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Precursor-converted formation of bimetallic–
organic framework nanosheets for efficient
oxygen evolution reaction†

Lei Xia,a,b Crystal Bowers,c Pei Dong,c Mingxin Ye *a and Jianfeng Shen*a

The design and preparation of outstanding catalysts are significant for the electrocatalytic oxygen evol-

ution reaction (OER), which performs a crucial function in electrochemical water splitting. Herein, we

have prepared metal–organic framework (MOF) nanosheets on a nickel foam (NF) substrate via a two-

step procedure including a hydrothermal reaction and an in situ transformation process. As for the anodic

OER process, the obtained NiFe-MOF@NF demonstrates excellent catalytic performance with a small

overpotential of 265 mV to reach a current density of 10 mA cm−2, and impressive long-term catalytic

durability and stability without obvious deactivation. The superior electrocatalytic performance of the

obtained NiFe-MOF@NF material is mainly due to the substantial active metal centres, enhanced electrical

conductivity and favorable kinetics. We believe that the strategy will be of great benefit to the develop-

ment of highly efficient metal electrocatalysts, and will pave the way for the application of metal catalysts

in the OER.

Introduction

The increasing depletion of carbon-based fuels, including
coal, petroleum and natural gas, has caused adverse effects on
the environment, such as global warming and atmospheric
pollution.1 These growing environmental concerns have
prompted researchers to pursue clean and sustainable energy
to substitute non-renewable fossil fuels.2 Hydrogen (H2) enjoys
the advantage of an extremely high gravimetric energy density
(120–140 MJ kg−1),3 and its combustion by-product is merely
pollution-free water.4 Owing to these excellent features, H2 is
proposed as one of the most potential substitutes for future
low-carbon systems. Water electrolysis is considered as a pro-
spective strategy to efficiently produce H2. During the water
electrolysis process, renewable electricity is converted into stor-
able and transportable chemical fuel with no greenhouse gas
emission.5,6 However, the anodic oxygen evolution reaction
(OER), involving four sequential electron transfer pathways, is
an uphill process featuring inherently sluggish kinetics,7,8

which is a bottleneck for H2 energy production in electro-
catalytic water splitting.9 The electrocatalyst can effectively

overcome the kinetic barrier of the OER process.10,11 Precious
metal oxides (e.g. IrO2 and RuO2) have been used as the elec-
trocatalysts for the OER.12,13 Unfortunately, their scaled-up
commercial application is rigorously impeded by their low-
reserves and high price.14,15 Consequently, the fabrication of
efficient and robust OER electrocatalysts consisting of Earth-
abundant elements is of primary importance for water
electrolysis.

As a considerably novel type of porous material, metal–
organic frameworks (MOFs), comprising metal centres linked
by organic ligands, possess numerous advantages of ultrahigh
internal surface area,16 chemical modularity,17 uniform and
adjustable porous structures,18 and accurate designability.19

These intrinsic features endow MOFs with great potential in a
large variety of disciplines, including gas separation,20 bio-
medical delivery,21 chemical sensors,22 and energy conversion
and storage.23 Nevertheless, most of the pristine MOFs are
usually bulk materials suffering from the obstruction of active
metal sites by surrounding organic ligands and low electrical
conductivity,24 which dramatically hinder their utilization as
electrode materials. Calcination at high temperature has been
reported to effectively improve the conductivity of MOFs.25

Notably, the pyrolysis treatment usually results in the degra-
dation of organic ligands and aggregation of metal centres,
which will destroy the structure thoroughly and sacrifice
intrinsic metal active sites.26,27 From a structural point of view,
well-designed MOF catalysts could possibly converge the
strengths of homo- and heterogeneous catalysts,28 which can
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achieve direct utilization as high-performance OER electrocata-
lysts without a further pyrolysis process. Due to the unique mor-
phology of two-dimensional (2D) materials, 2D MOF nanosheets
have garnered increasing research interest recently. The OER
may benefit from 2D ultrathin sheet-like structures due to their
following merits: nanometre thickness accelerates mass trans-
port and electron transfer,29 high exposure of catalytically active
surfaces offers more accessible active metal sites,30 and surface
coordinative unsaturated metal sites facilitate the interaction
with substrate molecules,31 all of which perfectly cater to the
requirements of an excellent OER catalyst.

