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Fig. S1 Photographs of pristine NF, VO,/Ni(OH),@NF and VO,/Ni;S,@NF (from left to

right).
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Fig. S2 High resolution XPS spectrum of Ni 2p in VO,/Ni(OH),@NF.
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Fig. S3 SEM image of Ni(OH),@NF synthesized by hydrothermally treating NF in urea

solution at 120 °C for 12 h.
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Fig. S4 SEM image of free-standing VO, power.

Fig. S5 EDS (a) and element V (b), O (c¢) and S (d) mapping images of VO,/Ni;S,@NF



Fig. S6 TEM images of VO,/Ni;S,.

x8,000 10.0kV LED

Fig. S7 SEM images of Ni3;S;@NF synthesized by hydrothermally treating NF in urea

solution at 120 °C for 12 h and subsequent in 0.1 M Na,S solution at 80 °C for 8 h.



Fig. S8 TEM image (a), Ni, O, V, S (b-e) elemental distribution images and combined image

(f) of VOX/Ni382.
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Fig. S9 XPS survey and S 2p spectra of free-standing VO, power after being processed in 0.1

M Na,S solution at 80 “C for 8 h.
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Fig. S10 LSV curves of VO,/NizS,@NF before and after 95% iR correction. The R is

measured to be 1.06 Q according to EIS in Fig 7a.
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Fig. S11 Tafel plots of four catalysts.
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Fig. S12 Chronoamperometric curve of NF at 1.475 V, showing a much lower current density

compared to VO,/Ni;S,@NF at the same potential (Fig. 6¢).
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Fig. S13 CV curves of VO,/Ni3S,@NF (a) and VO,/Ni(OH),@NF (b) in 1.0 M KOH solution

at different scanning rates.
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Fig. S14 ECSA-normalized LSV curves of VO,/Ni3S,@NF and VO,/Ni(OH),@NF.
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Fig. S15 Chronoamperometric curve of Ni3S2@NF at 1.65 V.
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Fig. S16 XPS of VO,/Ni3S,@NF-0.5 showing negligible signal from V 2p.

Fig. S17 SEM images of VO,/Ni;S,@NF-0.5 (a, b) and VO,/Ni3S,@NF-1.5 (¢, d)
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Fig. S19 XPS spectra of VO,/Ni3S,@NF after electrolysis (1.6 V for 1 h). a. Ni 2p; b. S 2p. c.
V 2p and O 1s. The S 2p signal considerably decreases while the O 2p increases compared to
the fresh catalyst (namely in Fig. 4), suggesting the formation of metal oxyhydroxide after
electrolysis. At the same time, the binding energy of Ni 2p and V 2p increase, suggesting their

higher oxidation state.

Table S1. OER activity of Ni-base catalysts in alkaline media reported in recent literature.

Catalysts n (mV) j ESCA iR Morphology Substrate Ref.
(mA correction
cm?)
VO,/Ni;S, @NF 358 100 15.98 w/o nanosheet NF 2 This work
VO,/Ni;S; @NF 330 100 with nanosheet NF This work
Ni;S2/NF 430 100 121.3 with porous film NF !
MoS,—Ni3S, 341 100 121.3 with nanorod NF 2
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Ni/NiS 340 30 with nanoparticle NF

NiS/NF 335 50 with microsphere NF
film
NiCo,S4 NA/CC 340 100 with nanowire CC?
NixCo3-,S4/Ni3S,/NF 320 100 w/o nanosheet NF
MoO,/Ni3S,/NF 310 100 w/o microspherical NF
NiS/NF 370 20 with nanosheet NF
N-Ni;S,/NF 330 100 with porous structure NF
Zn-Ni3S,/NF 330 100 with nanosheet NF
Niy.7Fe(3S; 287 100 with microflower NF
NiS/NiS, 416 100 with nanoparticle GCE ¢
Nij 30,-C0S,/CC 370 100 with nanowire CcC

aNF stands for nickel foam, ® CC stands for carbon cloth, ¢ GCE stands for glassy carbon electrode
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Table S2. OER activity of V-base catalysts in alkaline media reported in recent literature.

Catalysts n (mV) : " Morphology Substrate Ref.
(mA cm2?)  correction
VO,/Ni;S,@NF 358 100 w/o nanosheet NF 2 This work
VO,/Ni;S,@NF 330 100 with nanosheet NF This work
NiV-LDHs. 350 27 w/o nanosheet GCE® 14
CoV,04-
239 10 w/o porous flake GCE 15
V,05/RGO-1
V/NF 292 10 with nanobelt NF 16
FeosVos 380 10 with hollow sphere GCE 17
VOOH 270 10 with hollow nanosphere GCE 18
eFe/NiVS/NF 340 100 w/o nanowire NF 19
Co/VN 385 100 with nanosheet GCE 20
Co,V,0; 452 100 with nanosheet GCE 20
a-CoVOx 347 10 with nanoneedle GCE 21
a-CoVOx 254 10 with nanoneedle NF 21
V- pNiS, 290 10 with nanosheet GCE 2

a NF stands for nickel foam,® GCE stands for glassy carbon electrode.

