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Fig. S1 SEM images of electrodeposited Fe(OH); (A) and Fe(OH), (B) materials

The Fe(OH); material was deposited on a pretreated carbon rod by UPED with
an initial solution containing 0.05 M Fe(NOs3);, while Fe(OH), was obtained in
0.05 M NaNOj; and 0.05 FeSOy, solution. The applied potential during the on-time
operation was -1.0 V (vs Ag/AgCl). Pulse durations of on-time and off-time were

fixed at 1.0 s while pulse repetition time was 500.
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Fig. S2 EDS elemental mapping spectra of Fe-Co;04 | Fe?* material (A), and Fe-
Co0304 | Fe3" material (B), and corresponding SEM images. (C) XRD patterns of
Co504 and Fe-Co3;0; catalysts.
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Fig. S3 (A) XPS spectra of CuO/ Fe-Co;04 composite for Cu (A), Co (B), O (C) and

Fe (D) elements.

Fig.S3 shows XPS spectra of O, Fe, Cu, and Co elements in CuO/Fe-Co;04
composite. The peaks at around 934, 942, 954, and 962 eV related to the Cu 2p3,,
and Cu 2p,,; spectra, and corresponding satellites while the peaks located at 781,
786, 792 and 803 eV in Fig.S3 reflected the Co2ps, and Co2p,,, spectra, and
corresponding satellites. Fig. S3 C presents the Ols core level spectra where the
peaks at 529.2 and 531 eV corresponded to O elements in the Co;0,4 material and
absorbed OH- species, respectively. In addition, the existence of Fe element in
Fig. S3 further indicated that it was well incorporated into CuO/Fe-Co3;04

composite.
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Fig. S4 XRD patterns of CuO/Co3;0,4 and CuO/ Fe-Co30,4 composites before and after

calcination, a: CuO/Fe-C0304, b: CuO/Co0304, ¢: Cu/Fe-Co(OH),, d: Cu/Co(OH)s.
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Fig. S5 TEM images of CuO/Fe-Co3;04 composite with core-shell structure. Whole
particle (A), CuO particle core (B), and Fe-Co3;0,4 nanosheet shell (C, D). Scan bar in
A: 500 nm, (B, C): 2 nm, D: 5 nm.

The composite catalyst obtained at -1.0 V was consisted of CuO particle as core and
Fe-Co304 nanosheets as shell. The main reason for the formation of CuO/Fe-Co0304
composite with such hierarchical core/shell arrays should be attributed to the faster
reaction rate of Cu?* reduction than Fe-Co(OH), deposition. That is, Cu nuclei could
be formed at first, and then grow as Cu particle and served as the core during the
electrodeposition process of Cu/Fe-Co(OH), precursor. Generally, the charge applied
on the substrate will concentrate on the embossment parts with higher curvature on the
formed core material - 2. Thus, higher potential on the formed Cu particle should be
generated during the following deposition process. As a result, Fe-Co(OH), nanosheets

become easier to be deposited around the Cu particle at higher potential, which will



hinder the lateral growth of Cu particle at the same time. Consequently, with the
deposition proceeding, Fe-Co(OH), nanosheets were gradually formed on the Cu

particle as the shell and finally the hierarchical core/shell structure is obtained.



Table S1. Comparison of electrocatalytic OER activities of intercalated NiFe LDH

electrodes with various state-of-the-art OER catalysts.

Catalysts Electrolyte n(mV)@ Ref.
10 mA cm™
CuO/Fe-Co304 1M KOH 232 This work
Noble metal-based
IrO,/C 0.1IM KOH 470 3
IrO, 0.1IM KOH 450 4
Ir/C 1M KOH 300 5
LDH-based
NiFe LDH /CNT IM KOH ~235 5
NiFe LDH; IM KOH 300; 6
NiCo LDH; IM KOH 330; 6
CoCo LDH IM KOH 350 6
NiFe LDH; IM KOH 224 7
NiFe LDH/RGO IM KOH 245 8
Ni,;sFe 5-GO IM KOH 230 9
NiFe LDH /CQDs IM KOH ~235 10
FeNigCo, LDH IM KOH 220 11
CoMn LDH IM KOH 324 12
Transition metal oxides
Co50y4 1M KOH ~270 13
NiCo0,04 1M KOH 340 14
Co;3V,0g 0.1IM KOH 350 15
CoMoO4 1M KOH 312 16
CuCo0,04/NrGO 1M KOH 360 17
Other catalysts
Ni,P 1M KOH 310 18
Co4N/CC 1M KOH 257 19
CoP 1M KOH 360 20

CoS/Ti IM KOH 361 21



Calculation of Electrochemical surface area (ECSA):
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Fig. S6. CVs of pure CuO (A), Fe-Co;04 (C) and CuO/Fe-Co3;04 composite (E)
between the potential region 0.1 V to -0.1 V (vs Ag/AgCl) with scan rates of 5, 10, 15,
20, 25, and 30 mV/s in KOH solution. The cathodic (©) and anodic (O0) charging
currents measured at 0 V vs Ag/AgCl plotted as a function of scan rate. The determined
double-layer capacitance of the system was taken as the average of the absolute values

of the slope after the linear fitting of the data.



The electrochemical active surface areas of the CuO/Fe-Co;0,4 composite and the
corresponding pure CuO and Fe-Co;0, catalysts were evaluated by using the
electrochemical double-layer (Cq) capacitance. The amount of the electrical
capacitance between the double layers can be measured from the CV curves at different
scan rates by the equation

vx Cp =1,

where v is the scan rate and J, is the double layer charging current.

The slope obtained from the plot between the double layers charging current and scan

rate is directly considered as the double layer capacitance (Cpp) of the catalyst.



Fig. S7 EDS elemental mapping spectra of CuO/Fe-Co;0,4 material for (B) Cu, (C)

Co, and (D) Fe elements.



Fig. S8 TEM images of CuO/Fe-Co;04 composite with core-shell array. Whole

particle (A, B), Fe-Co3;04 nanosheet shell (C), and CuO particle core (D).
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Fig. S9 IR-corrected polarization curves of CuO, Fe- Co;0,, and CuO/Fe-Co3;04

electrodes.
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