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a b s t r a c t

Developing efficient and inexpensive OER electrocatalysts is a challenge for overall water splitting. Herein,

the heterostructured FeCo LDH@NiCoP/NF nanowire arrays with high performance were rationally de-

signed and prepared using an interface engineering strategy. Benefitting from the special heterostructure

between FeCo LDH and NiCoP, the as-synthesized FeCo LDH@NiCoP/NF electrocatalyst exhibits outstand-

ing OER performance with an exceptionally low overpotential of 206mV to achieve 20mA/cm2 current

density in an alkaline electrolyte. Importantly, a cell constructed using the FeCo LDH@NiCoP/NF electro-

catalyst as cathode and anode just needs a voltage of 1.48V at 10mA/cm2, and shows excellent stability

over 80h. Experimental and theoretical results verified that the introduction of NiCoP efficiently regulates

the electronic structure of FeCo LDH, which tremendously boosts the conductivity and intrinsic catalytic

activity of FeCo LDH@NiCoP/NF electrocatalyst. The present work provides guidance for the preparation

of other efficient and cheap electrocatalytic materials.

© 2022 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Hydrogen production by electrochemical water splitting is a

feasible strategy for alleviating the energy crisis and environmen-

tal pollution [1,2]. Oxygen evolution reaction (OER) is an important

half reaction of water decomposition with a kinetically sluggish

four-electron-transfer multi-step process, which severely limits the

efficiency of hydrogen production [3]. At present, the state-of-the-

art OER catalysts are mainly Ru- and Ir-based materials. However,

the scarcity and high cost severely limit their large-scale applica-

tion. Recently, researchers are committed to developing efficient

and low-cost catalysts, for example, metal nitrides [4,5], phos-

phides [6–8], oxides [1,9,10], sulfides [11,12], hydroxides [13] and

(oxy)hydroxides [14,15].

Previous research has identified that the FeCo layered dou-

ble hydroxides (LDHs) are promising OER catalysts owing to their

unique layered structure and tunable compositions [16–18]. How-

ever, their electrocatalytic activity is unsatisfactory due to the poor

conductivity and intrinsic activity [18–20]. To enhance the electro-

catalytic performance of FeCo LDH, many effective methods were

developed, for example, doping with other elements to modulate

the electronic structure, hybridization with high conductive com-

ponents to improve electrical conductivity and construction of in-

terface heterostructure to adjust chemical constitutions and crystal
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structures [21–23]. Among them, heterostructures have attracted

great interest for the synergistic effect and electronic structure

modulation, which promote interfacial charge transfer and reduce

energy barrier of OER process [3,24]. Han et al. reported that the

electrochemical performance of FeCo LDH for OER can be greatly

enhanced by assembling them on reduced graphene oxide with

higher conductivity [25]. Gao et al. revealed that CoO/CoFe LDHs

have high intrinsic catalytic activity and stability, which results

from the synergistic effect and strong chemical coupling between

CoO and FeCo LDH [26]. Huang et al. reported that the hybrid

FeCo2S4@CoFe LDH marerials exhibit excellent electrocatalytic ac-

tivity, low Tafel slope and high stability because of abundant ac-

tive sites and efficient electron transfer provided by the special

heterostructures [27]. Obviously, the combination of FeCo LDHs

and conductive composites to form heterogeneous interfaces with

strong electron coupling helps to promote electron transport and

improve conductivity. On the other hand, it has been reported that

transition metal phosphides (TMPs) exhibit good conductivity and

available multiple oxidation states [28]. Especially, for NiCoP, its

good conductivity and synergistic effect of Ni and Co make it have

outstanding catalytic performance [29]. Furthermore, nickel foam

with 3D porous structure can be used as a binder-free electrode,

which helps to expose more catalytically active sites and acceler-

ate charge transfer [30,31].

Utilizing the advantages mentioned above, is it possible

to design and prepare an efficient and stable electrocata-

https://doi.org/10.1016/j.cclet.2021.11.088

1001-8417/© 2022 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia Medica, Chinese Academy of Medical Sciences.



Y. Jiang, Y. Li, Y. Jiang et al. Chinese Chemical Letters 33 (2022) 4003–4007

Scheme 1. Schematic diagram of the in-situ growth process for FeCo

LDH@NiCoP/NF.

