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1.1 General Information

All chemical reagents were analytically pure, including cobaltous nitrate
hexahydrate (Co(NOs).-6H.0), ferrous(ll) chloride tetrahydrate (FeCl;-4H,0),
2-methylimidazole (2-MIM, CsHeN2), 2,5-dihydroxyterephthalic acid (DOBDC),
N,N-dimethylformamide (DMF), anhydrous ethanol (C;Hs0), hydrochloric acid (HCI)
and Potassium hydroxide (KOH). Commercial nickel foam (NF) (thickness: 1.7 mm),
Nafion solution (5 wt%), Pt/C (20 wt%), and commercial IrO; catalyst were obtained
from Sigma-Aldrich Crop.

X-ray diffraction (XRD) data for all materials were collected using a Bruker D8
Advance diffractometer with Cu Ka radiation in the 20 range of 5° to 50°. Scanning
electron microscopy (SEM) images and energy-dispersive X-ray spectroscopy (EDX)
were obtained using a FEI Nova Nano SEM 450. X-ray photoelectron spectroscopy
(XPS) measurements were conducted with a Thermo Scientific K-Alpha instrument to
assess the chemical valence states.

1.2 Preparation of Ni foams (NFs)

Initially, nickel foams (NFs) with dimensions of 3 x 2 cm? were cleaned by
ultrasonication in a 3 M hydrochloric acid (HCl) solution for 15 minutes to remove the
oxide layers from the surface. Then, the NFs were washed with alcohol and water for
30 min under ultrasonication, respectively. Finally, it dried in the vacuum oven at
60 °C for 12 h.

1.3 Synthesis of FeCo-MOF-74/NF

Typically, 0.18 mmol of Co(NQs),-6H,0, 0.18 mmol of FeCl,-4H,0, and 0.50 mmol
of DOBDC (2,5-dihydroxyterephthalic acid) were dissolved in 7.5 mL of a mixed
solvent composed of DMF, ethanol, and water (v/v/v = 1:1:1). The mixture was then
subjected to ultrasonication for 20 minutes at room temperature to achieve a
homogeneous dispersion. The resulting solution was transferred into a 50 mL
Teflon-lined stainless-steel autoclave, followed by the addition of the pre-treated
nickel foam. The autoclave was then heated to 120 °C for 24 hours.

1.4 Synthesis of ZIF-67/NF

5 mmol of Co(NO3z),-6H,0 were dissolved in 40 mL of methanol and stirred to form
a homogeneous solution (Solution A), to which a piece of pre-treated nickel foam
was added. Subsequently, 7 mmol of 2-MIM was dissolved in 40 mL of methanol to
form Solution B, which was then rapidly added to Solution A under continuous
stirring. The resulting mixed solution was allowed to stand for 6 hours at room
temperature.
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1.5 Synthesis of FeCo-MOF-74/NF/ZIF-67 ((A)MOF/NF/ZIF(B)) and
FeCo-MOF-74/ZIF-67/NF ((A)ZIF/MOF/NF)

5 mmol of Co(NO3s),-6H,0 were dissolved in 40 mL of methanol and stirred to form
a uniform solution (Solution A), into which a piece of FeCo-MOF-74/NF was
immersed. Subsequently, 7 mmol of 2-MIM was dissolved in 40 mL of methanol to
form Solution B, which was then rapidly added to Solution A under stirring. The
mixture was allowed to react for 6 hours. If ZIF-67 and FeCo-MOF-74 grow on the
same side of the foam, the resulting material is denoted as (A)ZIF/MOF/NF. If ZIF-67
and MOF-74 grow on both sides, the material is referred to as (A)MOF/NF/ZIF(B).

1.6 Synthesis of FeCo-MOF-74@ZIF-67/NF ((A)MOF@ZIF/NF)

7 mmol of 2-MIM, as the organic ligand, was dissolved in 40 mL of methanol to
form a solution. A piece of FeCo-MOF-74/NF was then immersed in the solution at
room temperature for durations of 3, 6, 12, and 24 hours. After the reaction, the
FeCo-MOF-74@ZIF-67/NF composites were thoroughly washed with ethanol and
dried in an oven at 60 °C for 24 hours.

