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SI 1. Structural characterization of the investigated Pt-Co/C sample
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Supplementary Fig. 1. STEM images. BF- (top) and HAADF-STEM (bottom) images of the Pt-Co/C electrocatalyst in its initial state at various magnifications. 
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[bookmark: _Ref219386228]Supplementary Fig. 2. HAADF-STEM images at a lower magnification. The Pt-Co/C sample is imaged in the as-purchased state, after potential cycling activation (200 cycles, 0.05–1.2 VRHE, 300 mV/s, 0.1 M HClO4), and after degradation (5000 cycles, 0.4–1.2 VRHE, 1 V/s, 0.1 M HClO4).



 
Supplementary Table 1. EDX-STEM investigation of four catalyst regions from Supplementary Fig. 2 in the as-purchased state, after potential cycling activation (200 cycles, 0.05–1.2 VRHE, 300 mV/s, 0.1 M HClO4), and after degradation (5000 cycles, 0.4–1.2 VRHE, 1 V/s, 0.1 M HClO4). 
	[bookmark: _Hlk193711934]site no.
	element
	as-purchased [at.%]
	after activation [at.%]
	after degradation [at.%]

	1
	Co K
	47.3
	63.7
	58.3

	
	Pt L
	52.3
	36.3
	41.7

	2
	Co K
	55.3
	39.9
	32.0

	
	Pt L
	44.7
	60.0
	68.0

	3
	Co K
	54.9
	54.8
	54.2

	
	Pt L
	45.1
	45.2
	45.8

	4
	Co K
	45.6
	34.7
	42.5

	
	Pt L
	54.4
	65.4
	57.5

	average
	Co K
	50.8
	48.3
	46.7

	
	Pt L
	49.2
	51.7
	53.3
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Supplementary Fig. 3. Three-step IL-HAADF-STEM of Pt-Co/C. Two regions of interest were imaged in their as-purchased state, after potential cycling activation (200 cycles, 0.05–1.2 VRHE, 300 mV/s, 600 rpm, 0.1 M HClO4), and after degradation (5000 cycles, 0.4–1.2 VRHE, 1 V/s, 600 rpm, 0.1 M HClO4). The top images show a close-up of the region with annotated specific degradation phenomena, and the bottom images are shown at lower magnification for context.  


SI 2. Analyzing the activation and degradation datasets by mechanism

Supplementary Table 2. Average values and standard deviations of equivalent sphere diameters and circularities of Pt-Co nanoparticles, determined for each mechanism during potential cycling activation (200 cycles, 0.05–1.2 VRHE, 300 mV/s, 4 M HClO4).
	[bookmark: _Hlk193712881]
	diameter, before [nm]
	circularity, before []
	diameter, after [nm]
	circularity, after []
	number of events

	dissolution
	3.99 ± 0.84
	0.87 ± 0.03
	3.40 ± 0.89
	0.88 ± 0.02
	106

	no changes
	3.75 ± 0.82
	0.87 ± 0.02
	3.71 ± 0.82
	0.87 ± 0.02
	46

	detachment
	2.80 ± 0.77
	0.81 ± 0.12
	
	
	24

	attachment
	
	
	2.63 ± 1.02
	0.81 ± 0.12
	13

	agglomeration
	3.96 ± 0.76
	0.87 ± 0.02
	5.02 ± 1.63
	0.79 ± 0.12
	11

	deposition
	3.24 ± 1.00
	0.87 ± 0.02
	3.60 ± 1.01
	0.88 ± 0.02
	9



Supplementary Table 3. Average values and standard deviations of equivalent sphere diameters and circularities of Pt-Co nanoparticles, determined for each mechanism during potential cycling activation (200 cycles, 0.05–1.2 VRHE, 300 mV/s, 0.1 M HClO4), followed by degradation (5000 cycles, 0.4–1.2 VRHE, 1 V/s, 0.1 M HClO4).
	
