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Figure S1. TEM images of as prepared Pt nanoparticles on the ITO support which was used for the HP -

AST experiments with a weight loading of 29.9 wt% (a,b) and the corresponding histogram showing 

particle size distribution (c). Histograms were obtained by measuring the diameter of at least 200 

particles with errors obtained from standard deviation of mean particle diameter . 

 

Figure S2. Cyclic voltammograms of Pt/C reference catalyst (weight loading 20 wt% Pt on carbon) 

before and after potential cycling in lower (a) and higher (c) potential region. CVs were recorded in 

nitrogen saturated electrolyte from 0.05-1 V with a scan rate of 100 mV s
-1

. Figure b and d are showing 
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LSVs of the particular states LSVs were recorded in oxygen saturated electrolyte from 0.05-1 V with a 

scan rate of 5 mV·s
-1 

and 1600 rpm. All electrode potentials have been corrected for iR drop.  

 

 

 

 

 
Table S1. Comparison of jm and ECSA before and after LP- and HP-AST for Pt/C reference catalyst. jm 

was determined at 0.9 V.  ECSAs were determined by integrating the H-desorption and adsorption area 

between 0.05-0.4 V and subtracting the capacitive current. 

 
LP-AST HP-AST 

 
initial after initial after 

j
m

/ A mg
Pt

-1

 0.18 0.15 0.16 0.10 

ECSA / m
2

 g
Pt

-1

 61.1 54.0 61.4 67.0 

 

 

 

Figure S3. Electrochemical CO stripping experiments for Pt/ITO electrocatalyst. For the two different 

stability tests in low (a) and high (b) potential regime three different points in the characterization  

protocol were chosen for CO stripping: initial, after CV+LSV and after 5k CV+LSV.  

 
Table S2. Comparison of ECSAs based on the integration in the Hupd and the CO oxidation potential 

range for Pt/ITO. CO-ECSAs were determined by integrating the CO oxidation peak area from the first 

cycle of the CO stripping experiment after subtraction of the second cycle representing the bare CO -free 

surface. Hupd-ECSAs were determined by subtracting the first from the second cycle of the CO strippin g 

experiment. 

ECSA / m
2
 gPt

-1
 

LP-AST HP-AST 

before after before after 

CO 25.6 18.4 28.9 27.4 

Hupd 18.6 17.0 19.3 26.1 

CO/Hupd 1.38 1.04 1.50 1.05 
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Figure S4. X-ray photoelectron spectroscopy measurements of Pt/ITO. (a) and (b) are showing the Pt 4f depth 

profiling accessed by the kinetic energy of the photoelectrons of 210, 550 and 1200 eV at the initial (a) and the 

state after LP-AST (b). Dotted lines represent measured data and solid lines the fits and component peaks. (c) 

and (d) are showing the 3d core levels for In and Sn, respectively, each at the initial and the cycled state. 

 

 

 

Figure S5. Images of Pt/ITO in the initial state: (a) showing overview HAADF-STEM  image, (b) TEM  

and (c) HR- TEM images. 

a b 

c d 

456 454 452 450 448 446 444 442 440

In
te

n
s
it

y
 /
 a

.u
.

Binding Energy / eV

 initial

 after LP-AST

In 3d

498 496 494 492 490 488 486 484

In
te

n
s
it

y
 /
 a

.u
.

Binding Energy / eV

 initial

 after LP-AST

Sn 3d

78 76 74 72 70 68

KE: 1200 eV

KE: 550 eV

KE: 210 eV

In
te

n
s
it

y
 /
 a

.u
.

Binding Energy / eV

Pt 4f

78 76 74 72 70 68

Pt 4f

In
te

n
s
it

y
 /
 a

.u
.

Binding Energy / eV

KE: 210 eV

KE: 550 eV

KE: 1200 eV



  

5 

 

 

 

 

 

 

 

 

 

Figure S6. In situ HE XRD measurements depicted as the evolution of diffraction patterns from the 

initial state to the end of the electrochemical cycling for the LP -AST (a) and the HP-AST (b). The inlet 

in (a) is showing the Pt (200) diffraction peak superimposed by an In 2O3 peak (denoted with dashed 

vertical lines). 
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Figure S8. In situ ASAXS measurements for HP-AST: background subtracted, Pt element specific 

scattering curves for selected cycle numbers (a), particle size distribution (PSD) as a function of rel. 

intensity over the mean particle diameter for selected cycle numbers (b) and the evolution of 

polydispersity as a function of σ over the cycle number (c).  

