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All the potentials reported hereinafter were converted to reversible hydrogen
electrode (RHE) using the Eq. (1):
E e = Eqrgrineoy +0-098+0.059xpH (1

where E ruey is WE potential referred to RHE; Etgngo) and is the measured potential
with Hg/HgO RE.

Cyclic voltammetry (CV) was performed in non-Faradaic potential window (-0.05
~0.05 V vs. RHE) at different scan rates (20 ~ 140 mV s!) to evaluate the double layer
capacitance (Cg) of the catalytic materials, which is proportional to their
electrochemically active surface area (ECSA). The ECSA was calculated according to
the Eq. (2):

C

N

Where Cy was determined by the half the slope of the current density difference (AJ=j,-
jeo) at 1.04 V vs. scan rate plot; Cy is the specific capacitance of the material, which is
40 pF cm~ based on typical reported values. [25]

The HER and OER linear sweep voltammetry (LSV) polarization curves were
tested at a scan rate of 5 mV s*! with iR-compensation. The corresponding Tafel plots

and slopes were calculated according to the Eq. (3):
n=>b-logj+C 3)
Where 7, j, b, and C represent overpotential, current density, Tafel slope, and

intercept, respectively.
The overpotentials of HER and OER were calculated according to Eq. (4) and Eq.

(5), respectively:
Maer = 0~ Erur) (4)

Moer = E(RHE) —-1.23 (5
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Fig. S1. Schematic illustration of the synthesis process for Fe,Os/Fe.
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Fig. S2. Schematic illustration of the synthesis process for NiCo LDH/Fe.
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Fig. S4. Photographs showing of Fe foam, Fe,0;/Fe and (NiCoLDH@Fe,Os/Fe
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Fig. S5. XPS spectrum of NiCoLDH@Fe,O;/Fe
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Fig. S6 (a) Fourier transform infrared spectroscopy (FT-IR) analysis (b) Raman spectroscopy
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Fig. S7. LSV curves of Fe foam, Fe,05/Fe, (NiCo LDH/Fe and NiCoLDH@Fe,05/Fe for (a)
OER and (b) HER in 1.0 M KOH (with iR-compensation).
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Fig. S8. CV in the region of -0.05 ~ 0.05 V for NiCoLDH@Fe,O5/Fe at different temperature for
OER.

Fig. S9 and S10 are cyclic voltametric and linear fitting diagrams of
NiCoLDH@Fe,Os3/Fe derived at different temperature, the ECSA of the
NiCoLDH@Fe,0s/Fe were calculated to be 231.75 cm2, 231.25 cm2, 1550 ¢cm? and 5
cm?2 respectively when the Temperature was (200 to 800 °C. Because the reason of at
600°C provide a significantly larger surface area and more active catalytic sites
compared to bare Fe foam or NiCo LDH alone. At the 600°C provides the right balance
between crystal growth, surface area, and stability, making it the optimal temperature
for growing highly active Fe.Os/Fe nano-whiskers structures for catalytic applications.
The combination of well-aligned nano-whiskers with the electrodeposited NiCo LDH
layer results in an enhanced structure with superior catalytic performance, making
NiCoLDH@Fe:0s/Fe highly effective for electrochemical applications. Therefore, this
temperature was employed to ensure.
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Fig. S10. CV tested in the potential window of -0.05 ~ 0.05 V at scan rates from 20 to 140 mV/s for
NiCoLDH@Fe,Os/Fe prepared at different deposition of time.
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at different deposition of time for OER.
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Fig. S12. CV tested in the potential window of -0.05 ~ 0.05 V at scan rates from 20 to 140 mV/s for
NiCoLDH@Fe,Os/Fe prepared at different ratio base.
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Fig. S14. LSV curves of (NiCo LDH@Fe,03)/Fe prepared with different deposition of time (a)
OER and (b) HER in 1.0 M KOH (with iR-compensation).
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Fig. S15. CV graphs of HER obtained in the potential window of -0.05 ~ 0.05V with
NiCoLDH@Fe203/Fe prepared at different deposition of time.

