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Experimental Section
S'1. Materials and chemicals

All the chemicals were used as received without further purification.
NaxMoO4-2H20 (A.R., 99.0%), Fe(NOs3)3-9H20 (A.R., 99.0%) and Co(NO3)2:6H20
(A.R., 99.0%) were supplied by Adamas-beta (Shanghai). NiCl.-6H20 (A.R., 99.0%)

was purchased from Tianjin Fengchuan Chemical Reagent. NH4F (99.0%), CO(NH2)2

(99.0%) was obtained from Aladdin.
S2. Synthesis of NiFe-LDH/NF and Mo-NiFe-LDH/NF

NiFe-LDH/NF: 0.2419 g of NiCl>-6H20, 0.3636 g of Fe(NOs);-9H-0, 0.1111 g of
NH.4F and 0.3003 g of urea were added to a mixed solution of 25 mL of deionized water
and 5 mL of absolute ethanol. The mixture was magnetically stirred for 1 h to obtain a
clear and transparent turquoise solution. The obtained solution and one piece of nickel
foam (NF, 2x3 cm?) were transferred into a 50 mL autoclave, and a hydrothermal
reaction was carried out at 120 °C for 8 h. After naturally cooling to room temperature,
the NiFe-LDH/NF sample was collected, washed alternately with deionized water and
absolute ethanol, and dried in vacuum at 60 °C for 12 h to obtain the NiFe-LDH/NF
sample.

Mo-NiFe-LDH/NF': 0.2419 g of NiClz-6H20, 0.3636 g of Fe(NOs);-9H20, 0.012
g of NaxMoOa4-2H:20, 0.1111 g of NH4F and 0.3003 g of urea were added to a mixed
solution of 25 mL of deionized water and 5 mL of absolute ethanol. The mixture was
magnetically stirred for 1 h to obtain a clear and transparent turquoise solution. The
obtained solution and one piece of nickel foam (NF, 2x3 cm?) were transferred into a
50 mL autoclave, and a hydrothermal reaction was carried out at 120 °C for 8 h. After

naturally cooling to room temperature, the Mo-NiFe-LDH/NF sample was collected,



washed alternately with deionized water and absolute ethanol, and dried in vacuum at
60 °C for 12 h to obtain the Mo-NiFe-LDH/NF sample.
S83. Synthesis of NiCoP/NF

First, 0.87 g of Co(NOs)2-6H20 and 0.3 g of urea were completely dissolved in 30
mL of deionized water. Then, the solution was transferred into a 50 mL Teflon autoclave
containing a piece of nickel foam (2 cm x 3 cm), where the nickel foam served as the
Ni source. Subsequently, the autoclave was sealed and maintained at 120 °C for 6 h.
After the autoclave was cooled to room temperature, the precursor was collected,
washed several times with water and ethanol, and then dried at 60 °C for 12 h. Finally,
it was placed downstream in a high-temperature tube furnace, and 120 mg of NaH-PO:
powder was placed at the upstream position. Then, the tube furnace was heated from
room temperature to 350 °C at a rate of 3 °C/min in an Ar atmosphere, maintained for
2 h, and then cooled to room temperature to obtain NiCoP/NF.
S84. Synthesis of Mo-NiFe-LDH/NiCoP/NF

The 0.2419 g of NiCl2'6H20, 0.3636 g of Fe(NOs3);-9H20, 0.012 g of
NaxMo0O4-2H>0, 0.1111 g of NH4F and 0.3003 g of urea were added to a mixed solution
of 25 mL of deionized water and 5 mL of absolute ethanol. The mixture was
magnetically stirred for 1 h to obtain a clear and transparent turquoise solution. The
obtained solution and one piece of above NiCoP/NF (2x3 cm?) were transferred into 50
mL reaction kettle. A hydrothermal reaction was carried out at 120 °C for 8 h. After
naturally cooling to room temperature, the Mo-NiFe-LDH/NiCoP/NF sample was
collected, washed alternately with deionized water and absolute ethanol, and dried in
vacuum at 60 °C for 12 h to obtain the Mo-NiFe-LDH/NiCoP/NF sample.

S35. Synthesis of Pt-C/NF and RuOyNF



Briefly, 2.5 mg of Pt-C, add 490 puL of dispersion (anhydrous ethanol: deionized
water = 1:1), 10 uL of Nafion, sonicated for 1 h to obtain a uniformly dispersed ink.
Taking 20 uL of ink, uniformly dropped onto NF, and dried at room temperature to
obtain Pt-C/NF. The preparation of RuO»/NF was carried out uniformly as shown above
except that Pt-C was replaced by RuO», and the loading of RuO2/NF and Pt-C/NF was
0.1 mg cm™.

