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1. Electrochemical Measurements  

Electrochemical tests employed a standard three-electrode system using a CHI 

660E workstation. Catalyst-loaded nickel foam (NF), a graphite rod, and a Hg/HgO 

electrode served as the working (WE), counter (CE), and reference electrode. Linear 

sweep voltammetry (LSV) was performed at 5 mV s-1 with 95% iR compensation. 

Electrochemical impedance spectroscopy (EIS) was carried out from 0.1 to 100 kHz 

with a 5 mV AC amplitude. Mott-Schottky measurements used the same system with 

an Ag/AgCl reference in 0.5 M Na2SO4 at 1 kHz, scanning from -1 to 2 V vs. Ag/AgCl.  

The overall water-splitting performance was evaluated on a two-electrode system 

by using NF loaded with electrocatalyst as cathode and anode in 1.0 M KOH.  

2. COMSOL Multiphysics Simulations. 

Finite element simulations were performed using COMSOL Multiphysics® v5.6. 

Two geometric models were constructed: (1) SCN@NiFe composites with randomly 

distributed NiFe LDH nanosheets (300-500 nm size, 30-60% surface coverage) on SCN 

nanotubes (10 μm length, 2 μm diameter), generated using built-in randomization 

algorithms; (2) Pure SCN nanotubes without nanosheet modification (control). 

Coupled electric field and ion concentration distributions were solved via the 

steady-state Poisson-Nernst-Planck formalism, implemented through the electrostatics 

and transport of diluted species modules. The electrolyte domain (containing 1 M KOH 

and 0.5 M H2SO4) completely surrounds the catalytic structure, with diffusion 

coefficients for cations and anions set at 2.14×109 m2/s and 7×109 m2/s, respectively, 

and an electrolyte conductivity of 2.5 S/m. 

The electrode-electrolyte interface was modeled using the Gouy-Chapman-Stern 

framework, comprising compact and diffuse layers. The compact layer contains 

adsorbed hydrated anions, while the diffuse layer accommodates a bulk electrolyte 

distribution. A constant electric field was assumed in the compact layer, whereas the 

diffuse layer field distribution satisfies the Poisson equation. Ion distributions across 

both layers were governed by the Poisson-Nernst-Planck Eq. (S1-S3). 
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Where Di represents the diffusion coefficients of OH- and H+ (5.23 × 10-5 cm2/s 

and 1.35 × 10-5 cm2/s, respectively), ci represents the concentrations of OH- and H+, zi 

represents the valences of all the ions, ui represents the ionic migration ratios of 

different ions, F is the Faraday constant, V is the potential, and ρ is the charge density.   

Electrode kinetics were modeled using the Butler-Volmer equation, where the 

anodic and cathodic charge transfer coefficients were set to 0.5 each, at T = 298.15 K, 

with exchange current density calculated via the Arrhenius relationship using material-

specific activation energies. 
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3. Calculation Method for Turnover Frequency. 

The intrinsic activity of the catalysts was evaluated by their turnover frequency 

(TOF), defined as the number of H2 molecules evolved per second per active site.[1, 2] 

As expressed in Eq. (S4): 

                      𝑇𝑂𝐹 ൌ
# 𝑡𝑜𝑡𝑎𝑙 ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛 𝑡𝑢𝑟𝑛𝑜𝑣𝑒𝑟𝑠/𝑐𝑚ଶ𝑔𝑒𝑜𝑚𝑒𝑡𝑟𝑖𝑐𝑎𝑟𝑒𝑎𝑎𝑟𝑒𝑎

# 𝑎𝑐𝑡𝑖𝑣𝑒 𝑠𝑖𝑡𝑒𝑠/𝑐𝑚ଶ𝑔𝑒𝑜𝑚𝑒𝑡𝑟𝑖𝑐𝑎𝑟𝑒𝑎𝑎𝑟𝑒𝑎
… ሺ𝑆4ሻ 

The total hydrogen conversion (THC), required for the TOF calculation, was 

derived from the current density in the LSV polarization curve using Eq. (S5): 

  𝑇𝐻𝐹 ൌ ൬|𝑗|
𝑚𝐴
𝑐𝑚ଶ൰ ቆ

1𝐶 𝑆⁄

1000 𝑚𝐴
ቇ ൬

1 𝑚𝑜𝑙 𝑒ି

96485 𝐶
൰ ൬

1 𝑚𝑜𝑙
2 𝑚𝑜𝑙 𝑒ି൰ ൬

𝑁஺𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟𝑠 𝐻ଶ

1 𝑚𝑜𝑙 𝐻ଶ
൰ … ሺ𝑆5ሻ  

The number of active sites (NAS) was determined based on the loading mass of 

the catalyst on the nickel foam electrode and the molar content of Ni and Fe centers, 

according to Eq. (S6).  

       𝑁𝐴𝑆 ൌ ቆ
𝑐𝑎𝑡𝑎𝑙𝑦𝑠𝑡 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑎𝑟𝑒𝑎 ሺ𝑔 𝑐𝑚ଶ⁄ ሻ

 𝑀௠௘௧௔௟ ௔௧௢௠ ሺ𝑔 𝑚𝑜𝑙⁄ ሻ
ቇ ቆ

6.022 ൈ  10ଶଷ 𝑚𝑒𝑡𝑎𝑙 𝑎𝑡𝑜𝑚
1𝑚𝑜𝑙 𝑚𝑒𝑡𝑎𝑙 𝑎𝑡𝑜𝑚

ቇ ሺ𝑆6ሻ  

The TOF values were calculated by incorporating the THC and NAS following the 

above procedure. 
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Fig. S1. EDS mapping for the SCN@NiFe.  
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Fig. S2. TEM images of SCN@NiFe-32. 

