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Materials characterization: Field emission scanning electron microscopy (FESEM, Hitachi S-
4800) and transmission electron microscopy (TEM, Hitachi HT7700) were utilized to analyze the
morphology and structure of the materials. The EDS elemental mapping images of the final
product were obtained from Bruker Nano Analytics (GmbH Berlin, Germany) with the operated
voltage of 200 kV. X-ray diffraction (XRD, Bruker D8 ADVANCE) was used to characterize the
crystal structure. X-ray photoelectron spectroscopy (XPS) spectrum of catalysts was acquired by
using a Thermo ESCALAB 250 instrument.

Electrochemical measurement: A CHI 660E electrochemical workstation was utilized for all
electrochemical measurements. The carbon rod and Hg/HgO were used as the counter electrode
and reference electrode, respectively. The MCO@NiFe-LDH/NF, MnCo0,04/NF or NiFe LDH/NF
was separately used as the working electrode, employing 1 M KOH solution as the electrolyte. For
OER performance measurement, all linear sweep voltammograms (LSV) were collected from 0.2
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to 0.8 V (vs. saturated Hg/HgO) at a scan rate of 5 mV s! with 90% IR compensation. The

stability test was carried out through chronopotentiometry measurements without IR compensation

at corresponding potentials to deliver current densities of 20, 50 and 100 mA cm for 20 h,

respectively. The electrochemical impedance spectroscopy (EIS) measurements were recorded in

the frequency range from 102 Hz to 103 Hz with amplitude of 5 mV at the overpotential of 300

mV. The electrochemically active surface area (ECSA) was estimated from the electrochemical

double-layer capacitance (Cgy;) obtained by cyclic voltammograms (CVs), which were measured in

the potential range of 0.15-0.25 V (vs. saturated Hg/HgO) without faradic reaction at different

scan rates (10, 20, 30, 40, 50 mV s!). The Turnover frequency (TOF) values were calculated from

the equation: TOF = (j x A)/(4 x n x F). Where, j is the current density at a certain overpotential,

A is the surface area of the electrode, F is the Faraday constant (96485 C mol!) and n is the molar

number of active sites.

For HER performance measurement, the LSV curves were performed from -0.9 to -1.4 V (vs.

saturated Hg/HgO) at a scan rate of 5 mV s*! with 90% IR compensation. The EIS spectra were

obtained in the frequency range from 102 to 10° Hz at the overpotential of -200 mV.

To investigate the overall water splitting performances of various electrodes (MCO@NiFe-

LDH/NF, MnCo0,04/NF, NiFe LDH/NF and NF), the LSV curves were measured in 1 M KOH

solution at a scan rate of 5 mV s*!' from 1.0 to 2.0 V with 90% IR compensation. The long-term

stability performance was performed at the current density of 50 mA cm for 200 h or 100 mA

cm2 for 50 h.
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Figure S1. XRD patterns of as-obtained MnCo,0,4, NiFe LDH and MCO@NiFe-LDH.
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Figure S2. EDS analysis of as-prepared MCO@NiFe-LDH nanowires array.
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Figure S3. A representative FESEM image of MCO@NiFe-LDH catalyst after continuously
catalyzing OER for 20 h at the current density of 100 mA ¢m2.
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Figure S4. The XRD patterns of MCO@NiFe-LDH catalyst before and after continuously
catalyzing for 20 h at the current density of 100 mA ¢m? for OER.
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Figure SS. The cyclic voltammograms of various electrodes at different scan rates of 20, 30, 40,
50 and 60 mV s'!': (a) MCO@NiFe-LDH/NF, (b) NiFe LDH/NF and (¢) MnCo,04/NF.
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Figure S6. The ECSA-normalized LSV curves of various electrodes for OER.
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Figure S7. A typical FESEM image of MCO@NiFe-LDH catalyst after continuously catalyzing
HER for 20 h at the current density of 100 mA cm2.
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Figure S8. The XRD patterns of MCO@NiFe-LDH catalyst before and after continuously
catalyzing for 20 h at the current density of 100 mA ¢cm? for HER.
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Figure S9. (a) Digital photograph for overall water splitting using the MCO@NiFe-LDH/NF
electrode as both anode and cathode; and (b) the Hoffman device.
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Figure S10. A photograph of the overall water splitting driven by a commercial polycrystalline
silicon solar cell of 1.5 A% under Sunlight irradiation.
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Table S1. The comparison of OER catalytic performance of MnCo,04@NiFe LDH with some
OER catalysts reported in the literature.

Catalyst Electrolyte n (mV) at 10 mA cm Ref.
MnCo,04@NiFe 1M KOH 215 This work
LDH/NF
NiFe LDH/NF 1M KOH 271 This work
MnCo,04/NF 1M KOH 301 This work
NiCo,S4/NF IM KOH 260 1
Co(OH), 1M KOH 360 2
NiO/NiFe,04 1M KOH 302 3
NiO-NiFe,04/rGO IM KOH 296 4
Ni(OH), IM KOH 595 5
CosS,4 IM KOH 355 6

Ni3;S/MnO, IM KOH 260 7
CuOx@CoO IM KOH 254 8
Mn-CoN 1M KOH 265 9

Co—Se-S-0/CC 1M KOH 480 10

Table S2. The solution resistance (R,), charge transfer resistance (R ) and mass transfer
resistance (Ry) of various working electrodes.

Electrode R, /Q R, /Q R¢/QY
MCO@NiFe-LDH/NF 1.02 2.95 6.53
NiFe LDH/NF 1.44 21.48 19.64

MnCo,04/NF 1.48 31.53 14.24
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Table S3. The comparison of HER catalytic performance of MnCo,04@NiFe LDH with some
HER catalysts reported in the literature.

Catalyst Electrolyte n (mV) at 10 mA cm Ref.
MnC0204@NiFe .
1M KOH 129 This work
LDH/NF
MnCo,04/NF IM KOH 220 This work
NiFe LDH/NF 1M KOH 193 This work
Ni;S,/NF 1M KOH 223 11
NiCoS IM KOH 228 12
NiCoP IM KOH 197 13
FeP 1M KOH 370 14
MoSe,/CoSe, 1M KOH 148 15
Ni;S,/MnO,/NF 1 M KOH 102 16
CoP/NPC/TF 1 M KOH 91 17
Mn-Co-P/Ti 1 M KOH 76 18
Mn-CoP 1 M KOH 81 19

COQSg/NC@MOSz 1 M KOH 67 20
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Table S4. The comparison of overall water splitting catalytic performance of MnCo,04@NiFe
LDH with some bifunctional catalysts reported in the literature.

Catalyst Electrolyte Full water splitting Ref.
Cell voltage (V) at | m (mV) at 10 mA
10 mA cm cm??
MnCo,04@NiFe .
IM KOH 1.55 330 This work
LDH/NF
MnCo,04/NF IM KOH 1.73 500 This work
NiFe LDH/NF IM KOH 1.64 410 This work
a-NiOOH/NF IM KOH 1.66 430 21
VOOH IM KOH 1.62 390 22
CoySs IM KOH 1.60 370 23
N doped Ni;S,/VS, IM KOH 1.65 418 24
Ni,P/rGo IM KOH 1.61 380 25
MoS,/Ni3S, IM KOH 1.56 330 26
NiFeRu-LDH IM KOH 1.52 290 27
NiFeMo IM KOH 1.45 220 28
Cu@NiFe -LDH IM KOH 1.53 300 29
Fe-NiO IM KOH 1.58 350 30
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