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1. Preparation of Ni/Co-precursor/NF

Firstly, the Ni foam (NF) (2x5 cm?) was pre-treated by ultrasonication in
ethanol, deionized water and 2 M HCI for 15 min, respectively. Secondly, 6
mmol of CoCl2:6H20 and NiCl2:6H20 with different mole ratios of Ni/Co (1:2)
and 6 mmol of urea were uniformly dispersed into 40 mL of purified water under
ultrasonication, and then poured into a 50 mL Teflon autoclave. After a piece of
the pre-treated NF was immersed in the Teflon autoclave, the autoclave was
sealed and maintained at 100 °C for 10 h. After that, it was cooled down
naturally to room temperature, and the sample was subsequently rinsed with
distilled water, and dried at room temperature, obtaining the Ni/Co-precursor/NF.
2. Preparation of Pt/C/NF and RuO2/NF

The self-supported 20 wt% Pt/C and RuOz2 electrodes on NF (Pt/C/NF and
RuO2/NF) were also prepared to get a further activity evaluation. Typically,
commercial 20 wt% Pt/C or RuO2 was well dispersed in a mixture of
water/isopropanol/Nafion (4:1:0.1 v/v/v) and ultrasonicated for 30 min to form a
well dispersed ink. Subsequently, 100 uL of the ink was slowly loaded onto the
preprocessed NFs and dried under vacuum to obtain the Pt/C/NF or RuO2/NF

working electrodes with a catalyst loading capacity of 10 mg cm=.
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Fig. S1 XRD patterns of Ni/Co-precursor/NF.
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Fig. S2 FT-IR spectra of Mo-PDA@Ni/Co-precursor, Ni/Co-precursor, DA, and
(NH2)MoOsa.

In order to examine the FT-IR spectrum, the specimens are scraped from
Ni foam. Compared to the FT-IR spectrum of Ni/Co-precursor, some new
characteristic peaks appear in that of Mo-PDA@Ni/Co-precursor, for example,
the peaks at 1629 and 1267 cm™' corresponding to C=C and C-OH groups of
DA, respectively, and the peaks at 965 and 758 cm™' assigned to Mo=0 and
Mo—-O—-Mo groups of molybdenum oxide, respectively, indicating that PDA and
ammonium molybdate are coated on Ni/Co-precursor. In addition, the peaks at
1629 and 1267 cm™' of Mo-PDA@Ni/Co-precursor has shifted compared with

that of the pure DA, due to the formation of Mo-PDA complex.
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EHT=1000K/  WD= 13,

Fig. S3 SEM images of (a-d) Ni/Co-precursor/NF, (e-h) Mo-PDA@Ni/Co-

precursor/NF, and (i-1) Mo2N@NiCo/NF.
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Fig. S4 TEM image of Mo2N@NiCo/NF.
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Fig. S5 EDX spectrum of Moa2N@NiCo/NF.
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Fig. S6 High-resolution TEM images of Mo2N@NiCo/NF.
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Fig. S7 Full-scan XPS spectrum (a) and high-resolution XPS spectra of (b) C

1s, (c) N 1s, (d) Mo 3d, (e) Ni 2p, and (f) Co 2p of Mo2N@NiCo/NF, Mo2N/NF,

and NiCo/NF.
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Fig. S8 XRD patterns of the annealing products of Mo-PDA@Ni/Co-

precursor/NF at different temperatures (400, 500, and 600 °C).
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Fig. S9 CV curves of (a-f) all catalysts at different scan rates in the range of 2

to 10 mV-s™'in 1 M KOH.
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Fig. S11 H2-TPD curves of as-prepared samples.
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Fig. S12 XRD patterns of Mo2N@NiCo/NF for HER and OER before and after

long-term stability test.
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Fig. S13 SEM images of Mo2N@NiCo/NF for HER after long-term stability

test
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Fig. S14 Survey XPS spectra (a), and high-resolution XPS spectra of C 1s
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for HER before and after stability testing.
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OERin 1 M KOH.
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Fig. S18 SEM images of Mo2N@NiCo/NF for OER after long-term stability

test.
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Table S1 Comparison of catalytic parameters of different HER

electrocatalysts.

