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Fabrication of control NiCo-LDH nanosheets on NF (NiCo-LDH-con/NF):

First, 0.291g Co(NOs), * 6H,O, 0.291g Ni(NO;), * 6H,O, 0.3g urea and 0.092g

NH4F were dissolved in 30 mL DI water to form the solution. Then, the solution was
transferred to a 50 mL autoclave. Subsequently NF (2*3 c¢m?) was placed into the
solution as a conductive substrate and heated at 120 °C for 6 h. After cooling to room
temperature, the NiCo-LDH-con/NF was obtained.

Characterization

The crystalline structure of the sample was characterized with X-ray diffractometer
(Bruker AXS D8 Advance). The compositions and microstructures of the samples
were analyzed by field emission scanning electron microscope (FESEM, Hitachi S-
4800) and transmission electron microscope (TEM, FEI Talos F200x) equipped with
an energy dispersive X-ray spectrometer (EDS). X-ray photoelectron spectroscopy
(XPS) measurements were performed using a Thermo Scientific K-Alpha
spectrometer.

Electrochemical measurements

All electrochemical measurements were carried out by using a CHI660E

electrochemical workstation in 1.0 M KOH with a three-electrode system, where the
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as-prepared samples (geometric area: 1.0 cm2), Pt mesh (1 cmx1 c¢cm) and an Hg/HgO
electrode were used as working, counter and reference electrode, respectively. All
measured potentials were converted to potentials vs reversible hydrogen electrode
(RHE): Erug= Engmgo + 0.0592xpH + 0.098. Linear sweep voltammetry (LSV) was
carried out at a scan rate of 2 mV s7!, after the sample was activated by 150 cyclic
voltammetry (CV) cycles (with a scan rate of 50 mV s!). All polarization curves were
iR-corrected according to: E.,,=En-iR,, where E.,, was iR-corrected potential, E,,
was experimentally measured potential, and Ry was the equivalent series resistance
obtained from the electrochemical impedance spectroscopy (EIS) measurement. The
Tafel plots were were determined from LSV at 2 mV s*! with 100% iR corrected and
the slopes were calculated based on the equation: 1 =b log j + a where n, b and j are
the overpotential, Tafel slope and current density, respectively. The EIS
measurements for HER and OER are performed at frequencies ranging from 100 kHz
to 0.1 Hz with potentials of -0.2 and 1.53 V, respectively. Double-layer capacitances
were calculated from CV curves with various scan rates ranging from 20 to 100 mV s
I. The stability of the electrode was evaluated by chronopotentiometry at different
current densities. Bubbling method which recording data of the rising volume V (mL)
of the soap bubble and the total number of charges transferred under constant current
(250 mA cm?) was measured to calculate the Faraday efficiency (FE).
(FE=4*F*V/(1000*V ,,*It). Where F was the Faraday constant (96485 C mol!), V is
the volume change of oxygen or H, production (mL) and V., was the molar volume
(molar under normal temperature and pressure, 24.5 L mol!). In a closed h-shaped
electrolytic cell, H,/O, gas production was measured via the drainage method. During
25 min of continuous electrolysis, the amount of water emitted by the anode and
cathode was recorded every 5 min, and the volume of H,/O, was subsequently

recorded and compared with theoretical values as derived from the charge-time curve.
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Figure S1. XRD patterns of (a) ZIF-L and (b) NiCo-LDH nanosheets.
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Figure S2. (a) HAADF image and (b) EDS pattern of MnO,/NiCoP/NF.
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Figure S3. Comparison of the OER catalytic performance of MOFs-derived NiCo-
LDH/NF and NiCo-LDH-con/NF prepared by a conventional hydrothermal method.
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Figure S4. OER LSV curves of MnO,/NiCoP/NF with different electrodeposition

times.
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Figure S5. Durability test of (a) OER and (b) HER at 100 mA cm™.
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Figure S6. Nyquist plots for HER

S8




2]
i

[-2]
I

(a) NiCoP/NF

7 e

(b) MnO,/NF

=Y
I

=N
'

