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TEXT 1. Introduction

Cost and durability remain two major barriers to the widespread deployment of proton exchange membrane fuel cell (PEMFC) systems, especially regarding fuel cell electric vehicle application. Because the degradation of the costly platinum group metal(s) (PGM)-based cathode catalyst accounts for most of the system cost and performance decay, a lot of efforts are dedicated to design more efficient and durable cathode catalyst layers [START_REF] Kodama | Challenges in Applying Highly Active Pt-Based Nanostructured Catalysts for Oxygen Reduction Reactions to Fuel Cell Vehicles[END_REF] . To be competitive, practical PEMFC cathode should (among other prerequisites) exhibit >0.44 A mgPGM -1 at 0.9 V cell voltage, with at least 60 % activity retention over 8,000 h of operation (2025 targets from the Fuel Cell Technical Team of the U.S Department of Energy, DoE/FCTT) [START_REF] Abdel-Baset | The Fuel Cell Technical Team Roadmap[END_REF] . To shortcut the duration of such long durability testing by at least two orders of magnitude, accelerated stress tests (ASTs) have been designed to investigate the viability of commercial and experimental catalyst materials in membrane electrode assemblies (MEAs). ASTs typically consist in applying potential/current cycling profiles to the MEA, simulating in a high frequency fashion the electrochemical stress encountered during operation. Despite numerous AST protocols can be found in the literature (including different potential profiles, potential sweep rate, different upper and lower potential limits etc. [START_REF] Stariha | Recent Advances in Catalyst Accelerated Stress Tests for Polymer Electrolyte Membrane Fuel Cells[END_REF][START_REF] Zhang | The Impact of Potential Cycling on PEMFC Durability[END_REF][START_REF] Borup | Recent Developments in Catalyst-Related PEM Fuel Cell Durability[END_REF][START_REF] Uchimura | Electrocatalyst Durability under Simulated Automotive Drive Cycles[END_REF] ) the DoE/FCTT proposed 30,000 square-wave cycles made of potential steps between 0.6 V (3s) and 0.95 V (3s) as a standard protocol (MEA notably operated at 80 °C with hydrogen and nitrogen supplied at the anode and cathode, respectively). However, for the impact of such AST on the cathode catalyst electrocatalytic performance (and to some extents structural) stability to be possibly evaluated, the protocol also includes beginning of test (BoT), end of test (EoT) and intermediate electrochemical characterizations. Such characterizations consist in cell voltage and electric current measurements under reactive gas (polarization curves for activity estimation) and cyclic voltammetry (CV) experiments under inert atmosphere.

Cyclic voltammetry is a powerful tool used as routine technique in numerous fields of electrochemistry, as it probes the redox events occurring at the electrode-electrolyte interface. In case of Pt-based electrodes, measuring the desorption coulometry of under-potentially deposited hydrogen (HUPD) allows (supposing the maximum surface density of hydrogen adsorbed a known constant) to evaluate the electrochemically active surface area (ECSA) of the electrode. This only requires short time potential excursion(s) of the electrode close to 0 V vs. the reversible hydrogen electrode (RHE), typically 0.05 or 0.1 V vs. RHE. Because the Pt-based PEMFC anode counter electrode in hydrogen atmosphere can be considered as an RHE under simple experimental conditions, CV experiments can be easily performed directly in the fuel cell device.

Supported by the stability of Pt metal observed in the Pourbaix diagram potential-pH range [START_REF] Pourbaix | Atlas of Electrochemical Equilibria in Aqueous Solutions[END_REF] , this method is considered as non-destructive. Consequently, CV experiments are an essential part of any AST protocol, since to pass the stability test, the catalyst should retain at least 60% of its initial activity and ECSA according to the DoE/FCTT. This implies ECSA has to be measured by CV experiments at least at BoT and EoT, but additional measurements also after 10, 100, 1k, 3k, 10k and 20k cycles are also recommended.

