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1. Potential-time (E-t) transient for the electrodeposition of NixFes «O4 and NixFes.xO4/Ni

NSAs
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Fig. S1 E-t curves of electrodeposition of NiFes O, and NiyFe;,O4/Ni NSAs on the Au substrate at

current densities of -1 and -6 mA cm? at 80 <C by passing 1 C cm™ charge in the deposition solution

containing 60 mM Ni*, 25 mM Fe*, 26.7 mM triethanolamine (TEA), 90 mM triethylenetetramine

(TETRA), 0.1 M NH4NO3, and 2 M NaOH.

2. XRD study of the samples electrodeposited at different current densities
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Fig. S2 XRD patterns of the samples electrodeposited at -0.5, -3.5, -8.0, and -10.0 mA cm.



3. EDS, ICP, and XPS analysis on the Ni:Fe ratios in NixFe;xO4 and NixFe;xO4/Ni
hybrid NSAs

Table S1 The atomic Ni:Fe ratios measured by EDS, ICP, and XPS in NiyFes;,O4 and NiyFe; ,O4/Ni

hybrid NSAs electrodeposited at -1 and -6 mA cm™.

Deposition current density Ni:Fe ratio Ni:Fe ratio Ni:Fe ratio
(mA cm?) (by EDS) (by ICP) (by XPS)

-1 0.24 0.22 0.32

-6 0.42 0.46 0.44

4. SEM and EDS analysis of the Ni,Fe;.xO4/Ni electrodeposited at -10 mA cm™

Fig. S3 SEM images of the Ni,Fe;,O./Ni electrodeposited at -10 mA cm™. The Ni:Fe ratios measured

by EDS in the nanosheets and surface bulk structures are 0.5 and 0.21, respectively.
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5. The influence of the additives on the OER activities of the NixFes «O4/Ni hybrid NSAs
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Fig. S4 (a) The LSV curves at a scan rate of 1 mV s* in 1.0 M KOH solution and (b) the
corresponding Tafel plots on the NiyFe;O4/Ni samples electrodeposited with different additives at -6
mA cm?. (a) The LSV curves at a scan rate of 1 mV s in 1.0 M KOH solution and (b) the
corresponding Tafel plots on the NiyFes,O4/Ni samples electrodeposited with different concentrations

of NH,NO; (as the additive) at -6 mA cm™.

6. SEM images and EDS characterizations of the two parts of the NixFes;.xO4/Ni hybrid
NSA
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Fig. S5 SEM images of the (a) bottom dense layer and (b) upper nanosheet layer of the NiFes cO4/Ni
hybrid NSA electrodeposited at -6 mA cm™ on Au. The upper nanosheet layer was peeled off from the

bottom dense layer by using duct tape.
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Table S2 The EDS measured overall Ni:Fe atomic ratio in the NisFe;O4/Ni hybrid NSA
electrodeposited at -6 mA cm™ and the Ni:Fe atomic ratios in the upper and bottom layer of this

NiyFes O4/Ni hybrid NSA, respectively.

Ni:Fe ratio
0.42

0.98
0.40

7. LSV study on the electrodeposition of NixFes xO4/Ni hybrid NSAs
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Fig. S6. LSV voltammograms on the bare Au substrate (solid curves) and the Au substrate covered
with the dense layer of NiFe;,O./Ni (after 40-s electrodeposition at -6 mA cm?) in different

solutions.
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8. Examples of the steady-state Tafel analysis of the electrodeposited NixFe;«O4 and

NixFes.xO4/Ni NSAs

(a) (b)

100 mA em*

0459 NixFe3-xO4 0.404 —— NixFe3-xO4/Ni 100 mA cmg
— 0.404 50 mA em?, —
2 > 0.35 S0mA em]
T ] 25 mA em? = ;
"g 0.35 10 mA em™ E 0.30- lzosn:;Ac:T
g 0% 5
s g 0251 bt o’
5 0.25 >

% 0.20
0.20
0 1500 3000 4500 6000 0 1500 3000 4500 6000
Time/s Time/s

Fig. S7 The multi-current step measurements on the NisFes;,O4 and NiFes,O4Ni NSAs
electrodeposited at -1.0 and -6.0 mA cm? The applied current densities in the test are 0.1, 0.25, 0.5, 1,
2.5, 5, 10, 20, 50, 100 mA cm™. The time durations for the current steps (from low current density to
high current density) are 1800, 1800, 600, 300, 300, 300, 300, 100, 100, and 100 s. The steady-state

potential at each current step obtained on these plots is used for the steady-state Tafel plot in Fig. 5b.

