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SI-1:
The standard reduction electrode potential Eg.3+/re 1s calculated as follows.
Fe?*+2e 2> Fe ...l (1), E{°=-0.44V
Fe3*+e > FeX ..ol (2),Ex*=0.77V

(E{° and E,° values were taken from the electrochemical series)
Adding equation (1) and (2)
Fe3*+3e 2> Fe..ccoovviviini. ... (3), E3’
Let, AG;, AG; and AGs; are the free energies of the reaction (1), (2) and (3).

Then, AG[ + AGZ = AGg ......... (4)

Here, AG=-nE°F ............... (5), where n = number of electron involved in the electrode

reaction, E%= standard electrode potential in volt, and F = Faraday constant.
Hence, from (1), (2), (4) and (5):
—2xFx(-044)+ 1 xFx0.77=-3 xF x E*

As a result: E%ez1p.= E3? =+0.037 V.
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Figure 1. Images of Ni foam (a) before and after immersion of the foam in an ethanolic FeCl;

solution at 50 °C for (b) 6 h, (¢) 12 h, (d) 18 h, and (e) 24 h.
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Figure S2. SEM images showing a surface view of (a) pristine NF, (b) pristine NF under high
magnification, and NF in an ethanolic FeCl; solution at 50 °C for (c¢) 6 h (Fe-6h/NF) under (d)
high magnification, (e) 12 h (Fe-12h/NF) under (f) high magnification, (g) 18 h (Fe-18h/NF)
under (h) high magnification, and (i) 24 h (Fe-24h/NF) under (j) high magnification. The inset

image in (a) presents the NF under high magnification showing the crystal grain boundaries.

Intensity (a.u.)
Intensity (a.u.)

00 800 600 400 200 O 204 202 200 198 196
Binding Energy (V) Binding energy (eV)

| L
1200 10

Figure S3. (a) XPS survey spectrum of etched NF (Fe-18h/NF) in ethanolic FeCl; at 50 °C,
and (b) Cl 2p spectrum of the same sample.
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Figure S4. iR compensated linear sweep voltammograms of the etched NF (Fe-18h/NF) in 1
M KOH solution.
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Figure S5. Normalized chronopotentiometric curves obtained at an applied current density of
350 mAcm™ in a 1 M KOH aqueous electrolyte from (a) Fe-18h/NF and (b) Fe-24h/NF

electrodes.
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Figure S6. Cyclic voltammograms (CVs) of etched NF at various scan rates in a 1 M KOH
solution: (a) Fe-6h/NF, (b) Fe-12h/NF, (c) Fe-18h/NF, and (d) Fe-24h/NF. (e) Average current
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density (Aj=(j,-j.)/2) against the scan rate showing the double-layer capacitance (Cy) extracted
from the corresponding CVs. (f) iR compensated LSVs based on the ECSA-specific current

density in a IM KOH solution. (g) Table showing the electrochemically active surface area
(ECSA) in cm?.

The double layer capacitance (Cq4) was determined from a CV using the equation: Cq =
Aj (jajc)/2v, where j, and j. are anodic and cathodic current densities at AE=0.2 V and v is the
scan rate in mVs!. The non-Faradic current density based electrochemically active surface area
(ECSA) was estimated according to the equation: ECSA = Cy/C;, where C; is the specific

capacitance of the electrode and was taken as 0.022 mFem2 in 1 M KOH electrolyte.l'l ECSA,
thus, estimated are tabulated in Fig. “(g)”.

[1]1J. Am. Chem. Soc. 2013, 135, 45, 16977.
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Figure S7. Electrochemically active surface area (ECSA) and OER current density (jogr)

exhibited by the nickel foam etched for 6, 12, 18 and 24 h in ethanolic FeCl; solution at 50
°C.
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Figure S8. CV curves recorded in the non-Faradic regions of (a) NF, (b) Fe-18h/NF, (c) Fe-
24h/NF, and (d) IrO,/NF, in a 1 M KOH solution at various scan rates (20 to 80 mV s!). (e)
Average non-Faradaic current density (Aj = (j,-j.)/2) obtained from CV curves at 0.20 V as a