However, if pure Pt metal is likely the state of the catalyst at the BoT, Pt oxidation and dissolution are wellidentified fundamental pillars of catalyst degradation during fuel cell operation and AST [START_REF] Stariha | Recent Advances in Catalyst Accelerated Stress Tests for Polymer Electrolyte Membrane Fuel Cells[END_REF][START_REF] Uchimura | Electrocatalyst Durability under Simulated Automotive Drive Cycles[END_REF][START_REF] Topalov | Towards a Comprehensive Understanding of Platinum Dissolution in Acidic Media[END_REF][START_REF] Fuchs | Structure Dependency of the Atomic-Scale Mechanisms of Platinum Electro-Oxidation and Dissolution[END_REF][START_REF] Lopes | Eliminating Dissolution of Platinum-Based Electrocatalysts at the Atomic Scale[END_REF][START_REF] Sandbeck | Particle Size Effect on Platinum Dissolution: Practical Considerations for Fuel Cells[END_REF][START_REF] Kasian | Electrochemical On-Line ICP-MS in Electrocatalysis Research[END_REF][START_REF] Ehelebe | Evaluating Electrocatalysts at Relevant Currents in a Half-Cell: The Impact of Pt Loading on Oxygen Reduction Reaction[END_REF] . Pt cations can spread within the catalytic layer, being possibly further reduced in situ onto metallic nanoparticles according to the Oswald ripening process, or in the polymeric membrane by the crossover hydrogen [START_REF] Borup | Scientific Aspects of Polymer Electrolyte Fuel Cell Durability and Degradation[END_REF][START_REF] De Bruijn | Review: Durability and Degradation Issues of PEM Fuel Cell Components[END_REF][START_REF] Dubau | A Review of PEM Fuel Cell Durability: Materials Degradation, Local Heterogeneities of Aging and Possible Mitigation Strategies[END_REF] .

Thus, considering the aged catalyst state being a combination of Pt in metallic, oxidized and ionic states, the question whether a CV measurement is still a non-destructive tool in regards of these new moieties may deserve more attention. In fact, the same Pourbaix diagram of Pt which supports the stability of Pt metal in a typical CV experiment potential range clearly predicts the reduction of both Pt cations and oxides at potential approaching 0 vs. RHE. Most importantly, such low potential excursion of the cathode is not supposed to occur in practical fuel cell operation.

In this contribution, we use a combination of operando X-ray diffraction and ex situ characterization techniques to investigate the degradation of a Pt/C cathode catalyst in X-ray transparent PEMFC device during a typical AST procedure. The results reveal that, despite the apparently consistent agreement obtained from all the characterization techniques, the degradations observed in typical AST experiment analysis approach are likely misinterpreted. The 'measurement artefact' in AST protocols, where the structure of the aged catalyst is in fact irreversibly modified by the auxiliary CV characterisation tool, is presented and discussed in light of additional fuel cell tests, on-line inductively coupled plasma mass spectrometry (ICP-MS) and in situ WAXS measurements in liquid electrolyte. A commercial 40 wt.% Pt/C catalyst (40 wt. % Pt on medium surface carbon black, ID-n° 5097373, lot EC200840) from Heraeus (Hanau, Germany) was incorporated into 5 cm 2 MEAs (see experimental details in the Supplementary Material). For operando X-ray diffraction experiments, the MEA was mounted inside an X-ray transparent PEM single cell, described in a dedicated contribution [START_REF] Martens | X-Ray Transparent Proton-Exchange Membrane Fuel Cell Design for in Situ Wide and Small Angle Scattering Tomography[END_REF] current density steps between 0 and 1 A cm -2 was performed, and the cell voltage was measured after 3 min of stabilization at each step. During the polarization curve, the O2 stoichiometry was maintained at 9.5, while the H2 flow was kept constant (104 sccm, corresponding to a stoichiometry of 3 at 1 A cm -2 ).

