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Figure S1 a,b,c,d sequential TEM images showing one sheet of GD-Pt/G (masked in red) 

moving over an underlying GD-Pt/G sheet in the electron beam 

 

Raman sample preparation: KC24(NH3)1.3 powder was loaded into a 1 mm borosilicate  

glass capillary within the glovebox, and then sealed with wax to ensure it remained 

air-free. Graphenide-derived platinum nanoparticle/graphene componsite (GD-Pt/G) 
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samples were obtained from solution via drop-casting onto glass slides which were 

then dried overnight in ambient conditions. All Raman spectra were obtained on a 

Renishaw InVia Microscope using a 488 nm laser and a 2400 l/mm diffraction grating. 

All spectra are normalised to the G-peak of each sample. 

 

 

Figure S2 Raman spectra of the starting graphite, the KC24(NH3)1.3 GIC and GD-Pt/G. 



Figure S3 Line profile of platinum nanoparticle planes, visible in main text Figure 2a. The 

distance measured across seven planes was found to be ca. 1.34 nm, resulting in an 

interplanar distance of 0.223 nm. This corresponds with the (111) Pt interplanar spacing.  

  



 

 

Figure S4 Cyclic voltammograms of GD-Pt/G and commercial Pt/C electrodes, in N2 

saturted 0.1M HClO4, scan rate 20 mV s-1.  



  



Figure S5 (a) XPS high resolution scan of the Pt 4F region of GD-Pt/G powder. The peaks 

can be deconvoluted into a combination of platinum and platinum chloride peaks, with 

quantification suggesting a 50:50 mixture of platinum and unreacted platinum chloride, 

consistent with the At% obtained from the quantification of the survey XPS spectrum. Figure 

S5 (b) XPS Survey spectrum of GD-Pt/G powder with elemental quantification table inset. 

Quantification of the spectrum, used in combination with the high resolution Pt 4F scan, 

suggests that GD-Pt/G has a Pt loading weight of 11.5 wt% 

  

Figure S6 Linear sweep voltammogram obtained using a rotating ring-disk experiment for 

GD-Pt/G. This was performed in HClO4 at a scan rate of 20 mV s-1. 



 

Figure S7 Number of electrons transferred and H2O2 yield calculated from Figure S6. 

  
 
 

Summary of Department of Energy Accelerated Stress Test Protocols: The US Department of 

Energy  has set out protocols and targets for accelerated stress tests of platinum catalyst 

layers in membrane electron assemblies, tested as part of a working fuel cell1. For testing the 

normal operating conditions of the fuel cell, the DoE protocol uses cyclic voltammograms 

scanned between 0.6-0.95 VRHE for 30,000 cycles. To simulate the start-up and shut down of 

a fuel cell the test is modified to run between 1-1.5 VRHE for 5000 cycles. However, for 

rotating disk electrode experiments, it has been found that to reliably reproduce trends in 

durability seen in full fuel cell stack tests, it is necessary to cycle between 1-1.6 VRHE.
2 The 

accelerated stress tests performed in this work were run for 30,000 cycles in both cases. This 

is consistent with standard DoE protocol for the 0.6-1 VRHE test, and go beyond the cycling 

requirements of the 1-1.6 VRHE protocol.   



 
Catalyst Electrolyte AST protocol AST length Stability Pt/C Stability 

This 
work 

GD-Pt/G 
  

0.1 M 
HClO4 
  

0.6-1 V vs RHE, 100 
mV/s 

30,000 
cycles 

21 % in ECSA 30 % loss in 
ECSA 

1-1.6 V vs RHE, 100 
mV/s 

30,000 
cycles 

19 % loss in 
ECSA 

50 % loss in 
ECSA 

3 Pt/functionalis
ed graphene 

0.5M 
H2SO4 

0.6 - 1V vs RHE, 50 
mV/s 

5000 cycles 37.6 % loss in 
ECSA 

60 %  loss in 
ECSA 

4 FePt/rGO 0.1 M 
HClO4 

0.4 - 0.8 V vs Ag/AgCl, 
100 mV/s 

10,000 
cycles 

Almost no 
change in ORR 
activity 

"Left shifted" 

5 Ru/N-doped 
graphene 
  

0.1 M 
HClO4 
  

0.6 - 1V vs RHE, 
100mV/s 

10,000 
cycles 

7 % decrease 
in limiting 
current, 18mV 
negative shift 
in half-wave 
potential 

N.A. 