A liquid-phase exfoliation strategy is utilized to synthesize
2D MOF nanosheets. Usually, it needs consecutive ultra-
sonication for a long time, accompanied by structural destruc-
tion, morphological distortion, restacking of the formed MOF
nanosheets and low production rates.32,33 Besides, the exfolia-
tion method is only applicable to layered MOFs with weak
interlayer interactions. On the other hand, MOF nanosheets
can also be prepared via a surfactant-assisted synthetic
method. Nevertheless, it is not easy to completely remove the
organic surfactant, which may bind on the surface of MOF
nanosheets and partially block the active sites.34

Herein, we have adopted an in situ transformation method
to synthesize 2D NiFe-MOF nanosheets on nickel foam (NiFe-
MOF@NF), which involves a facile hydrothermal growth of
layered double hydroxide (LDH) and ligand exchange under
solvothermal conditions. Compared to the above methods, a
precursor-converted strategy can avoid the use of organic
modulators and provide abundant active sites. Moreover, a
self-supporting electrode can be easily fabricated through this
strategy, which is beneficial for practical application. With the
merits of accessible active metal centres and enhanced charge
transfer, the as-prepared NiFe-MOF@NF exhibits kinetic
activity with a superior OER overpotential of 265 mV (10 mA
cm−2), a small Tafel slope (38.1 mV dec−1) and robust stability
in alkaline media.

Experimental section
Materials

Iron(III) nitrate nonahydrate (Fe(NO3)3·9H2O, ≥98.5%),
ammonium fluoride (NH4F, ≥99.5%), N,N-dimethyl-
methanamide (DMF, ≥99.5%), hydrochloric acid (HCl, ≈37 wt%)
and ethanol (C2H5OH, ≥95%) were bought from Sinopharm
Chemical Reagent Co., Ltd. Potassium hydroxide (KOH, ≥85%)
was purchased from Shanghai Lingfeng Chemical Reagent Co.,
Ltd. Urea (CO(NH2)2, 99%), p-phthalic acid (PTA, 99%) and com-
mercial RuO2 were bought from Shanghai Aladdin Bio-Chem
Technology Co., Ltd. Deionized (DI) water was purified with a
Ulupure device. These chemical reagents were directly used in
this experiment without further purification.

Preparation of NiFe-LDH@NF

Fe(NO3)3·9H2O (0.5 mmol, 200 mg), NH4F (2 mmol, 74 mg)
and urea (5 mmol, 300 mg) were dissolved in deionized (DI)

water (15 mL) to form a clear solution under stirring con-
ditions. NF (about 2 cm × 3 cm) was pretreated with 3 M HCl
solution under ultrasonic conditions for 10 min to remove the
surface oxide and then rinsed with DI water and absolute
ethanol for 10 min each time. Subsequently, the above solu-
tion and pretreated NF were placed into a 20 mL Teflon-lined
stainless-steel autoclave, which was maintained at 120 °C for
6 h. After the reactor cooled down to room temperature natu-
rally, the NiFe-LDH@NF was collected and rinsed thoroughly
with DI water and dried in an oven at 65 °C for 12 h.

Preparation of NiFe-MOF@NF

Typically, PTA (50 mg) was dissolved in DMF (12 mL) and
stirred to obtain a clear solution. Subsequently, the resultant
solution was put into a 20 mL autoclave, followed by immer-
sing a piece of the NiFe-LDH@NF material (1 × 2 cm).
Afterward, the autoclave was maintained at 180 °C for 6 h.
After natural cooling to room temperature, the NiFe-MOH@NF
was taken out and rinsed with water under sonication for 10 s,
and then washed with DI water three times, and dried in an
oven at 65 °C for 12 h.

Preparation of RuO2@NF

10 mg RuO2, 300 μL DI water, 350 μL ethanol and 50 μL 5%
Nafion were mixed and dispersed under ultrasonic conditions
for 0.5 h. Then, 200 μL RuO2 ink was coated on NF (1 cm ×
0.5 cm).

Physicochemical characterization

The morphological features of the materials were characterized
using scanning electron microscopy (SEM, Tescan, MAIA3
XMH, 15 kV) and high-resolution transmission electron
microscopy (HRTEM, JEM-2100, 200 kV). Before the TEM test,
a small piece of NiFe-MOF@NF was uniformly dispersed in
ethanol via ultrasonication for 30 min. The crystalline struc-
ture of the samples was investigated by X-ray diffraction (XRD)
using a Bruker D8 Advanced X-ray diffractometer with Cu Kα
radiation (λ = 0.154 nm, tube power: 40 kV, 40 mA). Fourier
transform infrared (FT-IR) spectra were recorded in a range of
400 to 4000 cm−1 using Nicolet Is10. The surface chemistry of
the materials was investigated by X-ray photoelectron spec-
troscopy (XPS, Thermo Scientific K-Alpha) correcting with
adventitious carbon (C 1s) at 284.8 eV. Raman measurements
were conducted using a HORIBA Scientific LabRAM HR
Evolution device with 633 nm wavelength incident laser light.