Experimental

Afterwards, O2 gas at cathode was replaced by 250 sccm N2, and BoT CVs (3 cycles between 0.05 and 1.0 V vs. RHE at a potential sweep rate of 50 mV s -1 ) were recorded. The core of the AST consisted in 10,000 square-wave cycles made of potential steps between 0.6 (3s) and 1.0 V vs. RHE (3s) under N2 cathode gas atmosphere. Importantly, for each WAXS measurement (frequency of the measurements being shown later)

the potential cycling was interrupted and the cathode was maintained at E = 0.4 V vs. RHE during WAXS acquisition (for ca 5 min). Finally, EoT characterizations consisted in EoT CV in N2 cathode atmosphere (as CV BoT) followed by EoT polarization under O2 cathode atmosphere (as BoT polarisation curve). The cell was eventually turned off, and the aged MEA kept for further post mortem analysis. The same experiment protocol was also conducted in a 'conventional' single PEMFC (see picture in Figure S1) at the laboratory scale without operando WAXS measurements (see the Supplementary Material). Finally, complementary on-line inductively coupled plasma mass spectrometry (ICP-MS) and in situ WAXS measurements in liquid electrolyte were also performed, as introduced later and described in the Supplementary Material). Because the X-ray transparent fuel cell is not optimized for high performance, 

Results and Discussion
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Begining Interestingly, however, a theoretical Pt specific surface area loss of 56 % is predicted from the nanoparticle coherent domain size increase, in excellent agreement with the measured ECSA loss of 59 %. This suggests that 95 % of the ECSA loss can be accounted for particle size increase, with no or only few losses of Pt metal mass. These results are consistent with numerous previous reports on Pt/C degradation in PEMFC 14- 16,20 , which highlighted the limited time existence of Pt z+ ions in operating PEMFC MEAs due to various redeposition processes [START_REF] Dubau | A Review of PEM Fuel Cell Durability: Materials Degradation, Local Heterogeneities of Aging and Possible Mitigation Strategies[END_REF] . Regarding the amplitude in particle size increase, reaching ca 10 nm after degradation tests in PEMFC is also quite typical. Martens et al., [START_REF] Martens | Imaging Heterogeneous Electrocatalyst Stability and Decoupling Degradation Mechanisms in Operating Hydrogen Fuel Cells[END_REF] reached 10.3 nm from commercial Pt/C MEA in similar conditions after 10,000 triangular wave AST between 0.6 V vs. RHE and 1.0 V vs. RHE at 50 mV s -1 . Similar particle size values were obtained also with different experimental conditions, such as potential cycling to different upper potential limits, different amount of cycles or even after extensive operation at constant current load [START_REF] Borup | Scientific Aspects of Polymer Electrolyte Fuel Cell Durability and Degradation[END_REF][START_REF] De Bruijn | Review: Durability and Degradation Issues of PEM Fuel Cell Components[END_REF][START_REF] Dubau | A Review of PEM Fuel Cell Durability: Materials Degradation, Local Heterogeneities of Aging and Possible Mitigation Strategies[END_REF][START_REF] Weiß | Impact of Intermittent Operation on Lifetime and Performance of a PEM Water Electrolyzer[END_REF][START_REF] Shokhen | Impact of Accelerated Stress Tests on the Cathodic Catalytic Layer in a Proton Exchange Membrane (PEM) Fuel Cell Studied by Identical