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Supplementary Figures and Tables

Fig. S1 Image of HW-NiMoO4 prepared with different amounts of water bath reaction
time
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Fig. S2 SEM images at different resolutions for a-¢ HT-NiMoN, d-f HW-NiMoN-1h,
g-i HW-NiMoN-2h, j-1 HW-NiMoN-3h, m-0 HW-NiMoN-4h, and p-r WB-NiMoN
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Fig. S3 TEM image of HW-NiMoN-2h. Dashed circles indicate the presence of
nanodots on the surfaces of the NiMoN nanowires
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Fig. S4 EDS point analysis for HW-NiMoN-2h
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Fig. S5 EDS linear scan of HW-NiMoN-2h
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Fig. S6 XPS survey spectrum for HW-NiMoN-2h
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Fig. S7 CV measurements at different scan rates for a HT-NiMoN, b HW-NiMoN-1h,
¢ HW-NiMoN-2h, d HW-NiMoN-3h, and e WB-NiMoN
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Fig. S8 TOF a plots and b values at -0.1 V vs. RHE for selected NiMoN samples
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Fig. S9 BET measurements of a HT-NiMoN, b HW-NiMoN-1h, ¢ HW-NiMoN-2h, d
HW-NiMoN-3h, and e WB-NiMoN. f BET specific area values for NiMoN samples
prepared using different methods
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Fig. S10 HER activity of NiMoNs normalized by the BET specific area
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Fig. S11 Contact angle tests of DI water dripped onto various catalysts. a-¢ NF, d-f HT-
NiMoN, g-i HW-NiMoN-2h, and j-1 WB-NiMoN

0.4 . .
p—— ]
NF 139 mV/dec
03} i
G
g
z 02} [
=
=
=
D
2
2 oaf I
g Pt/C 52.3 mV/dec
o WB-NiMoN 34.6 mV/dec —
APV 5o
0.0 i ll\\"-NiMoN-Zh 28.3 mV/dec il
HT-NiMoN 30.2 mV/dec
0.1 . .
1.2 1.8

1.6
log | j (mA/em’) |

Fig. S12 Tafel slopes for different catalysts, including NF
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Fig. S13 a-b SEM images of HW-NiMoN-2h after CP testing at 500 mA/cm? in 1 M

KOH DI water for 100 h. XPS spectra of ¢ Ni 2p, d Mo 3d, e N 1s, and f O 1s for HW-
NiMoN-2h after CP testing at 500 mA/cm? in 1 M KOH DI water for 100 h
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Fig. S14 Images of HT-NiMo0O4, HW-NiMo0Oj4-2h, and WB-NiMoOs before and after
30 min sonication
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Fig. S15 SEM images of a-¢c HT-NiMoN, d-f HW-NiMoN-2h, and g-i WB-NiMoN
after 30 min sonication

50 pm

Fig. S16 SEM images of a-¢ HT-NiMo0Os, d-f HW-NiMo00O4-2h, and g-i WB-NiMoO4
after 30 min sonication
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Fig. S17 Chronopotentiometric tests of HT-NiMoN, HW-NiMoN-2h, HW-NiMoN-3h,
HW-NiMoN-4h, and WB-NiMoN at 1 A/cm? in 1 M KOH DI water

Fig. S18 SEM images of a-¢ HT-NiMoN, d-f HW-NiMoN-2h, and g-i WB-NiMoN
after CP testing at 1 A/cm? in 1 M KOH DI water for 24 h, 24 h, and 23 h, respectively
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Fig. S20 Tafel slopes for HT-NiMoN, HW-NiMoN-2h, WB-NiMoN, and Pt/C in 1 M
KOH seawater
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Fig. S21 a OER performance of NiFe LDH and b overall performance of NiFe
LDH||[HW-NiMoN-2h in 1 M KOH seawater
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Fig. S22 Drainage setup for FE measurements based on the H-type electrolyzer. Dashed
lines indicate H> and O; production after 50 h
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Fig. S23 Zeta potentials of different NiIMoN samples in DI water
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Fig. S24 XRD measurements before and after 100 h of CP testing at 500 mA/cm? in 1
M KOH seawater
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Fig. S25 XPS measurements before and after plasma sputtering of HW-NiMoN-2h
subsequent to 100 h of CP testing at 500 mA/cm? in 1 M KOH seawater. a Survey
spectra and spectra of b Ni 2p, ¢ Mo 3d, d N Is,and e O 1s
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Fig. S26 a HRTEM and b SAED images and EDS mapping of ¢ Ni, d Mo, e N, and f
O, for HW-NiMoN-2h after 100 h of CP testing at 500 mA/cm? in 1 M KOH seawater