Fig. 1. (a) XRD pattern, (b) SEM image, (c) High-resolution SEM image, (d) TEM

image, (e) HRTEM image, (f) SAED interface pattern, and (g) HAADF-STEM image

and EDX mapping of the as-prepared FeCo LDH@NiCoP/NF.

lysts? Herein, we designed an ordered 3D FeCo LDH@NiCoP

nanowire heterostructure supported in situ on Nickel foam (FeCo

LDH@NiCoP/NF) through a facile hydrothermal and phosphoriza-

tion process. As expected, the OER electrocatalyst displays a strong

interfacial coupling between FeCo LDH and NiCoP. In addition,

compared with Co2+, Co3+ with more empty orbitals should lead

to the enhancement of electronic acceptance that could be bene-

ficial to absorb OER intermediates. Benefiting from these charac-

teristics, the as-synthesised FeCo LDH@NiCoP/NF possesses an ef-

ficient OER activity with an ultra-low overpotential of 206mV to

achieve 20mA/cm2 current density and outstanding durability over

95h. More importantly, the as-prepared catalyst can be assembled

into an integral cell for water decomposition with potential merely

of 1.48V to achieved a current density of 10mA/cm2 in 1.0mol/L

KOH medium, which outperformed commercial Pt/C||RuO2 (1.55

V@10mA/cm2) and great majority of previous bifunctional cata-

lysts. Experimental and theoretical results demonstrated that the

interface engineering to produce heterostructures results in the

synergistic effect and electronic modulation of FeCo LDH and

NiCoP, and thus promotes the intrinsic catalytic activity and sta-

bility of FeCo LDH@NiCoP/NF electrocatalysts.

Scheme 1 illustrated the synthesis process of 3D heterostruc-

tured FeCo LDH@NiCoP supported on NF by a simple hydrother-

mal reaction and phosphating strategy. Such self-assembled in-

situ 3D array structure on NF generally has good structural sta-

bility and excellent conductivity. X-ray diffraction (XRD) peaks of

as-synthesized FeCo LDH@NiCoP/NF located at 18.6°, 40.8°, 44.7°,
47.5°, 54.2° are attributed to the (100), (111), (201), (210), (211)

planes of NiCoP (JCPDS No. 71-2336), and the peaks centered at

12.0, 23.8, 34.4, 35.5, 37.1, 39.2, 59.6, 60.9° are assigned to the

(003), (006), (012), (009), (104), (015), (010), (113) planes of FeCo

LDH (JCPDS No. 50-0235), respectively (Fig. 1a and Fig. S1 in

Supporting information). These results preliminarily demonstrate

the successful preparation of the FeCo LDH@NiCoP/NF heterostruc-

Fig. 2. (a) XPS full spectrum and XPS spectra of (b) Ni 2p, (c) Fe 2p, and (d) Co 2p

for FeCo LDH@NiCoP/NF, FeCo LDH/NF and NiCoP/NF, respectively.

tures. In addition, the SEM patterns of FeCo LDH and NiCoP were

also measured and the images were shown in Fig. S2 (Support-

ing information). From Figs. 1b and c, one can find that FeCo

LDH@NiCoP/NF maintains the nanowire morphology of the NiCoP

precursor after the second hydrothermal reaction, in which FeCo

LDH were uniformly grown on NiCoP/NF nanowires to construct

the heterostructured FeCo LDH@NiCoP. This 3D heterostructure is

conducive to electron transfer, water adsorption and electrolyte

diffusion, and exposes more active centers for electrocatalytic pro-

cess.

Transmission electron microscope (TEM) and high-resolution

TEM (HRTEM) were performed to further investigate the mi-

crostructure of FeCo LDH@NiCoP/NF and the interfaces between

FeCo LDH and NiCoP. As displayed in Fig. 1d, the diameter of FeCo

LDH@NiCoP/NF nanowires is about 60–70nm, and a clear hetero-

junction interface can be observed in the TEM image. Further, the

HRTEM image of FeCo LDH@NiCoP/NF (Fig. 1e) gives the specific

interface of FeCo LDH and NiCoP nanowires with lattice distance

of 0.13 and 0.38nm, which are assigned to the (006) planes of

FeCo LDH and the (221) planes of NiCoP, respectively. The selected

area electron diffraction (SAED) pattern (Fig. 1f) presents a set of

distinct rings composed of diffraction spots, corresponding to the

(201) and (221) facets of NiCoP and the (006) facet of FeCo LDH,

which is consistent with the XRD results (Fig. 1a). These results

confirm that the heterogeneous interfaces between FeCo LDH and

NiCoP have been constructed successfully.