Location Scanning Electron Microscopy[END_REF] . We now present the WAXS data measured operando over the course of the complete AST protocol. WAXS patterns were collected in grazing incidence configuration as represented in Figure 1.c. Importantly, the full MEA was scanned vertically by the X-ray beam from the anode to the cathode, and the WAXS patterns from the cathode were averaged for a complete capture of the degradation over the catalyst layer thickness 56 % surface loss [START_REF] Schröder | Tracking the Catalyst Layer Depth-Dependent Electrochemical Degradation of a Bimodal Pt/C Fuel Cell Catalyst: A Combined Operando Small-and Wide-Angle X-Ray Scattering Study[END_REF] . WAXS was measured between each experimental step, and after different amounts of cycles during the AST. Figure 4 shows the evolution of the coherent domain size over the course of the complete AST protocol. Strikingly, if the coherent domain size values from operando WAXS measurements agree with the values found ex situ at BoT and EoT, they reveal the observed coherent domain size increase mainly originates from the cyclic voltammetry experiment performed after the AST (from 4.3 nm to 10.4 nm), and not from the AST itself (from 3.8 nm to 4.3 nm). Closer look on the AST cycles in Figure 4.b shows that the AST cycles did induce a sharp coherent domain size increase during the first 1,000 cycles, but was followed by a much slower evolution for the rest of the test (as also previously observed [START_REF] Martens | Imaging Heterogeneous Electrocatalyst Stability and Decoupling Degradation Mechanisms in Operating Hydrogen Fuel Cells[END_REF][START_REF] Martens | Decoupling Catalyst Aggregation, Ripening, and Coalescence Processes inside Operating Fuel Cells[END_REF][START_REF] Hornberger | Impact of Carbon and Pyridinic-N Content on the Fuel Cell Performance and Durability of Carbon-Supported Pt Nanoparticle Catalysts[END_REF] ). To discard any experimental artefact possibly altering the results observed during the operando WAXS experiment (electrode potential control loss or beam damage), we performed ex situ X-ray diffraction (XRD) from laboratory source (see details in the Supplementary Material) on pristine and aged GDEs in the conventional laboratory cell with and without EoT CV experiment after the AST. As shown in Figure 4.a, the Scherrer formula applied on these independent measurements (see Figure S3) reveals an evolution of the coherent domain size from 4.01 nm to 5.87 nm or 9.04 nm after AST or after AST and EoT CV experiment, respectively, in agreement with the operando WAXS. This unambiguously reveals the detrimental, and largely overlooked impact a simple CV experiment can have on an aged catalyst sample (note the CV recorded at the BoT had no such impact). We argue that such dramatic changes must be caused by the strong reducing conditions experienced by the aged catalyst layer once its potential is swept in the HUPD region for ECSA measurement. The critical potential limit triggering this process is unfortunately not known at this stage, but it must be below E = 0.4 V vs. RHE, considering the WAXS measurements in The first two dissolution peaks, referred as A1 and C1 correspond to well-known anodic and cathodic processes, respectively [START_REF] Kasian | Electrochemical On-Line ICP-MS in Electrocatalysis Research[END_REF] . A1 is triggered by the formation of Pt oxides when the potential exceeds ca 0.9