Electrochemical measurements

All electrochemical tests were conducted using a CHI 760E
Electrochemical Workstation (Shanghai Chenhua Instrument
Corp., China) under ambient conditions with a 1 M KOH elec-
trolyte. Materials on the NF (0.5 cm × 0.5 cm) served as a
working electrode. A polished graphite rod was selected to act
as a counter electrode, and a saturated calomel electrode (SCE)
was used as the reference electrode. Potentials were calibrated
with a reversible hydrogen electrode (RHE) according to the
Nernst equation: ERHE = ESCE + 0.242 + 0.059 × pH. Linear
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sweep voltammetry (LSV) was performed under a small scan
rate of 5 mV s−1. The overpotential (η) for OER measurements
was obtained based on the formula: η = ERHE − 1.23. Tafel
curves were extracted from the LSV according to the Tafel
equation (η = b log j + a),35 where j refers to the current density,
and b stands for the Tafel slope, respectively. Thus, the Tafel
slopes were obtained from the corresponding LSV data via
plotting η against log( j ). The electrochemically active surface
area (ECSA) of the samples was examined using the double-
layer capacitance (Cdl), which was measured using cyclic vol-
tammetry (CV) in a non-faradaic range 0–0.1 V (versus SCE) at
various scan rates (v = 10, 20, 40, 60, 80 and 100 mV s−1). The
Cdl was estimated Δj = ( janodic − jcathodic charge) at 0.05 V
(versus SCE) against the scan rates. To evaluate the durability
of the working electrode, chronoamperometric (i–t ) tests were
carried out at different current densities of 10, 50 and 100 mA
cm−2 for 10 h each time. Additionally, 2000 cycles of CV
between 0 and 0.4 V (vs. SCE) were conducted at 60 mV s−1

before the i–t measurements. Electrochemical impedance
spectroscopy (EIS) measurements were performed under the
following conditions: a frequency region of 0.1–105 Hz and an
amplitude of 10 mV.

Results and discussion

The present NiFe-MOF@NF material was prepared via a two-
step growth procedure including a hydrothermal synthesis and
a solvothermal transformation, as shown in Fig. 1. The syn-
thesis of NiFe-LDH@NF included the precipitation of Fe and Ni
ions on NF in an aqueous system, which was induced by urea
and NH4F. The source of Fe ions was from the added salt reac-
tant, while the Ni ions were leached out from the NF substrate.
During this synthesis process, urea progressively decomposed
into NH3 and CO3

2−. The slow release of NH3 provides weakly
basic conditions36 and leads to homogeneous nucleation and
crystallization of LDH materials.37 Serving as the intercalated
anion, CO3

2− is prone to adsorb on the (001) surface.
Consequently, the growth of planes alongside the [001] orien-
tation is restricted.38 In addition, NH4F is found to be beneficial
for the growth of nanosheets by reducing the nucleation rate
and activating the substrate. F− will coordinate with Fe ions
first, so the Fe ions will be released slowly into the reaction
system, promoting the formation of NiFe-LDH on the substrate

rather than in the liquid solution.39 The supersaturation of Ni
and Fe ions can be remarkably inhibited by the effective coordi-
nation with F− ions or NH3, which results in a substantial
reduction in the concentrations of Fe and Ni ions in the solu-
tion.40 Thus, the Fe and Ni ions will be gradually released into
the reaction solution under a low supersaturation system, which
facilitates the growth of NiFe-LDH nanosheets.41

Then, in a ligand exchange reaction, NiFe-LDH not only
acts as the template to fabricate the nanosheet morphology
but also serves as a self-sacrificial precursor to offer Fe and Ni
ions for the formation of NiFe-MOF. During this step, H+ ions
and PTA groups originate from the hydrolysis of PTA ligands,
and the deprotonated H+ gradually reacts with the NiFe-LDH
precursor and releases Ni and Fe ions, which immediately
coordinate with PTA groups. Ultimately, the NiFe-LDH@NF is
completely transformed into NiFe-MOF@NF owing to the slow
dissolution of LDH caused by H+ and the in situ rapid chela-
tion of PTA ligands with metal ions.42,43