1.7 Prepared of IrO2/NF and Pt/C/NF

10 mg of IrO, or Pt catalyst were first dispersed in 470 uL of ethanol, along with 30
uL of Nafion solution, and subjected to ultrasonic treatment for 30 minutes to form a
homogeneous ink. Subsequently, 100 pL of the prepared ink was slowly dripped onto
a 1 x 1 cm? nickel foam (NF) and allowed to dry in air.

1.8 Electrochemical Test

The electrochemical test was carried out at an electrochemical workstation (CHI
760E, Chen Hua, China) using a three-electrode system with 1.0 M KOH.! The sample
modified NF electrode, Ag/AgCl electrode, and carbon rod were used as the working,
reference, and counter electrodes, respectively. The Ag/AgCl reference electrode was
calibrated against the reversible hydrogen electrode (RHE), where Egrne = Eag/agal +
0.197 + 0.059 x pH. Polarization curves were measured using linear sweep
voltammetry (LSV) at a scan rate of 5 mV/s.2 All the data were recorded with 85% iR
compensation. Tafel plots were obtained from the extrapolation of the linear region
of a plot of the overpotential versus current density. Cyclic voltammetry (CV) was
tested in the range from 0 V to 0.1 V using different scan speeds (20, 40, 60, 80, 100
and 120 mV/s).? Electrochemical impedance spectroscopy (EIS) was carried out at
different overpotential (vs. RHE) over the frequency spectrum range from 100 kHz to
10 Hz at the amplitude of the sinusoidal voltage of 5 mV and it performed at 0.577 V
(vs RHE) for the OER and -1.23 V (vs RHE) for the HER.* The chronopotentiometry (CP)
test were conducted the potential at a current density of 10 mA cm™ to assess the
electrochemical stability of the catalysts.®
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Fig. S1 XRD pattern of (a) FeCo-MOF-74 and simulated one (CCDC no. 1494751) (b)
ZIF-67 and simulation one (CCDC no. 671073).
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Fig. S2 (a) XRD pattern of (A)MOF/NF/ZIF(B), (A)ZIF/MOF/NF and (A)MOF@ZIF/NF
(b)XRD pattern of the (A)MOF@ZIF/NF with the different time.
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Fig. S4 SEM images of (A)MOF/NF/ZIF(B) (a) nickel foam for A (b) nickel foam for B; (c)
SEM images of (A)ZIF/MOF/NF; (d) SEM images of (A)MOF@ZIF/NF.
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Fig. S6 SEM images of (A)MOF@ZIF/NF with different time.

S7



(a) 250 FeCo-MOF-74/NF
Element Wit% At%
2004 CK 42.83 49.48
NK 07.46 07.39 |
%)
§ 1504 ok 49.71 4312 |
8 Matrix Correction ZAF i
100 + I
| |
50 ‘?‘ I
|
(N || b Aty B L) A
0 'ﬂql' h.y,,"‘w‘h,. "M\W \‘f'. 1““’“‘. ' ¥ "“w}."‘ ¥ kﬁw},'ﬁ'i‘ﬁ.
0 200 400 600 800 1000
Energy (eV)
c)1600 c 1 (\)MOF@ZIF/NF
14001 |
12004 Element  Wt% At%
CK 44.80 50.79
° 1000
c NK 18.29 17.78
3 8004
(&} Q OK 36.91 31.42
600+ Matrix Correction ZAF
4004 |
2004 N/ |
U o M Aa ||
0 | S Y

0 200 400 600 800 1000
Energy (eV)

Fig. S7 (a) EDX spectrum of FeCo-MOF-74 (b) elemental mapping of FeCo-MOF-74 (c)
EDX spectrum of (A)MOF@ZIF/NF. (d) elemental mapping of (A)MOF@ZIF/NF.