 

Fig. S3. High-resolution XPS spectra of (a) C 1s and (b) S 2p for SCN@NiFe and SCN. 
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Fig. S4. High-resolution XPS spectra of Ni 2p for SCN@NiFe and NiFe LDH. 

 

 

Fig. S5. OER performance of prepared SCN@NiFe-X (8, 16, 24, 32). 
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Fig. S6. CV curves at different scan rates. (a) SCN, (b) NiFe LDH, (c) SCN@NiFe, and 
(d) RuO2 in the range from 1.06 V to 1.16 V vs. RHE for OER. 
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Fig. S7. Chronopotentiometry curve of SCN@NiFe during HER recorded at 100 mA 
cm-2 in 1 M KOH.  

 

 

Fig. S8. XPS of Ni 2p for SCN@NiFe catalyst before and after the HER stability test 
in 1 M KOH. 
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Fig. S9. Overall water splitting performance of prepared SCN, NiFe LDH, and 
SCN@NiFe in 0.5M H2SO4. 

 

 

Fig. S10. (a) SEM image and (b-h) EDS mapping images of SCN@NiFe after the OER 
stability test in 0.5M H2SO4.  
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Fig. S11. The density of states of SCN@NiFe heterojunction.  

 

 

Fig. S12. Electric field distribution of SCN nanostructures.  
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Fig. S13. 3D planar topographic images of the Kelvin probe force microscopy of the 
SCN@NiFe sample.  
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Fig. S14. (a) UV-vis absorbance spectra and (b) corresponding Tauc plots of SCN and 
NiFe LDH. 
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Fig. S15. UPS analysis of (a-b) SCN, (c-d) NiFe LDH, and (e-f) SCN@NiFe.  
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Table S1. The element contents of SCN@NiFe from XPS and SEM-EDS tests (at.%). 

Means C N O S Ni Fe 

XPS 28.35 23.69 26.05 0.81 8.41 12.69 

SEM-EDS 29.30 23.65 25.13 0.84 8.79 12.38 

 

Table S2. Comparison of the OER performance between SCN@NiFe and the recently 
reported heterojunction catalysts in 1 M KOH solution. 

Electrocatalysts Type 
Current density 

(mA cm−2) 

η 

(mV) 

Tafel slope 

(mV dec−1) 
Ref. 

SCN@NiFe Schottky 10 233 41.5 This work 

CoP-CoO p-p 10 210 90 [3] 

NiMo@NiFeCe-LDH Schottky 10 215 42.4 [4] 

Ni/CeO2@N-CNF Schottky 10 230 54.2 [5] 

Mo2N-CoxN Schottky 10 247 105 [6] 

V-Ni3FeN/Ni@N-GTs Schottky 10 252 46 [7] 

NiSe2/FeSe2 p-p 10 256 50 [8] 

Se/NiSe2 Schottky 10 257 90 [9] 

CeO2/Co3O4 p-n 10 265 68.1 [10] 

Co2P2O7@N,P-C Schottky 10 270 49.1 [11] 

CoO/CeO2 Schottky 10 297 75 [12] 

NiSe2/CoSe2 p-p 10 304 69 [8] 

Co/CoSe@NC Schottky 10 335 52.6 [13] 

Co2N0.67-BHPC n-n 10 340 70 [14] 

FeNi-LDH/CoP p-n 20 231 33.5 [15] 

(Co(OH)2)4@La(OH)3 p-p 20 233 66.7 [16] 

CuO@CoOOH p-n 20 273 51.7 [17] 

NiFe-LDH/Co3O4 p-n 50 274 81 [18] 

Ni2P/FeOOH Schottky 100 246 62.8 [19] 

MnCo-CH@NiFe-OH p-n 100 250 49 [20] 

CoMn/CoMn2O4 Schottky 100 380 68 [21] 

CoFe-LDH@MXene Schottky 200 330 82 [22] 
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Table S3. Comparison of SCN@NiFe and reported bifunctional electrocatalysts to 
obtain a cell voltage with a current density of 10 mA cm-2 in 1 M KOH solution. 

Electrocatalysts Cell voltage (V) Ref. 

SCN@NiFe 1.51 This work 

Co/CoSe@NC 1.57 [13] 

MnCo-CH@NiFe-OH 1.69 [20] 

Ni/NiCoP 1.71 [23] 

FeNi-LDH/CoP 1.73 [24] 

Ni/W5N4/NF 1.77 [25] 

g-C3N4/rGO 1.79 [26] 

Fe2P/CoP 1.79 [27] 

Co8FeS8@CoFe 1.82 [28] 

Ni/MoO2@CN 1.83 [29] 

NixB/Mo0.8B3 1.85 [30] 

CoP-CoO 1.86 [3] 

Co/WC@NC 1.86 [31] 

B-C3N4@Fe3C 1.88 [32] 

MoS2@Ni0.96S 1.88 [33] 

CoP/CoCr2O4 1.89 [34] 

Se/NiSe2 1.91 [9] 

NiS2/MoS2/CNTs 1.93 [35] 

Ni-AC 1.94 [36] 

Co-Mo2C-CNx 1.97 [37] 
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