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Experimental section

Characterizations: Scanning electron microscopy (SEM) was obtained on HITACHI
S-8010. Transmission electron microscopy (TEM), high-resolution TEM (HRTEM)
and scanning transmission electron microscope (STEM) were recorded by FEI Tecnai
G2 F20. X-ray diffraction (XRD) was carried out on a Bruker AXS DS8ADVANCE
diffractometer. X-ray photoelectron spectroscopy (XPS) was used to evaluate the
surface element on ESCALAB 250Xi. >’Fe Mossbauer spectrum was obtained with a
S7Co:Rh source on a Topologic 500A spectrometer driving with a proportional
counter at room temperature. Raman spectra were recorded on LabRAM HRS800
equipment. The pores characterizations and surface area were obtained from nitrogen
absorption/desorption isotherms measured on Quantachrome Autosorb 1Q2-VP, and
the pore size distribution were calculated by density function theory (DFT) method.
Thermogravimetric analysis (TGA) was performed on a TA Q50 instrument with a

heating rate of 5 °C min-! and air atmosphere.

Electrochemical characterizations: Electrocatalytic performance was measured by a
three-electrode system on electrochemical workstation (CHI 700D). Platinum wire
and Ag/AgCl (in 3.5 M KCl) electrode were used as the counter electrode and
reference electrode, respectively. 5 mg of as-prepared samples was dispersed in 0.6
ml of ethanol and 50 pL of Nafion (5 wt.%). Then 6.5 puL of the catalyst ink was
dropped on 4 mm of rotating disk electrode (RDE) or rotating ring-disk electrode

(RRDE) to obtain the working electrode. For comparison, the working electrode with



commercial Pt/C (20 wt.%) at a loading 100 pg cm? (20 pgp, cm2) was also prepared
as the above similar method.

Steady cyclic voltammetry (CV) was recorded between 0-1.2 V (vs. RHE) at a
sweep rate of 50 mV s! in N, and O,-saturated 0.1 M KOH. Linear sweep
voltammetry (LSV) was collected at a scanning rate of 10 mV s and different
electrode rotating rate (100-2500 rpm) in O,-saturated 0.1 M KOH.

The Koutecky-Levich (K-L) plots were calculated by the following equations,

11 1 1 1
+ w12

ik ik B ()
B = 0.2nFC,D*39 /¢ 2

Here, jx is the kinetic current density (mA cm), j; is the limiting diffusion current
density (mA c¢m2), n is the electron transfer number, F is the Faraday constant (96485
C mol!), Cy (1.2x10°% mol cm2) and D, (1.9x10- cm? s!) are the concentration and
diffusion coefficient of O, in 0.1 M KOH, respectively. v is the kinematic viscosity of
0.1 M KOH (0.01 cm? s71).

The H,0, yield and the electron transfer number were measured on RRDE by the

following equations,

2001,
H,0,(%) =
I+ NI, 3)
4NI,
n=
I+ NI, @

Here, Ip is the measured disk current (mA), I is the measured ring current (mA)
when 1.2 V was applied to the ring, N is the electrode collection efficiency (42.4%).

Chronoamperometric response at 0.7 V was measured in the O,-saturated 0.1 M



KOH solution with or without 1 M methanol.

Accelerated durability tests (ADTs) were carried out by continuous CV cycling

(10000 cycles) in O,-saturated 0.1 M KOH at a scan rate of 200 mV s'! between 0.6
and 1.2 V.
ZABs measurement: A clean zinc plate of 0.5 mm thickness was served as anode of a
home-made ZAB. 6 M KOH and 6 M KOH+0.2 M zinc acetate were used as
electrolyte for primary ZAB and rechargeable ZAB, respectively. The air electrode
was prepared as follows: the above as-prepared catalysts ink was dropped on the gas-
diffusion layer attacted with carbon paper of an effective area of 1 cm?. The catalyst
loading was 0.5 mg cm™. For comparison, the commercial Pt/C (20 wt.%)-loaded air
electrode was also prepared with a same catalyst loading.