The SEM image of NiFe-LDH@NF (Fig. 2a) exhibits a hier-
archical structure with interconnected nanosheets. As for
NiFe-MOF@NF, the SEM image (Fig. 2b) illustrates that it
inherits a sheet-like morphology after the solvothermal trans-
formation reaction. The XRD pattern proves that NiFe-LDH
(Fig. 2c) was successfully synthesized, and all characteristic
peaks coincide well with hexagonal Fe2Ni2(CO3)(OH)8·nH2O
(JCPDS: 49-0188). The peaks at 11.7°, 23.4°, 34.4°, 39.1°, 46.7°,
60° and 61.3° are indexed as (003), (006), (012), (015), (018),
(110) and (113), respectively. The intensities of the (00l) planes
decrease as l increases, which are characteristic of layered
double hydroxides.44 Notably, three conspicuous diffraction
peaks (marked “Δ”) at 44.6°, 51.8° and 76.4° in NiFe-LDH@NF
belong to Ni (JCPDS: 04-0850), originating from the NF.
Moreover, the main (003) diffraction peak at a 2θ value of 11.7°
indicates the presence of intercalated CO3

2− in the NiFe-

Fig. 1 Synthetic scheme of NiFe-MOF@NF. (I) Hydrothermal synthesis
of NiFe-LDH@NF and (II) in situ transformation into NiFe-MOF@NF
through a solvothermal reaction.

Fig. 2 SEM images of (a) NiFe-LDH@NF and (b) NiFe-MOF@NF (the
inset shows high magnification SEM images). XRD data of (c) NiFe-
LDH@NF and (d) NiFe-MOF@NF.
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LDH.45,46 After the transformation, the XRD pattern indicates
that the crystalline phase of NiFe-MOF (Fig. 2d) is isostructural
to the Ni-based MOF (no. 985 792, Ni2(OH)2(C8H4O4),
Cambridge Crystallographic Data Centre).47 The diffraction
peak at 8.9° is assigned to the (200) crystal planes. The Ni and
Fe atoms in the outermost MOF layer are preferred to produce
unsaturated coordination metal centres with unexpected
electrocatalytic properties.48

The morphology and structure were also proved by TEM as
shown in Fig. 3a. The NiFe-MOF detached from the NF sub-
strate (more details in the Experimental section) consists of
nanosheets. The HR-TEM image (Fig. 3b) exhibits a lattice
spacing of 0.995 nm corresponding to the (200) plane of NiFe-
MOF. In addition, energy-dispersive X-ray spectroscopy (EDS)
in STEM mode indicates uniform distributions of C, O, Ni and
Fe elements in the NiFe-MOF (Fig. 3c and d).

To further identify the complete conversion of the NiFe-
LDH to NiFe-MOF, FT-IR spectroscopy was performed. The
FT-IR spectrum of pristine NiFe-LDH in Fig. 4a shows a weak
peak at 1612 cm−1, which is characteristic of the bending
vibration mode of water molecules, and two strong peaks at
1356 and 774 cm−1 belong to the ν3 stretching and bending
vibration modes of intercalated CO3

2−, respectively.49 The
FT-IR spectrum indicates the presence of intercalated CO3

2−,
–OH, and water molecules, matching with the XRD pattern of
NiFe-LDH@NF. As for PTA-based MOF materials, the spectral
split between the symmetric and antisymmetric stretching
vibration modes of the carboxylate group (–COO–) is slightly
higher than 200 cm−1.50 This characteristic helps in the assign-
ment of the as-obtained NiFe-MOF. The peak at 3602 cm−1 is
assigned to the stretching vibrations of OH–, and the band at
1498 cm−1 belongs to para-aromatic C–H groups.29 PTA
powder exhibits the νas (–COO–) at 1682 cm−1, which dis-
appears in NiFe-MOF. Instead, two new bands are visible at
1583 and 1359 cm−1 attributed to the νas (–COO–) and νs
(–COO–) with a split of 224 cm−1. All the above analyses prove
the coordination of metal ions with PTA ligands in the NiFe-

MOF. Notably, the carboxylate groups exposed on the surface
will make the NiFe-MOF@NF catalyst hydrophilic, which
would facilitate the adsorption and dissociation of water
during the OER process.51

