
AOFKA 2023 10.-13. September 2023, ETH Zurich 

Study of lithium-ion battery aging using laser-induced XUV spectroscopy (LIXS) 

Alexander Winckelmann1,2,3, Adrian Wichser1, Carlos Abad2 and Davide Bleiner1,4, 

1Swiss Federal Laboratories for Materials Science and Technology (Empa), Ueberlandstr. 129, 8600 
Dübendorf, Switzerland 

2Bundesanstalt für Materialforschung und -prüfung (BAM), Richard-Willstätter-Str. 11, 12489 Berlin, 
Germany 

3Department of Chemistry, Humboldt Universität zu Berlin, Brook-Taylor-Str. 2, 12489 Berlin, Germany 
4Department of Chemistry, University of Zurich, Winterthurstr. 190, CH 8057 Zurich, Switzerland 

 
alexander.winckelmann@bam.de 

Laser-induced XUV spectroscopy (LIXS) [1] is an emerging technique for elemental mapping. In 
comparison to conventional laser-induced breakdown spectroscopy in UV-vis (LIBS), it has a higher 
precision and wider dynamic range, and it is well suited for the quantification light elements like lithium 
and fluorine. Further it can spot oxidation states. The XUV spectra are produced at a very early stage of 
the plasma formation. Therefore, effects from plasma evolution on the reproducibility can be neglected. 
It has been shown, that high-precision elemental quantification in precursor materials for lithium-ion 
batteries (LIBs) can be performed using LIXS.[2] Based on these results, LIXS mapping was used to 
investigate aging processes in LIBs. Different cathode materials with varying compositions of fluorine 
containing polymer binders were compared at different stages of aging. Due to effects comparable to X-
ray photoelectron spectroscopy but in reverse, monitoring of changes in the oxidation state is envisioned, 
which makes information about the chemical environment of the observed elements accessible. The 
combination of elemental distribution and structural information leads to a better understanding of aging 
processes in LIBs, and the development of more sustainable and safe batteries. 
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