	diameter, before [nm]
	circularity, before []
	diameter, after [nm]
	circularity, after []
	number of events

	dissolution
	3.67 ± 0.79
	0.88 ± 0.02
	3.02 ± 1.03
	0.87 ± 0.02
	235

	no changes
	3.82 ± 0.87
	0.88 ± 0.01
	3.81 ± 0.87
	0.87 ± 0.02
	214

	detachment
	2.59 ± 0.59
	0.84 ± 0.11
	
	
	131

	deposition
	3.51 ± 0.92
	0.88 ± 0.02
	3.91 ± 0.96
	0.87 ± 0.02
	58

	attachment
	
	
	2.41 ± 0.75
	0.65 ± 0.15
	38

	agglomeration
	4.07 ± 0.75
	0.88 ± 0.01
	4.43 ± 1.78
	0.83 ± 0.08
	12

	Ostwald ripening
	3.62 ± 0.43
	0.89 ± 0.01
	3.96 ± 0.49
	0.88 ± 0.01
	5

	complete Ostwald ripening
	3.29 ± 2.35
	0.89 ± 0.01
	3.81 ± 2.03
	0.84 ± 0.05
	3






SI 3. Cyclic voltammograms for activation and degradation

[image: ]
Supplementary Fig. 4. Cyclic voltammetry results, collected with a modified floating electrode setup. The first and last cycles of the (a, c) potential cycling activation (200 cycles, 0.05–1.2 VRHE, 300 mV/s, 0.1 M HClO4) and (b, d) degradation (5000 cycles, 0.4–1.2 VRHE, 1 V/s, 0.1 M HClO4) of the Pt-Co/C. 

[image: ]
Supplementary Fig. 5. Cyclic voltammetry comparison. A full-range cyclic voltammogram, recorded after degradation, compared to the first and last cycles of the potential cycling activation (all 0.05–1.2 VRHE, 300 mV/s, 0.1 M HClO4) of the Pt-Co/C.


SI 4. TF-RDE and EDX investigations of the Pt-Co/C sample

[image: ]
Supplementary Fig. 6. RDE and EDX investigation of the Pt-Co/C electrocatalyst. a, Specific activity (SA), ECSA, and mass activity (MA) of the Pt-Co/C after activation (200 cycles, 0.05–1.2 VRHE, 300 mV/s, 600 rpm, 0.1 M HClO4) and degradation (5000 cycles, 0.4–1.2 VRHE, 1 V/s, 600 rpm, 0.1 M HClO4), measured with a rotating disk electrode. b, Ex situ EDX-STEM elemental analysis of the Pt-Co/C in the initial state, after activation, and after degradation. Adapted from 1. Attribution 4.0 International (CC BY 4.0).