We also investigated the morphological and structural evol-
ution of NiFe-MOF at different reaction times through SEM
images, XRD patterns and FT-IR spectra (Fig. S1 and S2†). It
can be concluded that the NiFe-LDH was completely trans-
formed into NiFe-MOF after a 6 h ligand exchange reaction.
Moreover, Raman measurements were also conducted to
characterize the NiFe-MOF@NF material. In Fig. S3,† the as-
obtained NiFe-MOF@NF shows a doublet at around 1612 and
1422 cm−1 attributed to the in- and out-of-phase stretching
vibration modes of the –COO– group.52 Additionally, the peak
at 1134 cm−1 probably associates with a deformation mode
involving the –COO– coupled with a C–C stretching mode, and
two peaks at around 861and 691 cm−1 belong to the benzene
ring stretching vibration mode corresponding to C–H.53 At
lower Raman shifts, two bands at 478 and 566 cm−1 are attrib-
uted to the M–O (M = Ni2+/Fe3+) bands.25

Furthermore, XPS was conducted to analyze the surface
electronic state. The full survey patterns (Fig. S4†) indicate the
presence of C, O, Ni and Fe elements. It should be noted that
there are some remaining F elements in NiFe-LDH albeit with
a thorough wash with water during preparation. The high-
resolution XPS spectra of samples were employed to study the
chemical valences of Ni and Fe ions and the types of oxygen
species. The Ni 2p spectra (Fig. 4b) show two spin–orbit peaks
at around 874 and 856 eV, with two weak satellite peaks at
around 880 and 860 eV, respectively, indicating the Ni2+ oxi-
dation state in both samples.54,55 As to the spectra of Fe 2p
(Fig. 4c), the observation of Fe 2p3/2 and Fe 2p1/2 at ∼712 and
∼725 eV matches well with the characteristics of Fe3+ oxidation
states.56,57 With regard to the O 1s spectrum (Fig. 4d), NiFe-

Fig. 3 (a) TEM, (b) HR-TEM and (c) STEM images of the NiFe-MOF cata-
lyst. (d) EDX elemental mappings in the NiFe-MOF catalyst.

Fig. 4 (a) FT-IR of PTA powder, NiFe-LDH@NF and NiFe-MOF@NF.
High-resolution XPS patterns of (b) Ni 2p, (c) Fe 2p and (d) O 1s spectra
in NiFe-LDH@NF and NiFe-MOF@NF.
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LDH@NF presents two peaks at 531.4 and 529.5 eV, belonging
to Ni(Fe)–OH and Ni(Fe)–O species, respectively.58,59 As for the
NiFe-MOF@NF catalyst, its O 1s spectrum involves three peaks
at 530.2, 531.7 and 533.2 eV assigned to the Ni(Fe)–O species,
the –COO– groups of PTA ligands and absorbed water,
respectively.51,60 NiFe-MOF possesses a higher content of
surface absorbed water compared to NiFe-LDH, which may
provide more accessible active sites during the electrolysis
process. Moreover, these hydrophilic compounds (water and
carbonate groups) induce a better hydrophilic surface, which
can be more favorable to the OER.61

Linear sweep voltammetry (LSV) was conducted to acquire
polarization curves of the NF substrate, NiFe-LDH@NF, NiFe-
MOF@NF and commercial RuO2@NF electrodes. In the LSV
curve, the anodic peak at 1.43 V (vs. RHE) is attributed to the
oxidation of Ni2+ to Ni3+ in alkaline solution. According to the
LSV in Fig. 5a, b and Fig. S5a† (the reverse scan of LSV from
the positive to negative potential), NiFe-MOF@NF only needs a
small overpotential of 265 mV to reach the current density of
10 mA cm−2, which is much smaller in relation to other con-
trolled samples, including commercial RuO2@NF (305 mV),
NiFe-LDH@NF (317 mV) and NF (388 mV). Moreover, the
superior OER catalytic performance of the NiFe-MOF@NF cata-
lyst is indicated by a smaller Tafel plot extracted from LSV
(38.1 mV dec−1, Fig. 5c) compared to other catalysts such as

the NF substrate (93 mV dec−1), pristine NiFe-LDH (71.4 mV
dec−1), and commercial RuO2 (84.1 mV dec−1), which clarifies
a fast charge-transfer kinetics of NiFe-MOF@NF. This value is
close to that obtained from the steady state measurements
(43 mV dec−1 for NiFe-MOF@NF, Fig. S5b†). The comparison
of the OER performance with those of similar catalysts is listed
in Table S1.†