Figure S7. In situ ASAXS measurements for LP-AST: background subtracted, Pt element specific 

scattering curves for selected cycle numbers (a), particle size distribution (PSD) as a function of rel. 

intensity over the mean particle diameter for selected cycle numbers (b) and the evolution of 

polydispersity as a function of σ over the cycle number (c). 
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Figure S9. In situ scanning flow cell ICP-MS measurements. Depicted are the Sn, In and Pt dissolutions rates 

and the applied electrochemical protocols from the bottom to the top for LP-AST. The respective dissolution 

rates in detected metal per volume electrolyte (μgdet l
-1

) are plotted against the time. A Pt/C reference sample was 

measured and therefore, the Pt dissolution rate was also normalized to the Pt mass loading on the working 

electrode (WE) (μgdet l
-1

μgWE
-1

). The electrochemical protocol was conducted as follows: Beginning with 100 

CVs (activation regime) from 0.05-1 V, followed by potential cycling in the LP regime (0.6-0.95 V, 40 CVs, 

100 mV·s
-1

) and followed by another 3 cycles from 0.05-1 V, all CVs were recorded with a scan rate of 100mV/s. 

The first contacts between catalyst and electrolyte (cell contact) are denoted with arrows. 
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Figure S10. In situ scanning flow cell ICP-MS measurements. Depicted are the Sn, In and Pt 

dissolutions rates and the applied electrochemical protocols from the bottom to the top for HP-AST. The 

respective dissolution rates in detected metal per volume electrolyte (μg det l
-1

) are plotted against the 

time. A Pt/C reference sample was measured and therefore, the Pt dissolution rate was also normalized to 

the Pt mass loading on the working electrode (WE) (μgdet l
-1

μgWE
-1

). The electrochemical protocol was 

conducted as follows: Beginning with 100 CVs (activation regime) from 0.05 -1 V, followed by potential 

cycling in the HP regime (1.0-1.5 V, 200 CVs, 500 mV·s
-1

) and followed by another 3 cycles from 0.05-

1 V, all CVs were recorded with a scan rate of 100mV/s. The first contacts between catalyst and 

electrolyte (cell contact) are denoted with arrows.  



  

7 

 

 

0.0E+00

5.0E-04

1.0E-03

1.5E-03
HP-AST

2
n

d
 

p
e
a

k

1
s
t 

p
e
a

k

p
ro

g
ra

m
s

ta
rt

 Pt/ITO

 Pt/C
P

t 
/ 


g
d

e
t 


g
W

E
-1

c
e
ll

c
o

n
ta

c
t

c
e
ll

c
o

n
ta

c
t

p
ro

g
ra

m
s

ta
rt

LP-AST

 

Figure S11. Results from in situ SFC ICP-MS of the integration of the peaks arising from Pt dissolution 

over time of the measurement (in μgdet) detected by the ICP-MS per mass loading Pt on the working 

electrode (in μgWE) for LP- and HP-AST. 
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Table S3. Results from in situ SFC ICP-MS of the integration over time of the measured peaks arising 

from Pt dissolution in Pt/ITO and Pt/C reference and In and Sn from ITO support. Pt dissolution in μg is 

normalized to Pt mass loading on the working electrode in μgPt and In and Sn dissolution in μg is 

normalized to In+Sn mass loading on the working electrode in μg (In+Sn). Potential dissolution peaks are 

arising from cell contact, program start and distinct dissolution peaks during the electrochem ical cycling 

(1
st
 and 2

nd
 peak). Additionally, dissolution values are listed each without (wo/) and with (w/) 

contribution of metal dissolution at cell contact.  

 
LP-AST HP-AST 

Dissolved Metal 
Pt in 

Pt/ITO 

Pt in 

Pt/C 
In Sn 

Pt in 

Pt/ITO 

Pt in 

Pt/C 
In Sn 

Unit μg·μgPt μg·μg(In+Sn) μg·μgPt μg·μg(In+Sn) 

Cell Contact 3.22E-4 6.13E-4 
5.55E-

3 
3.52E-4 2.33E-4 1.23E-3 

1.04E-

2 

1.19E-

3 

Program Start 7.47E-5 4.66E-5 - - 7.22E-6 7.74E-5 - 
2.80E-

4 

1st Peak - - - - 3.38E-4 1.07E-3 - 
3.00E-

4 

2nd Peak - - - - 4.32E-5 1.12E-4 - - 

Total wo/ Contact 5.96E-5 3.36E-4 
9.61E-

3 
3.41E-3 7.37E-4 1.68E-3 

9.12E-

3 

3.96E-

3 

Total w/ Contact 3.80E-4 9.49E-4 
1.51E-

2 
3.77E-3 9.69E-4 2.91E-3 

1.95E-

2 

5.15E-

3 

Total wo/ 

Contact % 
0.01 0.03 0.96 0.34 0.07 0.17 0.91 0.40 

Total w/ 

Contact % 
0.04 0.09 1.51 0.38 0.10 0.29 1.95 0.52 

 

 
 
Figure S12. Evolution of normalized scale factors for Pt and In2O3 from fits of HE-XRD patterns over 

the cycle number for (a) LP-AST and (b) HP-AST. 
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Figure S13. Evolution of Pt lattice constant as extracted from Rietveld Refinement from in situ HE-XRD 

measurements over the cycle number for (a) LP-AST and (b) HP-AST.   
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