Table S1 ICP-OES results for HW-NiMoN-2h

HW-NiMoN-2h Wt%
Ni 28.35
Mo 41.65

Table S2 BET area, mass density, and specific area values for NIMoN samples prepared
using different methods

ol HT- HW- HW-NiMoN- HW- WB-
ampie NiMoN  NiMoN-1h  2h NiMoN-3h  NiMoN
BET area (m¥g)  17.5 23.9 74.6 54.8 16.4
v .
ass - demsity g5, 64.8 91.1 103 476
(mg/cm~Gro)
ifi

Specific - area 45 1.55 6.80 5.63 0.781
(m*BeT/CM*GEO)
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Table S3 Overpotentials required by different catalysts to drive various current
densities in 1 M KOH DI water

Overpotential HT- HW- WB- Pt/C NF
(mV) NiMoN NiMoN-2h  NiMoN

100 mA/cm? 36 34 50 60 353
500 mA/cm? 101 76 111 165 --
1000 mA/cm? 149 107 155 230 -

Table S4 Overpotentials required by HW-NiMoN-2h to drive various current densities
in different electrolytes

Overpotential (mV) 1 M KOH 1M KOH 0.5 M NaCl 1 M KOH seawater
DI water

100 mA/cm? 34 38 40

500 mA/cm? 76 88 91

1000 mA/cm? 107 127 130

Table S5 Overpotentials required by different catalysts to drive various current

densities in 1 M KOH seawater

Overpotential HT- HW- WB- Pt/C NF
(mV) NiMoN NiMoN-2h  NiMoN

100 mA/cm? 44 40 62 85 376
500 mA/cm? 124 91 161 199 --
1000 mA/cm? 178 130 220 259 --

Table S6 HER performance of different hierarchical catalysts in seawater electrolyte

Catalyst Electrolyte  Activity Stability Refs.
2 _ -

HW-NiMoN-2h 1 M KOH 1 A/cm~ at -0.13 V vs. 70 hat 1 AJem? This
seawater RHE work
IMKOH 1 A/cm? at -0.176 V

Ni-MoN © fom® at 0176 V' 00 1 at 500 mA/em?  [S1]
seawater vs. RHE

PF-NiCoP/NF Natural 10 mA/cm? at -0.287 5
seawater V vs. RHE 20 hat 10 mA/em [52]

. . . 2 _

NiCoN|NixP|NiCoN Natural 10 mA/cm” at -0.165 241 at 10 mA/em? s3]

seawater V vs. RHE
. _ . 2 _

Ni,P-CoOOH Simulated ~ 100 mA/cm* at -0.4 V 100 h at ~100 mA/em? [S4]
seawater vs. RHE

Co-FeyP 1 M KOH 100 mA/cm? at -0.221 )
0.5 MNaCl V vs. RHE 22 h at 250 mA/cm [S5]

1D-Cu@Co- 1 M KOH 50 mA/cm? at -0.2424 N

CoO/Rh 0.5MNaCl V vs. RHE 12hat 10 mAfem™  [S6]

MoNis/MoOs3. Simulated 10 mA/cm? at -0.101 N

x/NiCo seawater V vs. RHE 20 hat~21 mA/em [S7]
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NiCoFeP@NiCoP  Simulated 10 mA/cm? at -0.4 V

10 h at ~25 mA/cm?  [S8]

seawater vs. RHE
. 2 _
CoNiP/CoxP Natural 10 mA/cm* at -0.29 V 500 hat 10 mA/em®  [SO]
seawater vs. RHE
Co@RuCo-3 1 M KOH 10 mA/cm? at -0.059

2
seawater V vs. RHE 100 h at 50 mA/cm [S10]
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