ECSA and EIS measurements were carried out to explore
the possible reasons for the enhanced electrocatalytic perform-
ance after the conversion. On one hand, the nanosheet mor-
phology gives rise to more active centres. In order to testify
this hypothesis, the Cdl values of these samples were estimated
to evaluate the ECSA, which is related to the active sites of elec-
trocatalysts and is generally proportional to the Cdl (Fig. S6†).
The results (Fig. 5d) show that the NiFe-MOF@NF shows the
highest Cdl of 2.86 mF cm−2, which is larger than that of NiFe-
LDH@NF (1.2 mF cm−2) demonstrating that the higher OER
performance could be related to the augmentation of the
ECSA, which associates with the active centres. On the other
hand, EIS curves were measured to investigate the interfacial
properties and the superior OER reaction kinetics of the elec-
trodes. EIS tests of all samples were conducted at 0.5 V (versus
SCE). The EIS curves with a fitting equivalent circuit model for
different samples are illustrated in Fig. 5e. The semicircle dia-
meter, which stands for the charge transfer resistance (Rct)
value of NiFe-MOF@NF (1.9 Ω), is smaller than those of NiFe-
LDH@NF (10.4 Ω) and NF (54.9 Ω), demonstrating a faster
intrinsic charge transfer of NiFe-MOF@NF than the other two
electrodes. The improvement of conductivity is generally due
to 2D nano-structuration that can induce vacancy engineering
inside the NiFe-MOF nanosheet. These vacancies can act as
shallow donors to increase the carrier concentration of the
metal octahedral units (NiFeO6) of the NiFe-MOF, thereby
enhancing its conductivity.35 The substantial active centres,
efficient charge transport and enhanced electrical conductivity
consequently endow NiFe-MOF@NF with high catalytic
activity.

Besides the excellent activity, the long-term robustness and
stability of the electrode for the OER are crucial criteria for
evaluating the performance of the electrocatalysis electrodes.
To test the durability of NiFe-MOF@NF, 2000 cycles of CV
scanning were carried out (0–0.4 V versus SCE, 60 mV s−1).
After the cycling, the LSV result was similar to the fresh one,
with a slight degradation in the current density (Fig. S7†).
Meanwhile, the stability of NiFe-MOF@NF was also evaluated
by i–t measurements (Fig. 5f). Note that the NiFe-MOF@NF
electrocatalyst could maintain the current densities for 30 h
with little loss. The SEM image of the electrocatalyst after the
durability test shows that the nanosheet morphology is pre-
served well (Fig. S8†). All these results could further prove the
durability of the NiFe-MOF@NF material.

In order to unravel the active species, we conducted the XPS
analysis of post-NiFe-MOF@NF, as shown in Fig. S9 and S10.†
The proportion of Ni3+ increases after the durability test,
which indicates that surface NiOOH is probably formed during
the OER process as the active species.62

Fig. 5 (a) LSV of the obtained samples. (b) The overpotentials of
samples at different current densities of 10 and 50 mA cm−2. (c) Tafel
plots of the samples. (d) The Cdl of NiFe-LDH@NF and NiFe-MOF@NF.
(e) The EIS curves of NF, NiFe-LDH@NF and NiFe-MOF@NF. (f ) The dura-
bility test of NiFe-MOF@NF.
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Based on the results of the experiments, we propose some
possible explanations for the stability and enhanced perform-
ance of the NiFe-MOF@NF electrocatalyst. Firstly, the loosely
coordinated water of the NiFe-MOF can be released in the
electrocatalytic OER process to provide catalytic sites.
Secondly, the nanosheet structure of the NiFe-MOF exposes
more active metal centres and accelerates the mass transfer,
which can prevent the overgrowth of bubbles. Finally, the
in situ formation method endows the NiFe-MOF nanosheets
with a strong interaction with the conductive substrate, which
lessens the contact resistances and improves the mechanical
stability to tackle bubble-induced strains.

Conclusions

In conclusion, this work adopts a precursor-converted strategy
to fabricate 2D NiFe-MOF nanosheets supported on the NF
substrate, which possess many intriguing features, such as a
faster charge transfer and mass transport, an improvement in
mechanical stability, and more accessible active centres.
Thanks to these advantageous properties, the resulting NiFe-
MOF electrode exhibits significantly enhanced catalytic activity
with an overpotential of 265 mV (10 mA cm−2), a small Tafel
slope (38.1 mV dec−1) and outstanding durability towards the
electrocatalytic OER. In consideration of the large variety of
LDH precursors, we anticipate that such a method can be con-
veniently extended to develop other metal-based 2D MOF cata-
lysts for electrochemical energy conversion.
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