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Computational details

All the DFT calculations were performed through the Perdew—Burke—Ernzerhof (PBE)
functional, which has the based group of double numerical atomic orbital plus polarization
function (DNP), and carried out by D Mol3 module of Materials Studio Package under
generalized gradient approximation. All the models used were based on the Co (101). The
energy convergence clause, maximum force, as well as maximum displacement were
programmed at 105 eV, 0.01 eV A1 and 0.005 A to realize the optimal geometry state. Applying

0.005 Ha is to ensure accurate electronic convergence.
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Figure S1. Charge density difference of a) Co and b) W.
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Solar power system drives the elerlctrodepdsiti‘(;l’

Figure S2. Left is the photographic image of the solar-driven electrodeposition system to
prepared CoW electrode at the deposited potential of -8 V with 800s. Right is the fabricated
CoW electrode growth on the carbon cloth.




Deposition potential decrease

Figure S3. SEM image of deposited CoW with incremental current density (a) 0V (b) -2 V (¢)
-5V
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Figure S4. Graphically illustration of gas-template electrodeposition
With the decrease of the deposition potential, the deposition process is accompanied by
more violent hydrogen evolution, which will induce the longitudinal growth of the sedimentary
layer
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Figure S5. SEM image with low magnification of the deposited CoW at -8 V.
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Figure S6. SEM image of as-prepared CoW-500-Ni with different soaking time (1, 6, 12 and
24h).

The surface appears covered with a flat topography at the initial stage of growth. The small
size of the nanosheets grows in about 6h, and the size becomes larger with time of 12h. However,
the morphology of the nanosheets disappears and the active material falls off in the solution
after 24h. This is due to the destruction of the overall structure caused by prolonged soaking.
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Figure S7. N; absorption/desorption curves of CoW-500-Ni.
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Figure S8. XPS survey spectra of (a) CoW and (b) CoW-500-Ni. (c) The element ratio of two
group.
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Figure S9. SEM images of all-prepared samples (a) CoW-0-Ni; (b) CoW-1000-Ni.
SEM exhibit the thickness of nanometer sheet changes regularly.
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Figure S10. XPS spectra of (a) CoW-0-Ni; (b) CoW-1000-Ni.
XPS results confirm the atomic ratio between Ni, Co, W is basically flat and accompanied
by the difference ratio of O.
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Figure S11. Corrosion curve of CoW in different NaCl solution.
With the increase of Cl” concentration, the corrosion current increased, indicating stronger
corrosion behavior. Moreover, the comparison between Co and CoW solid solution in the same

etching condition showed that the corrosion potential was almost equal, confirming that Co was
involved in the reaction in the etching process.
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Figure S12. XRD patterns of the deposited CoW and CoW-0-Ni, CoW-500-Ni, CoW-1000-N:i.
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Figure S13. (a-d) CV curves of CoW-500-Ni, CoW-1000-Ni, CoW-0-Ni and CoW in IM KOH
solution. The scan rates from 10 mV s-1 to 200 mV s-1. (e) calculated ECSA values and (f)
ECSA normalized LSV curves of all-prepared samples.
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Figure S14. TOF normalized LSV curves of all-prepared samples.
TOF values were calculated by the formula: TOF =j x S /(2 x F x n), where j, S, F correspond
to current density, geometric area and Faraday’s constant (96,485.3 C mol™) respectively. n is
the molar amount of all metals that assuming every metal atom is involved in the catalysis [15].
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Figure S15. Bode plots of all-prepared samples correspond to Nyquist curves in Figure Se.
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Figure S16. The Faradaic efficiency (FE) of CoW-500-Ni in the HER process.
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Figure S17. SEM images after HER test at 10 mA cm™ with different magnification.
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Figure S18. a) LSV curves and b) Tafel slope of CoW-500-Ni in neutral solution.
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Figure S19. The OER performance of CoW, CoW-0-Ni and CoW-1000-Ni.
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Figure S20. LSV curves of CoW-500-Ni with or without 0.3 M urea.
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Figure S21. LSV curves of CoW, CoW-0-Ni and CoW-1000-Ni exhibit UOR performance (1
M KOH+ 0.3 M urea).
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Figure S22. Comparison of the UOR performance of CoW-500-Ni with different urea
concentration (0.1 and 0.5M urea).
The catalytic activity under low concentration of urea (0.1 M) is obviously poor. Increasing
the concentration activity is significantly improved, and 0.3 M is suitable for its excellent

catalytic performance and close to the concentration of domestic sewage, which increases its
application significance.
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Figure S23. Photographic image of the solar-driven electrolysis system.
High efficiency hydrogen precipitation and urea oxidation reactions were simultaneously
driven at a low potential of 1.5V.
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Figure S24. XPS spectra of CoW-500-Ni after 3h HER a) wide ranges spectra b) Ni 2p ¢) Co
2p and d) W 4f.
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Figure S25. SEM EDS spectra for CoW-500-Ni with different concentration of Ni source a) 0
mM b) 100 mM c) 50 mM.
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Figure S26. LSV curves of CoW-500-N19, CoW-500-Niso and CoW-500-Nijo.
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Figure S27. a, b) SEM images of Co-500-Ni with different magnification. c) FT-IR and XRD
spectra of Co-500-Ni. d) LSV curve compared with CoW-500-Ni.

