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1 Materials and Methods
1.1 Materials

All reagents are commercially available and used without further purification. rGO was
obtained from Chengdu Zhongke Times Naneng Technology Co., Ltd. Iron (IlI) nitrate
nonahydrate (Fe(NOs)s-9H20, 98.5%), cobalt (II) nitrate hexahydrate (Co(NO3)2-6H20,98.5%),
ammonium fluoride (NH4F, 96%), urea (CO(NH-2)2,AR), thiourea(CHsN:2S, AR), Sulfur
sublimed((S, 299.5%), Sodium sulfide(Na:S), were purchased from Bide Pharmatech Ltd.
Conductive carbon black, Nafion solution(CoHF17OsF, 5wt.%), were purchased from Kunshan
Yiersheng Energy Co., Ltd.

1.2 Synthesis of N-S-rGO

The N-S-rGO substrate was obtained by mixing and grinding 0.01 g of rGO with 0.15 g of
thiourea and pyrolyzing the mixture at 800 °C for 1 h under N2 atmosphere. The N-rGO and
S-1GO were synthesized in the same method with urea and sulfur powder as N and S sources,
respectively.

1.3 Electrochemical measurements

ORR tests were performed in 0.1 M KOH and the electrolyte needed to be purged with
Oz for at least 30 min prior to the measurement. Cyclic voltammetry (CV) measurements were
performed in Oz saturated 0.1 M KOH by first measuring 60 cycles at a scan rate of 100 mV s
and then at a scan rate of 5 mV s for test to obtain polarization curves. In control
experiments, CV measurements were performed under N2 atmosphere. The catalytic activity
was measured by linear sweep voltammetry (LSV) at 400, 625, 900, 1225, 1600, 2025 rpm with
a scan rate of 5 mV s, and the potential was set from 1.21 to 0.00 V vs RHE. The CHI760E
electrochemical workstation with a three-electrode system was used to evaluate the
electrochemical properties of ORR and OER in an Oz saturated KOH electrolyte (0.1 M, 20 °C).
All measurements initially versus Hg/HgCl and then were referred versus the RHE according

to the Nernst equation:

E,.=E +0.244+0.0592x pH (S1)

RHE Hg/HgCl

Rotating ring-disk electrode (RRDE) measurements were performed at a scan rate of 5

mV s1at 1600 rpm, and the ring electrode voltage was kept at 1.3 V (vs. RHE).



The stability tests were implemented through current-time (i-t) chronoamperometric
responses for 25000 s and methanol tolerance tests were collected by i-t response at the above
potential with 4 mL methanol (3 M) addition at 400 s.

The OER catalytic activities were recorded in an Oz-saturated 0.1 M KOH solution by CV
and LSV curves with a scan rate of 5 mV s in the potential range of 1.00 V to 2.01 V (vs RHE),
corrected by iR-compensation. Besides, the rotating speeds for OER was fixed to 1600 rpm to
remove the oxygen bubble released during the reacting process. And before actual
measurements, 60 CV cycles were conducted to obtain stable experimental data.

The polarization curves of all prepared samples were captured using the same rotation

speed.



Figure S1. SEM images of FeCo0254
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Figure S2. EDS data of FeC0254/N-S-rGO
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Figure S3. (a) XRD pattern; (b) Raman pattern; (c, d) TG curves of FeCo025+/rGO and FeC0254/N-S-rGO in
air atmosphere; (e, f) nitrogen adsorption-desorption isotherms and pore size distribution of