nio niwo Tafel slope jo Cal TOF (20 mv) ECSA
Electrocatalyst
(mV) (mV) (mVdec™) (mA-cm™2) (mF-cm™) (s™) (cm?)
30 89 34.2 1.67 185.6
precursor/NF-400
Mo2N@NiCo/NF 18 67 25.8 2.79 244.6 5.7x1073 4076
Mo-PDA@Ni/Co- 1.7x1073 2706
39 101 41.7 1.53 162.4
precursor/NF-600
NiCo/NF 72 183 88.8 0.79 97.8 1.0x1073 1630
Mo2N/NF 46 116 441 1.05 155.8 1.2x1073 2596
Pt/C/NF 21 87 30.2 2.16 184.8 4.8x1073 3080




193 Table S2 HER performances of the non-precious-metal electrocatalysts in
194  alkaline media in recent reports.

Tafel
n1o n1oo0
Electrocatalyst slope Refs
(mV) (mV)
(mV dec™)
Co/MoN 52 132 77.5 !
Ni-Mo 35 136 45.0 2
Ni-MoN/CF 24 61 35.5 3
Niz2(1-xyMo2xP 72 162 46.4 4
N-NiMoS 68 135 86.0 5
G@MoNis-NiMoO4/NF 55 190 38.0 6
Ni-Mo-N-500 55 125 61.4 7
Ni-Mo-N/NG 46 159 45.0 8
Co/CoMoN/NF 61 173 68.9 9
Co-MoN@NC 47 170 43.0 10
Co/NCNTs-NF 67 255 95.9 "
NiMoN/CC 109 168 95 12
Ni2P/NF 80 175 76 13
NisFe@N-C 72 226 98 4
MozN@NiCo/NF 18 67 258 This work

195

196
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199 Table S3 OER parameters of various specimens

Nnso N100 n200 Tafel slope Cual ECSA
Electrocatalyst
(mV) (mV) (mV) (mVdec') (mF-cm™?) (cm?

Mo-PDA@Ni/Co-

SrecursorNE-400 309 341 376 106.5 1147 1911
Mo:N@NICo/NF 279 308 333 86.6 1545 2575
xg&zzg%\gfgé 297 324 354 90.8 1329 2215

NiCo/NF 322 357 393 114.8 791 1318
Mo2N/NF 332 369 412 123.8 45 4 756
RUO2/NF 323 351 386 91.5 1063 1772
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213

214 Table S4 OER performances of the non-precious-metal electrocatalysts in

215  alkaline pure water in recent reports

N100 Tafel £ &
Electrocatalyst e (mV) (mV dec” Refs.
(mV) )
FeCoNi-ATNs/NF 340 412 52.7 15
Co@TiO2/Ti-8h 382 465 142 16
K-ZIF-67-Ac-800 350 412 56.87 17
NiCo204 NT 346 383 89.8 18
LaCozP2 440 460 57 19
N-NisS2 335 355 70 20
CoFe-NA2/NF 305 353 69.9 21
K-ZIF-67-Ac-800 350 411 56.87 17
NiCoFe-211 353 368 51.9 22
Co-Ni-P-2 393 410 67 2
CoFe-NA/NF 302 336 69.9 21
MoNis-MoO2/CC 369 517 136 24
FeCoNi-ATNs/NF 340 370 52.7 15
Mo2N@NiCo/NF 279 308 86.6 This work

216

217



218
219
220 Table S5 Comparison of the overall water splitting performances of various

221  bifunctional electrocatalysts in alkaline pure water (1 M KOH).

Stable
nso N1o00
Electrocatalyst time Refs.
V) (V)
(h)

3DP GC/NiFeP || 3DP GC/NiFeP 1.64 1.74 10 25
CoP-NC@NFP || CoP-NC@NFP 1.83 1.97 8 26
Co00.43Nio.57@C || Coo0.43Nio.57@C 1.82 1.91 24 21
FeCoNi/CC || FeCoNi/CC 1.86 2.00 12 15
Co7Fes-P/C || CorFes-P/C 1.74 1.76 30 28
Ni-Mo-P || Ni-Mo-P 1.68 1.85 40 29
FeCo/CozP || FeCo/Co2P 1.90 1.98 11 30
LiCoBPO || LiCoBPO 1.67 1.72 90 31
NiCoP@NC || NiCoP@NC 1.63 1.70 15 32
Ni-ZIF/NiB || Ni-ZIF/NiB 1.73 1.78 64 33
CoP/NCNHP || CoP/NCNHP 1.83 1.90 36 34

Co/NCNTs-NF || Co/NCNTs-NF 1.68 1.72 25 R
CoMoNx NSAs/NF || CoMoNx
1.76 1.86 100 35
NSAs/NF

Mo-Niz2P@NiFe/NF || Mo- 1.73 1.81 18 36
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223

224

225
226

Ni2P@NiFe/NF

Mo2N@NiCo/NF || MozN@NiCo/NF

1.58

1.64

200

This

work




227 Table S6 Comparison of the HER/OER and overall water splitting (OWS)

228 performances of various bifunctional electrocatalysts in simulated seawater.

n1o Nso nN1o0
Electrocatalyst Refs.

