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Experimental Section

Material Characterization 

Powder X-ray diffraction (P-XRD) measurements were performed on a Bruker D8 

Advance X-ray diffractometer using Cu Kα radiation (λ = 1.5406 Å). Scanning 

electron microscope (SEM) was carried on a JSM-7100F. Transmission electron 

microscope (TEM) and high-resolution transmission electron microscope (HR-TEM) 

were collected on a JEM-2100F. Thermogravimetric analysis (TGA) was performed 

on a STA449F3 thermoanalyzer. Raman spectra were recorded on a Renishaw 

(INVIA) using Ar ion laser as excitation light source with a 514.5 nm excitation 

wavelength. X-ray photoelectron spectroscopy (XPS) analysis was carried on an 

ESCALAB 250Xi spectrometer using an Al-Kα radiation (1486 eV). Brunauer-

Emmett-Teller (BET) specific surface areas were measured by N2 physisorption on a 

Micromeritics ASAP 2020 system.



Figure S1 SEM image of HGG

Figure S2 XRD patterns of GC, HGG and HGNG



Figure S3 Raman spectra of GC, HGG, HGNG

Figure S4 High resolution XPS spectrum of N 1s



Figure S5 TEM images and corresponding particle distribution of Pt/HGNG and 

Pt/HGG.

 



Figure S6 N2 adsorption/desorption isotherms and pore size distribution of GC, HGG 

and HGNG

Figure S7 TG curve of Pt/HGNG under air atmosphere

Figure S8 LSV curves of Pt/GC, Pt/HGG and Pt/HGNG.



Figure S9 Mass activity Tafel plot of L10-PtCo/HGNG, Pt/HGNG and Pt/C

 Figure S10 CV and LSV curves of Pt/C before and after 30K ADT cycles in 0.1M 

HClO4 solution.



Figure S11 CV and LSV curves of Pt/HGNG before and after 30K ADT cycles in 

0.1M HClO4 solution.

Figure S12 CV and LSV curves of L10-PtCo/HGNG before and after 30K ADT 

cycles in 0.1M HClO4 solution.



Figure S13 TEM images and corresponding size distribution of commercial Pt/C 

before and after ADT.



Figure S14 TEM images and corresponding size distribution of L10-PtCo/HGNG 

before and after ADT.



Figure S15 XRD patterns of L10-PtCo/HGNG before and after 30K ADT cycles.

Figure S16 CV curve of Pt/C before and after 5K ADT cycles in 0.1M HClO4 

solution.



Figure S17 CV curve of Pt/HGNG before and after 5K ADT cycles in 0.1M HClO4 

solution.

Figure S18 CV curve of L10-PtCo/HGNG before and after 5K ADT cycles in 0.1M 

HClO4 solution.



Figure S19 TEM images and corresponding size distribution of commercial Pt/C 

before and after ADT.



Figure S20 TEM images and corresponding size distribution of commercial 

Pt/HGNG before and after ADT.



Figure S21 TEM images and corresponding size distribution of commercial L10-

PtCo/HGNG before and after ADT.



Figure S22 The polarization curves of H2-air fuel cell with L10-PtCo/HGNG and CV 

curves before and after 30k cycles ADT.

Figure S23 The polarization curves of H2-air fuel cell with Pt/C and CV curves 

before and after 30k cycles ADT.

Figure S24 The polarization curves of H2-air fuel cell with Pt/HGNG and CV curves before and 

after 5k cycles ADT.



Figure S25 CV curves of L10-PtCo/HGNG before and after 5k cycles ADT.

Figure S26 CV curves of commercial Pt/C before and after 5k cycles ADT.



Table S1 Contents of N, C, O element in HGG and HGNG obtained by XPS analysis.

C

(at)

N

(at)

O

(at)

HGG 97.9% / 2.1%

HGNG 95.5% 2.58% 1.92%

Table S2 ICP results for Pt/HGNG and L10-PtCo/HGNG.

Catalysts Pt

(wt)

Co

(wt)

Atom ratio

(Pt:Co)

Pt/HGNG 49.8% / /

L10-PtCo/HGNG 45.9% 10.05% 58:42

Table S3 Comparison of H2-Air fuel cell performance for recently reported Pt alloy 
electrocatalysts.

Catalysts Cathode 

loading

(mgPt/cm2)

Peak 

power 

density 

(mW/cm2)

Peak 

power 

density

(W/mgPt)

Pt 

loading

(wt)

Refercences

L10-PtCo/HGNG 0.1 964 9.64 45.9% This work

Commercial Pt/C 0.1 904 9.04 50% This work

Pt1Co1-

IMC@Pt/C

0.1 1130 11.3 44.7 S1

PCNMC-Co8Zn7 0.1 920 9.2 14.7% S2

Pt3Co/FeN4-C 0.1 824 8.24 20% S3

Pt/40Co-N-C-900 0.13 705 5.42 20% S4

L12-Pt3Co@ML-

Pt/NPC10

0.2 ~1020 ~5.1 22% S5

Coplanar Pt/C 

NMs

0.1 553 5.5 20% S6

IM-Pt3Co 0.1 820 8.2 13.37% S7

PtCo/KB-NH2 0.1 960 9.6 24% S8

L10-PtZn/Pt/C 0.104 750 7.2 20% S9
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