Two-dimensional Fe-N-C nanosheets for efficient
oxygen reduction reaction

Experimental Section:

Chemical reagent and characterization:

Zinc chloride anhydrous (ZnClz, >98%) and 2-Methylimidazole (>98%)
were obtained from Beijing Innochem Science & Technology co., LTD., Ferric
chloride hexahydrate (FeCls6H:0, >99%) was purchased Beijing Chemical
works. Structure and morphology of prepared catalysts were characterized by
scanning electron microscopy (SEM, JSM-7610FPlus, Guangdong, China) with
an accelerating voltage of 15 kV. High-resolution transmission (HRTEM) and
high angle annular dark-field (HAADF-STEM) (JEM ARM200F, Tokyo, Japan)
was performed to explore Fe nanoparticles and atomically dispersed Fe.
Powder X-ray diffraction (XRD, Regaku D/Max-2500, Tokyo, Japan) was
carried out under Cu Ka radiation at a scanning speed of 5 °/s. X-ray
photoelectron spectroscopy (XPS, Scientific EscalLab Xi+, Shanghai, China) was
conducted by using an Monochromated Al Ka source under the condition of
1486.6 eV and 15 kV. C 1s at 284.80 eV was used as an internal binding energy

standard for correcting charging effects.



Figure S1. SEM images of Fe/Zn-ZIFs (a—c) and Fe/NCNS (d-f).
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Figure S2. XRD patterns of Fe/Zn-ZIF-0, Fe/Zn-ZIF-1 and Fe/Zn-ZIF-2.
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Figure S3. XPS spectra, O 1s spectra and C 1s spectra of Fe/NCNS-0 (a—c), Fe/NCNS-1 (d-

f) and Fe/NCNS-2 (g-i).
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Figure S4. CV curves (scan rate: 50 mV-s?) in N2 saturated (black dot line) and O2
saturated (solid line) 0.5 M H2SOsa.
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Figure S5. CV curves of Fe/NCNS-0 (a), Fe/NCNS-1 (b) and Fe/NCNS-2 (c) at 5, 10, 20, 30,
40, 50 mV-s1in 0.5 M H2S04 and corresponding correlation between the current density

at 1.81 V and the scan rate (d).
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Figure S6. CV curves (scan rate: 50 mV-s?) in N2 saturated (black dot line) and O2

saturated (solid line) 0.1 M KOH.
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Figure S7. CV curves of Fe/NCNS-0 (a), Fe/NCNS-1 (b) and Fe/NCNS-2 (c) at 5, 10, 20, 30,
40, 50 mV-stin 0.1 M KOH and corresponding correlation between the current density at
1.31 V and the scan rate (d).



Table S1 The comparison of ORR activity of Fe/NCNS-1 with reported Fe-

based catalysts in acidic electrolyte.

Half-wave A(Eiz  Electron
Material Electrolyte Pt/C  puc-Ei2  transfer  Ref.
pOtential material) number
0.80 V vs.
HP-FeNa 0.5 M H2SO0s4 N/A N/A 3.8 [1]
RHE
0.84V
0.81 V vs.
SA-Fe-HPC 0.1 M H2SOx4 vs. 30 mV 4 2]
RHE
RHE
0.1M
FeSAs/PTF-400 N/A N/A N/A 3.99 3]
HCIOx
0.80 V vs.
FeNsy/HOPC-c-1000 0.5 M H250s N/A  20mV 3.97 [4]
RHE
0.1 M 0.78 Vvs. 0.80vs. [5]
Fe@NMC-1 20mV  3.86-3.91
HCIO4 RHE RHE
0.1M 0.72V 073V
. . VS.
meso-M-N-C/N-G vs. 10mV 3.76-394  [6]
HCIO4 RHE
RHE
076V 0.82V
. VS.
Co-NOPC 0.5 M H2S04 vs.  60mV N/A [7]
RHE
RHE
0.758 V
0.1M 0.744 V vs. 8]
Z8-Fe-P Vs. 14 mV N/A
HCIOx RHE
RHE
0.84V
C-FeHZ8@g-C3Ni- 0.1M 0.78 V vs. [9]
VS. 60 mV 3.7
950 HCIO4 RHE
RHE
0.1M 0.803V 0846V
. . VS.
Fe-N-C/HPC-NH; vs.  43mV 3.95 [10]
HCIO4 RHE
RHE
0.748 V
0.725 V vs. This
Fe/NCNS-1 0.5 M H2SOx4 vs. 23 mV 3.98
RHE work

RHE




Table S2 The comparison of Fe-N-C material electrocatalyst with reported in

Zn-air baterries.

Materials Open Circuit  Power Density =~ Loading Amount Ref.
Voltage (V) (mWecm?) (mgecm™)

Fe-TTF-800 1.55 214 2.0 [11]

Fe-SA/NCF 1.45 119 1.2 [12]

5Fe-DPC 1.47 254 1.5 [13]

Fe-1 1.47 201 1.0 [14]

NiFe LDH@Fe-N-CNFs 1.48 157 1.0 [15]

Fe-SA-FPCS 1.51 168 1.5 [16]

FesC-FeN/NC 1.41 166 1.3 [17]

Fe,Ni-N-C/N-CNT 1.46 271 2.0 [18]
Fe/NCNS-1 1.69 1590 5.0 This Work
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