V vs. RHE and C1 by the reduction of Pt oxides when the potential is decreased below ca 1.0 V vs. RHE.

Interestingly, the present on-line ICP-MS data (but in fact also others [START_REF] Sandbeck | Particle Size Effect on Platinum Dissolution: Practical Considerations for Fuel Cells[END_REF][START_REF] Kasian | Electrochemical On-Line ICP-MS in Electrocatalysis Research[END_REF] ) clearly allows the identification of a second cathodic dissolution process, labelled C2, when the potential is further decreased below ca 0.35

V vs. RHE. By extension of the mechanism ruling C1, we argue the presence of C2 is an indirect detection of the reduction of Pt surface oxides occurring a such low electrode potential. Since C2 is about 40 times less intense than C1, the amount of such remaining surface oxides must be significantly low.

Synchronization of the on-line ICP-MS data with in situ WAXS data measured in similar conditions (but with a potential sweep rate of 20 mV s -1 ) displayed in Figure 5.c reveals C2 occurs just before and during the adsorption of hydrogen (monitored by the lattice strain increase [START_REF] Chattot | Electrochemical Strain Dynamics in Noble Metal Nanocatalysts[END_REF] ). Interestingly, the C2 process seems to be magnified during the first of the three cycles recorded, suggesting it is highly sensitive to the history of the electrode. In Figure 5, the electrode was equilibrated at E = 0.4 V vs. RHE before performing the measurements. In the case of post-AST, aged catalyst, the amount of Pt oxides is likely even higher. In fact, and as shown in Figure S4, a mild additional reducing current contribution can be observed on the cyclic voltammograms during the first excursion at low electrode potential only at EoT. The present hypothesis is also supported by a previous contribution from Sandbeck et al. [START_REF] Sandbeck | Particle Size Effect on Platinum Dissolution: Considerations for Accelerated Stability Testing of Fuel Cell Catalysts[END_REF] , which identified from online ICP-MS dissolution profiles the lower potential limit of 0.6 V vs. RHE being too much positive in typical AST procedure to fully reduce Pt oxides on 4 nm nanoparticles. If these extra measurements in liquid electrolyte support the possibility of highly oxophilic Pt sites reduction occurring only at low electrode potential, this can hardly explain on its own such particle size increase. In fact, based on a cuboctahedral shape model [START_REF] Montejano-Carrizales | Direct Enumeration of the Geometrical Characteristics of Clusters[END_REF] , Pt nanocrystallites of 4.3 nm and 10.4 nm (before and after EoT CVs) are composed of ca 3,000 and 40,000 atoms, respectively. This means, ca 92 % of the total Pt mass in the form of Pt z+ cations or amorphous oxide surface layer would be needed to produce such a nanoparticle coherent domain size increase after reduction/redeposition, which seems unrealistic. The last allowed to clearly identify the aggregation process as anterior to the coalescence process in the overall degradation mechanism. Moreover, hydrogen adsorption is well-known to enhance Pt surface reconstruction [START_REF] Horch | Enhancement of Surface Self-Disfusion of Platinum Atoms by Adsorbed Hydrogen[END_REF] and nanoparticle sintering under thermal treatment [START_REF] Fiedorow | The Sintering of Supported Metal Catalysts. II. Comparison of Sintering Rates of Supported Pt, Ir, and Rh Catalysts in Hydrogen and Oxygen[END_REF][START_REF] Dubau | Defects Do Catalysis: CO Monolayer Oxidation and Oxygen Reduction Reaction on Hollow PtNi/C Nanoparticles[END_REF] or in electrochemical environment [START_REF] Mccrum | Hydrogen-Induced Step-Edge Roughening of Platinum Electrode Surfaces[END_REF] . Thus, from the available literature and the data of this contribution, we propose the following simple mechanism to covertly 'corrupt' standardized AST protocols (Figure 6 

CONCLUSIONS

In this contribution, we used operando X-ray diffraction to capture the dramatic impact of cyclic voltammetry experiments on the structure of a Pt/C catalyst when performed on degraded (aged) fuel cell catalyst layer. Our observations, confirmed by a replica of the experiment, reveal that the cyclic voltammetry measurement performed at the end of a typical AST procedure causes more coherent domain size increase than the AST itself. Thus, despite being a very convenient tool to probe the catalyst structure in situ, the admitted non-destructive property of this technique on pristine (metallic) catalysts does not seem to hold upon catalyst degradation. The 2-3-fold increase in coherent domain size observed after cycling to 

Figure 1 :

 1 Figure 1: Experimental setup and protocol. a-c) X-ray transparent PEMFC for operando WAXS; d) timeline of the different experimental steps and characterization tools used during the catalyst lifetime.

shown in Figure 1 b

 1 and Figure S1. This cell allows the acquisition of wide-angle X-ray scattering (WAXS) patterns of the isolated cathode operando, in grazing-incidence configuration (Figure 1.c). The various experimental procedures experienced by the catalyst powder are summarized in the timeline schematic of Figure 1.d. After the Pt/C powder catalyst being integrated into a catalyst layer and mounted in the PEMFC, the cell was heated at T = 80 °C and 100 % relative humidity (R.H.), and the anode and cathode sides were fed with 104 sccm H2 and 250 sccm O2 gas, respectively, with 0.5 bar backpressure (1.5 bar absolute). The cell was conditioned via a short protocol (considering limited allocated beamtime) consisting in 5 repetitions of a potential cycle composed of 2 min at open circuit voltage (OCP), followed by 3 min at cell voltage of 0.85 V and 10 min at 0.65 V. Then, a BoT polarization curve consisting of 10

Figure 2 :

 2 Figure 2: BoT and EoT electrochemical data in the conventional laboratory fuel cell. a) geometric surface area normalized current-voltage polarization curves, b) Pt surface area normalized current-voltage polarization curves and c) cyclic voltammograms recorded at 50 mV s -1 . In c), the Pt surface area (ECSA) is calculated by HUPD coulometry. Cathode loading: 0.2 mgPt cm -2 .