N
1

N
1

0
-7
oMY

Current Density mA cm®

Current Density imA cm?
o

-2 4 ? "l —=—20 mA cm? -2
—— 40 mA cm? —— 40 mA cm?
-4 4 60 mA cm™ -4 - 60 mA cm
—— 80 mA cm? —— 80 mA cm?
-6 1 100 mA cm? -6 1 100 mA cm?
106 1.08 110 112 114 116 1.18 1.06 1.08 110 112 114 116 1.18
Potential (V vs. RHE) Potential (V vs. RHE)
‘\"E 6 - (c) MnO,/NiCoP/NF
(8]
< 41
=
— 2 -
>
=
o 0+
c
Q
o -2+ —=—20 mA cm?
€ —s— 40 mA cm?
) -4 - 60 mA cm?
= —— 80 mA cm™
8 -6 1 100 mA cm?

1.06 1.08 1.10 1.12 1.14 116 1.18
Potential (V vs. RHE)

Figure S7. CV curves in the region of 1.0768V-1.1768V for (a) NiCoP/NF, (b)
MnO,/NF and (c) MnO,/NiCoP/NF at various scan rates for OER.
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Figure S8. CV curves in the region of 0.2268V-0.3268V for (a) NiCoP/NF, (b)
MnO,/NF and (c¢) MnO,/NiCoP/NF at various scan rates. (d) AJ at 0.2768 V as a

function of scan rate for HER.
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Figure S9. (a) OER LSV curves standardized by ECSA. and (b) HER LSV curves

standardized by ECSA.
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Figure. S10. Hydrogen efficiency and oxygen efficiency of MnO,/NiCoP/NF]|
MnO,/NiCoP/NF under current density of 250 mA cm™2 in 1 M KOH.
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Figure. S11. (a) The survey XPS spectra, and corresponding high-resolution XPS
spectra of (b) O 1Is and (c) P 2p of MnO,/NiCoP/NF as the cathode and anode after

the chronopotentiometry measurement for overall water splitting.
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Table S1.Element content and composition

Element Atomic Fraction (%) Mass Fraction (%)
OK 33.11 13.46
PK 17.83 14.03
Mn K 8.53 11.91
CoK 21.81 32.67

Ni K 18.72 27.92
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TableS2.Comparison of the OER activity of MnO,/NiCoP/NF with other non-noble

metal electrocatalysts in alkaline solution.

Electrocatalyst j (mA-cm- n(mVv) Electrolyte Ref.
%)
MnO,/NiCoP/NF 10 240 1M KOH This work
NiCo, FeOq 10 274 IM KOH 1
NiCoP/NF 10 280 1M KOH 2
NiFeP/NF 10 264 IM KOH 3
NiCoP/CC 10 242 1M KOH 4
WCoFe/NF 10 250 IM KOH 5
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TableS3.Comparison of the HER activity of MnO,/NiCoP/NF with other non-noble

metal electrocatalysts in alkaline solution.

Electrocatalyst j (mA-cm- n(mVv) Electrolyte Ref.
%)

MnO,/NiCoP/NF 10 93 1M KOH This work
Ni,P/Co 10 149 IM KOH 6
CoP/NCNHP 10 115 1M KOH 7
CoP/Ni,P 10 143 IM KOH 8
CoP/NPC/TF 10 118 1M KOH 9
N-C@CoP/Ni,P 10 176 IM KOH 10
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TableS4.Comparison of the overall water splitting activity of MnO,/NiCoP/NF with

other non-noble metal electrocatalysts in alkaline solution.

Electrocatalyst j (mA-ecm- nw) Electrolyte Ref.
%)
MnO,/NiCoP/NF 10 1.59 1M KOH This work
Co,P./Ni,P_,@ NF 10 1.63 IM KOH 11
Co-P 10 1.64 IM KOH 12
MnCo,04@Ni,P/NF 10 1.63 IM KOH 13
NiCoFeP/C 10 1.60 IM KOH 14

NiCo0,S4s NW/NF 10 1.63 IM KOH 15
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