1.1 Turnover frequency (TOF) calculation

TOF was calculated using the method that widely used in the literature, e.g. Nano Energy
2018, 51, 26. The quantity of active sites (N) on electrode was first calculated

Firstly, CV curve of each electrode was collected at the scan rate of 0.05 V S-! from -0.2 to
0.6 V vs. RHE in PBS solution. N is calculated according to the following equation:

N=QRF=i-t2F=i-V/u

where Q is obtained as the cyclic voltammetric capacity via integrating CV cures, V is the
voltage (v), i is the current density (A m=2), and F is the Faradaic constant (96485 C mol!).

TOF calculation:
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The values of TOF are obtained according to the equation: TOF = mfN ,where A stands for

the area of the electrode used for CV (0.5 cm™). |j| is the current density at the overpotential
of 330 mV when LSV is measured in 1.0 M solution, and F is the Faradaic constant. m refers
to the electrons consumed in the process of forming one O, molecule from water (4 electrons
for oxygen evolution reaction). N is the quantity of active sites.

The TOF of VO,/Ni;S,@NF at 330 mV overpotential is calculated to be 7.717 s,

1.2 Charge calculation

According to Table S1, the quantity (N) of surface site (Ni*", V4" and V?*) on

VO,/Ni;S,@NF is the 3.82X10® mol cm=. Electrochemically converting the Ni*>*, and V?* to
higher valence (Ni**, and V3*) requires a charge of Q1, Q1=3.82X10-% mol cm X 96485 C

mol-!' (Faradaic constant) X1 (1 electron transferred)=3.7 X 10 C cm=.
Using the same calculation method, the oxidation of NF itself requires a charge of
Q2=1.95X10-3 C cm™. This calculated charge is close to that experimentally observed on NF

at 1.475V for 500 s, as shown in Fig. S12.
In Figure 6¢, the passed charge at 1.475V for 500 s equals to Q3=30 mA c¢cm2x500s=15C
cm2, which is much larger than Q1 and Q2. Therefore it is confirmed that the anodic currents

in Figure 6¢ come from OER process but not the surface metal oxidation.

Reference

1 G. Ren, Q. Hao, J. Mao, L. Liang, H. Liu, C. Liu and J. Zhang, Ultrafast Fabrication of
Nickel Sulfide Film on Ni Foam for Efficient Overall Water Splitting, Nanoscale, 2018.

2 Y. Yang, K. Zhang, H. Ling, X. Li, H. C. Chan, L. Yang and Q. Gao, Mo0S2-Ni3S2
Heteronanorods as Efficient and Stable Bifunctional Electrocatalysts for Overall
Water Splitting, Acs Catal., 2017, 7, 2357-2366.

3 G. F. Chen, T. Y. Ma, Z. Q. Liu, N. Li, Y. Z. Su, K. Davey and S. Z. Qiao, Efficient and

14



10

11

12

13

Stable Bifunctional Electrocatalysts Ni/Ni x M y (M = P, S) for Overall Water Splitting,
Adv. Funct. Mater., 2016, 26, 3314-3323.

W. Zhu, X. Yue, W. Zhang, S. Yu, Y. Zhang, J. Wang and J. Wang, Nickel sulfide
microsphere film on Ni foam as an efficient bifunctional electrocatalyst for overall
water splitting, Chem. Commun., 2016, 52, 1486.

D. Liu, Q. Lu, Y. Luo, X. Sun and A. M. Asiri, NiCo254 nanowires array as an efficient
bifunctional electrocatalyst for full water splitting with superior activity, Nanoscale,
2015, 7, 15122-15126.

Y. Wy, V. Liu, G. D. Li, X. Zou, X. Lian, D. Wang, L. Sun, T. Asefa and X. Zou, Efficient
Electrocatalysis of Overall Water Splitting by Ultrasmall Ni x Co 3-x S 4 Coupled Ni 3 S
2 Nanosheet Arrays, Nano Energy, 2017.

Y. Wu, G.-D. Li, Y. Liu, L. Yang, X. Lian, T. Asefa and X. Zou, Overall Water Splitting
Catalyzed Efficiently by an Ultrathin Nanosheet-Built, Hollow Ni3S2-Based
Electrocatalyst, Adv. Funct. Mater., 2016, 26, 4839-4847.

