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Figure S1. (a-b) SEM images of bare Ni foam.
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Figure S2. High-magnification SEM image (500 nm scale) of S,W-Co(OH)2/NF showing the

detailed nanosheet morphology.
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Figure S3. XRD pattern of S-Co(OH)>/NF and W-Co(OH)/NF.

intensity (a.u.)

PDF#30-0443




1004 99.27

80

Atomic (%)

0 0.73
Co w
Figure S4. ICP results of S,W-Co(OH)/NF
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Figure S5. Cls XPS spectrum of Co(OH)2/NF, S-Co(OH)2/NF and S,W-Co(OH)./NF



Q

=100

-150

Current density (mA cm?)

=200

-0.6

1
o
o

s

—a— S, W, ,-Co(OH),/NF
—o— 5,W;,45-Co(OH),/NF
—— S,W,,-Co(OH),/NF

-05 04 -03 -02
Potential (V vs. RHE)

-0 0.0

@ S,W, 4,-Co(OH),/NF
o §,W,05-Co(OH),/NF
451 S:Wo-Co(OH),/NF
£ .
10 2%
- 2
N 3
! &
L)
54 %
@
3
%’QO\IQ“D
0 : : T
0 5 10 15
Z' (ohm)

Figure S6. (a) HER Polarization curves and (b) corresponding Nyquist plots for S,W-

Co(OH)2/NF synthesized at different concentrations of W. (X=0.01, 0.05, and 0.1).
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Figure S7. (a) HER polarization curves and (b) corresponding Nyquist plots for S,W-

Co(OH)2/NF synthesized at different electrodeposition times.
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Figure S8. Nyquist plots of various catalysts for the HER process at -0.98 V vs. RHE.
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Figure S9. The CV curves of the catalysts were measured with the scan rate from 10 to 50 mV s
'in 1.0 M KOH.
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Figure S10. (a) The evaluation of ECSA for different catalysts and (b) corresponding ECSA

normalized HER polarization curves.
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Figure S11. Nyquist plots for HER after X-cycles (X= 5000 and 1000 CV cycles).
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Figure S12. Galvanostatic measurement of long-term stability for HER.
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Figure S13. (a) UOR polarization curves and (b) corresponding Nyquist plots for S,W-

Co(OH)2/NF synthesized at different electrodeposition times.
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Figure S14. (a) UOR Polarization curves and (b) corresponding Nyquist plots for S,Wx-
Co(OH)2/NF synthesized at different contents of W. (X=0.01, 0.05, and 0.1).
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Figure S15. UOR overpotential comparison at 10,50 and 100 mA cm™.
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Figure S16. Corresponding Tafel plots of various catalysts for UOR.
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Figure S17. LSV analysis of S,W-Co(OH)»/NF with different concentrations of urea.



6 4
a  [sW-Co(OH),NF b S-Co(OH),INF >
< L4 3
E E
o =
<, € 24
EX E
z 21
% o g
s G 01
B_z b=
s € -1
g g
S-4- 3 -2
5] o —
. 10-50 mv s . 10-50 mV s
052 054 056 058 060 062 064 052 054 056 058 060 062 064
Potential (V vs. RHE) Potential (V vs. RHE)

(1]
Q

~0.1{W-Co(OH),/NF Ni Foam
o~ —~ 0.05 ]
e -0z — E
o . ; ©
< -03] < 000
E E
=041 =
2 2005
8 -0.5- []
[ @
T g6 © -0.10
- -
H € =
£ 07 — E 015 ~ 10-50mvs’
O -08 A 10-50 mV s 5]
-09 -0.20-— - v T v y
052 054 056 058 060 062 06 052 054 056 058 060 062 064
Potential (V vs. RHE) Potential (V vs. RHE)

Figure S18. The CV curves of the catalysts were measured with the scan rate from 10-50 mV s°!
in 1.0 M KOH + 0.5 M urea.
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Figure S19. The corresponding Cai values at a potential of 0.57 V vs. RHE.
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Figure S20. HER polarization curves of S,W-Co(OH)2/NF electrode in 1 M KOH with or

without 0.5 M urea.
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Figure S21. XRD pattern of S,W-Co(OH),/NF Post-HER and Post-UOR.
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Figure S22. SEM images of S,W-Co(OH)2/NF. (a) Post-HER and (b) Post-UOR Performance

test.
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Figure S23. The XPS spectra of S,W-Co(OH)/NF after performance test, (a) W 4f (b) S 2p, and

Co 2p.
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Figure S24

(a)

Figure S25. Calculated DOS of (a) S-Co(OH). and (b) W-Co(OH)..
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Figure S26. Optimization models for adsorption of different intermediate of Co(NH>). reaction

on (a) S-Co(OH); and (b) W-Co(OH)s.