Table S1. Comparison of OER electrocatalytic performance between as-synthesized
composite materials in this work and other relative MOF based catalysts

Overpotential

Catalyst (MV@mA cm?) Electrolyte Ref
Ero.s Fe-MOF/NF 248@100 1.0 M KOH 6
FeNiZnS-1 249@10 1.0 M KOH 7
Co-MOF-D5 300@10 1.0 M KOH 8
B-MOF-Zn-Co 362@100 1.0 M KOH 9
NiFe-MOF/IF 262@100 1.0 M KOH 10
Fe-NiCo-MOF/NF 290@50 1.0 M KOH 11
NiCo-MOF/NF 270@50 1.0 M KOH 12
NiCo-TDC-MOF 248@100 1.0 M KOH 13
MFN-MOFs(2:1)/NF 235@50 1.0 M KOH 14
Au-MOF-74/MIL-53 218@50 1.0 M KOH 15
NiFe LDH/MOF@MXene 171@10 1.0 M KOH 16
MoagZIF-67 221@10 1.0 M KOH 17
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MXene/MIL Fe-53 292@50 1.0 M KOH 18

(A)MOF@ZIF/NF 188@50 1.0 M KOH This work
(A)ZIF/MOF/NF 208@50 1.0 M KOH This work
(A)MOF/NF/ZIF(B) 203@50 1.0 M KOH This work
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Fig. S8 (a) OER polarization, and (b) HER polarization of (A)MOF@ZIF/CF,
(A)ZIF/MOF/CF and (A)MOF/CF/ZIF(B) in 0.1 M KOH.

Table S2. OER and HER electrocatalytic performance of (A)MOF@ZIF/CF,
(A)ZIF/MOF/CF and (A)MOF/CF/ZIF(B)

OER HER
Catalyst Overpotential Overpotential
(mMV@mA cm?) (MV@mA cm?)
(A)MOF@ZIF/CF 385@50 188@10
(A)ZIF/MOF/CF 370@50 215@10
(A)MOF/CF/ZIF(B) 331@50 204@10

To further evaluate the influence of different conductive substrates on
electrocatalytic performance of the composite materials, we selected other
substrates for comparison, including carbon cloth (CC) and copper foam (CF). When
CC was used as the substrate, the target composite materials could not be
successfully synthesized, primarily due to the soft and flexible nature of CC, which
makes it challenging to achieve uniform and stable growth on both AB sides. In
contrast, CF, with its superior mechanical strength and three-dimensional porous
structure, provided robust support for the AB-side growth strategy, enabling the
successful  construction of the corresponding composites, denoted as
(A)MOF@ZIF/CF, (A)ZIF/MOF/CF, and (A)MOF/CF/ZIF(B). Subsequently, the OER
electrocatalytic performance of these CF-based composites was evaluated. As shown
in Fig. S8 and Table S2, (A)MOF@ZIF/CF requires an overpotential of 385 mV to
achieve a current density of 50 mA cm™, (A)ZIF/MOF/CF requires 370 mV, and
(A)MOF/CF/ZIF(B) requires 331 mV. These values are significantly higher than those
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of the corresponding composites synthesized on NF, indicating inferior catalytic
performance when CF is used as the substrate. During the HER process,
(A)MOF@ZIF/CF requires an overpotential of 188 mV to reach 10 mA cm, while
(A)ZIF/MOF/CF and (A)MOF/CF/ZIF(B) require 215 mV and 204 mV, respectively.
Although (A)MOF@ZIF/CF exhibits the lowest overpotential at 10 mA cm™ compared
to the NF-based composites, the difference in overpotential is minimal. Overall,
these results indicate that NF is a more suitable conductive substrate, offering
superior electrocatalytic activity. Therefore, NF is recommended as the preferred
substrate for further studies.
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Fig. S9 (a) The corresponding Tafel plots to OER (b) The corresponding Tafel plots to
HER (c) Nyquist EIS plots for OER (d) Nyquist EIS plots for HER.
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Fig. $10 CV curves at various scan rates: (a) (A)MOF/NF/ZIF(B), (b) (A)ZIF/MOF/NF, (c)
(A)MOF@ZIF/NF, (d) FeCo-MOF-74, (e) ZIF-67/NF, (f) Cai data of Nyquist plots.
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Fig. S11 XRD patterns of the (A)MOF@ZIF/NF, (A)ZIF/MOF/NF, and (A)MOF/NF/ZIF(B)
after the (a) OER and (b) HER for 12 h electrolysis process.
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XRD spectra in Fig. S11 show that only broad characteristic peaks can be observed
for all electrode materials after OER and HER tests, where the peaks located at 11.6°,
22.4°, 36.6°, and 38.7° correspond to the (003), (006), (104), and (015) crystal faces
of CossgaFez.16(0OH)16(C0O3)1.08:0.32(H,0) (JCPDS No. 050-0235), respectively.® 20 In
other words, their MOF frameworks of the three composites materials have
transformed into metal hydroxides during the OER and HER processes, which is likely
the actual catalytic active center.?’ 22 This is a widely observed phenomenon for
MOF electrode materials. In contrast to OER process, some weak diffraction peaks at
6.74°, 21.75°, and 30.37° after the HER stability test still can be observed, that is
accordance with a characteristic peak of the original MOF, implying that MOF
skeleton may be intact under HER condition.