S6. Electrochemical performances measurements

All electrochemical tests were conducted by using CHI 760E electrochemical
work station at room temperature. The Hg/HgO served as the reference electrode, a Pt
sheet functioned as the counter electrode, and the catalysts themselves were employed
as the working electrode. Hydrogen evolution reaction (HER), oxygen evolution
reaction (OER) and overall water splitting tests occurred in 1 M KOH solution. Urea
oxidation reaction (UOR) and urea-assisted water splitting tests were carried out in a
mixed solution of 1 M KOH and 0.5 M urea. The all potentials of tests which were
corrected to the reversible hydrogen electrode (RHE) by using the following equation:
E (RHE) = E (Hg/HgO) + 0.098 + 0.0591*pH. Stability tests were obtained by
performing 3000 CV cycles and by the constant current method. Linear sweep
voltammetry polarization curves and Tafel slopes were obtained at a scan rate of 5 mV
s’ All polarization curves were performed IR compensation with 90 % unless noted
otherwise.

The electrochemical surface area (ECSA) of the catalyst was evaluated by
electrical double—layer capacitance (Ca):

ECSA = Ca/Cs cm’. (1)

Cal values were computed by cyclic voltammetry (CV) scanning between non—
Faraday regions at scan rates from 20 mV s to 100 mV s~. Electrochemical impedance
spectroscopy (EIS) was collected at an amplitude of 5 mV as well as frequency range
of 10° to 0.01 Hz. In situ EIS test voltage range of —0.02 to —0.34 V (vs. RHE).

To calculate the turnover frequency (TOF), CV measurements was conducted in 1
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M PBS (pH = 7) in the potential range of -0.2 ~ 0.6 V (vs. RHE) at a scan rate of 50
mV s!. Here, assuming that almost all surface-active sites are accessible to the
electrolyte, it is possible to evaluate TOF values in HER, OER and UOR by the

following equation:

TOF = I/2nF (HER) )
TOF = I/4nF (OER) 3)
TOF = I/6nF (UOR) (4)

Here, I was the current (A) during the LSV measurement at a selected overpotential
(0.2 V vs. RHE) in HER, F is the faraday constant (96485 C/mol), and n is the number
of moles of the active sites. In this 2e" HER, 4e¢- OER, and 6e" UOR, n can be calculated
by the following equation:
n=Q/2F (5)
Here, F and Q correspond to the Faraday constant (96485 C/mol) and the whole

charge of CV curve (C), respectively.
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Fig. S1 Schematic illustration of synthetic procedures of Mo-NiFe-LDH/NiCoP/NF

electrocatalyst.



ll\/lo-NiFe-LDH/NiCoP/N H

Mo-NiFe-LDH/N

NiFe-LDH/NF
NjCoP/NF

Intensity (a. u.)

L] T T L] L] L] I L] I
10 20 30 40 560 60 70 80
2 Theta (Degree)
Fig. S2 XRD patterns of NiCoP/NF, NiFe-LDH/NF and Mo-NiFe-LDH/NF and Mo-
NiFe-LDH/NiCoP/NF.
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Fig. S3 Nitrogen adsorption—desorption isotherms and pore-size distributions of (a)

NiCoP/NF and (b) Mo-NiFe-LDH/NiCoP/NF.
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Fig. S4 EDS image of Mo-NiFe-LDH/NiCoP/NF.
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Fig. S5 XRD images of Mo-NiFe-LDH/NiCoP/NF after HER, OER and UOR

stability test.
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Fig. S6 SEM images of Mo-NiFe-LDH/NiCoP/NF after (a, d) HER, (b, ¢) OER and
(c, f) UOR stability test.
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Fig. S7 HER cyclic voltammograms of NiFe-LDH/NF at different scan rates of 20, 40,

60, 80 and 100 mV s™'.
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Fig. S8 ECSA normalized LSV curves for Mo-NiFe-LDH/NiCoP/NF, NiCoP/NF,

NiFe-LDH/NF and Mo-NiFe-LDH/NF in (a) HER, (b) OER and (c) UOR.
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Fig. S9 TOF histogram at 200 mV of Mo-NiFe-LDH/NiCoP/NF, NiCoP/NF and Mo-
NiFe-LDH/NF in (a) HER, (b) OER and (c) UOR.
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Fig. S10 OER cyclic voltammograms (CV) for (a) NiFe-LDH/NF (b) Mo-NiFe-
LDH/NF, (c) NiCoP/NF and (d) Mo-NiFe-LDH/NiCoP/NF at different scan rate with
20, 40, 60, 80 and 100 mV s™'. UOR cyclic voltammograms (CV) for (¢) NiFe-LDH/NF
(f) Mo-NiFe-LDH/NF, (g) NiCoP/NF and (h) Mo-NiFe-LDH/NiCoP/NF at different

scan rate with 20, 40, 60, 80 and 100 mV s™'.
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Fig. S11 (a-b) Polarization curves of Mo-NiFe-LDH/NiCoP/NF at initial and after 3000

CV scans for OER and UOR, respectively.
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Fig. S12 Optical photographs of H> and O: collected by drainage method.
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Table S1. Comparison of the HER electrocatalytic performance of Mo-NiFe-

LDH/NiCoP/NF catalysts with recently reported electrocatalysts in 1 M KOH.