V) (V) (V)

HER 73 200 290
CNFMPO OER 282 360 420 37
OWS 156 178 2.1
HER 221 248 281
Er-MoO2 OER 312 390 430 38
OWS 167 19 2.2
HER 100 162 190
C/CoP-FeP/FF OER - 286 310 39
OwWSs - 1.7 175
HER 150 220 310
Mo-CoPx/NF OER 250 355 420 40
OwWsS - 1.8  1.97
HER 200 320 284
Ni/NCT OER - - - 4
OWS - - -
HER 120 248 395
FMCO/NF OER 302 328 350 42
OWS 158 173 198

HER - - -
NiFe-P/NC OER - 320 360 43
OWS - 177 193

HER 49 95 125
Mo2N@NiCo/NF This work
OER - 238 317




229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

OWS - 1.61 1.69

ECSA calculation:

The electrochemical surface areas (ECSA) of the samples were obtained
based on the following equation:

C
ECSA = c_d:
where Cs is a standard value of 60 yF-cm™2 [37]

The ECSA in MozN@NiCo/NF-400, Mo2N@NiCo/NF-500,
Mo2N@NiCo/NF-600, NiCo/NF, Mo2N/NF and Pt/C/NF were about 3093, 4076,
2706, 1630, 2596 and 3080 cm?, respectively for HER. The ECSA in
Mo2N@NiCo/NF-400, Mo2N@NiCo/NF-500, Mo2N@NiCo/NF-600, NiCo/NF,
Mo2N/NF and RuO2@NF were about and 1911, 2575, 2215, 1318, 756 and
1772 cm?, respectively for OER.

Elucidation of turnover frequency (TOF)
The TOF is calculated by the following equation 5 44:

—_ The number of total hydrogen turnover per cm?

The number of surface active sites per cm?
The number of total hydrogen turnover X |j|
B active sites X ECSA

The number of total hydrogen turnovers is calculated from the current

density using the following equation:

(_ mA) <1 C- S_1>(1 mol H2>( 1 mol H, )(6.02 X 1023 molecules H2>

)

cm?/)\ 1000 mA /) \96485.3 C/\2 mol-e~1 1 mol H,
H,/s mA
— 5_2
=3.12 x 107 2 perm

Similarly, the number of total Oxygen turnovers is 1.56 x 10%° Oz—/sperm—A
cm?2 cm?2



249  Thus, The TOF values for the HER of MoaN@NiCo/NF-500 calculated to be:

H mA
3.12 x 1015 2/2 per —= x |jl

250 TOF =
2 X 1015atom per - cm? X ECSA

H/
15 13
3.12x 10 2per ><|]|C 2

251 =
2 X 1015at0m per - cm2 X 4076 cm?

252 Similarly, the TOF of Mo2N@NiCo/NF-400, Mo2N@NiCo/NF-600, NiCo/NF
253  and Mo2N/NF can be calculated:
254  Moz2N@NiCo/NF-400:

3.12 x 1015HZ/2 per £ 2 x || £ 2
255 TOF = cm cm

2 X 10 atom - per - cm? x 3093 c¢m?

256 Moz2N@NiCo/NF-600:

H mA mA
57 ToF = 3.12 x 1015 fr{z per——= X |jl >
2 x 1015atom - per - cm? X 2706 cm?
258 NiCo/NF:

3.12 x 10%° HZ/Z per

2 |]| 2
259  TOF = cm cm
2 X 103atom - per - cm? X 1630 c¢m?

260  Mo2N/NF:

3.12 x 1015 Hz/jper mA A
261 TOF = cm cm

2 X 10 atom - per - cm? X 2596 c¢m?

262  Pt/CINF:

3.12 X 10151;127/51961” mA

—a X|j | 2
263  TOF = cm cm
2 X 10%3atom - per - cm? x 3080 c¢m?

264

265

266
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