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XAS Data Information (XAS= XANES+ EXAFS)

-XANES X-ray Absorption Near Edge Structure

-EXAFS Extended X-ray Absorption Fine Structure  

XANES

https://en.wikipedia.org/wiki/X-ray_absorption_spectroscopy
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Application 1: 

Battery Materials_Opernado/Ex-situ test 

Li-ion 

K-ion 



Schematic of the Working Mechanism of a Lithium-ion Battery:

M

M’:  



Transition mode Fluorescence modeBattery 

The Operando Battery Test Set-up

J. Phys. D: Appl. Phys. 50 (2017) 074001 ISRN Materials Science



J. Phys. Chem. C 2018, 122, 15868−15877

❑ Identification of Metal Electroactivity from the Pre-edge 

➢ The evolution of the pre-edge peak confirms the electroactivity of Cu sites. 

-Cu-NC-Fe-

1s→4p

the 1s−4p transition indicates mainly CuI



❑ Linear Combination Fitting (LCF) of XANES

Small 2024, 2404584
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*C1: first charge; D1: first discharge

Ex-situ electrodes: 
Aquesous Zn-ion Battery 

-Mn-NC-Fe-

(Mn2+ , Mn3+ , Mn4+ , Mn6+ , Mn7+ )

➢ To interpret the kinetics (intermediate spectrum) of series of spectra measured during a reduction/oxidation reaction.

➢ To identify the species and quantities of standards in a heterogeneous sample. 



❑ Linear Combination Fitting (LCF) of XANES

➢ To determine the relative amount of the different sulfur species by LCF 

ChemPhysChem 2014, 15, 894 – 904

Li-S battery 



❑ Chemometric Analysis of XANES Spectra

ChemSusChem 2020, 13 (3), 608-615 Analytical Chemistry 82(2010)3629-3635

• Principal component analysis (PCA)

• Multivariate Curve Resolution-Alternating Least Square (MCR-ALS)

➢ Analyze the components change during Charge/discharge process. 

-Mn-NC-Fe-



❑ Quantifying Jahn-Teller Distortion by EXAFS 

Fitting 

Small Methods 2019, 1900529
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❑ Confirm the Coordination States Change by EXAFS Fitting 

Small 2024, 2404584



Application 2: Catalyst Materials_Operando or Ex-situ Tests 

< 700 ℃

The Operando Capillary Gas-System Set-up

➢ A series of Catalytic/Electrocatalytic reactions, as well as in situ Temperature Scan experiments can be conducted. 

X-RayGas



Temperature : from RT to 2500 C, vacuum below 10-5 mbar

High Temperature Furnace under Vacuum

Graphite resistive foil



Cells for in situ measurements

Maximum temperature 850oC

Working in controlled atmosphere

Sample in pellet form

Fluorescence configuration only

Coupled with Mass Spectrometer

Maximum temperature 700oC

Max pressure 20 bar

Working in controlled atmosphere

Sample in self supported pellet

Fluo and transmission configuration

Coupled with Mass Spectroscopy

Sample environment pool@ESRF (Grenoble, France)



➢ Structure change

International Journal of Hydrogen Energy 59 (2024) 89–96

❑ Photocatalytic Reaction 

➢ phase transitions 

❑ Oxygen Reduction Reaction

Nanoscale, 2024, 16, 6531–6547

Mono-, bi- and tri-

metallic Fe-based 

platinum group 

electrocatalysts



Application 3: Cultural Heritage 

❑ Fe and Mn k-edge XANES study of ancient Roman glasses ❑ XANES analysis of Fe valence in iron gall inks

Took from Giuliana Aquilanti presentationS. Quartieri, M. Triscari, G. Sabatino, F. Boscherini,A. Sani



Forest soils

Geoderma 444 (2024) 116858

➢ The heat-induced modifications in Fe species and organic 

compounds did not promote the stabilization of the 

remaining OM (organic matter), highlighting the weak 

nature of soil organo-mineral associations in an after-fire 

scenario.

Application 4: Environmental Science 



Application 4: Environmental Science 

The high concentrations of arsenic in the groundwater of 

Zimap´an, Hidalgo, Mexico, have led to the search for options 

that contribute to resolving this problem. 

➢ The mechanisms of arsenic removal by calcite, 

the limestone's main constituent was studied by 

XAS.

➢ The main processes of arsenic retention 

in calcite are adsorption (forming corner-sharing 

inner-sphere surface complexes) and 

coprecipitation (replacing AsO4 in the carbonate 

site).

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/calcite


More Information



- XANES data analysis -Demeter （Athena）

XAS Data Analysis

- EXAFS data analysis -Demeter （Artemis / GNXAS software package) http://gnxas.unicam.it/pag_gnxas/redbook/orderform.html

https://bruceravel.github.io/demeter/

http://gnxas.unicam.it/pag_gnxas/redbook/orderform.html
https://bruceravel.github.io/demeter/


Thank you so much for 

your attention !!


