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1 Characterizations. 

The electrochemical workstation (CHI 760E) was used to characterize the electrochemical 

performance of materials, the scanning electron microscope (SEM, JEOL JSM 7001F) was used to 

observe the micro morphology and structure of materials, the energy-dispersive X-ray spectrometer 

(EDS) was used to analyze the types and content of elements in material micro-regions, the X-ray 

photoelectron spectrometer (XPS, Thermo Scientific K-Alpha) was used to analyze the surface 

element composition and chemical states of materials, the X-ray diffraction instrument (XRD, Bruker 

D8 ADVANCE) was used to explore crystal structures, the transmission electron microscope (TEM, 

Tecnai TF20) was used to analyze the micro morphology and structure of materials, the high-

resolution transmission electron microscope (HRTEM) was used to observe internal crystal 

structures, the selected area electron diffraction (SAED) was used to analyze the morphology features 

and crystallographic properties of crystal samples, the Fourier transform infrared spectrometer (FT-

IR, Thermo Fisher Scientific Nicolet iS20) was used to characterize the molecular structure and 

chemical bonds of materials, the contact angle goniometer (JC2000C1) was used to determine the 

hydrophilicity of materials, and the programmable DC power supply (PLD-3010) provided voltage 

and current.

2 Electrochemical measurements. 

Using the electrochemical workstation (CHI 760E), electrochemical tests could be conducted under 

the standard three-electrode system. Here, the counter electrode, reference electrode, and working 

electrode were carbon rod, saturated calomel electrode (Hg/Hg2Cl2), and electrode (1.0 cm  0.5 

cm), respectively. The electrolytes used were an alkaline solution (1.0 M KOH) and a neutral high-

salt medium (1.0 M NaCl). All potential values were calibrated against the reversible hydrogen 

electrode (vs. RHE), and calculations were performed as described in equations (1) and (2) 1.

                  (1)𝐸 (𝑣𝑠.𝑅𝐻𝐸) = 𝐸(𝑣𝑠.𝑆𝐶𝐸) + 𝐸(𝐻𝑔/𝐻𝑔2𝐶𝑙2) + 0.05917 ∙  𝑝𝐻
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                                                             (2)𝜂 =  𝑏 ×  𝑙𝑜𝑔|𝑗| +  𝑎

Here, E(Hg/Hg2Cl2) = 0.2415V (at 298 K), η represented the overpotential (mV), b represented 

Tafel slope (mV dec-1), j represented current density (mA cm-2), and a represented exchange current 

density.

2.1 Linear sweep voltammetry (LSV).

Set the scan rate to 5 mV s-1, with a scan potential range from -1.0 V to -1.6 V (vs. SCE) for testing 

the hydrogen evolution reaction (HER) under alkaline conditions (1.0 M KOH), and from -0.6 V to -

1.2 V (vs. SCE) for testing HER under neutral conditions (1.0 M NaCl).

2.2 Electrochemical impedance spectroscopy ( EIS ). 

Set the frequency range to 105-1 Hz, AC amplitude to 5 mV, and perform electrochemical impedance 

spectroscopy (EIS) to calculate the charge transfer resistance (Rct).

2.3 Electrochemical active surface area (ECSA) and Cyclic voltammetry (CV). 

Cyclic Voltammetry (CV) could evaluate the electrochemical active surface area (ECSA) by 

analyzing the induced current density at different scan rates. Perform CV tests at scan rates of 3, 4, 5, 

6, and 7 mV s-1 in the non-Faradaic region from 0.09 to 0.15 V (vs. RHE). The ECSA could be derived 

by analyzing the induced current density at different scan rates. By plotting the CV curve, the double-

layer capacitance (Cdl) could be calculated. The calculation was based on equations (3) and (4) 2.

                                                        (3)
𝐶𝑑𝑙 =  

 𝑗
𝜈

                                                   (4)
𝐸𝐶𝑆𝐴 =  

𝐶𝑑𝑙 × 𝐴

𝐶𝑠 × 𝑚

Here, j represented current density (mA cm-2), ν represents scan rate (mV s-1), A represented the 

exposed surface area of the working electrode (cm2), Cs represented the specific capacitance (0.040 

mF cm-2), and m represented the mass loading of the catalyst (g).
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2.4 Stability. 

Conduct the potentiostatic time test (v-t) by using a DC power supply (PLD-3010). Measure the 

fluctuation amplitude of overpotential to evaluate the long-term stability of HER under conditions of 

constant current density.