As shown in Fig. S14 and S15, and for main at 360s in Fig. S10 leads to larger Cdl
and ECSA of the obtained material. Due to the possible reason, at different deposition
conditions (160, 260, 360, and 560), the homogeneity and quality of the NiCo LDH
layer on Fe2Os/Fe. At 160 and 260 insufficient deposition yields thin or uneven layers,
reducing active sites and hindering electron transport. Conversely, at 560, excessive
deposition produces overly thick layers that block active sites and increase diffusion
resistance. The optimal deposition at 360 achieves a precise balance, forming a uniform
NiCo LDH layer that effectively coats the Fe2Os nano whiskers while preserving access

to active sites, thereby enhancing catalytic efficiency.
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Fig. S17. HER polarization curves of NiCo LDH@Fe,Os/Fe at different temperature base in a
furnace (with 65% iR-compensation).
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Fig. S19. (a) is the stability test of OER at 100 mA cm-2 (b) is the stability test of the HER in 1 M KOH

In (Fig. S19). In (Fig.19a) The NiCo LDH@Fe,Os/Fe electrocatalyst exhibits

excellent stability in 1M KOH electrolyte. For the oxygen evolution reaction (OER), it

initially requires an overpotential of 1.56 V to achieve a current density of 100 mA

cm 2. After 10 hours of continuous operation, the overpotential slightly decreases to

1.54 V, indicating consistent performance without signs of degradation. In (Fig.19b)

hydrogen evolution reaction (HER), the catalyst maintains a stable current density of

100 mA cm at an overpotential of -0.36 V for over 35 hours, further demonstrating its

strong long-term durability.



Table S1. Comparison of overpotentials of different electrode materials at current densities of 10 and 100 mA
cm? for hydrogen evolution reaction in 1 M KOH at room temperature

HER n1o n100

Electrode material (mV) (mV) ?;f\‘jl;l‘c’ﬂ;’ References

(NiCo LDH@Fe,03)/Fe 96 256 54.7 This work
(NiFe LDH@NiCoP/NF) 102 N/A 43 [1]
NiFeNb-0.25/NF 207 N/A 98.7 [2]

N-doped NiCo LDH (N-NiCo

LDH) 100 N/A 42 [3]
NiCo-LDH-OH 180 N/A 74.38 [4]
C00.03-NiFe0.97 LDHs 170 N/A 96 [5]
Ce-doped NiFe-LDH 147 N/A 45 [6]
P-V-NiFe LDH NSA 134 N/A 37.2 [7]
CosFel-LDH/rGO/NF 110 N/A 60 [8]
W doped NiO/NiS, 116 N/A 31.5 9]
Mo-CoySeg/FeNiSe 108 N/A 36 [10]
MnFe-LDH 120 N/A 86 [11]
NiFePx 112 N/A 26.1 [12]
Ru-Fe;04@FeNi-LDH/IF 104 N/A 86.5 [13]
NiFe LDH/Fe,03/Ni3S,/IF 162 170 [14]

Ni/NiFe-LDH/IF 56 N/A 68 [15]




Table S2. Comparison of overpotentials of different electrode materials at current densities of 10 and 100 mA cm2 as well
as Tafel plot for oxygen evolution reaction(OER) in 1 M KOH at room temperature

OERmnwo  muoo Tafel slope

Electrode material mv) mv) (mV dec) References
This work
(NiCo LDH@Fe,03)/Fe 202 241 40
NiCoFe-P/C 257 N/A 20 (1, 16]

NiSe,@Fe-NiCo LDH 260 200 58.56 [1
CoNi/CoNiO,@NC-600/CC N/A 263 63 (17
Fe-doped (Ni, Mn) Co,04 242 N/A 78.9 el
Ni;Se,@NiFe-LDH/NF 222 N/A 61.3 [19]
SrNiO; nanoparticles 259 N/A 70 [20]
2-APSC/NF N/A 292 N/A 21
Ni,P@C/NF-12 h N/A 294 63 [22]
NiCo-LDH-OH 317 N/A 115.76 4]
NGCNC N/A 300 42 [23]
Ni,CoFe0.5-LDH/NF 240 N/A 65 [24]
Cu@GDY -Co N/A 304 51.7 [25]
NiFe RTNC/CW N/A 309 N/A [26]
CoNiN@NiFe LDH 27 Al N/A ol
Ni3S,/'VG@NiCo LDHs N/A 350 65 (28]
CNTs@IreCoNiyS4 NSs N/A 362 148.8 [29]
Co3Fel-LDH/rGO/NF 250 N/A 43 8]

(NixFeyCog-x-y) Mo6C, 212 N/A 55.1 [30]