9. Determination of the double-layer capacitance and electrochemically active surface

area of the NiyFe;,O, and NiyFe;4O4/Ni NSAs

The double-layer capacitance (Cq4) and electrochemically active surface area (ECSA) of the
electrodeposited NixFes;.xO4 and NixFes «O4/Ni NSAs were estimated from the CV
measurements. The CVs (Fig. S8a~g) of the NixFe;xO4 and NixFes«O4/Ni NSA samples at
different scan rates of 3,4, 5, 6, 7, 8,9, and 10 mV s in 1 M KOH at room-temperature were
performed in a potential window of OCP £20 mV. The Cy is obtained from the slope of the
linear fits to the current density (at open circuit potential (OCP)) vs scan rate plot ((Fig. S8h).
The ECSA of each film is calculated according to the Eq. 1

ECSA= % xA (1)

where C, (0.040 mF cm™) is the double-layer capacitance of NiyFesxO4 in 1 M KOH and A is
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the geometric area of the fabricated Ni,FesxO4 and NiyFes.«O4/Ni NSA electrodes.
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Fig. S8 CV curves at the scan rate of 3 (purple curve), 4 (violet curve), 5 (navy curve), 6 (olive curve),
7 (magenta curve), 8 (blue curve), 9 (red curve), and 10 (black curve) mV s 'on (a) Au and the
NiyFes«O4 and NiyFe; ,O4/Ni NSAs electrodeposited at (b) -0.5, (c) -1, (d) -3.5, (e) -6, (f) -8, and (g)

-10 mA cm™. (h) Plots of the current density at 0 V vs. OCP as a function of scan rate.
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10. Summary of the electrochemcial data of NixFes.xO4 and NixFes xO4/Ni NSAs

Table S3 Summary of the main electrochemical data derived from the corresponding Measurements

in Fig. 5.

Mo Moo Ts Cai Ret

(mV) (MmV) (mVdech) (mFcm? (@)
. 05 oz 440 57 0.700 4548
a1 316 387 55 1035  42.25
. 385 302 364 37 0435  30.14
6 23 312 42 0229 7.9
8 20 32 51 0194  10.99
a0 295 380 59 0145 1401
 bareAusubstrate - - 59 0121  3099.93

N0 and nioo: Overpotential obtained from the LSVs (in Fig. 5) at the current densities of 10
and 100 mA cm™.

Ts: Tafel slope.

Cqi: double-layer capacitance

Rt : charge-transfer resistance

11. The stability test on NixFesxO4/Ni NSA conducted at -10 mA cm™
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Fig. S9 Long-term stability test on the Ni,Fes..0,/Ni hybrid NSA (electrodeposited at -6 mA cm?) at

10 mAcm?in 1 M KOH at room temperature for 10 days.
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12. XPS study on the NixFes «O4/Ni hybrid NSA before and after the stability test
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Fig. S10 (a) Ni 2p, (b) Fe 2p, and (c) O 1s XPS spectra of the NixFe3.xO4/Ni hybrid NSA
electrodeposited -6 mA cm™ before and after the 240-h stability test at 10 mA cm™ in 1 M

KOH at room temperature.