The TEM-energy dispersive spectroscopy (TEM-EDS) gives the

elemental mapping of FeCo LDH@NiCoP/NF and reveals that Co,

Fe, Ni, P and O elements are uniformly distributed in heteroge-

nous nanowires (Fig. 1g). From the above results, FeCo LDH was

evently grown on NiCoP nanowires to product heterostructures,

which provides more active sites and promotes charge trans-

fer between catalyst and electrolyte. The specific surface area of

FeCo LDH@NiCoP/NF was characterized by the Brunauer-Emmett-

Teller (BET) methods. The N2 adsorption-desorption isotherms re-

sults show that the specific surface area of FeCo LDH@NiCoP/NF

(2.343m2/g) is larger than that of FeCo LDH (1.418m2/g), which

is attributed to the formation of heterogeneous structure (Fig. S3

in Supporting information). X-ray photoelectron spectroscopy (XPS)

was performed to analyze the chemical composition and valence

of the elements for further studying the interfacial effect of het-

erostructures and clarifying the synergistic effect between NiCoP

and FeCo LDH. XPS spectra in Fig. 2a confirmed the presence of Ni,

Fe, Co, P and O in FeCoLDH@NiCoP/NF, which is agreement with

the elemental mapping analysis.
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The Ni 2p spectrum of FeCo LDH@NiCoP/NF shown that the

peaks at 855.9, 861.5 and 873.1 eV belong to Ni 2p3/2, satellite peak

and Ni 2p1/2 (Fig. 2b). Peculiarly, the obvious peak of NiCoP/NF

near 852.7 eV corresponds to Niδ+ (Ni-P), which is unable to ob-

serve in FeCo LDH@NiCoP/NF (the possible reason is that FeCo LDH

blocks the XPS signal of NiCoP), confirming that NiCoP nanowires

are coupled with FeCo LDH nanosheets to form a heterojunction.

Note that the binding energy of Ni 2p in FeCo LDH@NiCoP/NF ex-

hibits positive shift by 0.3 eV compared with that in NiCoP/NF, sug-

gesting charge is transferred from NiCoP to FeCo LDH due to the

coupling between them [32,33]. This case does not happen in the

physical mixture of NiCoP and FeCo LDH. The Fe 2p spectra of

FeCo LDH@NiCoP/NF, FeCo LDH/NF, and the mixture of NiCoP/NF

and FeCo LDH/NF are given in Fig. 2c. For FeCo LDH@NiCoP/NF, the

binding energies at 733.1, 711.2 and 724.6 eV were assigned to the

satellite peaks, Fe 2p3/2 and Fe 2p1/2, respectively. This indicated

that part of the Fe2+ ions has been further oxidized during the

growth of FeCo LDH [34]. Compared with FeCo LDH, the Fe 2p3/2

peak of FeCo LDH@NiCoP/NF displays a negative shift of 0.7 eV,

which indicates again that charge is transferred from Ni and Fe

because of the strong electronic coupling at the heterojunction in-

terface. The Co 2p of FeCo LDH@NiCoP/NF in Fig. 2d shows two fit-

ted peaks at 796.5 and 781.0 eV, which correspond to Co 2p1/2 and

Co 2p3/2. Peak fitting analysis shows that there are two states of Co

for FeCo LDH@NiCoP/NF. The characteristic peaks with binding en-

ergies of 782.5 and 797.6 eV are attributed to Co2+, while the peaks

at 781.0 and 796.5 eV are assigned to Co3+ [35,36]. Similarly, a neg-

ative shift in the binding energy of FeCo LDH@NiCoP/NF relative to

NiCoP/NF is also observed, which confirms that the existence of

strong coupling between FeCo LDH and NiCoP due to the forma-

tion of heterostructures. It should also be noted that the Co 2p3/2

binding energies of pure FeCo LDH/NF and NiCoP/NF are differ-

ent from that of FeCo LDH@NiCoP/NF, which indirectly proves that

FeCo LDH@NiCoP is not a physical mixture of FeCo LDH and NiCoP.

