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X —Ray Absorption Spectroscopy wx = Ln lo /1 versus hv

Ln (10/1)

MX

Beer-Lambert law Y —
LDH Co;Mn at the Co K edge

25

Co;Mn LDH

-0.5

_1 1 1 1 1 1 1 1 1

7600 7700 7800 7900 8000 8100 8200 8300 8400
Photon Energy (eV)




X —Ray Absorption Spectroscopy wx = Ln lo /1 versus hv
XANES Beer-Lambert law
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XANES : X-ray Absorption Near Edge Structure E (eV)

EXAFS: Extended X-ray Absorption Fine Structures A DiCicco, A. Filipponi, J. P. Itié and A. Polian, Phys. Rev. B 54 (1996) 9086-9098



EXAFS signal = Sum of damped sine waves, each being related to Structural Parameters related to the

Contributions of neighbours around the absorbing atom at a given distance j" shell
N; : Coordination number

EXAFS Formula : One-electron and single scattering R; : Absorber-Neighbour Distance
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X-ray Absorption Study of Battery Electrodes
SOLEIL

SYNCHROTRON

X-ray Absorption Spectroscopy is an element-selective technique

providing powerful information on :
- the local order around the absorbing atom (distance, N, Ligand...)
- oxidation state
- local point group symmetry
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Characteristics of the ROCK beamline
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G Detection Modes for XAS
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Operando XAS study on LNO with a new electrochemical cell on ROCK beamline T ta)
G. Moéhl, L. Pérez Ramirez, A. ladecola and S. Belin.

New cell design : Roc? - PHENIX
Gilles Moéhl & Laurent Barthe % ) RoaF

* Diamond peek-mak: LNO BASF/Celgard/Lithium, 28uL LP57
electrolyte, 4.5 bar pressure

* (C=225 mAh 3-4.3 V vs lithium 2 cycles at C/10 + 2 cycles at C/4

* Speed 2Hz (250ms) 2 positions recorded, average time = 2min

20 1
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Multivariate Curve Resolution

SQLEIL Quick-EXAFS : a lot of XAS data to analyze Alternating Least Squares Fitting

SYNCHROTRON

Bilinear Decomposition is fully verified for XAS
(Beer-Lambert Law Abs = X C; Abs))

MCR-ALS

1.5 4
S
a
N TRASH D—csT L E
- ONLY +
g 0.5 4
&
c | k: number of energy points n k k

v

»>

200
8400

ST Pure spectrum|n

g 8360 + q E:experimentalnoise
50 8340

d: humber of spectra

*acan 8320 Energy (eV) o \
1 T \ T
16 \ species 1
Matlab toolbox 0.8 Sedees
R. Tauler et al. Chemom. R S,
Intell.Lab. Syst. (2015) 140, 1 £ 06 s
s g
Applications for XAS: g g 0.8
Catalysis Today (2014) 229, 114-122 30 £
Comptes Rendus Chimie (2016) 19, 1337-1351 = ST
J. Phys. Chem. C (2017) 121, 18544-18556 02 o4 =
Catalysis Today (2019) 336, 63-73 R =
PCCP (2020) 22’ 18835-1 8848 0 ‘ : : : 8320 83‘40 83“60 8:;80 84‘00 84‘20 84‘40 Qd
Rad. Phys Chem. (2026) %0 1I\(I)L?mber of sc;io 200 Energy (eV)



SOLEIL

SYNCHROTRON

normalized absorption

1.5 4

0.5 ~

200

Multivariate Curve Resolution with Alternating Least Squares Fitting RoK

MCR-ALS : How does it work ?
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Relative concentration

Operando XAS study on LNO with a new electrochemical cell on ROCK beamline
SULEIL G. Moehl, L. Pérez Ramirez, A. ladecola and S. Belin. &g
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Full Field Hyperspectral Imaging at ROCK
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)4 LiFePO, Cycling with time- and spatially- resolved imaging i.lMN RoR*
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Time and spatially- resolved imaging: A challenge for data processing Rgdé
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4 LiFePO, Cycling with time- and spatially- resolved imaging RQC\;“E
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LiFePO, Cycling with time- and spatially- resolved imaging
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Quantifying Reaction and Rate Heterogeneity in Battery Electrodes
in 3D through Operando X-ray Diffraction Computed Tomography
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Figure 2. (A) Voltage profile of the thick electrode cycled at C/10 during operando XRD-CT (red curve). Blue dots indicate the time of each
tomography measurement. Gray squares indicate the average LFP phase fraction of the entire electrode. The dashed black line indicates the ideal
LEP phase fraction during galvanostatic charge. (B) LFP phase fraction, that is, the Li composition, map of different horizontal layers across the
electrode during cycling. The Li composition (LFP phase fraction) is represented in color. The separation between adjacent layers is 0.1 mm.