Figure 2 .

 2 a-b shows the cell performance measured at BoT and EoT in the conventional cell (results from the X-ray transparent cell are displayed in Figure S2).

Figure 2 .

 2 a clearly reveals the detrimental impact of the AST on the catalyst -0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1

Figure 3 :

 3 Figure 3: BoT and EoT ex situ characterizations. a) WAXS patterns with corresponding coherent domain size extracted from Rietveld refinement and Pt specific surface areas. TEM images with corresponding number-and volume-averaged particle size distributions at b) BoT and c) EoT, respectively. On the TEM images, top left corners in b) and c), circles scale with the volume-averaged distribution mean are displayed.

Figure 4 .

 4 Figure 4.b were performed at this potential, and as confirmed below.

Figure 4 :

 4 Figure 4: Coherent domain size extracted from Rietveld measurement of the WAXS patterns measured ex situ (black markers) and operando (red markers), volume-averaged particle size estimated by TEM ex situ (blue markers) and coherent domain size estimated with the Scherrer formula from ex situ laboratory XRD performed on independent PEMFC tests. Operando WAXS was measured between a) each experimental step and b) after different amounts of cycles during the AST.

Figure 5 :

 5 Figure 5: Online inductively-coupled plasma mass spectrometry (ICP-MS) and in situ WAXS data measured during cyclic voltammetry experiments in 0.1 M HClO4 electrolyte. The potential profile in a) is valid for both the on-line ICP-MS and WAXS data in b) and c), respectively. The red boxes are displayed to guide the eyes in the identification of the C2 dissolution process.

  above-mentioned causes of coherent domain size increase is the sudden coalescence of aggregates. In contrast to the other possibilities discussed, such scenario could easily explain the ca 2.3fold size increase observed here. In a recent contribution[START_REF] Martens | Decoupling Catalyst Aggregation, Ripening, and Coalescence Processes inside Operating Fuel Cells[END_REF] , Martens et al. monitored operando the particle size increase of a commercial Pt/C catalyst over the course of an AST in PEMFC with wide-and smallangle X-ray scattering (WAXS vs. SAXS). The complementary sensitivities of the techniques regarding the particle size definition (coherent domain size vs. geometric size for WAXS and SAXS, respectively)

  ): (i) the core of the AST (cycling between 0.6 ≤ E ≤ 1.0 V vs. RHE) indeed triggers the well-known Pt degradation processes (Pt dissolution, nanoparticles aggregation and growth according to the Ostwald ripening process, Figure 6.a), (ii) the surface state reached after the potential cycling above 0.6 V vs. RHE is still partially oxidized; (iii) electrode excursion to reducing potentials of the 'HUPD region' during ECSA measurement at EoT reduces Pt surface oxides while hydrogen adsorption enhance Pt atoms surface diffusion and coalescence of aggregates (Figure 6.b).Finally, if the present study reports a quite consequent structural transformation caused by the cyclic voltammetry experiment performed at the EoT, the coherent domain size increase must be correctly interpreted. The nanoparticles do not simply grow from ca 4 nm to ca 10 nm, but aggregates formed during the AST coalesce during the EoT CV experiment. If the impact of such coalescence on the ECSA value cannot be easily accessed (at least not by conventional CV experiment), polarization curves measured after the AST but before and after the EoT CV experiment in FigureS5reveal a possible minor positive impact of the coalescence on the cell performance in this case. Note, however, the conclusions could be different if the CV experiments are performed regularly after various amounts of cycles as recommended by the DoE/FCTT. In fact, Castanheira et al.[START_REF] Castanheira | Accelerated Stress Tests of Pt/HSAC Electrocatalysts: An Identical-Location Transmission Electron Microscopy Study on the Influence of Intermediate Characterizations[END_REF] reported that implementing intermediate characterizations (CVs and COads stripping experiments) during a 96 h potentiostatic hold at E =1.0 V vs. RHE AST results in a 3.5-fold magnification of ECSA loss compared to the AST alone.