SI 5. Analyzing datasets with automated particle detection and association

Supplementary Note 1: Details on automated particle detection using a neural network
Automatic particle detection was implemented using a Center-Direction Regression Network (CeDiRNet) designed for point-based object detection.2 The network consists of a two-stage architecture, regressing dense center-directions with a ConvNeXt backbone and a Feature Pyramid Network in the first stage, and a point localization from dense center-direction maps in the second stage. 
CeDiRNet performs dense, per-pixel regression of vectors pointing to the nearest object center, enabling robust localization by leveraging a broad spatial context around each center rather than relying on a single-pixel prediction. This avoids learning features from highly unbalanced per-pixel binary classification, where loss is dominated by negative background pixels and only a small set of foreground pixels provides positive signals. Translating the problem into a regression of vectors pointing towards the closest object evenly spreads the learning signal to all pixels, forcing even pixels further away from the target to provide useful information for the detection. The mathematically well-defined appearance of the regressed center-directions renders the localization stage independent of domain-specific image features, allowing the use of a generic pre-trained model trained entirely on synthetic data. 
The architecture was implemented in PyTorch 1.9, with CUDA 11.1, using Python 3.8. Code and datasets will be made publicly available at https://github.com/vicoslab/CeDiRNet-STEM. 
a) Attribute extension for particle radius and circularity
The first stage of CeDiRNet was further extended to regress particle radius and circularity as a dense map prediction following a similar extension for orientations in CeDiRNet-3DoF.3 Both attributes were associated with the corresponding center location of the particle, regressing the associated values within 15 pixels of the center during training, while reading the values at the detected particle center during inference. 
[bookmark: _Hlk220684841]Circularity value was regressed directly, with values ranging from 0 to 1, while radius was transformed into a logarithmic value to reduce the range of values for regression. Both radius and circularity were trained using L1 together with center-directions, weighing the radius with a factor of 0.25, circularity loss with a factor of 0.5, and applying an additional uncertainty weighting between them and the center-directions loss.4 
b) Input and learning details
[bookmark: _Hlk220684961]For input, pairs of BF- and HAADF-STEM images were resized to 512x512 pixels, merged into two-channel images, and normalized according to the ImageNet standard. The dense regression network was trained on a single NVIDIA A100 40GB GPU using 23 pairs of images for 1000 epochs using the Adam optimizer with a batch size of 4 and a learning rate of 10-4 with polynomial decay using an exponent of 2. During training, images were augmented using random horizontal and vertical flips and color jittering with a factor of 0.3, each applied with a probability of 0.5. During training and evaluation, we excluded partially visible particles near the image borders, as their center positions, sizes, and shapes could not be determined accurately.
The regression stage was initialized with weights from an ImageNet-pretrained ConvNeXt-Base model. The localization stage used a generic network from ref. 2, trained on 16x NVIDIA A100 (40 GB) GPUs for 200 epochs using 512 × 512-pixel synthetic images, with a batch size of 786 and 5,000 unique synthetic samples per epoch, and without any additional training on STEM images.
The model was evaluated using standard localization metrics and absolute and relative error measures for diameter and circularity. Localization performance was assessed using the F1 score, which accounts for both precision and recall. Detections within 20 pixels of the ground-truth location were considered true positives; all others were classified as false positives. The F1 score was computed at the optimal score threshold on the test set. Diameter and circularity errors were evaluated only for true-positive detections. The F1 score was determined to be 96.32%, precision 94.47%, and recall 98.45%.


Supplementary Table 4. Average values and standard deviations of equivalent sphere diameters and circularities of Pt-Co nanoparticles (automated detection, manual association) were determined for each mechanism during potential cycling activation (200 cycles, 0.05–1.2 VRHE, 300 mV/s, 4 M HClO4). 
	
	diameter, before [nm]
	circularity, before []
	diameter, after [nm]
	circularity, after []
	number of events

	dissolution
	3.92 ± 0.83
	0.88 ± 0.02
	3.40 ± 0.83
	0.88 ± 0.02
	83

	no changes
	3.88 ± 0.84
	0.88 ± 0.02
	3.84 ± 0.86
	0.88 ± 0.02
	54

	deposition
	3.47 ± 0.67
	0.86 ± 0.02
	3.87 ± 0.76
	0.87 ± 0.02
	12

	detachment
	2.52 ± 0.70
	0.89 ± 0.02
	
	
	11

	agglomeration
	3.79 ± 0.34
	0.89 ± 0.02
	4.20 ± 0.22
	0.87 ± 0.00
	3

	attachment
	
	
	1.95 ± 0.47
	0.90 ± 0.04
	2

	Ostwald ripening
	2.67 ± 0.69
	0.87 ± 0.00
	3.30 ± 0.23
	0.87 ± 0.00
	2

	complete Ostwald ripening
	3.70 ± 0.05
	0.83 ± 0.00
	3.94 ± 0.00
	0.84 ± 0.00
	1
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Supplementary Fig. 7. Degradation events for Pt-Co nanoparticles during activation (automated detection, manual association). Scatter plots with histograms showing circularities and equivalent sphere diameters before (red) and after (blue) activation for all events and individual degradation mechanisms (200 cycles, 0.05–1.2 VRHE, 300 mV/s, 4 M HClO4). 





