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Figure S1. (a) FESEM, (b) TEM and (c) HRTEM images of Ni(OH)2. (d) FESEM 
image of PVP@NF.
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Figure S2. (a) FESEM, (b) EDX and (c) the corresponding elemental mapping 
images of Pt/Ni(OH)2@NF. 

Figure S3. (a) High-resolution AFM image and (b) thickness profile of 
PVP@Pt/Ni(OH)2@NF sample.
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Figure S4. The FESEM images of PVP@Pt/Ni(OH)2@NF sample.

Figure S5. FTIR spectra of PVP@NF, Pt/Ni(OH)2@NF and PVP@Pt/Ni(OH)2@NF.
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Typical peaks of PVP can be observed in the PVP@NF and 

PVP@Pt/Ni(OH)2@NF spectrum, in detail: symmetric C=O stretching modes at 1650 

cm-1, C-N ring stretching mode at 1496 cm-1, C-H bending mode at 1373 cm-1, weak 

ring CH2 twisting mode at 1168 cm-1, C-N stretching mode at 1020 cm-1, C-C ring 

breathing mode at 932 cm-1, C-C ring mode at 894 cm-1, out-of-plane C-H bending 

mode at 846 cm-1, and C-H rocking mode at 734 cm-1.1, 2

Figure S6. The photograph of (a) PVP gels scraped from PVP@Pt/Ni(OH)2@NF and 
(b) the corresponding hydrogels after swelling.
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Figure S7. The typical optical photographs before and after HER test for 
PVP@Pt/Ni(OH)2@NF

Figure S8. XRD pattern of Ni(OH)2@NF, Pt/Ni(OH)2@NF, PVP@Pt/Ni(OH)2@NF 
and the standard PDF card of Ni (orange line).
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Figure S9. XPS survey and EDX spectrum of PVP@Pt/Ni(OH)2@NF.
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Figure S10. CV curves of (a) NF, (b) Pt/C, (c) PVP@NF, (d) Ni(OH)2@NF, (e) 

Pt/Ni(OH)2@NF, and (f) PVP@Pt/Ni(OH)2@NF measured in a non-Faradic region at 

the scan rates of 20, 30, 40, 50, 60, and 70 mV s-1.
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Figure S11. The equivalent circuit models.

Figure S12. Exchange current densities (j0) of the PVP@Pt/Ni(OH)2@NF, 
Pt/Ni(OH)2@NF, and commercial Pt/C catalysts in 1.0 M KOH.
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Figure S13. (a) FESEM, (b)EDX, (c) the corresponding elemental mapping images 

and (d) TEM of PVP@Pt/Ni(OH)2@NF after stability test. XPS spectra of (e) N1s, (f) 

Pt 4f and (g) Ni 2p for PVP@Pt/Ni(OH)2@NF before and after the durability tests.



11

Figure S14. The FESEM images of PVP@Pt/Ni(OH)2@NF with 40 mg PVP (a,b) 

and 70 mg PVP (c,d).
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Figure S15. (a) LSV curves and (b) overpotentials of PVP@Pt/Ni(OH)2@NF 

prepared with 40, 70, and 100 mg PVP. (c) Chronopotentiometry test of 

PVP@Pt/Ni(OH)2@NF prepared with 40 and 70 mg PVP at 10 mA cm-2 for 15 h 

without IR compensation.
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Figure S16. The FESEM (a) and TEM (b) images of PVP@Pt/Ni(OH)2@NF 

prepared with 130 mg PVP. (c) The corresponding LSV curves, (d) electrochemical 

double-layer capacitances, and (e) Chronopotentiometry test at 10 mA cm-2 for 50 h 

without IR compensation.
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Figure S17. (a) The electrochemical double-layer capacitances for different PVP 

mass. (b) The plot of the relationships between PVP mass and electrochemical 

double-layer capacitances. 

Figure S18. Optimized configuration of PVP@Pt/Ni(OH)2 catalyst surface. The silver, 

red, pink, blue, brown, and orange balls represent Ni, O, H, Pt, C, and N atoms, 

respectively.
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Figure S19. (a) Adsorption energies of H2O and (b) desorption energies of OH. (c) 
and (d) exhibit the corresponding optimized configurations. 
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Table S1. The HER performance of PVP@Pt/Ni(OH)2@NF compared with other 
catalysts at a current density of 10 mA cm-2 in 1.0 M KOH.

Catalysts Overpotential 

(mV)

Tafel slope 

(mV dec-1)

References

PVP@Pt/Ni(OH)2@NF 12 21.5 This work

PtNi5-0.3 12.8 14.1 3

RuNi/CQDs 13 48 4

Ni3N/Pt 50 36.5 5

MoP@NCHs 92 62 6

Pt-Co(OH)2/CC 32 70 7

Co-NMS/CA 89 62 8

PtNi-O/C 39.8 78.8 9

Ru/Ni(OH)2/NF 25 47 10

Pt-Ni ASs 27.7 27 11

Pt-Ni(N) NWs 13 29 12

Ru-MoO2 44 29 13

Pt2Ni3-P 44 66 14

Pt/NiRu-OH 38 29 15

RuNi NSs 15 28 16

Pt@Fe-N-C 60 42 17

Ru/OMSNNC 13 40.41 18

PtNi@Ti3C2 36 59 19

Ru@MWCNT 17 27 20

Ni17W3/WO2 48 33 21

Ni2P-NiSe2 66 72.6 22

Co-Mo5N6 19 29 23

DSIrNi@CNTS 17 10 24

Ptat-CoP MNSs/CFC 13 30.28 25

ES-WC/W2C 75 59 26
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RhSe2 81.6 96 27

Ru-NBCs 14 36.19 28

CoP NS/CNTs 68 51 29

3D RuCu NCs 18 59 30

PtRu NCs/BP 22 19 31
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Table S2. Fitting parameters acquired from the EIS data with Zview software for 

electrocatalysts in the alkaline HER.

Electrocatalyst Rs (Ω) Rct (Ω) CPE-T CPE-P

NF 2.68 338.4 0.007 0.83

Pt/C 3.15 2.81 0.03 0.71

PVP@NF 4.05 120.6 0.01 0.47

Ni(OH)2@NF 2.86 60.8 0.001 0.79

Pt/Ni(OH)2@NF 2.12 3.38 0.01 0.76

PVP@Pt/Ni(OH)2@NF 2.72 0.85 0.04 0.61

Rs = solution resistance; Rct = charge transfer resistance; CPE-T/CPE-P = constant 

phase element.
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