As shown in Fig. S4a (Supporting information), the P 2p spectra of

NiCoP/NF displays a strong peak at 134.0 eV, which is assigned to

the P–O bonds (PO4
3−) [37]. Besides, the binding energy of 129.2

and 129.9 eV are assigned to P3− [38]. Similarly, the XPS peaks of

O 1s located at 530.1 and 531.8 eV are attributed to the M-O

(M=Ni, Co, Fe) and O–H (Fig. S4b in Supporting information) [39].

Ones can find that the P 2p of FeCo LDH@NiCoP/NF also shifts

negative by about 1.0 eV compared with that of NiCoP/NF, which

reconfirms the strong electronic coupling between FeCo LDH and

NiCoP due to the formation of heterostructured FeCo LDH@NiCoP.

This charge transfer generated by electron coupling is very con-

ducive to the reaction kinetics of electrochemical water splitting.

The OER performance of FeCo LDH@NiCoP/NF (loading amount

value is ∼1.2mg/cm2) was tested using a typical three-electrode

cell in 1.0mol/L KOH solution. In addition, the commercial

benchmark RuO2 electrocatalyst, and the prepared FeCo LDH/NF,

NiCoP/NF and bare Ni foam were also used for comparison. The

activities of the catalysts were estimated by the iR-corrected lin-

ear sweep voltammetry (LSV) with a scanning rate of 2mV/s. As

shown in Fig. 3a, FeCo LDH@NiCoP/NF exhibits a superior OER per-

formances with potential of 206 and 258mV to achieve 20 and

100mA/cm2, respectively. Compared with the previous FeCo LDH-

based catalysts, the as-synthesised FeCo LDH@NiCoP/NF exhibits

a smaller OER overpotential (Table S1 in Supporting information).

Tafel slop was used to elucidate the reaction kinetics of water split-

ting (Fig. 3b). The FeCo LDH@NiCoP/NF catalyst shows ultra-low

Tafel slope of 63.6mV/dec. The low Tafel slop indicates that as-

prepared catalyst has a fast kinetic process and remarkable OER ac-

tivity. The overpotential of FeCo LDH@NiCoP/NF (206mV) is much

lower than those of FeCo LDH/NF (255mV), NiCoP/NF (256mV),

and bare NF (384mV) (Fig. 3c). Obviously, the OER performance

of FeCo LDH@NiCoP/NF not only far exceeds that of the other sam-

ples, even better than that of RuO2 (292mV). The significant im-

provement of the OER activity originates from the strong electronic

coupling between FeCo LDH and NiCoP due to the formation of

heterostructured FeCo LDH@NiCoP.

The electrochemical active surface area (ECSA) was obtained

by double-layer capacitance (Cdl) curve method. The obtained Cdl
value of FeCo LDH@NiCoP/NF is 131.7mF/cm2, which is much

larger than those of FeCo LDH/NF (4.5mF/cm2) and NiCoP/NF

(21.9mF/cm2), implying that FeCo LDH@NiCoP/NF heterostructure

provides more active sites than FeCo LDH/NF and NiCoP/NF (Fig. 3d

and Fig. S5 in Supporting information) [40]. Moreover, the electro-

chemical impedance spectroscopy (EIS) of the catalysts was used to

investigate the charge transfer ability between electrolyte and cat-

alyst (Fig. 3e). The FeCo LDH@NiCoP/NF exhibits a smaller charge

transfer resistance (Rct =0.91 �) compared with FeCo LDH/NF

(6.44 �) and NiCoP/NF (4.73 �), indicating that the faster inter-

face electronic transfer and ion diffusion rate, which are conducive

to improving the conductivity of catalysts through electron inter-

action at the heterojunction interface, and thus leads to more su-

perior OER performance for FeCo LDH@NiCoP/NF. The intrinsic OER

activity of FeCo LDH@NiCoP/NF and FeCo LDH/NF were also evalu-

ated by measuring the turnover frequency (TOF) at overpotential of

250 and 300mV (Fig. S6 in Supporting information). The TOF value

of FeCo LDH@NiCoP/NF is up to 0.041 and 0.204 s−1 at η =250 and

300mV, respectively, which is larger than those of FeCo LDH/NF,

again suggesting the superior intrinsic OER performance of FeCo

LDH@NiCoP/NF.