Supplementary Table 5. Average values and standard deviations of equivalent sphere diameters and circularities of Pt-Co nanoparticles (automated detection, manual association) determined for each mechanism during potential cycling activation (200 cycles, 0.05–1.2 VRHE, 300 mV/s, 0.1 M HClO4), followed by degradation (5000 cycles, 0.4–1.2 VRHE, 1 V/s, 0.1 M HClO4).
	
	diameter, before [nm]
	circularity, before []
	diameter, after [nm]
	circularity, after []
	number of events

	no changes
	3.64 ± 0.81
	0.89 ± 0.01
	3.62 ± 0.80
	0.90 ± 0.01
	175

	dissolution
	3.49 ± 0.75
	0.89 ± 0.01
	2.94 ± 0.83
	0.90 ± 0.01
	171

	detachment
	2.47 ± 0.50
	0.91 ± 0.01
	
	
	83

	deposition
	3.24 ± 0.61
	0.90 ± 0.01
	3.65 ± 0.64
	0.89 ± 0.01
	67

	agglomeration
	3.92 ± 0.97
	0.88 ± 0.01
	4.58 ± 0.72
	0.86 ± 0.02
	8

	attachment
	
	
	2.67 ± 0.35
	0.91 ± 0.00
	3

	Ostwald ripening
	3.99 ± 0.82
	0.89 ± 0.01
	4.40 ± 0.81
	0.89 ± 0.02
	3
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[bookmark: _Hlk193122154]Supplementary Fig. 8. Degradation events for Pt-Co nanoparticles during potential cycling activation, followed by degradation (automated detection, manual association). Scatter plots with histograms showing circularities and equivalent sphere diameters before (red) and after (blue) activation (200 cycles, 0.05–1.2 VRHE, 300 mV/s, 0.1 M HClO4) and degradation (5000 cycles, 0.4–1.2 VRHE, 1 V/s, 0.1 M HClO4) for all events and individual degradation mechanisms. 





Supplementary Table 6. Average values and standard deviations of equivalent sphere diameters and circularities of Pt-Co nanoparticles (manual segmentation, automated association) were determined for each mechanism during potential cycling activation (200 cycles, 0.05–1.2 VRHE, 300 mV/s, 4 M HClO4). 
	
	diameter, before [nm]
	circularity, before []
	diameter, after [nm]
	circularity, after []
	number of events

	dissolution
	3.98 ± 0.84
	0.87 ± 0.03
	3.38 ± 0.89
	0.87 ± 0.02
	96

	no changes
	3.81 ± 0.82
	0.87 ± 0.02
	3.77 ± 0.81
	0.87 ± 0.02
	46

	detachment
	2.90 ± 0.87
	0.88 ± 0.02
	
	
	19

	deposition
	3.20 ± 0.81
	0.86 ± 0.02
	3.85 ± 1.29
	0.85 ± 0.08
	9

	agglomeration
	3.86 ± 0.81
	0.88 ± 0.02
	4.52 ± 1.97
	0.80 ± 0.12
	8

	attachment
	
	
	2.95 ± 0.94
	0.89 ± 0.02
	8

	complete Ostwald ripening
	3.83 ± 0.95
	0.86 ± 0.02
	3.95 ± 0.72
	0.89 ± 0.01
	2

	Ostwald ripening
	4.74 ± 0.78
	0.88 ± 0.02
	5.35 ± 0.67
	0.84 ± 0.01
	2




[image: ]
Supplementary Fig. 9. Degradation events for Pt-Co nanoparticles during activation (manual segmentation, automated association). Scatter plots with histograms showing circularities and equivalent sphere diameters before (red) and after (blue) activation for all events and individual degradation mechanisms (200 cycles, 0.05–1.2 VRHE, 300 mV/s, 4 M HClO4). 





