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Fig. S1 XRD patterns of a-NiFeO,/NIF, pa-NiFe LDH NS/NIF and c-NiFe LDH

NP/NIF, from which the fully amorphous characteristics of a-NiFeO,/NIF as well as

the highly crystalline nature of c-NiFe LDH NP/NIF can be identified.

Fig. S2 SEM images of (A) a-NiFeO,/NIF and (B) c-NiFe LDH NP/NIF. The fully

amorphous a-NiFeO,/NIF is shaped in spherical morphology, while the highly
crystalline c-NiFe LDH NP/NIF shows a large lateral size of hundreds of nanometers

with nanoplate thickness of ~20 nm.
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Fig. S3 XRD patterns of the counterparts with the standard patterns, where the top lilac

pattern is Ni(OH),/NF, middle blue pattern is NiFe,O4 NP/NIF and the bottom purple

pattern is y-Fe,O4/IF.

Fig. S5 SEM images of pa-NiFe LDH NS/NIF at low magnifications.
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Fig. S6 XPS survey spectra of pa-NiFe LDH NS/NIF.

The estimation of the effective active surface area of the samples was carried out
according to literature.! Cyclic voltammetry (CV) was performed at various scan rates
(20, 40,60 mV s, etc.) in 1.0-1.1 V vs. RHE region. The electrochemical double-layer
capacitance (Cg) of various samples can be determined from the cyclic
voltammograms, which is expected to be linearly proportional to the effective surface
area (Fig. S7TA-F). CV measurements were taking in the region of 1.0-1.1 V vs. RHE,
which could be mostly considered as the double-layer capacitive behavior. The double-
layer capacitance is estimated by plotting the AJ (J,-J.) at 1.05 V vs. RHE against the
scan rate, where the slope is twice Cg. The calculated values of double-layer
capacitance are as follows: 2.02 mF cm=2, 1.98 mF cm2, 1.62 mF ¢cm™, 1.78 mF cm2,
1.55 mF ¢cm?2, 1.23 mF ¢cm? for pa-NiFe LDH NS/NIF, a-NiFeO,/NIF, c-NiFe LDH
NP/NIF, NiFe,O4 NP/NIF, Ni(OH),/NF and y-Fe,O5/IF, respectively. Analysis shows
pa-NiFe LDH NS/NIF has a larger double-layer capacitance than the other counterparts.
Therefore, similarly high Cy values are identified, which indicates that ECSA is not the

main reason for the enhanced OER and UOR activities of pa-NiFe LDH NS/NIF.
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Fig. S7 CV curves of different catalysts at non-redox region for the calculation of

-
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Fig. S8 Cg-normalized OER currents with respect to the overpotential.
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Fig. S9 LSV curves of various bare metal foams measured in 1 M KOH electrolyte.
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Fig. S10 (A) CV curve of pa-NiFe LDH NS/NIF. (B) Tafel plot of pa-NiFe LDH
NS/NIF derived from the cathodic sweep of CV curve to avoid the interference of the

oxidation peak.? The Tafel slope is calculated to be as small as 63.0 mV decade™!.
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Fig. S11 Stability tests of pa-NiFe LDH NS/NIF, a-NiFeO,/NIF and c-NiFe LDH
NP/NIF in 1 M KOH under a fixed overpotential of 370 mV. The partially amorphous
catalyst and the highly crystalline electrode exhibit high electrochemical stability with
~94.7% and 93.8% retention of anodic current after Sh continuous OER operation,
while the fully amorphous catalyst shows rather poor stability which degrades for
26.5% after Sh OER test, which can be attributed to the higher solubility of the

amorphous material.->
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Fig. S12 XPS spectra of (A) nickel and (B) iron for of pa-NiFe LDH NS/NIF after 10

h continuous OER operation.
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Fig. S13 LSV curves of the pa-NiFe LDH NS/NIF in 1 M KOH with various urea

concentration.
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Fig. S14 Comparison of OER and UOR curves of pa-NiFe LDH NS/NIF at onset

region.
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Fig. S15 UOR catalytic currents normalized by Cg measured in mixed solution

containing 1 M KOH and 0.33 M urea.
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Fig. S16 Comparison of UOR performance of different bare metal foams measured in

the mixed solution containing 1 M KOH and 0.33 M urea.

Fig. S17 Photograph of the electrolyzer during UOR catalysis.
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