Current Overpotential at
Catalysts Density Corresponding j Reference
(j mA cm?) (mV)
Ni,P-CoP 10 102 [1]
Nij ssFeo.1sP/NF 10 106 [2]
s—CoP/C0304 10 116 [3]
CoP/Ti—2.0 10 116 [4]
CoP@MoS; 10 119 [5]
CoMoO4—CoP/NC 10 122 [6]
CoP@Ni/Fe—P/CC 10 125 [7]
NiCo0,2S4/NizS»/NF 10 127 [8]
e o
FeCoP,@NPPC 10 150 [10]
NiFeP@C 10 160 [11]
NiCooN/NF 10 180 [12]
NiFeP@N-CS 10 186 [13]
NiCo02S4 NW/NF 10 210 [14]
Ni,P-FeP 10 250 [15]
Mo-NiFe- 10 104 This work

LDH/NiCoP/NF
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Table S2. Comparison of the OER electrocatalytic performance of Mo-NiFe-

LDH/NiCoP/NF catalysts with the recently reported electrocatalysts in 1 M KOH.

Current Overpotential at
Catalysts Density Corresponding j Reference
(j mA cm?) (mV)

P-NiFeW 10 188 [16]
NiFeCe-LDH/NF 10 232 [17]
NiCo/Fe304/MOF- 10 238 18]

74
NiFe-20-H/NF 10 241 [19]
H'Cth%/%?iFe 10 253 [20]
Ni2P-NiFe>O4/CP 10 255 [21]
NiCOS{H(?g/NiSZ 10 258 [22]
NiCo@CuO 10 262 [23]
NiCoP/FeNiCoP 10 266 [24]
N-NixCos-P 10 290 [25]
NiFe-LDH/PSS/CP 10 282 [26]
NiWO4@NiSez/NF 10 258 [27]
Co(OH)2/FesSes 10 278 [28]
Co-P/Fe304 20 343 [29]
MoS>-NiSo/NGF 10 370 [30]
Mo-NiFe- 10 194 This work

LDH/NiCoP/NF
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Table S3. Comparison of the overall water splitting performance of Mo-NiFe-

LDH/NiCoP/NF with recently reported electrocatalysts in 1 M KOH.

Current

Catalysts Density Applied voltage Reference
(mA cm™?) V)

Fe-CoP/Ni(OH); 10 1.52 [31]
O-CoP 10 1.54 32
CoP/NF 0 1.54 331

Ru@FeCoP 50 1.54 (34]
Ru-NCO 10 1.55 35]
CoMo@CN 10 1.74 136]
CoP/ NCNHP 10 1.64 [37]
Co/B-Mo:C@NCNTSs 10 1.64 [38]
FeCoP 10 1.68 [39]

COP(%EIC\/([:I?SP/NC 10 1.68 [40]

FeOOH/NisS,-1I 10 1.60 [41]

NiFe-LDH/CusP 10 1.75 [42]

NiFe-Se/C 10 1.68 [43]
Ni—Fe-P/Co—P/NF 10 1.61 [44]
CoCOs@NiFe LDH 10 1.78 [45]
NiFe LDH@CoP/NiP; 10 1.64 [46]
CoP/rGO-400 10 1.70 [47]
Mo-NiFe- 10 1.53 This work

LDH/NiCoP/NF
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Table S4. Comparison of the urea—assisted overall water splitting performance of
Mo-NiFe-LDH/NiCoP/NF catalysts with recently reported electrocatalysts in 1 M

KOH + 0.5 M urea electrolytes.

Catalysts Cu(rrrgztcl)me_nz;ity Applie((i]\)/oltage Reference
Rhsa—S—Co0304 10 1.33 [48]
Lclg’gj’g; 10 1.33 [49]
CoSeP/CoP 10 1.36 [50]
O-NiMoP/NF 10 1.36 [S1]
NF/NiMoO-Ar 10 1.38 [52]
Ni3S>—NizP/NF 10 1.43 [53]
FeOOH@Co0304 10 1.43 [54]
CoNiFeS—OH 10 1.46 [55]
NiFeCoSx@
10 1.54 [56]
FeNi3
Ni@NCNT-4 10 1.56 [57]
Ni2P 10 138 (58]
S-MnO> 10 1.33 [59]
Graphene-
Ni(OH); 10 1.52 [60]
Ni-Mo-O 10 1.35 [61]
MnO2/MnCo,04/
. 10 1.33 62]
Mo-NiFe- 10 1.34 This work

LDH/NiCoP/NF
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