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A brief history of EPR : 1945-2022
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Battery in operando EPRI



Introduction to EPR spectroscopy



EPR imaging



IN OPERANDO CATALYSIS
EPR IMAGING

Mesoporous materials



In-Situ EPR spectroscopy for catalyst

Ethanol transformation into higher hydrocarbons over HZSM-5 zeolite:
Direct detection of radical species by in situ EPR spectroscopy



In-Situ EPR spectroscopy for catalyst

after 24 h of reaction there was 
still complete ethanol 
transformation into C3+ 

hydrocarbons over HZSM-5(40) 
zeolite, even though a 54% loss of 
microporosity and 76% loss of 
Brønsted acidity

Ben Tayeb, K. et al. Ethanol transformation into higher hydrocarbons over HZSM-5 zeolite: Direct detection
of radical species by in situ EPR spectroscopy. Catal. Commun. 27, 119–123 (2012).



New routes for complete regeneration of coked zeolite





CHARACTERIZATION, IN 
OPERANDO

Materials for Batteries





Benchmark

EPR Material for Battery



Benchmark

EPR Material for Battery in Operando

First in operando studies
France/Germany



Design of the battery and resonator for Operando EPR



Material: Li2Ru0.5Sn0.5O3 ex-situ

Sathiya, M., G. Rousse, K. Ramesha, C. P. Laisa, H. Vezin, M. T. Sougrati, M-L. Doublet, et al. 2013. “Reversible Anionic 
Redox Chemistry in High-Capacity Layered-Oxide Electrodes.” Nature Materials 12 (9), 827–35.

Ex-situ study
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Pushing the limits : operando EPR imaging

Sathiya, M., Leriche, J.-B., Salager, E., Gourier, D., Tarascon, J.-M., & Vezin, H. (2015). Electron paramagnetic
resonance imaging for real-time monitoring of Li-ion batteries. Nature Communications, 6, 6276. 
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Sathiya, M., Leriche, J.-B., Salager, E., Gourier, D., Tarascon, 

J.-M., & Vezin, H. (2015). Electron paramagnetic resonance
imaging for real-time monitoring of Li-ion batteries. Nature 

Communications, 6, 6276. 
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Sathiya, M., Leriche, J.-B., Salager, E., Gourier, D., Tarascon, J.-M., & Vezin, H. (2015). Electron paramagnetic
resonance imaging for real-time monitoring of Li-ion batteries. Nature Communications, 6, 6276. 



In situ (Operando) EPR follow the formation and distribution of the Lithium dendrite

Dutoit, Charles-Emmanuel, Mingxue Tang, Didier Gourier, Jean-Marie 
Tarascon, Hervé Vezin, and Elodie Salager, ‘Monitoring Metallic Sub-
Micrometric Lithium Structures in Li-Ion Batteries by in Situ Electron 

Paramagnetic Resonance Correlated Spectroscopy and Imaging’, Nature 
Communications, 12.1 (2021), 1410 



CW-EPR spectra of the Li//Li symmetric battery at different polarization 
stages, together with the electrochemical profile

Imaging of dendrites formation

Change of spectral shape: change of Li particles sizes



Conclusions : new developments
EPR is very sensitive spectroscopy (1012 spins/g)

New tools with EPR imaging

Bulk spectroscopy
PGSE imaging combined with micro/nanostrip resonators

The futur : resolution at nm scale and drastic increase of sensitivity
(108 spins/g)



Merci pour votre attention
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