Supplementary Table 7. Average values and standard deviations of equivalent sphere diameters and circularities of Pt-Co nanoparticles (manual segmentation, automated association) determined for each mechanism during potential cycling activation (200 cycles, 0.05–1.2 VRHE, 300 mV/s, 0.1 M HClO4), followed by degradation (5000 cycles, 0.4–1.2 VRHE, 1 V/s, 0.1 M HClO4).
	
	diameter, before [nm]
	circularity, before []
	diameter, after [nm]
	circularity, after []
	number of events

	dissolution
	3.70 ± 0.79
	0.88 ± 0.02
	3.03 ± 1.00
	0.87 ± 0.02
	201

	no changes
	3.75 ± 0.87
	0.88 ± 0.01
	3.76 ± 0.87
	0.87 ± 0.02
	190

	detachment
	2.73 ± 0.67
	0.88 ± 0.03
	
	
	112

	deposition
	3.48 ± 0.93
	0.88 ± 0.02
	4.12 ± 1.18
	0.87 ± 0.04
	62

	attachment
	
	
	2.52 ± 1.06
	0.87 ± 0.03
	24

	agglomeration
	3.88 ± 0.94
	0.88 ± 0.01
	3.86 ± 0.92
	0.86 ± 0.04
	23

	Ostwald ripening
	4.32 ± 1.18
	0.89 ± 0.01
	4.82 ± 1.41
	0.85 ± 0.05
	7

	complete Ostwald ripening
	3.86 ± 0.81
	0.81 ± 0.02
	3.68 ± 0.73
	0.88 ± 0.01
	5




[image: ]
Supplementary Fig. 10. Degradation events for Pt-Co nanoparticles during potential cycling activation, followed by degradation (manual segmentation, automated association). Scatter plots with histograms showing circularities and equivalent sphere diameters before (red) and after (blue) activation (200 cycles, 0.05–1.2 VRHE, 300 mV/s, 0.1 M HClO4) and degradation (5000 cycles, 0.4–1.2 VRHE, 1 V/s, 0.1 M HClO4) for all events and individual degradation mechanisms. 




Supplementary Table 8. Average values and standard deviations of equivalent sphere diameters and circularities of Pt-Co nanoparticles (automated detection, automated association) were determined for each mechanism during potential cycling activation (200 cycles, 0.05–1.2 VRHE, 300 mV/s, 4 M HClO4). 
	
	diameter, before [nm]
	circularity, before []
	diameter, after [nm]
	circularity, after []
	number of events

	dissolution
	3.95 ± 0.84
	0.87 ± 0.02
	3.37 ± 0.85
	0.88 ± 0.02
	88

	no changes
	3.81 ± 0.82
	0.88 ± 0.02
	3.77 ± 0.81
	0.88 ± 0.02
	51

	detachment
	2.77 ± 0.72
	0.89 ± 0.02
	
	
	19

	attachment
	
	
	3.02 ± 0.94
	0.88 ± 0.02
	15

	deposition
	2.95 ± 0.63
	0.87 ± 0.02
	3.50 ± 0.80
	0.87 ± 0.01
	10

	Ostwald ripening
	3.66 ± 0.55
	0.86 ± 0.03
	4.08 ± 0.77
	0.86 ± 0.02
	8

	agglomeration
	3.93 ± 0.18
	0.88 ± 0.01
	4.30 ± 0.11
	0.88 ± 0.01
	2

	complete Ostwald ripening
	4.54 ± 0.52
	0.86 ± 0.01
	2.77 ± 0.00
	0.89 ± 0.00
	1




[image: ]
Supplementary Fig. 11. Degradation events for Pt-Co nanoparticles during activation (automated detection, automated association). Scatter plots with histograms showing circularities and equivalent sphere diameters before (red) and after (blue) activation for all events and individual degradation mechanisms (200 cycles, 0.05–1.2 VRHE, 300 mV/s, 4 M HClO4). 






Supplementary Table 9. Average values and standard deviations of equivalent sphere diameters and circularities of Pt-Co nanoparticles (automated detection, automated association) determined for each mechanism during potential cycling activation (200 cycles, 0.05–1.2 VRHE, 300 mV/s, 0.1 M HClO4), followed by degradation (5000 cycles, 0.4–1.2 VRHE, 1 V/s, 0.1 M HClO4).
	