Chronoamperometric 
measurement at 0.7V 
vs RHE 

10,000 s 10 % loss in 
current 
density at 
0.7V vs RHE 

38 % loss in 
current density 
at 0.7 V vs RHE 

6 Au cluster/rGO 0.1 M KOH Chronoamperometric 
measurement at -0.2 V 
vs Ag/AgCl 

40,000 s 16% loss in 
current 
density at -0.2 
V vs Ag/AgCl 

50 % loss in 
current density 
at -0.2 V vs 
Ag/AgCl 

7 Ag 
nanocrystals/ 
rGO 

0.1 M KOH Potential window not 
specified, 50 mV/s 

1000 cycles 15.6 % loss in 
ECSA 

63.1 % loss in 
ECSA 

8 
  

Pd/rGO 
  

0.1 M KOH 
  

Chronoamperometric 
measurement at 0.63 V 
vs RHE 

2000 s ca. 93 % loss 
in current 
density at 
0.63 V vs RHE 

ca. 98 % loss in 
mass current 
density at 0.63 
V vs RHE 

0.36 - 0.86 V vs RHE 4000 cycles "little change 
in the ORR 
activity was 
observed" 

N.A. 

9 Pt/N-doped 
rGO 

0.5 M 
H2SO4 

0.6 - 1.2 V vs RHE 4000 cycles 29.4 % loss in 
ECSA 

80.8 % loss in 
ECSA 

10 PtPd NPs/ rGO 0.1 M 
HClO4 

Chronoamperometric 
measurement at 0.1 V 
vs RHE 

10,000 s ca. 24 % loss 
in current 
density at 0.1 
V vs RHE 

ca. 48 % loss in 
current density 
at 0.1 V vs RHE 

11 Pt/GO 
nanoribbons  

0.1 M 
HClO4 

0.6 - 1 V vs RHE, 50 
mV/s 

10,000 
cycles 

65 % loss in 
ECSA 

N.A. 

12 PtPd 
nanocage/rGO 

0.1 M 
HClO4 

0.6 - 1.05 V vs RHE, 50 
mV/s 

10,000 
cycles 

11.3 % loss in 
ECSA 

N.A. 

13 Cu-Pd/ rGO 0.1 M KOH Neither potential 
window nor scan speed 
not specified 

3000 cycles 8.8 % 
decrease in 
ORR limiting 
current 

15.6 % 
decrease in 
ORR limiting 
current 



14 Au clusters/  
rGO 

0.1 M KOH  -1 -0.2 V vs Ag/AgCl, 5 
mV/s 

1000 cycles 16 % loss in 
ECSA 

27 % loss in 
ECSA 

15 PtNi/rGo 0.5 M 
H2SO4 

 -0.2 - 1.2 V vs RHE, 50 
mV/s 

2000 cycles 96.6 % loss in 
ECSA 

N.A. 

16 PdPt@Pt/rGO 0.5 M 
H2SO4 

Neither potential 
window nor scan speed 
not specified 

1000 cycles 40 % loss in 
ECSA 

N.A. 

17 Pt/ carbon 
nanosheets 

0.1 M 
HClO4 

 0.46-0.96V vs RHE, 50 
mV/s 

5000 cycles 25 mV 
negative shift 
of half wave 
potential 

36 mV 
negative shift 
of half wave 
potential 

18 Au@Pt/rGO 0.1 M 
HClO4 

N.A. (single cell tests, 
no RDE ASTs) 

N.A. N.A. N.A. 

19 Pt/N-doped GO 0.1 M 
HClO4 

No durability tests N.A. N.A. N.A. 

20 Graphene 
capped Pt 

0.1 M 
H2SO4 

0.4-0.75 V vs Ag/AgCl, 
scan rate not specified 

1000 cycles No change in 
ECSA after 
1000 cycles 

N.A. Pt 
monolayer 
they grew 
themselves: 
ca. 45 % loss in 
ECSA 

21 Pt/rGO/Carbon 
black 

0.1 M 
HClO4 

0.6- 1.1 V vs RHE, scan 
rate not specified 

20,000 
cycles 

5 % loss in 
ECSA 

51 % loss in 
ECSA 

22 Pt/Graphene 
nanoplatelets 

1 M H2SO4 Chronoamperometric 
measurement at 1.2 V 
vs RHE 

86,4000 s 35.4 % loss in 
current 
density 

N.A. 