The solid-state ZAB was assembled by using FeSN-HPC loaded GDL (1 mg cm2)
as air electrode, Zn plate as anode, and gel of polyvinyl alcohol (PVA)/KOH as the
solid-state electrolyte. The gel electrolyte was prepared by a typical procedure as
follows: 1.0 g of PVA was dissolved into 10 mL of H,O at 95 °C, followed by adding
I mL of 18.0 M KOH solution. Subsequently, the mixture was stirred at 95 °C for 30
min to obtain a uniform solution. Then the solution was poured into a culture dish,
frozen at -20 °C for 12 h and thawed at room temperature. The process was repeated
three times to get a uniform gel electrolyte.

The discharge polarization curve of ZAB was obtained on CHI 700D, and the

charge-discharge cycling was recorded on LAND testing system.



Results
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Fig. S1 Raman spectrum of FeSN-HPC.
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Fig. S2 (a) XRD patterns of FeN-HPC during the preparation process; (b) SEM and

(c-e) TEM images of FeN-HPC.
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Fig. S3 (a) XRD pattern, (b) SEM and (c-f) TEM images of FeSN-C.
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Fig. S4 HADDF-STEM images of FeSN-HPC.
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Fig. S5 EDS spectrum of the FeSN-HPC.
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Fig. S6 TGA curve of FeSN-HPC under air atmosphere.
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Fig. S7 The high resolution Fe 2p XPS spectra of as-prepared FeSN-HPC.
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Fig. S8 OER polarization curves of FeSN-HPC in O,-saturated 0.1 M KOH at a

scanning rate of 10 mV s'! and a electrode rotating rate of 1600 rpm.
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Fig. S9 The discharge polarization and power density curves of solid ZAB with

FeSN-HPC-loading air electrode.



Fig. S10 A photograph of a light LED powered by two FeSN-HPC-catalyzed ZABs in

series. A multimeter showed that the working power of the light LED was 1.93 V.

Table S1 5’Fe Mdssbauer parameters (i, Isomer Shift; AEg, Quadrupole Splitting;
FWHM, Full Width at Half-Maximum) and assignment to iron species for different

Madssbauer sites



mm s’!
D1 046  1.02 0.62 42.90 FeN,, LS!2
D2 023  3.50 0.67 12.70 FeN,, MSh 34
D3 1.18  3.53 0.65 10.60 FeN,, HS!4
D4 029 0.86 0.74 33.80 Fel™N,, HS?

dsoz isomeric shift; AEq: quadrupole splitting; FWHM: full width at half maximum.

Table S2. The electrochemical performance of different catalysts reported recently in

O,-saturated 0.1 M KOH.

Sample Eoet /' V En/V n Ref.
FeSN-HPC 0.96 0.86 3.89-4.00 This work
a-MnO,/TiC 0.96 0.8 ~4.0 6
Fe/Fe;C@N-C-NaCl | 0.970 0.869 >3.9 7
Ionogel-Fe-C-N 1.00 0.870 3.99 8
Co 16%-NCNT-T800 | - 0.815 3.25 ?
Fe@C-NG/NCNTs 0.93 0.84 3.9-4.0 10
Co@NCNT HMS 0.980 0.857 3.85 1
N-CNT-900-NH; 1.02 0.88 3.88-4.00 12
Co/N-BCNTs - 0.83 3.75 13
Co/CoP-HNC 0.94 0.83 4.0 14




co-doped np-graphene | 0.987 0.845 3.9 15

Zn/CoN-C 1.004 0.861 4.0 16

P-T/rGO 0.94 0.79 3.48 17

Fe;C@B, (NPCFs 0.968 0.832 ~4.0 18

Fe-S,N-C 0.95 0.83 >3.94 19
CoPNi-N/C 0.93 0.84 3.9 20
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