FeC0254/N-S-rGO and N-S-rGO.
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Figure S4. (a) Total XPS profiles for FeCo0254/N-S-rGO. (b) total XPS profiles for FeCo2S4/rGO. (c) total
XPS profiles for FeCo0254/N-rGO. (d) total XPS profiles for FeC0254/S-rGO.
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Figure S5. Fine XPS patterns of S 2p for FeC0254/N-S-rGO and FeCo02:54/rGO.
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Figure S6. CV curves of FeCo0254/N-S-rGO in N2 saturated 0.1 M KOH.
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Figure S7. (a) Kinetic current density (Jx) curves of different catalysts; (b) tafel slope plots for different
catalysts; (c) comparison of the number of transferred electrons (n) and the yield of the side reaction
hydrogen peroxide (H20:%) calculated in the RRDE test for different catalysts; (d) LSV curves of
FeCo0254/N-S-rGO versus after 2000 cycles of CV; (e) LSV curves of Pt/C (20 wt.%) versus after 2000
cycles of CV; (f) methanol tolerance test of Pt/C (20wt.%) and FeC0254/N-S-rGO.
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Figure S8. (a, ¢, e, g) ORR curves of the FeC0254/N-S-rGO, FeC0254/N-rGO, FeC0254/S-rGO, FeC0:54/rGO
at different rotation rates (400, 625, 900, 1225, 1600, 2025 rpm); (b, d, f, h) K-L curves of FeC0254/N-S5-rGO,
FeC0254/N-rGO, FeC0254/S-rGO, FeC0254/rGO calculated by the K-L equation.
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Figure S9. CV curves of the (a) FeC02:54/N-S-rGO; (b) FeCo0:254/N-rGO; (c) FeCo0254/S-rGO and (d)
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Figure S10. (a) The extraction of the Ca of different catalysts; (b) LSV of different catalysts for OER; (c)
ORR and OER polarization curves of different catalysts; (d) comparison of AE for different catalysts; (e)
LSV curves of the FeC0254/N-S-rGO electrode before and after 2000 cycles; (f) LSV curves of the RuO2
electrode before and after 2000 cycles; (g) timing current tests (i-t) for RuO2 and FeC0254/N-5-rGO; (h)
FeCo0254/N-5-rGO applied to a series connected zinc-air battery pack to light up an LED display.
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Figure S11. Oxidative LSV scans in N2-bubbled 0.1 M NaOH of different catalysts.

Table S1. The proportion of the four types of nitrogen.

Catalysts pyridinic-N % M-N % pyrrolic-N %  graphitic-N %  oxidized-N %
FeC0254/N-5-1GO 35.0 15.6 13.8 25.7 9.9
FeCo02S4/N-rGO 23.8 12.5 27.8 20.4 15.5

N-5-rGO 321 - 34.5 15.0 18.4

Table S2. Comparison of ORR and OER performance under 0.1 M KOH electrolyte in the literature.

Euo (V vs. Ei2 (V vs. AE (V vs.
Catalysts Ref.

RHE) RHE) RHE)
FeC0254/N-5-rGO 1.490 0.890 0.600 This work
Co9Ss/S-CNTs 1.561 0.810 0.751 [1]
NiCo0254/N-CNT 1.600 0.800 0.800 [2]
CosSs@N, 5-1GO 1.700 0.760 0.940 [3]
Co/Co9Ss@SNC-900 1.550 0.820 0.730 [4]
ZnCo0204/N-CNT 1.660 0.870 0.790 [5]



CoosFensS@N-MC 1.620 0.808 0.812 [6]

C09Ss@SNC 1.550 0.846 0.704 [7]
CoFe/S-N-C 1.588 0.855 0.733 [8]
Fe-NC SAC 1.680 0.880 0.800 [9]
P-CoNi@NSCs 1.590 0.810 0.780 [10]
Mn-Co-Fe-N/S@CNT 1.616 0.807 0.809 [11]
Ag-MnFe:04/NSPG 1.790 0.831 0.959 [12]
NisS2-QDs/SNC 1.540 0.864 0.676 [13]
Co-Ni-S@NSPC 1.700 0.820 0.880 [14]
FeNi:@NC 1.51 0.860 0.650 [15]
ZnS/NSC-800 1.695 0.865 0.83 [16]
Ni-Co-S/NSC 1.540 0.810 0.730 [17]
NisFe/N-C sheet 1.620 0.780 0.840 [18]
Co0304/N-rGO 1.720 0.790 0.930 [19]
Vs-NiC0284/N, S-rGO 1.570 0.840 0.730 [20]
NiCoMnSs/N-rGO 1.640 0.820 0.820 [21]
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