual
information recorded in a set of HDF files corresponding to a data set. The contextual information
can be time or the value of a motor/sensor employed in the SAMBA setup, at the beginning or end
of a scan iteration.

Firstly, select all scan iterations in the Main GUI that correspond to the data set. Make sure
that the data was imported to the Main GUI as HDF files. Then, open the “Information Plot” module
from the menu bar of the Main GUI:

Main GUI Menu > Operations >For SAMBA’s files only...> “Information Plot”

For example, the temperature in a SAMBA oven at the beginning and end of 60 successive
scan iterations is plotted against time in Figure 123. The iteration number of each spectrum, from
1 to 60, is also displayed in the plot. The temperature in the oven was saved in each of the sixty
HDF files as “forno_set”.
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Figure 123 -Temperature in a SAMBA oven plotted against time for a data set of 60 scan iterations. The
time & date at the beginning of the first iteration is shown at the bottom left corner of the window.

An interactive tool available on the top left corner of the window allows to display the X and
Y values corresponding to a specific data point. For example, when clicking with this tool on the
data point collected at the end of the 60" iteration in the plot shown in Figure 123, one can see that
the temperature in the oven was 1002°C, and 6024 seconds went by since the beginning of the
first scan iteration (Figure 124).

Fastosh v. 1.0.10 - User Manual - Modules to exploit SAMBA files (SAMBA data only) 184



Figure 124 -An interactive tool is available on the right left corner of the window to display the exact X
and Y values corresponding to a specific data point in the scatter plot

Lastly, a snapshot of the plot can be taken, and the data can be saved as an ASCII file.
When generating an ASCII file, the data between the start and end of each scan iteration is
interpolated. For example, if a scan has 2500 data points, the time values corresponding to all 2500
data points will be saved in the ascii file: they will be inferred by performing a linear interpolation,
using the time at the beginning and end of the scan and total number of points (i.e. 2500).

9.4 ascan, dscan reader (SAMBA data only)

This function enables to open all dscan and ascan done during a beamtime at samba. Go
to:

Main GUI Menu > Operations >For SAMBA’s files only...> “Information Plot”

Once the window is open, specify the data folder that contains all dscans and ascans. This
should list in green color the name of all ascans, and in purple color the name of all dscans, in
chronological order, starting from the latest on top of the list (Figure 125). If more ascans or dscans
have been measured, press “refresh folder” to refresh the list. The plot window is interactive; a
pointer enables to provide the specific X and Y values in the plot.

a0 e Fastosh's asean & dscan reader
[ Data folder I Refresh folder |
Name Motor Channel Time #ascan over motor: d09-1-cx1/ex/ftab-mt_tx.1
- - #imot=sample_x p1=-10 p2=0 dp=0.5 dt=0.1
ascan_out_0011.ixt | sample_x Trans. 31-jan-2024 17:38:26 \‘Transmlsswon Y #channel=1 at column=2
. . #Following line is a comment:#
ascan_out_0010.txt | sample_x Trans. 31-jan-2024 17:02:55 | | # /ascan_out_0011.txt
ascan_out_0009.txt | sample_x Trans. | 31-an-2024 15:56:57 # HeFlow is d09-1-c00/ca/mao.1 at0.25
10 - i # HePump is d09-1-c00/ca/mao.1 at 4.5
ascan_out_0008.ixt | sample_x Trans. 31-jan-2024 15:53:49 \-. # 10_gain is d09-1-cx1/ex/amp_iv.1at 3
- . L I # I1_gain is d08-1-cx1/ex/amp_iv.2 at 4
ascan_out_0007.txt | sample_x Fluo. 31-jan-2024 15:50:50 9 \ " 12 gain s d09-1-cx1/ex/amp, Iv.3 at 4
ascan_out_0006.xt | sample_x Fluo. 31-jan-2024 15:47:01 8 L Y # 13_gain is d09-1-cx1/ex/amp_iv.4 at 0
o~ | # attis d08-1-cO1/ex/att.1 at 0
dscan_out_0023.tx1 | sample_x Fluo. 31-Jan-2024 15:44:02 7 Lo Y B # bender_c1is d09-1-c03/op/Axis5_C1 at -133533
B . A # bender c2 is d09-1-c03/op/Axisé_C2 at -119099
dscan_out_0022.txt | sample x Trans. 31-jan-2024 15:40:20 .E 6 L / | § cam1 is d08-1-c02/dtivg1.0 at 0.009
dscan_out_0021.txt cryoz Trans. 31-jan-2024 15:37:37 B # camz is d08-1-c04/dtivg1.1 at 50
E_ L i # cama3 is d09-1-c06/dtvg1.2 at 50
dscan_out_0020.xt | sample_x Fluo. 31-jan-2024 12:52:40 g5 # camd is d09-1-cx1/dt/vg2-basler at 20
o
- = g | | # cams is d09-1-cx2/dvvg2-basler at 0.1
dscan_out_0019.t1 | sample_x Trans. 31-jan-2024 12:45:38 -4 ¥ cryophiis  d0S-1-cxl/exkonti-mt rz.1 at -45.0009
ascan_out_0005.txt cryoz Trans. 31-jan-2024 12:41:44 3l i # oryozis  d09-1-cx1/ex/konti-mt_tz.1 at 35.0003
# cx2_phi is d09-1-cx2/ex/sex-mt_rz.1 at nan
dscan_out_0018.txt cryoz Trans. 31-jan-2024 11:47:25 2 | i # cx2_thetaCrystalis  d09-1-cx2/dt/cristal-mt_rs.1 at 68.2352
- — # £x2_thetaDetector is d09-1-cx2/dt/det-mt_rs.1 at 136.907
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Figure 125 — ascan & dscan reader window
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11 Troubleshooting

Live Viewer:

Problem:

Solution:

The spectra automatically displayed in the Live Viewer window look terrible although
the data currently being collected should look great! Or the window does not
automatically update and keeps on displaying the data of previous acquisitions.

This could be due to a change made at the beamline in acquisition mode or x-ray
energy range after opening the Live Viewer window. The Live Viewer strictly displays
all data whose nature (i.e. acquisition mode & energy range) matches the one of the
spectrum that was imported at opening. For example, if a spectrum in transmission
mode was imported, the window will always display transmission data, unless the
data type is redefined. The data type can be redefined at any time via the Menu of
the Live Viewer window: “Select a data type...".

Jaumot et al. MCR-ALS toolbox:

Problem:

Solution:

The final window of the toolbox, where the data is fitted by ALS, does not appear.
Instead, the toolbox closes, and the main MCR-ALS window of Fastosh reappears.

Most likely, some information was not provided in the toolbox windows where the
constrains are set. For example, the non-negativity constraint has been selected, but
the number of principal components for which this constraint is applied has not been
specified. Reopen the toolbox and make sure that all constraint information are
specified following the instructions provided in this manual.

Fastosh won’t start and an error message appears:

Problem:

Solution:

On Windows systems, Fastosh won’t start. Instead, the following message appears:

i Unrecognized function or variable 'ctfroot'.
e \ Errorin => runtimelnitializationChecks.m at line 23

oK

This is a rare, known bug from Matlab. Its cause is inclear; it might occur after an
aborted installation. To fix this problem, follow this 3-step procedure:

1. Go to the C:/ Users/ <user name>/AppData/Local/Temp/<user name>/
2. Delete the folder “mcrCache9.8”
3. Start again Fastosh; if it still does not work, reinstall it.
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