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Report: 

 

We would like to first apologize for the consequent delay regarding the submission of this experimental report. 

The experiment was in itself quite challenging, and consequent time in data analysis was needed to conclude on 

the outcome of the experiment. 

 

Different membrane-electrode assemblies (MEAs), each containing one of the catalyst of interest synthetised 

by LEPMI, were manufactured by SYMBIO (Figure 1): 

 

 

Figure 1: Scaning electron microscope (SEM) images of the different MEA cathodes investigated during this 

experiment, with associated chemical composition obtained from ICP-MS. 



 

Each one of the sample were investigated according to the following protocol (Figure 2). The structure of the 

cathode materials were investigated with XRD at each one of the mentionned step. 

 

 

Figure 2: Experimental protocol followed for the evaluation of the catalysts structure along different key steps of its life. 

The purpose of the experiment was to measure accurately the microstrain content within each sample materials 

and its evolution during fuel cell operation. As detailed in a previous recent strudy from our consortium 

(10.1021/acsenergylett.1c00718), the challenge when measuring ‘real’ MEA operando, is the parallax-induced 

broadening of the XRD peaks due to the large dimensions of the sample. Especially, parallax and microstrain 

boradening have a very similar evolution with scatering angle (~tan(theta)), which make their disantangling very 

difficult, if not impossible. For example, as shown in Figure 3, using the ‘classical’ data refinement approaches 

such as the Rietveld method, the microstrain values measured operando (black line, with parallax) largelly 

exceed the values measured ex-situ (red stars markers, without parallax) 

 

In the present experiment, by combining the different measurements listed in Figure 2, we validated an approach 

able to estimate the microstrain values operando, free from the parralax contribution (green curve in Figure 3): 

 

 

Figure 3: validation of the ‘new’ vs. ‘classical’ estimation of the microstrain values operando, in light of the microstrain 

values measured ex-situ at the beginning and end of life of the reference Pt/C material. 

 
Manuscript(s) about the elaboration of the ‘new’ method and on the results regarding the ‘real’microstrain 

evolution of defects-engineered materials is (are) under preparation (method possibly valorized independently 

from the results). The obtained results on ‘the true fate of surface distortion in operating fuel cell’ are unique in 

the field and will provide answer to the fundamental question introduced in a previous contribution 

(10.1038/s41563-018-0133-2) regarding the viability of ‘defect-engineered’ nanocatalysts for fuel cell 

applications. 
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Parts from the data collected during this experiment have been published in the following contributions: 

 

Structural changes measured during the conditioning of the Sponges PtNi/C and PtNi Octahedra: 

 

 
(1)  Chattot, R.; Roiron, C.; Kumar, K.; Martin, V.; Campos Roldan, C. A.; Mirolo, M.; Martens, I.; Castanheira, L.; 

Viola, A.; Bacabe, R.; Cavaliere, S.; Blanchard, P.; Dubau, L.; Maillard, F.; Drnec, J. Break-In Bad: On the 

Conditioning of Fuel Cell Nanoalloy Catalysts. ACS Catal. 2022, 12 (24), 15675–15685. 

https://doi.org/10.1021/acscatal.2c04495. 

 

Structural changes measured during the accelerrated stress test of the Ref Pt/C HERAEUS: 
 

(2)  Chattot, R.; Mirolo, M.; Martens, I.; Kumar, K.; Martin, V.; Gasmi, A.; Dubau, L.; Maillard, F.; Castanheira, L.; 

Drnec, J. Beware of Cyclic Voltammetry! Measurement Artefact in Accelerated Stress Test of Fuel Cell Cathode 

Revealed by Operando X-Ray Diffraction. J. Power Sources 2023, 555 (xxx), 232345. 

https://doi.org/10.1016/j.jpowsour.2022.232345. 
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