23 FeNi/ N-doped 
rGO 

0.5 M 
H2SO4 

 -0.2 – 1 V vs Ag/AgCl, 
50 mV/s 

1000 cycles CVs shown 
but ECSA 
change not 
quantified 

Bigger change 
in ECSA than 
for Pt/N-doped 
rGO 

24 Co3O4 
nanocrystals/ 
rGO 

1 M KOH Chronoamperometric 
measurement at 0.7 V 
vs RHE 

25,000 s 0 % loss in 
current 
density at 0.7 
V vs RHE 

35 % loss in 
current density 
at 0.7 V vs RHE 

25 Pt/SiC/rGO 0.1 M 
HClO4 

0.6-1.2 V vs RHE, scan 
rate not specified 

10,000 
cycles 

59.7 % loss in 
ECSA 

79.3 % loss in 
ECSA 

26 Pt/rGO/carbon 
fiber 

0.5 M 
H2SO4 

 -0.2-0.96 V vs SCE, 50 
mV/s 

1500 cycles 81.9 % loss in 
ECSA 

86.4 % loss in 
ECSA 

27 Pt/rGO 0.1 M 
HClO4 

 0-1.2 V vs RHE, scan 
rate not specified 

10,000 
cycles 

68 % loss in 
ECSA 

N.A. 

28 Pd/N-carbon 
nanosheet 

0.1 M KOH Chronoamperometric 
measuerment at 0.6 V 
vs RHE 

35,000 s 20 % loss in 
current 
density at 0.6 
V vs RHE 

33 % loss in 
current density 
at 0.6 V vs RHE 

29 Cu/N-rGO 0.1 M KOH Chronoamperometric 
measurement at 0.7 V 
vs RHE 

1200s Ca. 0% loss in 
current 
density at 0.7 
V vs RHE 

Ca. 50 % loss in 
current density 
at 0.7V vs RHE 



30 Rh/rGO 0.1 M KOH Chronoamperometric 
measurement at 
unspecified potential 

25,000s 10.9 % loss in 
current 
density 

47.5 % loss in 
current density 

31 Fe@PANI/rGO 0.1 M KOH 0.2 – 1.2 V vs RHE, 50 
mV/s 

10,000 
cycles 

13 mV 
decrease in 
E1/2 

82 mV 
decrease in 
E1/2 

32 Pt/N-rGO + 
carbon 
nanospheres 

0.1 M 
HClO4 

0.5 – 1 V vs RHE, scan 
rate not specified 

5000 cycles 6% loss in 
ECSA 

40.2 % loss in 
ECSA 

33 Pt/N-doped 
TiO2 + N-doped 
rGO 

0.5 M 
H2SO4 

1  - 1.5 V vs RHE, 500 
mV/s scan rate 

20,000 
cycles 

16.9% loss in 
ECSA 

40.1% loss in 
ECSA 

34 Ti/Pt-Pd/ 
Graphene 
nanoribbons 

0.1 M 
HClO4 

0.4 – 1.0 V vs RHE, 1 
V/s 

10,800 
cycles 

ECSA “does 
not vary” 

6 % loss in 
ECSA 

1 – 1.5 V vs RHE, 500 
mV/s 

5000 cycles 9.7 % loss in 
ECSA 

N.A. 

35 Pt/coiled 
carbon 
nanosheets 

0.5 M 
H2SO4 

Chronoamperometric 
measurement at 0.68 V 
vs RHE 

3500 s Ca. 85% loss in 
current 
density 
measured at 
0.68 V vs RHE 

Ca. 100% loss 
in current 
density 
measured at 
0.68 V vs RHE 

36 Pt@MoS2/N-
rGO 

0.5 M 
H2SO4  

0.6 – 1.0 V vs RHE, 100 
mV/s 

30,000 
cycles 

23.06 % loss in 
ECSA 

28.02 % loss in 
ECSA 

37 Pt single 
atoms/rGO 

0.1 M KOH 0.4 – 1.0 V vs RHE, 50 
mV/s 

2000 cycles 0.025 V 
negative shift 
in E1/2 

N.A. 