J. T. Ren and Z. Y. Yuan, Hierarchical nickel sulfide nanosheets directly grown on Ni
foam: a stable and efficient electrocatalyst for water reduction and oxidation in
alkaline medium, Acs Sustain. Chem. Eng., 2017, 5.

P. Chen, T. Zhou, M. Zhang, Y. Tong, C. Zhong, N. Zhang, L. Zhang, C. Wu and Y. Xie,
3D Nitrogen-Anion-Decorated Nickel Sulfides for Highly Efficient Overall Water
Splitting, Adv. Mater., 2017, 29.

Q. Liu, L. Xie, Z. Liu, G. Du, A. M. Asiri and X. Sun, A Zn-doped Ni3S2 nanosheet array
as a high-performance electrochemical water oxidation catalyst in alkaline solution,
Chem. Commun., 2017, 53, 12446-12449.

J. Yu, G. Cheng and W. Luo, Ternary nickel-iron sulfide microflowers as a robust
electrocatalyst for bifunctional water splitting, J. Mater. Chem. A, 2017, 5, 15838-
15844.

Q. Li, D. Wang, C. Han, X. Ma, Q. Lu, Z. Xing and X. Yang, Construction of amorphous
interface in an interwoven NiS/NiS2 structure for enhanced overall water splitting, J.
Mater. Chem. A, 2018, 6, 8233-8237.

W. Fang, D. Liu, Q. Lu, X. Sun and A. M. Asiri, Nickel promoted cobalt disulfide
nanowire array supported on carbon cloth: An efficient and stable bifunctional

electrocatalyst for full water splitting, Electrochemistry Communications, 2016, 63,

15



14

15

16

17

18

19

20

21

22

60-64.

K. Fan, H. Chen, Y. Ji, H. Huang, P. M. Claesson, Q. Daniel, B. Philippe, H. Rensmo, F. Li,
Y. Luo and L. Sun, Nickel-vanadium monolayer double hydroxide for efficient
electrochemical water oxidation, Nat. Commun., 2016, 7.

F.-C. Shen, Y. Wang, Y.-J. Tang, S.-L. Li, Y.-R. Wang, L.-Z. Dong, Y.-F. Li, Y. Xu and Y.-Q.
Lan, CoV206-V205 Coupled with Porous N-Doped Reduced Graphene Oxide
Composite as a Highly Efficient Electrocatalyst for Oxygen Evolution, Acs Energy Lett.,
2017, 2, 1327-1333.

Y.Y,LP,W.X,G.W,S.7Z,2.Y,Y.S,S. W and D. K, Vanadium nanobelts coated nickel
foam 3D bifunctional electrode with excellent catalytic activity and stability for water
electrolysis, Nanoscale, 2016, 8, 10731-10738.

K. Fan, Y. Ji, H. Zou, J. Zhang, B. Zhu, H. Chen, Q. Daniel, Y. Luo, J. Yu and L. Sun,
Hollow Iron-Vanadium Composite Spheres: A Highly Efficient Iron-Based Water
Oxidation Electrocatalyst without the Need for Nickel or Cobalt, Angew. Chem. Int.
Ed., 2017, 56, 3289-3293.

H. Shi, H. Liang, F. Ming and Z. Wang, Efficient Overall Water-Splitting Electrocatalysis
Using Lepidocrocite VOOH Hollow Nanospheres, Angew. Chem. Int. Ed., 2017, 56,
573-577.

X. Shang, K.-L. Yan, S.-S. Lu, B. Dong, W.-K. Gao, J.-Q. Chi, Z.-Z. Liu, Y.-M. Chai and C.-G.
Liu, Controlling electrodeposited ultrathin amorphous Fe hydroxides film on V-doped
nickel sulfide nanowires as efficient electrocatalyst for water oxidation, J. Power
Sources, 2017, 363, 44-53.

X. Peng, L. Wang, L. Hu, Y. Li, B. Gao, H. Song, C. Huang, X. Zhang, J. Fu, K. Huo and P.
K. Chu, In situ segregation of cobalt nanoparticles on VN nanosheets via nitriding of
Co2V207 nanosheets as efficient oxygen evolution reaction electrocatalysts, Nano
Energy, 2017, 34, 1-7.

L. Liardet and X. Hu, Amorphous Cobalt Vanadium Oxide as a Highly Active
Electrocatalyst for Oxygen Evolution, Acs Catal., 2018, 8, 644-650.

H. Liu, Q. He, H. Jiang, Y. Lin, Y. Zhang, M. Habib, S. Chen and L. Song, Electronic
Structure Reconfiguration toward Pyrite NiS2 via Engineered Heteroatom Defect

Boosting Overall Water Splitting, Acs Nano, 2017, 11.

16