NiCo(OH)x-Co was synthesized by removing tungsten only with the same optimal
preparation process. The coverage of hydroxide nanosheets on the surface can be observed in
SEM image. XRD and FT-IR together confirm the same mixed-crystalline heterostructure as
NiCo(OH)x-CoyW. In Figure S27d, the poor catalytic activity of NiCo(OH)x-Co (labled as Co-
500-Ni) confirms the key role of the introduction of tungsten.
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Table S1. ICP results of CoW, CoW-0-Ni, CoW-500-Ni and CoW-1000-Ni.

Co wt% (at %) W wt% (at %) Ni wt% (at %)
CoWw? 73.85 (90.7) 23.27 (9.3) 0 (0)
CoW-0-Ni® 75.43 (88.0) 17.85 (6.8) 4.26 (5.2)
CoW-500-Ni 74.74 (87.5) 17.46 (6.7) 4.76 (5.8)
CoW-1000-Ni ¢ 74.28 (87.1) 17.05(6.5) 5.30 (6.4)

*Sample quality: a) 48.9mg; b) 44.7 mg; c¢) 51.8 mg; d) 60.1 mg.
Fixed volume 50ml, diluted 50 times
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Table S2. XPS analysis corresponding to Figure 4a-c.

Sample B. E. (eV) Peak
873.4 Ni2p 12
855.8 Ni2p 32
796.1 COZp 1/2
CoW 783.2 Co*
780.7 COZp 3/2
773.6 Co®
349 Wt
30.8 wo
795.8. COZp 1/2
780.5 COZp 3/2
CoW-500-Ni 777.1 Co
34.7 Wo*
30.6 wo
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Table S3. The preparation method, morphology, overpotential and Tafel slope of the non-noble
metal-based HER electrocatalysts corresponding to Figure 5Sc.

Non-noble metal-
based HER

electrocatalyst

CoMn/CoMn204
[1]

NisCosMo—OH [2]

Co1-xNixP3 [3]

V-NisS:@NiFe
LDH [4]

NisN-VN [5]

P-FesN@NC
NSs/IF [6]

Ni(OH):-
NiMoOx/NF [7]

V-CoP@a-CeO: [8]

Preparation method

Hydrothermal-annealing
+ electrochemical in situ

tuning treatment

Chloride corrosion

Hydrothermal procedure
+ high- temperature
phosphidation

Sulfuration V doping +
electrodeposition of NiFe
LDH

Hydrothermal procedure
+ high- temperature

nitridaton

Air-oxidation + high-
temperature

nitridaton

ZnO-templated
electrodeposition +

soaking in IM KOH

Hydrothermal reaction +
phosphating and

electrodeposition

Morphology

S-32

Overpotential
-10 mA cm?

(mV)

69 mV

52

57

120

64

102

36

68

Tafel slope
(mV dec)

90

59

60.7

72.8

37

68.59

38

48.1



CoNiP@CN [9]

Ni-S-P NRs/NF
[10]

Ni7W3/WO2/NF
[11]

Ni2P/NiTe: [12]

TiO2@NisS:z [13]

NiCoFe-PS [14]

Two-step
electrodeposition mixed-
metal ZIFs@ZIF-8 +
pyrolysis and

phosphorization

Phosphorization and
sulfurization thermal

treatment

Precipitation reaction +

calcination at 600°C

Hydrothermal reaction +

phosphorization

Hydrothermal process +
immersing them into a

NasS solution and heated

Novel hydrothermal
electrodeposition +
electrochemical dealloy
and sulfidization /

phosphorization

87

115

59

62

112

97.8

79

64.2

52

80

69

51.8
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Table S4. Nyquist plot fitting results corresponding to Figure Se.

CoW-500-Ni
CoW-1000-Ni
CoW-0-Ni
CoW

Rs
2.89
3.22
3.26
2.62

Rct
2.54
11.29

41.03
203.8

CPE1-T

0.13
0.011
0.008
0.015

CPE1-P
0.77
0.79
0.86
0.87
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