Furthermore, the electrochemical OER stability of FeCo

LDH@NiCoP/NF was estimated by chronoamperometry measure-

ment. As showed in Fig. 3f, in 1.0mol/L KOH FeCo LDH@NiCoP/NF

has outstanding stability at a low overpotential of 228mV, because

it shows negligible degradation in current density even after

continuous operation for 95h. In addition, the LSV curves of FeCo

LDH@NiCoP/NF remain almost unchanged before and after 95h

OER tests (Fig. S7 in Supporting information), further confirming

its excellent stability. After long-term OER tests, the structure and

composition of FeCo LDH@NiCoP/NF were examined using XRD,

SEM and XPS. As demonstrated in Fig. S8a (Supporting informa-

tion), the XRD pattern manifests that the characteristic peak of

FeCo LDH in FeCo LDH@NiCoP/NF decreases, which may be due to

the partial transformation of the FeCo LDH phase on the surface of

FeCo LDH@NiCoP/NF into the amorphous metal hydroxides (such

as FeOOH) under the harsh environment [41]. Meanwhile, the SEM

image illustrates that FeCo LDH@NiCoP/NF maintains its original

morphology, although some nanowires were slightly agglomerated

(Fig. S8b in Supporting information). The XPS measurement shows

that after 95 h OER test, the peaks of Fe 2p and Co 2p for FeCo

LDH@NiCoP/NF have a slightly negative shifts (Fig. 4a), ascribing

to the phase change of part of FeCo LDH on the catalyst surface,

which is in line with the XRD result. The peaks centered at 711.7

and 724.3 eV correspond to Fe 2p3/2 and Fe 2p1/2 of Fe3+ ions,

which come from hydroxides produced during the OER process

(Fig. 4b) [42]. As shown in Fig. 4c, the peaks at 856.9 and 874.7 eV

are ascribed to the oxidized Ni species [43]. Owing to Ni is inside

of the heterostructure, the Ni 2p peak does not change signifi-

cantly before and after OER tests. The binding energy at 796.8 eV

is assigned to Co3+ of CoOOH (Fig. 4d). Fig. 4e shows a negative

shift of binding energy for P 2p, which reveals that the primal

metaphosphate P-O species (PO3
−) are converted to phosphate

groups (PO4
3−) [44,45]. The above analyses indicate that metal

hydroxides (metals refer to Fe and Co) are formed on the catalyst

surface after OER test, which can be confirmed by the great

enhancement of the intensity of M-O peaks after and before OER

tests (Fig. 4f). Note that the HER activity of FeCo LDH@NiCoP/NF

is also excellent, and only an overpotential of 121mV is required

to realize 10mA/cm2 current density in alkaline environment
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Fig. 3. OER performance of samples in 1.0mol/L KOH. (a) LSV curves and (b) Tafel plots of the bare NF, RuO2/NF, NiCoP/NF, FeCo LDH/NF and FeCo LDH@NiCoP/NF. (c) The

overpotential at the current density of 20mA/cm2 and Tafel value for the corresponding electrocatalysts. (d) Cdl of the bare NF, RuO2/NF, NiCoP/NF, FeCo LDH/NF and FeCo

LDH@NiCoP/NF. (e) Nyquist plots at an overpotential of 250mV. (f) Amperometric i-t curve of FeCo LDH@NiCoP/NF.

Fig. 4. XPS spectra of FeCo LDH@NiCoP/NF before and after OER tests. (a) XPS full spectrum, (b) Fe 2p, (c) Ni 2p, (d) Co 2p, (e) P 2p, (f) O 1s.

Fig. 5. (a) LSV curve of FeCo LDH@NiCoP/NF||FeCo LDH@NiCoP/NF and Pt/C||RuO2

in 1.0mol/L KOH media with a two-electrode system (the scan rate is 2mV/s). (b)

Amperometric i-t curve of FeCo LDH@NiCoP/NF.

(Fig. S9 in Supporting information). Considering that iR com-

pensation may affect the performance of the catalyst, the un-

compensated polarization curves of all catalysts are also provided

(Fig. S10 in Supporting information).

Inspired by the superior OER performance, FeCo LDH@NiCoP/NF

can be assembled into a two electrode battery for water de-

composition reaction (Fig. 5a). The FeCo LDH@NiCoP/NF||FeCo

LDH@NiCoP/NF cell only 1.48V potential is required to real-

ize 10mA/cm2 in alkaline environment, while the commercial

Pt/C||RuO2 cell requires 1.55V under the same condition (Fig. 5b).