	diameter, before [nm]
	circularity, before []
	diameter, after [nm]
	circularity, after []
	number of events

	no changes
	3.59 ± 0.78
	0.89 ± 0.02
	3.58 ± 0.79
	0.90 ± 0.01
	160

	dissolution
	3.47 ± 0.74
	0.89 ± 0.01
	2.92 ± 0.84
	0.90 ± 0.01
	150

	detachment
	2.59 ± 0.74
	0.91 ± 0.01
	
	
	92

	deposition
	3.20 ± 0.62
	0.90 ± 0.01
	3.64 ± 0.63
	0.89 ± 0.02
	64

	attachment
	
	
	2.90 ± 1.02
	0.90 ± 0.02
	28

	agglomeration
	3.62 ± 0.96
	0.90 ± 0.02
	3.99 ± 0.68
	0.88 ± 0.01
	15

	complete Ostwald ripening
	4.50 ± 0.95
	0.87 ± 0.01
	4.34 ± 1.00
	0.89 ± 0.01
	4

	Ostwald ripening
	3.25 ± 0.42
	0.91 ± 0.01
	3.45 ± 0.46
	0.90 ± 0.01
	3




[image: ]
Supplementary Fig. 12. Degradation events for Pt-Co nanoparticles during potential cycling activation, followed by degradation (automated detection, automated association). Scatter plots with histograms showing circularities and equivalent sphere diameters before (red) and after (blue) activation (200 cycles, 0.05–1.2 VRHE, 300 mV/s, 0.1 M HClO4) and degradation (5000 cycles, 0.4–1.2 VRHE, 1 V/s, 0.1 M HClO4) for all events and individual degradation mechanisms. 


