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Calibration of reference electrode
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Fig. S1 The cyclic voltammetry (CV) curve of the calibration of Hg/HgO in 1.0 M KOH.
Calibration was carried out in 1.0 M KOH solution saturated with high purity

hydrogen and the working electrode was a platinum foil. As the current approaches

zero, the average of the two potentials (-0.93 V) is determined as the thermodynamic

potential. Thus, Erug) can be calculated by the following equation: Egye) = Eng/mgo) +

0.93V
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Fig. S2 Electrodeposition curve of NIOOH-MnOOH/NF sample.

Fig. S4 Element mapping for vertically aligned NiOOH-MnS/NF.
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Fig. S5 The XRD patterns of NIiOOH-MnS/NF and NiOOH-MnOOH/NF samples were

measured directly on Ni foam.
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Fig. S6 (a) Ni 2p and (b) S 2p XPS spectra of electrocatalysts before and after the anodic

oxidation process.
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Fig. S7 (a) HER polarization curves of the prepared samples after iR correction. (b) Tafel

plots.
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Fig. S8 LSV curve of the samples of NIOOH-MnOOH/NF after iR correction at 500 mA
cm2in 1.0 M KOH.
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Fig. S9 LSV curves of the sample of NIOOH-MnOOH/NF after iR correction in 1.0 M

KOH solution added with different concentrations of SO,%.
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Fig. $10 Contact angle photographs of the droplet experiment of (a)blank Ni foam, (b)

b

NiOOH-MnS/NF, (c) NiOOH-MnOOH/NF.
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Fig. S11 CV curves of (a) Mn304/NF, (b) NIiOOH-MnS/NF, (c) NiOOH-MnOOH/NF, (d)
blank Ni foam and and (e) RuO,/NF samples in 1.0 M KOH solution at different scan
rates (10, 20, 30, 40 and 50 mV s1).



Fig. S12 Digital photographs of Faraday's efficiency.
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Fig. S13 LSV curves of different manganese-sulfur ratios.
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Fig. $14 Raman spectra of the samples of NIOOH-MnOOH/NF after 100 CV cycles.

Fig. S15 SEM images of samples of NiIOOH-MnOOH/NF after 100 CV cycles.



Fig. S16 Atomic model of (a) NiOOH, (b) MnOOH, (c) NiOOH-MnOOH, (d) NiOOH-
MnOOH-S0,%, The gray, purple, red, pink, and yellow balls represent Ni, Mn, O, H, and

S atoms, respectively.
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Fig. S17 Mott-Schottky curves of (a) NIiOOH and (b) NiOOH-MnOOH. (The electrolyte
is 0.5 M Na,SO, solution)

The structural type of the catalyst was inquired by the Mott-Schottky (M-S) test to
research the structure of the catalyst. Upon analysis of the tested M-S curves, it was
shown that the negative slope of the curve for NiOOH corresponded to a p-type
semiconductor. The M-S plot of NIOOH-MnOOH after anodic oxidation showed an
inverted “V” shape with positive and negative slopes, indicating that a p-n interface

was formed on the surface of the catalyst, which constituted a p-n heterostructure.®
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Fig. S18 Plane-averaged charge density difference Ap(x) of NiNOOH-MnOOH-S0O,?  along
the z direction normal to the surface.

Table S1-4:

Table S1. Comparison of the OER performance for NIOOH-MnOOH/NF with other

related electrocatalysts.

N1o N100 Tafel slop
Catalysts Ref
(mV) (mV) (mV dec?)
NiOOH-MnOOH/NF 276 391 52.3 This work
MnOOH@CDsy , 302 51.3 !
yY-MnOOH/NF 355 283 2
B-MnOOH/NF 395 543 87 3
Ni-MnO/rGO 370 67 4
NS-MnO, 320 40 >
MnO,-CoP; 288 60 6
Ni?*/MnO, 400 72 7
Ni-MnS 349 450 87 8
CoMnN:iS 371 440 48.2 9
Co/CogSg/MnS-NMC 330 420 55.1 10
y-MnOOH/CoOOH 313 390 87 1
CoMn LDH 350 43 12

MnO,-NiO 379 47.8 13




NiMnOs/NiMn,0, 380 733 1

CoMn,04 310 93.5 5

Table S2. The free energy change (AG) of each elementary reaction for OER on

different catalystsat U=0V.

Models AG, (eV) AG; (eV) AG3 (eV) AG, (eV)
NiOOH 2.21 0.76 2.33 -0.38
MnOOH 0.33 1.26 2.07 1.27
NiOOH-MnOOH 0.03 1.25 1.86 1.79
NiOOH-MnOOH-S04* 0.22 1.68 1.27 1.75

Table S3. The free energy change (AG) of each elementary reaction for OER on

different catalysts at U =1.23 V.

Models AG; (eV) AG; (eV) AG3 (eV) AGy4(eV)
NiOOH 0.98 -0.47 1.10 -1.61
MnOOH -0.90 0.03 0.84 0.04
NiOOH-MnOOH -1.20 0.02 0.63 0.56
NiOOH-MnOOH-S04* -1.01 0.45 0.04 0.52

Table S4. Bader charges (in the unit &) for Mn and Ni atoms in the NiOOH, MnOOH,

NiOOH-MnOOH, hetero-structured NiOOH-MnOOH-S0,%

Bader charge Ni Mn
NiOOH 0

MnOOH 0
NiOOH-MnOOH 0.051 -0.001
NiOOH-MnOOH-SO4* 0.050 -0.035

Note: Setting the charges of Niand Mn in pure NiOOH and MnOOH to 0 to compare
the electron gains and losses after the formation of heterojunctions
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