function of the scan rate, and (f) a comparison with the ECSA.
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Figure S9. (a) Nyquist plot derived from the electrochemical impedance spectra, (b) the

equivalent circuit employed to fit the impedance data, and (c) the table showing the series

resistance (R) and charge transfer resistance (R) extracted from the Nyquist plot.
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Figure S10. (a) CV of the Fe-18h/NF electrode in a 1 M KOH solution at a scan rate of 5 mVs-!
showing a pair of reversible redox peaks for M—OH <> M—OOH, where the current density in
the anodic (j,) and the cathodic (j.) directions are almost equal. (b) Chronopotentiometric
response of the Fe-18h/NF electrode in a 1 M KOH solution at the beginning and end of 80 h

under periodic polarization between +400 and 40 mAcm™2.

2.5x10*
@ H, (Expt) ®
20x10* - ----H, (cal) s
i ) ® O, (Expt) @
%15110_ I~ ___.Oz{cal} ’/
‘G -
@ -
8 1.0x10™ |- o G
3 | .
E - Nt
5.0x10° - . _-®
f!:"' ﬂ.#
00 - &~
] 1 ] 1 ] 1 ] ] 1 j | 1 ]
0 200 400 600 800 1000 1200
t(s)

Figure S11. Faradic current efficiency for the HER and OER of the Fe-18h/NF electrode
measured at 25 mAcm™ in a 30% KOH aqueous electrolyte using conventional water

displacement. The active electrode area of the cathode and anode was 1.5 cm™2.
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Figure 12. XPS spectra for the Fe-18h/NF electrode after stability testing for 96 h in a 30 wt%

KOH solution.
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Figure. S13. Raman spectra for the Fe-18h/NF electrode before (i.e., as-synthesized) and after
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electrochemical stability testing. The pair of peaks observed after stability testing indicates the

presence of the NiOOH-FeOOH (MOOH) phase.
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Figure. S14. XRD patterns and an SEM surface view of the Fe-18h/NF electrode after stability

testing for 96 h in a 30 wt% KOH solution. Inset image in “(b)” is a low magnification of the

same electrode.
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Figure S15. High-angle annular dark-field (HAADF) image and elemental mappings showing

the uniform distribution of the constituent Ni, Fe, and O within the Fe-18h/NF electrode after

stability testing for 96 h in a 30 wt% KOH solution.

Table S1. Comparison of OER performance for Fe-18h/NF and Fe-24h/NF with those of state-
of-the art electrocatalysts under alkaline conditions.

Anode materials Electrolyte Jj Overpotential | Tafel slope | Ref
(mAcm?) (mV) (mVdec")
1| Fe-18h/NF I MKOH |10 220 47.3 This
50 247 work
100 270
250 290
500 310
Fe-24h/NF 10 215
50 245
100 270
250 300
500 330
IrO, /NF 10 260
50 310
100 330
250 380
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375 390

2 | 5h-A-NF 500 346 62.2 [1]

3 | 0.14 M Fe/A-NF 50 244 69.6 [2]
500 334

4 | NiO/NiNDs@NF 50 360 90.0 [3]

5 Inverse-NP 10 300 90.0 [4]
50 362

6 | Ni-CLPs0°,activated 10 204 - [5]
100 300

7 | NEN-MOEF/NF 10 240 58.8 [6]
250 335
500 360

8 | NiFe/NiCo,04/NF 10 240 38.8 [7]
500 310

9 | MFN-MOFs(2:1)/NF 50 235 55.4 [8]
500 294

10 | Ni-QDs@NC@rGO 10 265 65.0 [9]

11 | Fe-O-Ni(OH),/NF 10 185 [10]
100 220
500 261

12 | NiFeOx/NF 100 260 28.0 [11]

13 | Ni-Fe NP/CFP 10 210 - [12]
20 230
100 270

14 | NiFe-LDH/Mxene/NF 10 229 44.0 [13]
500 300

15 | Hier-NiFe@sCNTs 30 209 65.7 [14]
100 279
500 321

16 | so-Fe-Ni(OH), TTAs 10 226 35.9 [15]

17 | Ru-NiFe-P 50 227 66.1 [16]
100 242
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