ACS Appl. Mater. Interfaces 2019, 11, 1838618394
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Some Advantages of FF imaqging vs « classical Quick-EXAFS »
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- With a larger beam = > decrease of beam damage
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Are Operando Measurements of Rechargeable Batteries Always 3.3 mm (H)
Reliable? An Example of Beam Effect with a Mg Battery
Lucie Blondeau, Suzy Surblé, Eddy Foy, Hicham Khodja, Stéphanie Belin,* and Magali Gauthier®
Cite This: Anal. Chem. 2022, 94, 9683-9689 I: I Read Online
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. XAS is
X-ray Absorption Spectroscopy Element Specific  goms wen
LOCAL PROBE ! JM\ | @
Which allows for oo b0 by Toow
- direct determination of interatomic distances

- determination of electronic structure - _

Orbital Selectivity

- Atomic Selectivity

- All kind of materials

- Simplicity of data Collection
- Reaction Process
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spatial

v" Time resolution ranging from 20 ms to 5s resolution

v + Space Resolution at the micron-meter scale
v 3 Quick-EXAFS monochromators for 4-43 keV energy range
v' “Edge jumping” capability

v Dedicated sample environments for operando studies
In energy storage, heterogeneous catalysis, electro-catalysis,
photo-catalysis, nanoparticles nucleation/growth

* Raman spectroscopy

v' Combination of Techniques . uV-Vis spectroscopy

* 2D microscopy

25 °C—»500 °C: 500 °C

001 -

)

v D=CST+E N

Absorption (a.u.
s

v" Modulation Excitation Spectroscopy
¢PSD ;

; 2
1 oo : MCR-ALS Ay (e) = ?-f Ale, t).sin(kwt + ¢P5P) .dt e

T T T T T T Energy (eV)
0 20 40 60 30 100 120 140 160 0
Time (min)




Laurent Barthe W

RQC\Z Synchrotron Radiation News (2020) 33(1) 20-25

) )
\ ot NSISH /- / i

> of Soleil

L 4

BN = . ‘ d

_—

Beamlines supported ( 3((\ } :
0 Lot NSISH ) (ATALY IS @L%XU"
& COS = ) HUB ot Sping Antonella

by a Consortium ¢

for Catalysis and is;m/ ‘#/ “'DLS} \¥/ ladecola

Energy-Related Materials (RS2E)

Olga Roudenko

2 Francesco La Porta

S'e:0l



X[ FS50.FR

5 - 9 octobre 2026 ¢ Synchrotron SOLEIL

Pionners of XAFS in France: Pierre Lagarde, Denis Raoux, Alain Fontaine, Dominique Chandesris, Georges Calas,
Jacqueline Petiau, Michel Verdaguer, Francoise Villain, Christian Brouder
From LURE to SOLEIL : Michele Sauvage, Jean Daillant

Pleanry Lectures : John Rehr, Yves Joly, Janis Timoshenko

Invited Lectures : Philippe Sainctavit, Christele Legens, Sakura Pascarelli, Laurent Michot, Géraldine Sarret,
Jean Susini, Laurence Croguennec, Karine Provost

Oral Communications will be selected on abstracts + Poste session
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SOLEIL Re&” @ Co;Mn-based LDH used as electro-chemical H,0, sensor
SYNCHROTRON

5 i Operando X-ray Absorption Spectroscopy of Co;Mn—CO; LDH:

= v inerlayer domain Formation and Structural Evolution under Electrochemical

g Conditions

g _Fasa""“i"“d"”’ Hani Farhat, Christine Mousty, Vanessa Prevot, Anthony Beauvois, Stéphanie Belin, Valérie Briois,*

% o and Claude Forano*

OH
m}ﬁk M2/ M3+ Cite This: J. Phys. Chem. C 2024, 128, 21023-21037 I:I Read Online

D anions -4 H,0
Santos et al., J. Mater. Chem. A, 2017, 5, 9998
Transformation during electro-chemical CV activation

CV Activation
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3R symmetry (c =3d)
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Co;Mn-based LDH used as electro-chemical H,0, sensor

— layer

—» interlayer domain

Santos et al., J. Mater. Chem. A, 2017, 5, 9998

< iEF

H202 2H + 02 + e’

Farhat etal., J. Phys. Chem. C, 2020, 124, 15585-15599

Operando : Activated Catalyst + H,0O,
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XAS is a bulk technique and electro-catalysis
proceeds at the interface liquid-electrode.

How to increase the interface sensitivity?
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Current Opinion in Electrochemistry 2021, 27:100681
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SOLEIL RQdi @ Modulation excitation XAS

SYNCHROTRON Prodoets

=) X-ray Absorption Spectroscopy is a bulk technique

srays Reactants How to extract the reactive species
y - m #) when they are not the major part of
* the material of interest?
What is seen by XAS What we need to see
Support
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A —_
At [Par
w 1\
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1. Applying a periodic stimuli to the system

Signal Intensity

2. Average the periods when the steady state PSD
is reached
- | 1%
3. Apply Phase-Sensitive Detection N\ A\ /\ /\l N\ s, o >
V'V V VYV s
Time S(t)
Periodic stimuli
T
AfPSD(e) = ;] A(e, t).sin(kwt + ¢pP5P) .dt

Mller et al., Ind. Eng. Chem. Res. 2017, 56, 1123-1136; Urakawa et al., Chem. Eng. Sc., 20, 63, 4902-4909 0
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— layer

—» interlayer domain

—l::asal spacing (dgge)

3R symmetry (c =3d)

|

Santos et al., J. Mater. Chem. A, 2017, 5, 9998

CV Activation

Co;Mn-based LDH used as electro-chemical H,0, sensor
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Which element is responsible for the
electrochemical response of Co;Mn LDH?

Is their synergic effect between Co and Mn?
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SULEIL RE Electrochemical behaviour of Co;Mn LDH
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