13. Comparison of the OER activity of the NixFesxO4/Ni hybrid NSAs electrodeposited

on different planar substrates

The apparent catalytic performance of the prepared NixFe;xO4/Ni electrodes on different
substrates (i.e., Au, GC, and SS) is similar (Fig. S11a). The LSV on SS (in the potential range
of 1.43 to 1.53 V vs. RHE) slightly deviates from the LSV on the Au substrate, probably due
to the slightly different electrochemically active surface area (which arises from the slightly
different surface morphology) of the NixFe;xO4/Ni NSA deposited on SS compared to that on
Au. This difference might also cause the slight variation of the Tafel slope on SS compared to
that on Au (Fig. S11b). However, it is worth mentioning that the Tafel slopes on Au and SS
are both consistent with the same OER mechanism involving one electrochemical

preequilibrium step preceding a rate-limiting chemical step.?
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Fig. S11 (a) iR-corrected LSVs (at 1 mV st in 1 M KOH) and (b) the corresponding
steady-state Tafel plots of the NixFes.«O4/Ni hybrid NSAs electrodeposited at -6 mA cm™ on
the planar Au, GC, and SS substrates.

14. SEM and electrochemical characterizations of Ni,Fe;—,O4/Ni NSAs

(1:pm)

Fig. S12 SEM images of NiyFesO4/Ni hybrid NSAs electrodeposited at (a) -1.06, (b) -1.07, and (c)
-1.08 V for 200s on NF. (d) SEM image of the NiyFes ,O4/Ni hybrid NSA deposited on NF at -1.07 VV
for 200s after the OER stability test at different current densities of 10, 50, 100, 150, 200, 250, 300,
350, 400, 450, 500 mA cm * for totally 220 h.
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Fig. S13 Electrochemical properties of the NiyFe; cO./Ni hybrid NSAs electrodeposited at -1.06, -1.07,
and -1.08 VV on NF and -6 mA cm? on Au: (a) steady-state Tafel plots, (b) double-layer capacitance

(Cq1), (c) ECSA-normalized LSV curves, and (d) Nyquist plots.

15. Comparison of the OER catalytic performance of the NiFe-based oxides

Table S4 Comparison between the OER performance of the NiyFe;O4/Ni hybrid NSA
electrodeposited at -6 mA cm? on NF and the reported NiFe-based oxides OER catalysts in 1 M KOH

aqueous solution.

2h
NiFe,O, nano-rods/GCE % 342 44 thermal decomposition 15h a 3
@20mA cm’
- metal-organic framework 15h
FeNi/NiFe,0,@NC/GCE 3 ¢ [EEII:N) o 86 h ) 4
derivation @10 mAcm’
- hydrothermal synthesis method 2h
NiO/NiFe,0,/GCE 3 ¢ 302 42 N 15h ) 5
and thermal decomposition @20 mAcm’
_ supercritical carbon dioxide 8h
NiFe,O/VACNT/NF 3% v¢ eZINE(] _ 8h ) 6
(SCeCO, )technique @10 mAcm’
2D NiFe,0,/GCE % 460 193 hydrothermal synthesis method 10h N/A 7
: . o 55h
1D NiFe,04/NF X 5k 433 134 solution blow spinning 40 h 3 8
@10 mAcm’
: : . 50h
NigFe oxides/NF 2% 291 58 hard templating method 16 h , 9
@10 mAcm™
NiFe,O4/NF > 343 185 eletrodeposition and annealing  2.5h N/A 10
Ni-Fe-O/GCE % 244 39 alloying/dealloying 35h 60 h 11
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@10 mAcm?

10 h
NiyFes O, INI/GCE X 225 44 solvothermal 24 h ) 12
@10 mAcm®
15h
NiFeO,@CuO NWSs/Cu % 300 40 electrodeposition 35h a 13
@10 mAcm®
100 h
NiFe,O, quantum dots /GCE X |4y ANEEY template method 78 h ) 14
@10 mAcm®
240 h this
263 42 electrodeposition 167 s "
@10 mAcm® work
250 h
this
212 46 electrodeposition 200s @10~500 mA
P work
cm
> Synthesis involves high temperature (>100 <€) processes.
Y. Synthesis uses organic solvents (instead of DI water).
n1o: OVerpotential at a current density of 10 mA cm™during OER.
Ts: Tafel slope (mV dec™?).
Time: the time of the synthesis.
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