The performance of FeCo LDH@NiCoP/NF is superior to that of

Pt/C||RuO2 and most previously reported catalysts (Table S2 in Sup-

porting information). Furthermore, the FeCo LDH@NiCoP/NF||FeCo

LDH@NiCoP/NF cell also exhibits outstanding stability (after 80h of

continuous operation at 10 mA/cm2, the potential change is negli-

gible, Fig. 5b). The gas production rates of cathode and anode were

measured by constant current method (I=100mA/cm2). The vol-

ume of H2 produced per minute (0.02mmol) is twice that of O2

(0.01mmol). Combined with the atomic ratio of 2:1 in the reaction

process, the calculated Faraday efficiencies of the two electrodes

are 97% (H2) and 96.7% (O2) [46], which further shows that the

overall efficiency of the catalyst is high (Fig. S11 in Supporting in-

formation).

To deeply understand the nature of FeCo LDH@NiCoP/NF with

high OER performance, the DFT calculations were performed. The

constructed theoretical models of FeCo LDH, NiCoP and FeCo

LDH@NiCoP are illustrated in Fig. 6a and Fig. S12 (Supporting in-

formation). Although there are differences between the theoretical

model and the real structure of materials, the calculated results

are valuable for qualitative understanding of OER performance of

FeCo LDH@NiCoP. To clarify the nature of electronic structure reg-

ulation in FeCo LDH@NiCoP heterostructures, the work function

(Fig. S13 in Supporting information) and the charge density dif-

ference (Fig. 6b) between FeCo LDH and NiCoP are calculated.
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Fig. 6. Schematic model of (a) FeCo LDH@NiCoP heterostructure. (b) The charge

density difference for the heterostructure interface of FeCo LDH@NiCoP (the yellow

and blue regions indicate the charge accumulation and depletion of the catalyst).

The red, pink, gray, dark blue and yellow spheres are, respectively O, P, Ni, Co and

Fe atoms, and the isosurface value is 0.271 electron/bohr3.

The calculated work function of FeCo LDH (006) and NiCoP (111)

are 1.66 and 4.89 eV, respectively. The large difference in the work

function between the two phases implies that a strong contact po-

tential difference is formed and the strengthened dipole polariza-

tion is induced at the FeCo LDH/NiCoP heterointerface, which will

lead to the redistribution of interfacial charge. As displayed in Fig.

6b, the charge density on the NiCoP side is lower than that on the

FeCo LDH side, indicating that charge redistributes from NiCoP to

FeCo LDH, which is also confirmed by the previous XPS results.

The calculated results of density of states (Fig. S14 in Supporting

information) are also consistent with the analyses of work func-

tion and charge density. Consequently, in FeCo LDH@NiCoP, the

heterojunction between FeCo LDH and NiCoP leads to strong elec-

tronic coupling at the interface and thus produces charge redistri-

bution, which ultimately greatly improves the OER activity of FeCo

LDH@NiCoP.

In summary, a novel heterostructured FeCo LDH@NiCoP/NF OER

electrocatalyst was successfully fabricated via facile hydrother-

mal and phosphorization process. The experimental results shown

that there is a strong interface coupling between FeCo LDH and

NiCoP, which accelerates the electron transfer and reaction kinet-

ics. Benefiting from the regulation of interface electronic struc-

ture and the improved conductivity brought by heterostructure,

FeCo LDH@NiCoP/NF exhibits excellent OER performance with

ultra-low overpotential (η20 =206mV) and rapid kinetics pro-

cess with low Tafel slope (63.6mV/dec), and high durability over

95h in alkaline environment. Further, the overall water-splitting

of FeCo LDH@NiCoP/NF possesses a low overpotential of 1.48V

at 10mA/cm2 for more than 80h under continuous electrolysis,

which is better than the recently reported earth-abundant electro-

catalysts. Theoretical calculations further explained the outstand-

ing performance of FeCo LDH@NiCoP/NF is originated from the

strong electronic coupling between the FeCo LDH/NiCoP interface,

which leads to charge redistribution, improved conductivity and

enhanced reaction kinetics. Therefore, the strategy of interface en-

gineering herein provides new ways to rationally design various

highly efficient water splitting electrocatalysts.
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