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§ S1. Physico-chemical characterization
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Figure S1. X-ray diffraction (XRD) patterns for samples synthesized using different HT growth times
times. The pattern of the bare Ni foam substrate (grey curve) is also plotted for comparison. In all cases,
only (111) and (200) reflections from metallic nickel from the substrate [1] could be detected.
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Figure S2. (a) Comparison of the Raman signals centred at 500 cm™ for a specimen obtained with a growth

time of 60 min and the bare Ni foam (NF) substrate. (b) Fitting of the peak for the NF substrate, with
corresponding band assignments.

54



30 min 60 min
Cls Cls Cls
3
S
2z
g
E
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII||||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
292 284 280 292 288 284 280 292 288 284 280
BE (eV) BE (eV) BE (eV)
Figure S3. Cls photopeaks for the target specimens.
Cls BE (eV) Area %
Adventitious C 284.8 79.8
15 min
Chemisorbed carbonates 288.0 20.2
Adventitious C 284.8 83.0
30 min
Chemisorbed carbonates 288.0 ‘ 17.0
Adventitious C 284.8 65.6
60 min
Chemisorbed carbonates 288.0 ‘ 34.4

Table S1. Binding energies (BEs, eV) and relative contribution (%) of the various components to the
overall Cls peak for the target specimens (color codes as in Figure S2). The attribution was made based
on previous studies [2-5].
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Figure S4. Ni2p photopeaks for samples obtained for deposition times of 15 min (left) and 60 min (right).
The two low BE components (labeled as 1 and 2) are associated respectively to Ni?* and Ni®.

Ni2ps BE (eV) Area %

1 oc [Ni2*] 854.5 22

2 oc [Ni3] 856.5 29

15 min 860.3 19
Satellites 862.7 22

866.4 8

1 oc [Ni2*] 854.4 25

2 o [Ni*] 856.3 35

30 min 860.4 18
Satellites 862.5 15

865.4 7

1 oc [Ni2] 855.1 21

2 « [Ni?] 857.0 27

60 min 860.4 18
Satellites 863.1 25

866.9 9

Table S2. BEs (eV) and relative contribution (%) of the various components to the Ni2ps2 peak for the
target samples (color codes as in Figures 3b and 54).
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Figure S5. Ols photopeaks for samples obtained for deposition times of 15 min (left panel)
and 60 min (right panel).

O1s BE (eV) Area %

15 min

30 min
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Table S3. BEs (eV) and relative contribution (%) of the various components to the overall Ols peak for
the target specimens (color codes as in Figures 3c and S4). The attribution was made based on previous

studies [5-9].
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15 min 30 min 60 min
Ec (eV) 29 2.6 2.7
@ (eV) 4.9 4.7 5.0
Er - VB (eV) 1.9 1.8 2.0
IP (eV) 5.9 5.5 5.7
EA (eV) 4.0 3.9 43

Table S4. Energy gap (Ec), work function [®, difference between vacuum level energies and Fermi
energies (Er)], valence band edge separation from the Fermi level (Er — VB), ionization potential (IP) and
electron affinity (EA), estimated by reflection electron energy loss spectroscopy (REELS) and ultraviolet
photoelectron spectroscopy (UPS) measurements. IP (EA) are evaluated as the energy difference
between valence (conduction) band edges (VB and CB, respectively) and the vacuum level energy [3,5].
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§ S2. Electrochemical functional tests
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Figure S6. (a) Electrochromic effect due to the surface oxidation of the sample synthesized using an HT
growth time of 30 min (left picture) to black-colored NiOOH (right picture) upon performing a linear
sweep voltammetry (LSV) anodic scan at pH =14 . (b) LSV curves registered in 1.0 M KOH for samples
obtained with different deposition times. The potentials required to reach current densities of 100
mA/cm? were 1.74 V, 1.70 V, and 1.73 V vs. RHE for the 15 min, 30 min, and 60 min specimens,
respectively. The curve for the bare Ni foam substrate, which delivered a significantly lower current
density than the target specimens, is also reported for comparison.

For the 30 min sample, its peculiar morphology combined with the presence of NiOOH
and a defect-rich NiO phase may generate or promote highly active sites for oxygen
evolution. This behavior is driven by Ni** centers, which are well recognized as a key
factor in water electrooxidation. In this regard, the higher abundance of Ni(IIl) can be
deemed to be favorable for the formation of OER intermediates, ultimately accounting

for the observed enhancement in OER activity [10].
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Figure S7. Cyclic voltammetry (CV) scans pertaining to the electrocatalyst deposited for 30 min upon
addition of small EtOH volumes (25, 50, 75 pL) in 1.0 M KOH electrolyte solution.
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j@1.60 V

