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Figure S1. (A-C) SEM and (D-F) TEM images of as-prepared ZIF-67, NF-CoZIF and 

Co/CoNC-2D, respectively, and (G) HR-TEM image of Co/CoNC-2D along with Co lattice 

spacing.
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Figure S2. HAADF-STEM image of NF-CoZIF and EDS elemental mapping images for C, N, 

Co and O, and the merged image, respectively.
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Figure S3. (A) TEM and (B, C) HR-TEM images for crystallite lattices of PtCo/CoNC-2D.
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Figure S4. Schematic representation of Pt NPs growth pathway by galvanic replacement 

reaction on Co template. The undissolved Co traces on Pt surface are convented to CoN after 

NH3 heat treatment to generate CoN-Pt/CoNC-2D.
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Figure S5. (A) TEM, (B) HAADF-STEM images of CoN-Pt/CoNC-bulk and (C-F) EDS 

elemental mapping images for Co, N and Pt, and the merged image, respectively.



S7

Figure S6. (A) TEM, (B) HR-TEM, (C) HAADF-STEM images of Pt/CoNC-2D and (D-G) 

EDS elemental mapping images for Pt, Co, N and the merged image, respectively. (H) Resulting 

element line profiles of a green line in image C with Pt, Co and N element signal intensity.
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Figure S7. XRD patterns of (A) ZIF-67 and NF-CoZIF, (B) Co/CoNC-2D, PtCo/CoNC-2D, 

and CoN-Pt/CoNC-2D, (C) Pt/CoNC-2D, CoN-Pt/CoNC-2D, and CoN-Pt/CoNC-bulk and (D) 

commercial carbon before and after adding PtCl6
2- into the carbon in EG at 80 oC for 4 h. (E) 

Raman spectra of Pt/CoNC-2D and CoN-Pt/CoNC-2D.

Figure S8. (A) nitrogen adsorption-desorption isotherms and (B) pore size distribution of 

CoNC-2D and CoNC-bulk samples.



S9

Table S1. Physicochemical properties of as-prepared CoN-Pt/CoNC-2D, CoN-Pt/CoNC-bulk, 
CoNC-2D and CoNC-bulk samples.

Samples SBET (m2 g-1) Smicro (m2 g-1) Smico/SBET V (cm3 g-1)

CoN-Pt/CoNC-2D 288 54 18.8% 1.21

CoN-Pt/CoNC-bulk 202 164 80.9% 0.25

CoNC-2D 960 184 19.2% 3.00

CoNC-bulk 426 344 80.7% 0.30
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Figure S9. TGA plot of Co/CoNC-2D in air condition with a ramp of 5 oC min-1. The inset 

shows XRD patterns of the Co/CoNC-2D residue after the TGA and Co3O4 reference (ICDD 

00-043-1003).
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Table S2. ICP results of all the as-prepared samples.

Material Pt 
(µg/mL)

Co 
(µg/mL)

CPt 
(µmol/mL)

CCo 
(µmol/mL)

Pt (wt%) 
in the 

sample

Co (wt%) 
in the 

sample

CoN-Pt/CoNC-2D 29.61 3.77 0.15 0.06 23.68 3.02

CoN-Pt/CoNC-bulk 26.19 15.47 0.13 0.26 20.95 12.38

Pt/CoNC-2D 30.10 2.51 0.15 0.04 24.08 2.01

PtCo/CoNC-2D 28.03 34.22 0.14 0.57 22.43 27.38

Co/CoNC-2D 49.10 0.83 39.28

CoNC-2D 2.91 0.05 2.32

Table S3. Atomic composition obtained from XPS spectra for as-prepared Pt/CoNC-2D, CoN-

Pt/CoNC-bulk and CoN-Pt/CoNC-2D samples.

Samples C 1s
(at%)

Pt 4f
(at%/wt%)

Co 2p
(at%/ wt%)

N 1s
(at%)

O 1s
(at%)

CoN-Pt/CoNC-2D 87.98 2.06/24.50 0.65/2.34 4.77 4.54

CoN-Pt/CoNC-bulk 86.52 1.88/21.36 2.26/7.75 3.61 5.73

Pt/CoNC-2D 88.31 2.13/25.32 0.32/1.14 3.30 5.94
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Figure S10. High resolution XPS spectra of (A) N 1s, (B) Co 2p of Pt/CoNC-2D and CoN-

Pt/CoNC-2D, and typical deconvoluted  (C) Pt 4f and (D) C 1s XPS spectra of CoN-Pt/CoNC-

2D.

Figure S11. (A) LSV curves for different rotating speeds at 10 mV/s scan rate, (B) Koutecky-

Levich plots at various potentials for the PtCo/CoNC-2D with inset for electron transferr 

number determined at various potentials.
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Figure S12. Full CV curves in N2-saturated 0.1 M HClO4 during ADT of (A) CoN-Pt/CoNC-

2D, (B) Pt/CoNC-2D and (C) commercial Pt/C (20 wt%), and (D) changes in their ECSA during 

ADT.
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Figure S13. A typical TEM image of commercial Pt/C (20 wt%) before ADT.

Table S4. Comparison of the onset (Eonset), half-wave potential (E1/2) and long-term durability 

for ORR of related PtCo/C catalysts from literature and this work.

Catalyst Eonset relative to 
Pt/C

E1/2 relative to 
Pt/C Durability Ref.

Pt3Co/C Similar Positive shift ~ 
50 mV

68% ECSA retention 
after 4000 cycles 1

Pt-Co/C Similar Positive shift ~ 
17 mV

76% ECSA retention 
after 5000 cycles 2

PtCo/Co@NH
PCC

Positive shift ~ 
10 mV

Positive shift ~ 
19 mV

70% ECSA retention 
after 5000 cycles 3

Pt3Co/C-700 Positive shift ~ 
40 mV

Positive shift ~ 
70 mV

70% ECSA retention 
after 5000 cycles 4

PtCoNW Positive shift ~ 
20 mV

Positive shift ~ 
40 mV

75% ECSA retention 
after 1000 cycles 5

Dendritic PtCo Similar Positive shift ~ 
49 mV NA 6

Pt73Co27/C Similar Positive shift ~ 
20 mV NA 7

CoN-
Pt/CoNC-2D Similar Positive shift ~ 

50 mV

80.6 % ECSA 
retention after 30000 

cycles
This Work
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Table S5. The electrochemical results of E1/2, electrochemical surface area (ECSA), specific 

activity (SA), mass activity (MA), and Tafel slope measured by half-cell for CoN-Pt/CoNC-2D 

and Pt/CoNC2D and Pt/C in O2-saturated 0.1 M HClO4.

Sample E1/2 (V) ECSA 
(m2/gPt)

SA (0.8V)

 (mA/cm2
Pt)

MA (0.8V) 
(mA/mgPt)

Tafel slope

(mV/dec)

CoN-Pt/CoNC-2D 0.83 83.8 0.059 49.72 49.5

Pt/CoNC-2D 0.81 83.1 0.045 37.06 65.8

Pt/C 0.78 94.5 0.033 31.25 89.9

Figure S14. HAADF-STEM and EDS mapping images for C, Pt, Co, N, and the merged image 

of CoN-Pt/CoNC-2D after 30,000 potential cycles.
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