SI 6. Modeling metal dissolution and carbon corrosion on model nanoparticles

Supplementary Note 2: Details on theoretical modeling of particle evolution during activation
[bookmark: _Hlk195617152]The mathematical model of metal dissolution and carbon corrosion describes morphological development of the catalyst as a consequence of electrochemical reactions taking place on the surface of catalyst particles and the adjacent carbon surface. The model aims to describe the changes in sizes () and positions () of a limited set of particles, observed with STEM. 
a) Particle size
The change of particle sizes was modelled by describing the electrochemical processes of catalyst dissolution and redeposition. To simplify the modelling, it was assumed that the catalyst particle surface is always formed of Pt, a reasonable first approximation given that the small analyzed nanoparticles contain approximately 65 at.% of Pt.1 This allows for the use of well-established electrochemical processes on the Pt surface. Pt dissolution and redeposition lead to a direct change in particle size. 
PtDD:							(1)
Crucially, the equilibrium electric potential of a catalyst particle is affected by its size via the Kelvin term: , where r is the particle radius,  surface tension,  molar mass,  density, and  Faraday constant. 
The Kelvin term lowers the equilibrium potential of smaller particles more than larger particles, leading to faster dissolution and potential transfer of Pt from smaller towards larger particles.5 Dissolution and redeposition of Pt were modelled as a Butler-Volmer reaction, describing the time derivative of particles:6 
 ,			(2)
where  and  are reaction rate constants of dissolution and deposition,  is the charge transfer coefficient, and  is the gas constant. The dynamics is primarily driven by the changes in electric potential , but is also significantly affected by temperature  and the concentrations of Pt2+ ions in the vicinity of the i-th particle . 
To describe the dynamics of these concentrations, we assigned each particle a control volume , defined by a Voronoi diagram, attributed to the particle positions  .7 The change of Pt2+ ions concentration due to dissolution and redeposition is thus calculated as
 .									(3)
The transfer of Pt2+ ions between neighboring Voronoi volumes is controlled by diffusion
 						(4)
where  is Pt2+ ion diffusivity,  the contact surface between i-th and j-th Voronoi volumes, and  the distance between i-th and j-th particle, with summation taken over neighbouring Voronoi volumes. The loss of Pt due to diffusion into the electrolyte is described similarly:
						(5)
with  and  describing the contact surface and distance to the exterior of the Voronoi diagram.
b) Detachment and agglomeration
Detachment and agglomeration of catalyst particles are described in the model as a result of corrosion of carbon support around the particles, which is in turn caused by oxidation processes on Pt and the carbon surface.8 The corrosion is initiated by the formation of hydroxide and oxide groups at different equilibrium potentials:
C1:			RHE
C2:				 RHE		(6)
Pt1:			 RHE
Pt2: 				 RHE
The dynamics of these processes on the i-th particle are described by Butler-Volmer equations.6
,
,				(7)
,
.
Reaction rates are determined by reaction rate constants , equilibrium potentials , and charge transfer coefficients  for each of the reactions (j = C1, C2, Pt1, Pt2), as well as by relative surface coverages of i-th particle with PtOH groups (,  PtO groups (, and unoxidised surface Pt* (, and relative coverage of its surrounding carbon support with COH groups (,  CO groups (, and unoxidised surface C* (.  and  denote water and proton activity and  describes the interaction between Pt surface oxides, with . As for the case of Pt dissolution, the equilibrium potential of Pt oxidation is affected by particle size via the Kelvin term
,							(8)
.
with  and  referring to surface tension, molar mass, and density of the species. 
Surface coverages of oxide groups , ,  and  determine the rates of carbon corrosion via two electrochemical reactions. Carbon hydroxide groups COH can react either with water or with Pt hydroxide PtOH, via reactions 
C3: 		 RHE
PtC:	 RHE		(9)
with reaction rates 
,						(10)
.
The dynamics of oxide surface growth is determined by reaction rates , , , , and surface density of defect sites  and   on Pt and carbon surface, respectively.6,9 
,
,										(11)
,
.
Furthermore, carbon corrosion rates  and  determine how the contact surface between the catalyst particle and carbon support changes over time. In the model, the contact surface of the i-th particle was described by the contact angle  resulting in the contact surface
 . 									(12)
Assuming that carbon corrosion takes place up to the distance  from the particle, the rate of change of contact angle can be written as
							(13)
where  and  are the density and molar mass of carbon.
Carbon corrosion can lead to the detachment and agglomeration of particles even before the contact angle  reduces to zero, provided that the attractive forces between particles are sufficiently strong. The agglomeration process was modelled by comparing the attraction forces between particles with the adhesion force between particles and the carbon support. 
It was assumed in the model that the i-th and j-th particles are attracted by the Casimir force10
						(14)
which depends on the particle radii  and , and the distance between particle surfaces . 
The total attraction force on the i-th particle is therefore
									(15)
The adhesion force  on the particle is exactly opposite the attraction force, as long as attraction is not too strong. The limiting force that can be produced by adhesion is assumed to be directly proportional to the contact surface, The total force on the i-th particle is therefore
								(16)
The movement of particles due to force  was modelled under the assumption of strong drag, resulting in velocity being proportional to the force, changing the particle position  as
	.										(17)
In total, 10 variables are modelled for each particle: particle size , 3 coordinates of position , Pt2+ ion concentration , oxide coverages , , ,  and contact angle .
Calibration of the model, aimed at achieving the best fit between experimental data and model results, was performed by adjusting the values of the following model parameters: reaction rate constants , , Pt2+ ion diffusivity , Pt2+ ion concentration in the electrolyte , and relative strenghts of Casimir () and adhesion force (). 
The values of other parameters were adopted from the literature. The values of all model parameters are listed in Supplementary Table 10.
[bookmark: _Ref196898427]Supplementary Table 10. List of parameters used in the model. The values of parameters are accompanied by a short description and the source.
	Parameter
	Value
	Units
	Description
	Source

	
	0.2
	
	Equilibrium potential for reaction 
	Ref. 11

	
	0.7
	
	Equilibrium potential for reaction 
	Ref. 11

	
	0.8
	
	Equilibrium potential for reaction 
	Ref. 11

	
	0.8
	
	Equilibrium potential for reaction 
	Ref. 11

	
	0.95
	
	Equilibrium potential for reaction 
	Ref. 11

	
	0.65
	
	Equilibrium potential for reaction 
	Ref. 11

	
	1.188
	
	Equilibrium potential for Pt dissolution
	Ref. 12

	
	0.5
	
	Charge transfer coefficient for reaction 
	assumed

	
	0.5
	
	Charge transfer coefficient for reaction 
	assumed

	
	0.5
	
	Charge transfer coefficient for reaction 
	assumed

	
	0.5
	
	Charge transfer coefficient for reaction 
	assumed

	
	0.5
	
	Charge transfer coefficient for reaction 
	assumed

	
	0.5
	
	Charge transfer coefficient for reaction 
	assumed

	
	0.5
	
	Charge transfer coefficient for Pt dissolution
	assumed

	
	