38 Pt/ graphene-
like 3D carbon 

0.5 M 
H2SO4 

Chronopotentiometry 
at -3.016 mA/cm2 

7200 s 10 % decrease 
in mass 
activity at 0.8 
V vs RHE 

39.2 % 
decrease in 
mass activity 
at 0.8 V vs RHE 

39 Pt/graphene 0.1 M 
HClO4 

0.6 - 1 V, 100 mV/s, 
followed by 0.6 – 1.5 V,  

18,000 
cycles, 
followed by 
800 cycles 

5% loss in 
ECSA, 
followed by a 
further 20% 
loss 

40% loss in 
ECSA followed 
by a further 
22% loss  

40 Ag/N-doped 
graphene 

0.1 M 
HClO4 

-0.1 – 1 V, 50 mV/s 10,000 
cycles 

22 mV 
negative shift 
in E1/2 

86 mV 
negative shift 
in E1/2 

41 Pt/ N-doped 
rGO foam 

0.5 M 
H2SO4 

Chronoamperometric 
measurement at 0.6 V 
vs RHE  

30,000 s 14.4 % 
decrease in 
current 
density 
measured at 
0.6 V vs RHE 

33.1 % 
decrease in 
current density 
measured at 
0.6 V vs RHE 

0.05 – 1.2 V vs RHE, 50 
mV/s 

10,000 
cycles 

24 mV 
negative shift 
in E1/2 

75 mV 
negative shift 
in E1/2 

42 Ag4Bi2O5/MnOx

- rGO 
0.1 M KOH Chronoamperometric 

measurement at 0.03 V 
vs Hg/HgO 

10,800 s 14 % decrease 
in current 
density 

42 % decrease 
in current 
density 



measured at 
0.03 V vs 
Hg/HgO 

measured at 
0.03 V vs 
Hg/HgO 

43 Cu/N-doped 
rGO 

0.1 M KOH Chronoamperometric 
measurement at 0.7 V 
vs RHE  

25,000 s 4 % decrease 
in current 
density 
measured at 
0.7 V vs RHE 

19.5 % 
decrease in 
current density 
measured at 
0.7 V5 
 vs RHE 

44 Pt/IrO2Nb2O5  - 
rGO 

0.5 M 
H2SO4 

0.0 – 1.2 V vs RHE, 50 
mV/s 

2000 cycles 23.8 % loss in 
ECSA 

39.4 loss in 
ECSA 

45 Fe-doped 
mayenite/rGO 

0.1 M KOH Chronoamperometric 
measurement at 0.87 V 
vs RHE 

39,600 s Current 
density 
“almost 
remains the 
same” 

40 % decrease 
in current 
density 
measured at 
0.87 V vs RHE 

46 Pt-Pd-
Cu/graphene 
nanoribbon 

0.1 M 
HClO4 

0.6 – 1  V vs RHE, 50 
mV/s 

10,000 
cycles 

Ca. 30 % 
decrease in 
mass activity 

N.A. 

47 Mn doped 
CeO2/rGO 

0.1 M KOH Chronoamperometric 
measurement at -0.35 
V vs Ag/AgCl 

12,500 
cycles 

20 % decrease 
in current 
density 
measured at-
0.35 V vs 
Ag/AgCl  

40% decrease 
in current 
density 
measured at-
0.35 V vs 
Ag/AgCl 

48 Fe-N-CNT/rGO 0.1 M KOH Chronoamperometric 
measurement at 0.8 V 
vs RHE 

72,000 s 6 % decrease 
in current 
density 
measured at 
0.8 V vs RHE 

29  % decrease 
in current 
density 
measured at 
0.8 V vs RHE 

49 Pt/B-rGO 0.1 M KOH  0.57 – 1.17 V vs RHE, 
scan rate not specified 

6000 cycles Onset and half 
wave 
potential 
“close to 
initial cycle” 

N.A. 

50 Pt/rGO + CNT 
spacers 

0.5 M 
H2SO4 

0 – 1.2 V vs RHE, 50 
mV/s 

2000 cycles 39 % loss in 
ECSA 

19% loss in 
ECSA 

51 ZIF-N-rGO 
porous 
nanosheets 

0.1 M KOH Chronoamperometric 
measurement at -0.4 V 
vs Ag/AgCl 

28,000 s 6 % decrease 
in current 
density 
measured at -
0.4 V vs 
Ag/AgCl 

20 % decrease 
in ECSA 
measured at -
0.4 V vs 
Ag/AgCl  

52 Fe-N-C 
microspheres 

0.1 M KOH 0.55 – 0.95 V vs RHE, 
100 mV/s 

10,000 
cycles 

29 mV 
negative shift 
in E1/2 

31 mV 
negative shift 
in E1/2 

 

 

Table S1│ To the best of our knowledge, a review of graphene supported catalysts for 

ORR, their associated accelerated stress test protocols and results.   



This work: GD-Pt/G 
0.6 - 1VRHE 

Number of 
cycles 

Limiting current 
density (mA cm-2) 

Change in limiting 
current (mA cm-2) 

Half wave 
potential 
(mVRHE) 

Half wave 
potential shift 

(mV) 

0 5.71 0 894 0 

30,000 5.58 -0.13 876 -18 

1 - 1.6VRHE 
0 5.23 0 865 0 

30,000 4.92 -0.31 850 -15 

Commercial Pt/C 

0.6 - 1VRHE 

Number of 
cycles 

Limiting current 
density (mA cm-2) 

Change in limiting 
current (mA cm-2) 

Half wave 
potential 
(mVRHE) 

Half wave 
potential shift 

(mV) 

0 5.84 0 836 0 

30,000 5.7 -0.14 874 38 

1 - 1.6VRHE 
0 6.06 0 892 0 

30,000 5.49 -0.57 822 -70 
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