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Preparation of IrO:@NF

20 mg of IrO, was added to 1 mL of mixed solution of ethanol solution and Nafion solution with
the ratio of 19 : 1, then the above mixture was sonicated for 30 minutes to ensure the formation of
a homogeneous suspension. Subsequently, 200 pL of solution was evenly dropped on bare NF (1
cm? in area), and dried at room temperature.

DFT calculation

The DFT calculations were performed using the Cambridge Sequential Total Energy Package
(CASTEP) with the plane-wave pseudo-potential method. The geometrical structures of the (003)
plane of Fe-NiOOH, Co-Fe-NiOOH and Mn-Co-Fe-NiOOH were optimized by the generalized
gradient approximation (GGA) methods. The Revised Perdew-Burke-Ernzerh of (RPBE)
functional was used to treat the electron exchange correlation interactions. A Monkhorst Pack grid
k-points of 7*7*1 of Fe-NiOOH, Co-Fe-NiOOH and Mn-Co-Fe-NiOOH, a plane-wave basis set
cut-off energy of 480 eV were used for integration of the Brillouin zone. The structures were
optimized for energy and force convergence set at 0.05 eV/A and 2.0x107° eV, respectively. The

vacuum space was up to 0.002 A to eliminate periodic interactions.

Gas detection. The same volume of gas sample in the headspace of the electrolytic cell was
withdrawn by a SGE gas-tight syringe and analyzed by gas chromatography (GC). The O> in the
sampled gas was separated by passing through a 2 m x 3 mm packed molecular sieve SA column
with an Ar carrier gas and quantified by a Thermal Conductivity Detector (TCD) (Shimadzu

GC-9A).(Res: Dalton Trans., 2022, 51, 2444-2451)

Turnover frequency (TOF) calculations: To calculate TOF, we need to calculate the surface



concentration of active sites associated with the redox Co, Mn, Fe and Ni species by
electrochemistry. The linear relationship between the plot of the oxidation peak current densities
for redox Co, Mn, Fe and Ni species and scan rates can be derived from the electrochemical cyclic
voltammetry scans according to the following equation:

Slope = n*F*4 I"o/RT

Where n representing the number of electrons transferred is 1 assuming a one—electron process for
oxidation of Co, Mn, Fe and Ni centers in Co-Mn-FeoS11@NisSs; F is Faraday's constant (96485 C
mol™'); 4 is the geometrical surface area of the electrode; /7 is the surface concentration of
active sites (mol cm™), and R and T are the ideal gas constant and the absolute temperature,
respectively.

TOF values can be finally calculated based on the formula:

TOF =jA/AFm

Where j is the current density, 4 indicate the mole of electrons consumed for one mole of O,

evolution, and m is the mole number of active sites. (Res: Dalton Trans., 2022, 51, 2444-2451)
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Fig. S1. SEM images of Co-FeoS11@NioSs/NF(a) and Mn-FeoS11(@NisSs/NF(b).
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Fig. S2. XPS spectra of (a) Co 2p; (b) Mn 2p for Co-Mn-FeoS;1@NigSs/NF.
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Fig. S3. Polarization curve of the IrO; for OER with a scan rate of 5 mV s in 1 M KOH.
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Fig. S5. Electrocatalytic efficiency of O, production over Co-Mn-FeoS11@NigSs/NF.
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Fig. S6. LSV curves of Co-Mn-FeoS11@NioSs/NF fresh and after OER test.
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Fig. S7. Density of states for Fe-NiOOH, (a) Ni, (b) O and (c)Fe.
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Fig. S8. Density of states for Co-Fe-NiOOH, (a) Ni, (b) O, (c)Fe and (d)Co.
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Fig. S9. Density of states for Mn-Co-Fe-NiOOH, (a) Ni, (b) O, (c)Fe, (d)Co and (e)Mn.
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Fig. S10. Polarization curves of OER and UOR for Co-Mn-FeoS;1@NigSs/NF.
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Table S1. Comparison of OER performances of reported electrocatalyst in 1.0 M KOH

Materials N@10 mA cm™ N@20 mA cm™ Ref.
(mV) (mV)
Ni/MoO2@CN 250 262 [1]
NiSe»/NizSes/NF-1 234 260 [2]
Co/Mo02C/CosMosCa@C/750SA 281 300 [3]
Mn-NiO-400 265 287 [4]
CoNiFe-Se@C 273 307 [5]
CoNiFe;05-2Cu0O 264 286 [6]
FeS,-MoS,@C0S,-MOF 194 211 7]
N-Fe-Ni3S,@NiPy/NF ; 251@100 mA 8]
cm™
Co-Mn-FeoS11@NioSs/NF 193 210 This work

Table S2. Comparison of UOR performances of reported electrocatalyst in 1.0 M KOH

Materials N@10 mA cm™ N@20 mA cm™ Ref.

V) V)
NiFeCoSx@FeNis3 1.42 - [9]
Fc-MOF 1.35 - [10]
CoFe LDH/MOF-0.06 1.45 - [11]
NiF3/Ni;P@CC-2 1.36 - [12]
NioSs/CuS/Cu,O/NF 1.357 - [13]
U-NiMn-LDH/CFC - 1.351 [14]
NiMo@ZnO/NF 1.405 - [15]
N-Fe-NizS2@NiP2/NF 1.353@100 mA (8]

cm?
Co-Mn-FeoS11@NisSs/NF 1.33 1.34 This work
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