NiCoP/NF 253 N/A 495 [31]
Fe;C@CNOs N/A 400 48.9 [32]
NG-NiFe@MoC,-2 N/A 412 31 [33]

W doped NiO/NiS, 263 N/A 73.4 9
MoNi(OH)2/FexNiy(OH)3x+2y 229 268 33.53 [34]
MnFe-LDH 280 N/A 92 1]
CoO@S-CoTe 246 N/A 56 [35]
NiFeWO,@NiFe-LDH/G N/A 440 32.1 [36]
NiFe-LDH]S@DIII;IZI?OJZ NiFe 200 256 -
NiFe LDH/Fe,03/Ni3Sy/IF 226.2 59.1 [14]
Ni/NiFe-LDH/IF 140 77.0 [15]
Ru-Fe;0,@FeNi-LDH/IF 189 34 [13]




Table S3. Comparison of cell voltages of different electrode materials at current densities of 100 and 500 mA c¢cm for
overall water splitting (OWS) under industrial testing condition (6 M or 30wt% KOH 60-80 °C)

Cell voltage at  Cell voltage at

Electrode material 100 mA/cm? 500 mA/cm’ References
V) V)

NiCoLDH@Fe,0s|| NiCoLDH@Fe,03 1.58 1.8 This work
CoFe-Ni,P||CoFe-Ni,P N/A 1.8 [38]
Fe-Ni;S,/PNF-5||Fe-Ni3S,/PNF-5 N/A 1.81 1391
(CoNizS;@NiMn LI:]]))I;II//SS((Z:%)) [I[(CoNi,S4@NiMn 1.69 N/A (407
Fe,P-W02.92/NF|| Fe,P-WO02.92/NF N/A 1.95 (41
(Ni/MoO,@CN) [|[(Ni/MoO,@CN) N/A 1.92 [42]
3D Fe0-NixSy/NF|[3D Fe0-NixSy/NF N/A 2.4 [43]
CosFel-LDH/rGO/NF|| CosFel-LDH/rGO/NF 1.84 N/A 8]
Ni3P/MnOOH]|| Ni3P/MnOOH N/A 2 [44]
Ni/MoO,@CNINi/MoO,@CN N/A 1.81 [45]
SCI-350/NF||SCI-350/NF N/A 1.84 [46]
Ni-B-P||Ni-B-P N/A 1.88 [47]
Ni/MoN/rNS||Ni/MoN/tNS N/A 2.8 (48]
NiO/a-Fe,0;@NF|| NiO/a-Fe,O3;@NF N/A 1.99 [49]
NiFe,0,/NiFe LDH|| NiFe,04/NiFe LDH N/A 1.93 [50]

F6203@N12P/N1(P03)2/NFH F6203@N12P/N1(PO3)2/NF 1.93 2.48 [51]
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Table S4 Cy & ECSA of OWS
Electrocatalyst Cq (mF cm?) ECSA (cm?)
NiCo LDH
@ 124 3100
F6203/ Fe
NiCo LDH/Fe 64.3 1607
F€203/F€ 5.8 145




Table S5 Comparison of stability test of different electrode materials at current densities of 100
mA cm? for overall water splitting under industrial testing condition (6 M KOH at room
temperature 25 °C)

Electrode material Cu;‘::;tc(:;:g)s ity Electrolyte Dl(l:i?rl:ilglyl:; st Resference

NiCoLDH@Fe,0; 100 1.0 M KOH 120 This work
CoMoOy 100 1.0 M KOH 80 [52]
Cop, /0011:4“51())(:/312121; O 100 1.0 M KOH 60 53]
Mo-NiPx/NiSy 100 1.0 M KOH 27 [54]
CoMo00O4-CoP/NC 100 1.0 M KOH 30 [55]
CoNiP/CoNiFeP@NCNFs 100 1.0 M KOH 24 [56]
Ni,P-Fe,P 100 1.0 M KOH 48 [57]
Ru-NiCoP/NF 100 1.0 M KOH 50 [58]
n-FeO||p-a-Fe,O; NPs 100 1.0 M KOH 80 [59]
Fe(OH)s—3/Ni-NiO/CC 100 1.0 M KOH 40 [60]
NisMo/NiCo,04 100 1.0 M KOH 50 [61]
Co0O/MoO, 100 1.0 M KOH 10 [62]
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