2.5 Turnover frequency (TOF). 

Turnover Frequency (TOF) could evaluate the intrinsic activity of an electrocatalyst. It represented 

the number of hydrogen molecules converted per unit time on a per active site basis. The calculation 

was shown in equation (5) 3.

                                               (5)
𝑇𝑂𝐹𝐻𝐸𝑅 =  

𝑗 × 𝐴
2 × 𝐹 × 𝑛

Here, j represented current density (mA cm-2), A represented the exposed surface area of the 

working electrode (cm2), F represented Faraday's constant (96485 C mol-1), and n represented the 

molar amount of metal measured through ICP-OES. Since the exact number of catalytic sites was 

difficult to determine, it was commonly assumed that all catalytic species exhibited electrocatalytic 

activity.
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Figure S1 SEM images of NiB@NF with different electroless plating time (1h, 3h, 5h, and 7h).
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Figure S2 The loading amount of NiB@NF with different electroless plating time. 
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Figure S3 LSV curves of NiB@NF with different electroless plating time during HER process in 

1.0 M KOH.
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Figure S4 Nyquist plots of NiB@NF electrodes with different electroless plating time in 1.0 M KOH.
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Figure S5 SEM images of Pt-NiB@NF with different electroplating time (1min, 5min, and 10min).
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Figure S6 Deposition quality of Pt on NiB@NF precursor at different electroplating times.
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Figure S7 LSV curves of Pt-NiB@NF with different electroplating time during HER process in 1.0 

M KOH.
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Figure S8 Nyquist plots of Pt-NiB@NF electrodes with different electroplating time in 1.0 M KOH.
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Figure S9 HR-TEM images of Pt-NiB. 
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Figure S10 SAED image of Pt-NiB. 
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Figure S11 XPS survey spectra of Pt-NiB@NF and NiB@NF
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Figure S12 XPS spectra of (a) Pt 4f, (b) Ni 2p,(c) B 1s and (d) O 1s for the Pt-NiB@NF electrode.
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Figure S13 The CV curves at different scan rates of (a) NiB@NF and (b) Pt-NiB@NF electrodes in 

1.0 M NaCl.
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Figure S14 The CV curves at different scan rates of (a) NiB@NF and (b) Pt-NiB@NF electrodes in 

1.0 M KOH.
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Figure S15 XRD patterns of Pt-NiB@NF and post-HER Pt-NiB@NF in the 1.0 M KOH and 1.0 M 

NaCl.



  

S20

1 mm

100 μm

20 μm

Figure S16 SEM images of post-HER Pt-NiB@NF electrode in 1.0 M NaCl.
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Figure S17 SEM images of post-HER Pt-NiB@NF electrode in 1.0 M KOH.
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Figure S18 FT-IR spectra of Pt-NiB@NF and post-HER Pt-NiB@NF in the 1.0 M KOH and 1.0 M 

NaCl.
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Figure S19 XPS survey spectra of Pt-NiB@NF and it post-HER.
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Table S1 ICP-OES results of NiB@NF and Pt-NiB@NF electrodes.

Samples Ni (wt%) B (wt%) Pt (wt%)

NiB@NF 97.80 1.84 0.00

Pt-NiB@NF 95.31 1.66 0.58
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Table S2. Comparison of the HER performance of Pt-NiB@NF with other electrocatalysts in neutral 

solution

Catalyst
Overpotential

(η10, mV)
Electrolyte References

Pt-NiB@NF 70 1.0 M NaCl This work

vs-Ru-Ni9S8 131 1.0 M PBS 4

Ni2P@B,N-GC 113 1.0 M PBS 5

VN/Co-NC 163 1.0 M PBS 6

N,Cu-CoP/CC 64.7 1.0 M PBS 7

vr-1T MoS2 212 1.0 M PBS 8

Ru/D-NPC 61.3 1.0 M PBS 9

S-MoP/CC 127 1.0 M PBS 10

Co@CNTs|Ru 63 1.0 M PBS 11

CoNi2S4/WS2/Co9S8 146 1.0 M PBS 12

CuCo-CAT 143 1.0 M PBS 13

NiS2-ReS2-V1 122 1.0 M PBS 14

Ru-Cu2O/CF 51 1.0 M PBS 15

MoP-Ru2P/NPC 126 1.0 M PBS 16

Cu-Mo2C 78 1.0 M PBS 17

Ru/Mo2CTx 73 1.0 M PBS 18

Ni2P/CoP 65.2 1.0 M PBS 19

MoS2/NVO-2 68 1.0 M PBS 20

MoN/Co4N 72 1.0 M PBS 21

PdSe2 138 1.0 M PBS 22

Fe-Ni3S2@FeNi3-8 83 1.0 M PBS 23

Ru/RuO2NB/C 68 1.0 M PBS 24

Ru-WO3 83 1.0 M PBS 25
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Table S3. Comparison of the HER performance of Pt-NiB@NF with other electrocatalysts in alkaline 