Fig. S12 SEM images of (a) (A)MOF@ZIF/NF after the OER test, and (b)
(A)ZIF/MOF/NF after the HER test.

SEM images in Fig. S12 reveal the morphological changes of (A)MOF@ZIF/NF after
OER testing and (A)ZIF/MOF/NF after HER testing. After the OER test, the overall
nanoflower morphology in the structure of (A)MOF@ZIF/NF can be still observed,
just, the surface of nanoflower becomes smooth, and the small particles originally
distributed on the nanoflower structures disappear, suggesting possible surface
reconstruction during the electrochemical oxidation process. Parallel examination of
the HER-tested (A)ZIF/MOF/NF in Fig. S12b demonstrates partial preservation of
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both components: the FeCo-MOF-74 nanoflower framework remains detectable,
while only residual ZIF dodecahedral structures are observable on the MOF surfaces,
indicating preferential dissolution or morphological transformation of the ZIF phase
during reduction.
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Fig. S13 XPS spectra of Fe 2p before and after HER and OER test for (a)
(A)MOF@ZIF/NF, (b) (A)ZIF/MOF/NF and (c) (A)MOF/NF/ZIF(B); XPS spectra of Co 2p
before and after HER and OER test for (d) (A)MOF@ZIF/NF, (e) (A)ZIF/MOF/NF and (f)
(A)MOF/NF/ZIF(B).

Fig. S13 presents high-resolution Fe 2p and Co 2p XPS spectra for (A)MOF@ZIF/NF,
(A)ZIF/MOF/NF, and (A)MOF/NF/ZIF(B) before and after HER/OER stability tests. All
materials exhibit characteristic Fe 2ps3;2; and Fe 2p1/2 peaks with satellite features,
along with Co LM2 Auger peaks in the Fe 2p region. For (A)MOF@ZIF/NF, the Fe3*
2p3/2 and 2p1/; peaks appear at 710.0 eV and 724.8 eV respectively, with satellite
peaks at 713.6 eV and 734.9 eV.?3 Post-reaction analysis reveals positive binding
energy shifts of ~0.9 eV (Fe 2pi2 in (AIMOF@ZIF/NF), ~0.3 eV ((A)ZIF/MOF/NF), and
1.5 eV ((A)MOF/NF/ZIF(B)), indicating modified Fe electronic environments and
enhanced binding strength. The Co 2p spectra (Figs. S13d-f) consistently show Co
2ps/2, Co 2p1y2, satellite peaks, and Fe LM2 Auger features, confirming strong Fe-Co
electronic coupling. In (A)MOF@ZIF/NF, Co?* peaks at 781.9 eV (2ps/2) and 797.7 eV
(2p1/2) undergo a 1.1 eV negative shift after HER testing, while OER testing induces a
1.3 eV positive shift and emergence of new Co3* peaks (780.9 eV and 796.4 eV).?* %
Similar redox behavior is observed for (A)ZIF/MOF/NF, though with small shifts (~0.5
eV negative after HER, ~0.4 eV positive after OER). (A)MOF/NF/ZIF(B) shows minimal
binding energy changes but develops new Co3* features at 779.0 eV and 795.0 eV.
Post-OER increasing Fe3*/Fe?* area ratios of 3.5, 2.4, and 2.2 for (A)MOF@ZIF/NF,
(A)ZIF/MOF/NF, and (A)MOF/NF/ZIF(B) respectively confirm substantial surface cobalt
oxidation during OER conditions.?®
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