Table S1. ICP data.
Sample Co (%) W (%)

Bulk S,W-Co(OH). 99.27% 0.73%
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Post-HER S,W-Co(OH)2 99.45% 0.55%

Post-UOR S,W-Co(OH). 99.22% 0.78%

Table S2. Comparison of the HER performance of S,W-Co(OH)./NF with the reported catalysts
in 1.0 M KOH solution

Materials Electrolyte nuo Stability Ref.

(mV)  duration / mA cm

S,W-Co(OH)/NF 1.0 M KOH 70 100 h / 80 This work
CoxMo,S-CC 1.0 M KOH 85 24h/10 [
NisP4/CePO4/NF 1.0 M KOH 94 10h/20 2l
NiCoFeP/C 1.0 M KOH 149  10h/10 3]
Feo.s6Nio.14-POx/CC 1.0 M KOH 125 100h/10 4
V-Co2P4012/CC 1.0 M KOH 109 190h/10 151
Ni3S2/NiCo LDH 1.0 M KOH 156 12h/100 (61
N-Co9Ss/Ni3S2 1.0 M KOH 111 20h/20 71
NiS/Mo$S: 1.0 M KOH 128  10h/100 181
NisS2/VG@NiCo 1.0 M KOH 110 24h/20 )
LDHs

FQD/CoNi-LDH 1.0 M KOH 150 25h/10 [10]

Table S3. The comparison of UOR performance between S,W-Co(OH)2/NF and other

reported materials.
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Materials Electrolyte E1wo Stability Ref.
W) duration / mA cm
S,W-Co(OH)2/NF 1.0 M KOH+0.5 M Urea 1.02 100 h /80 This
work
N-Co9Ss/Ni3Sz 1.OMKOH+0.5M Urea 1.27  20h/20 n

NiFeCo LDH/NF 1.0MKOH+0.33M Urea 038 50h/10 (1
S-CoP@NizP 1.OMKOH+0.5M Urea  1.31  201h/50 (2l
V-C02P4012/CC 1.0MKOH+0.33M Urea 1.29  230h/10 51
Niog64Co00.136LDH I.OMKOH+05MUrea 130  35h/70 (3]
NiCoP/CC 1.OMKOH+0.5M Urea 1.30  30h/20 (141
CoNi@CNCoNiMoO 1.0 M KOH+0.5M Urea  1.29  120/500 1]
FeCuCoNiZnLDH/C 1.0 MKOH+0.33M Urea 132  70h/20 L16]
C

NiSe2/MoSez 1.0 M KOH+0.33 M Urea 1.33 10h/10 [

Table S4. Comparison of different catalysts for urea-assisted electrolysis.

Materials Electrolyte E1o Stability Ref.
(mV)  duration / mA cm?
S,W- 1.0 M KOH+0.5 M Urea 1.19 24 h/100 This work
Co(OH)2/NF
V-FeNisN/NisN  1.0M KOH+0.5M Urea 146  15h/100 (18]
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NiFe/NiFeCH/CC 1.0 M KOH+0.5M Urea  1.39 30h/10 (191

CoNiFeS-OH/NF 1.0 M KOH+0.5 M Urea  1.46 10h/10 (201
NiCo02S4NS/CC 1.OMKOH+0.5M Urea 149 20h/10 21
Ni3S2-NizP/NF 1.OMKOH+0.5MUrea 143 100h/ 16 (221
NiCo2S4 1.OMKOH+0.5M Urea 145 10h/10 (23]
NiS/MoS» 1.0 M KOH+0.5 M Urea  1.46 25h/10 (24]
FQD/CoNi-LDH 1.0 M KOH+0.5 M Urea 1.45 50h/10 (10]
NisN/Nip2MoosN 1.0 M KOH+0.33 M Urea 1.34 500h/10 (231
Ni3S2-Ha[Ni3Sz- 1.0 MKOH+0.33 M Urea 1.50 20h/20 (261
Ar
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