Ej=10

Tafel slope

tal Electrol ; ;
Catalyst ectrolyte vs. RHE V) (mV/dec) Ref
(mA/cm?)
NiO HT 15’ 100 1.44 52
NiO HT 30’ LIV IROIEL 150 1.41 48 This study
+1.3 M EtOH
NiO HT 60’ 74 1.43 61
NiO > 60 0.7 102 [11]
NiO ~6.2 1.66 158 [12]
NiO 1.0 M KOH 69.4 ~1.36 325 [13]
: +1.0 M EtOH
NiOx >90 1.40 46.6 [14]
NiOx/CNx >90 1.35 30.2 [14]
NiO 1.0 M KOH ~100 1.12 468.2 [6]
+0.5 M EtOH
1.0 M KOH
i . . . 1
NiO +0.05 M EtOH 12.5 1.56 n.a [15]
Ni20s ~70 n.a. 62 [16]
Ni(OH)2 NSs ~48.0 1.43 n.a [17]
Ni(OH)2 MSs ~21.0 1.47 n.a [18]
1.0 M KOH
B-Ni(OH)2 +1.0 M EtOH ~32 1.40 44 [19]
Ni(OH)2 NSs > 200 1.31+1.32 | 25.3+46.9 [20]
Ni(OH): ~172 ~1.38 n.a. [21]
B-Ni(OH): 1L.0OMKOH ~11 1.50 n.a [22]
+0.5 M EtOH
NiOOH ~125 1.37 53 [23]
NiOOH 1.0 M KOH ~250 ~1.34 69.1 [24]
1.0 M EtOH
Cu-doped "
NiOOH ~190 1.35 24 [23]
. 1.0 M KOH -
NiOOH +15M EtOH ~200 1.37 91 [25]
NiO@CeO»-1:1 ~30 1.46 50 [12]
. 1.0 M KOH
Nio.67C00330x +10 M EtOH 126 ~1.34 187.9 [13]
Ni033C00.670x 82 ~1.36 258.4 [13]
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jeLe Vv Ej Tafel slope
talyst Electrolyt .RHE 0 Ref.
Catalys ectrolyte vs W) (mV/dec) e
(mA/cm?)
1.0 M KOH
i ~ . .. 2
NisS: NWs +1.0 M EtOH 162 1.35 n.a [26]
1.0 M KOH
iS-Ni * & . .
NiS-NiS:/CC +1.0 M EtOH 150 1.39 n.a [27]
NiS +1.0 M EtOH >150 1.37 40.1 [29]

Table S5. Comparison of EOR performances of the actual materials with representative data reported
for other Ni-based electrocatalysts. Ei-i0 indicates the bias value necessary to reach a current density of
10 mA/cm?. n.a. = data not available; NSs = nanosheets; MSs = microspheres; NWs = nanowires; NRs =
nanorods; * = nickel sulphide heterostructure embedded in biomass carbon.
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Figure S8. LSV) curves recorded in 1.0 M KOH + 1.3 M EtOH solutions on the pristine samples (solid
lines) and every 90 days for 6 months upon specimen storage under ambient conditions (dashed lines).
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§ S3. Characterization after electrochemical tests

Figure S9. Representative FE-SEM images of electrocatalysts obtained at different deposition times after
CA testing at 1.6 V vs. RHE for 24 h.
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Figure §10. Ols and Ni2p photoelectron peaks for the 15 min (top panel, black) and 60 min (bottom
panel, blue) specimens after completion of the tests indicated in Figure S9. Color codes as in Figures 54
and S5.
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§ S4. Nuclear magnetic resonance (NMR) analysis
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Figure S11. 1D BC-NMR spectrum of the starting solution of ethanol in a KOH aqueous solution
(H20/D:0 9:1, 100.6 MHz, 298 K).
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Figure 512. 1D 13C-NMR spectrum of the reaction solution after chronoamperometry (CA) testing at 1.6

V vs. the reversible hydrogen electrode (RHE) for 3 h (H20/D20 9:1, 100.6 MHz, 298K). Inset: 3C
multiplicity without '"H decoupling confirms assignment to the methyl group of acetic acid.
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Figure S13. 1D BC-NMR spectrum of the reaction solution after CA testing at 1.6 V vs. RHE for 6 h
(H20/D20 9:1, 100.6 MHz, 298 K). Inset: *C multiplicity, obtained from NMR experiments without 'H
decoupling, confirms assignment to glycolate (triplet for -CH>- at about 46 ppm and singlet for COO- at
about 180 ppm).
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Figure S14. 1D C-NMR spectrum of the reaction solution after CA testing at 1.6 V vs. RHE for 24 h
(H20/D20 9:1, 100.6 MHz, 298 K). Inset: *C multiplicity for the very weak peak at about 171 ppm,
obtained from NMR experiments without 'H decoupling, seeming to point to a doublet, consistent with
the presence of a small glycoxylate amount.
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