Figure 6 :

 6 Figure 6: Proposed mechanism highlighting the structural and chemical changes occurring during a) the core of the AST and b) the EoT CV experiment. The only few amounts of Pt oxides represented after AST refers to the oxides still present at E = 0.4 V vs. RHE, and further reduced during the EoT CV experiment.

  suggests a lightning coalescence of aggregated nanoparticles, triggered by the reduction of Pt oxides. Since the cyclic voltammetry experiments in the context of ASTs are used to determine the electrochemically active surface area of the catalyst, the question whether this measurement remains valid considering the structural changes it causes is now open, and alternative catalyst performance/structural assessment metrics may be needed.

Table 1 .

 1 activity, as a negative shift of ca 35 mV at 1 A cm MEA -2 is observed in the polarization curve. The CVs recorded at BoT and EoT in Figure2.c, likely provide the cause of such performance decrease. From HUPD coulometry, the AST caused nearly 60% of ECSA loss. Interestingly, normalizing the cell performance by the ECSA in Figure2.b highlights an increase of the Pt specific activity after the AST. Such opposite trends in mass-(or geometric) activity vs. specific activity can be explained at least partially by an increase of the nanoparticle size during ageing[START_REF] Perez-Alonso | The Effect of Size on the Oxygen Electroreduction Activity of Mass-Selected Platinum Nanoparticles[END_REF] . Importantly, despite the performance being different from one cell to the other, an excellent agreement is obtained for the ECSA trend, as shown in Moreover, the Pt specific
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measured during a control experiment in liquid electrolyte for the same catalyst (not shown).

Ensuring a near-complete electrode-electrolyte contact from the catalyst layer is essential for further consistent interpretation of such AST.

Table 1 :

 1 Evolution of the ECSA measured by HUPD coulometry at BoT and EoT in the two PEMFC used.More insights on the origin of ECSA loss can be obtained from preliminary and post mortem analyses of the materials aged in the X-ray transparent cell. Both the fresh catalyst powder and aged catalyst powder collected from the tested MEA were investigated with TEM and ex situ WAXS (see experimental details very close to the volume-averaged particle size found by TEM (from 3.8 nm to 13.0 nm). Note that only the volume-averaged TEM sizes can be tentatively compared to the volume-sensitive WAXS, and that coherent domain size is a slightly distinct notion from nanoparticle geometric size. Furthermore, estimating nanoparticle size on the aged catalyst accurately from very local TEM images is a difficult if not impossible task considering the presence of aggregates and broad size distribution. Supposing cuboctahedral shape for the crystallites, it is possible to estimate the Pt specific surface areas at BoT and EoT from the WAXS coherent domain sizes[START_REF] Montejano-Carrizales | Direct Enumeration of the Geometrical Characteristics of Clusters[END_REF] . The values of 66 m 2 𝑔 𝑃𝑡 -1 and 29 m 2 𝑔 𝑃𝑡 -1 for BoT and EoT, respectively, are significantly higher than the values of 47.2 m 2 𝑔 𝑃𝑡 -1 and 19.2 m 2 𝑔 𝑃𝑡,𝑖𝑛𝑖

		X-ray transparent PEMFC	Conventional PEMFC
	ECSA BoT	47.2 m 2 g 𝑃𝑡 -1	48.8 m 2 g 𝑃𝑡 -1
	ECSA EoT	19.2 m 2 g 𝑃𝑡 -1	19.9 m 2 g 𝑃𝑡 -1
	ECSA loss	59 %	59 %

in the Supplementary Material). As shown in Figure

3

, these two techniques indicate an important increase of the nanoparticle size and coherent domain size, respectively. Rietveld refinement of the WAXS patterns gives a coherent domain size increasing from 3.7 nm at BoT to 9.7 nm at EoT (Figure

3

.a), which can be likely explained by both particles aggregation and contact areas with the carbon support (included in the WAXS values but not necessarily electrochemically accessible).
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