	
	Reaction rate constant for reaction 
	fitted

	
	
	
	Reaction rate constant for reaction 
	fitted

	
	
	
	Reaction rate constant for reaction 
	fitted

	
	
	
	Reaction rate constant for reaction 
	fitted

	
	
	
	Reaction rate constant for reaction 
	fitted

	
	
	
	Reaction rate constant for reaction 
	fitted

	
	
	
	Reaction rate constant for Pt dissolution
	fitted

	
	
	
	Reaction rate constant for Pt deposition
	fitted

	
	2.15
	
	Pt oxidation surface area
	Ref. 8

	
	4.6
	
	Carbon oxidation surface area
	Ref. 8

	
	
	
	Carbon corrosion depth
	Ref. 8

	
	
	
	Diffusivity of 
	fitted

	
	
	
	Reference concentration
	Ref. 12

	
	
	
	concentration in electrolyte
	fitted

	
	30
	
	Pt oxide interaction
	Ref. 12

	
	0.3
	
	Pt oxidation reversibility
	Ref. 13

	
	
	
	Casimir force strength
	assumed

	
	
	
	Adhesion force strength
	fitted

	
	
	
	Drag coefficient
	assumed

	
	21090
	
	Pt density
	Ref. 12

	
	14170
	
	Pt-OH density
	Ref. 8

	
	14100
	
	Pt=O density
	Ref. 12

	
	2000
	
	Carbon density
	-

	
	2.73
	
	Pt surface tension
	Ref. 12

	
	1.34
	
	Pt-OH surface tension
	Ref. 8

	
	1
	
	Pt=O surface tension
	Ref. 12

	
	195
	
	Pt molar mass
	Ref. 12

	
	212
	
	Pt-OH molar mass
	Ref. 8

	
	211
	
	Pt=O molar mass
	Ref. 12

	
	12
	
	Carbon molar mass
	-

	
	18
	
	Water molar mass
	-


The geometric parameters of the 11 model nanoparticles before and after simulated potential cycling conditions are listed in Supplementary Table 11.
[bookmark: _Ref203994320]Supplementary Table 11. Radii, contact angles, and contact surfaces for all analyzed model nanoparticles. 
	particle id
	radius, before [nm]
	angle, before [rad]
	surface, before  [nm2]
	radius, after 
[nm]
	angle, after 
[rad]
	surface, after  [nm2]
	surface change [nm2]

	1
	1.99
	1.57
	24.83
	1.86
	0.08
	0.08
	24.75

	2
	1.40
	1.57
	12.29
	0.99
	0.01
	0.00
	12.29

	3
	1.61
	1.57
	16.21
	1.38
	0.01
	0.00
	16.21

	4
	1.99
	1.57
	24.90
	1.86
	0.08
	0.08
	24.82

	5
	1.85
	1.57
	21.49
	1.70
	0.03
	0.01
	21.48

	6
	1.85
	1.57
	21.55
	1.70
	0.03
	0.01
	21.55

	7
	2.77
	1.57
	48.11
	2.70
	0.39
	3.38
	44.72

	8
	2.19
	1.57
	30.25
	2.09
	0.18
	0.43
	29.81

	9
	1.82
	1.57
	20.87
	1.67
	0.03
	0.01
	20.86

	10
	1.21
	1.57
	9.25
	0.00
	0.13
	0.00
	9.25

	11
	1.77
	1.57
	19.73
	1.61
	0.02
	0.00
	19.73




[image: ]
Supplementary Fig. 13. Instances of carbon corrosion in IL-BF-STEM images. Images of the Pt-Co/C electrocatalyst before (top) and after (bottom) activation (200 cycles, 0.05–1.2 VRHE, 300 mV/s, 4 M HClO4) with red arrows pointing to carbon support changes. 
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