solution

Catalyst
Overpotential

(η10, mV)
Electrolyte References

Pt-NiB@NF 12 1.0 M KOH This work

Ni@IrNi 33 1.0 M KOH 26

NiB/NF 41.2 1.0 M KOH 27

RuIr@BCN 23.6 1.0 M KOH 28

Ru–MnFeP/NF 35 1.0 M KOH 29

Ru-Cu2O/CF 31 1.0 M KOH 15

NiRu-LDH 38 1.0 M KOH 30

Ni2P@B,N-GC 84 1.0 M KOH 5

(c/o)-CoSe2-W 29.8 1.0 M KOH 31

NiS2-ReS2-V1 49 1.0 M KOH 14

TRO/RKLTO 20 1.0 M KOH 32

Ni2P/NiTe2/NF 62 1.0 M KOH 33

Fe0.01&Mo-NiO 26 1.0 M KOH 34

A-CoBi/MXene 15 1.0 M KOH 35

Co(OH)2@MXene 21 1.0 M KOH 36

RuO2-300Ar 17 1.0 M KOH 37

Co@CNTs|Ru 10 1.0 M KOH 11

CoNi2S4/WS2/Co9S8 70 1.0 M KOH 12

VN/Co-NC 44 1.0 M KOH 6

CuCo-CAT 52 1.0 M KOH 13

MoP-Ru2P/NPC 47 1.0 M KOH 16

Ru1，n-NC 14.8 1.0 M KOH 38

Ru/D-NPC 23 1.0 M KOH 9

S-MoP/CC 75 1.0 M KOH 10
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Table S4. Comparison of the HER performance of Pt-NiB@NF with other Pt-Loading 

electrocatalysts in neutral solution

Catalyst
Pt 

loading(wt%)

Overpotential

(η10, mV)
References

Pt-NiB@NF 0.58 70 This work

Mo2C@NC@Pt 7.49 25 39

CS-PdPt 4.942 50 40

V-NiFeMo LDH 2.23 89 41

Pt–Co(OH)2/CC 5.7 84 42

YS-Pt-CoP 3.91 88 43

PtCoMo@NC 4.7 66 44

Pt@NOMC-A 7.2 65 45

Pt-TiO2-x NSs 10 88 46

Pt/N-Mo2C 1.08 49 47

PtCu–MoO2@C 11.3 131 48

Pt3Fe/BNC 13.2 72 49

Pt3Fe/NMCS-A 10.3 48 50

Pt@CuFe-LDHm 1.1 120 51

Pt/np-Co0.85Se 1.03 55 52

Pt/PtTe2/NiCoTe2/NPFC 

HFSs
8.44 36 53

PtP2@PNC 3.5 64 54

Pt/VC-2.84 2.84 68 55

Ni0.5-NCNFs-Pt 8.3 84 56
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Table S5. Comparison of the HER performance of Pt-NiB@NF with other Pt-based electrocatalysts 

in alkaline solution

Catalyst
Pt 

loading(wt%)

Overpotential

(η10, mV)
References

Pt-NiB@NF 0.58 12 This work

Pt/Ni-PCNFs-50 4.3 46 57

Pt/Mo6S8 6.73 124 58

Mo2C@NC@Pt 7.49 47 39

PtNi5-0.3 46 26.8 59

CS-PdPt 4.942 46 40

V-NiFeMo LDH 2.23 80 41

Pt–Co(OH)2/CC 5.7 32 42

YS-Pt-CoP 3.91 48 43

PtCoMo@NC 4.7 26 44

PtCo@NC 2.67 21 60

Pt@mh-3D MXene 2.4 31 61

Pt/HMCS 5.08 46.2 62

Pt SAs/MoO2 1.1 14 63

Pt-CoS2/CC 7.3 24 64

Pt-NiFe LDH/CC 1.56 28 65

Pt@DG 1.57 37 66

Pt@NOMC-A 7.2 41 45

Pt@Mn-SAs/N-C 1.98 16 67

Pt1/OLC 0.27 38 68

MoPt2-MoNi4/Mo2C 9.72 53 69

Pt3Fe/BNC 13.2 24 49

Pt3Fe/NMCS-A 10.3 29 50

Pt@CuFe-LDHm 1.1 47 51
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