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Calculation methods
Potential conversion

All potentials reported for half cells are measured vs. calibrated Saturated Calomel Electrode
(SCE) but reported vs. the reversible hydrogen electrode (RHE), following equation S1.

Epug = Escp + 0.241 + 0.059 pH (S1)

Deposition faradaic efficiency

The faradaic efficiencies of the deposition processes are determined by separate calculations
of the electric charges consumed in the deposition of Ni (Qy;) and CeOx (Qceo, ) relative to the

total applied charge, according to equation S2. The remaining charge, other than that used in
film deposition, is described as hydrogen evolution charge, where other competing reactions,
such as oxygen and nitrate reduction, have minimal contribution due to their low concentrations
involved.

—Q”‘Q+ Qceox w100 (S2)

total

Faradaic ef ficency % =

where Q; and Qceo, are calculated from the masses measured by ICP-OES according to
equations S3 and S4.

Q _ myiXnXF _ myj X 2X96485 (S3)

Ni Atomic massyj 58.69

Q _ MgeXnXF  mce X1X96485 (S4)
CeOx Atomic massce 140.12

where F represents Faraday’s constant, m is the mass in grams of each respective element, and
n denotes the number of electrons involved in the deposition process, which is 2 in case of Ni**
(solution) to Ni° (catalyst) conversion, see equation S5, and considered 1 in case of CeOx
deposition, see equations S6-S8.

NiZ" +2 e — Ni (S3)

The deposition mechanism of CeO» from Ce*" ions is controversial, being an oxidative
deposition happening at the cathode. Herein, the H>O>-mediated deposition mechanism is
adopted, where a chemical deposition occurs via H2O> molecules (equation S7), which are
electrochemically generated from dissolved O: reduction at the cathode (equation S6), with
H,0; acting as an oxidising and reducing agent, respectively, in a mediation process !. This
may explain the very low faradaic efficiency (0.37%) observed for CeOx deposition, bearing in



mind that dissolved O; is a limiting reactant. The absence of macroporosity in the CeOx film
could be explained via this mechanism by considering the slow rate of particle growth (due to
the lack of vicinal O,) around the formed hydrogen bubbles that evolve rapidly before hollow
cone-shaped morphologies can be built.

O2+2¢ +2 H,0 — H,0, +2 OH (S6)
H,0; +6 OH™ +2 Ce** — 2 CeO, + 4 H,0 (S7)
2Ce +0,+4 OH +2 e — 2 CeOy +2 H0 (Overall, S8)

Tafel slopes and exchange current densities

Linear fittings of the charge-transfer-controlled linear regions of Tafel plots to Tafel equation
(S9) are used to determine both Tafel slopes and exchange current densities from slopes and
intercepts, respectively 2.

Inl = blogli| — bloglio| (89)

where 7 is the measured overpotential in (V), i is the measured current density in (A cm™2), b
2.303XRT

anF

is Tafel slope ( ), and io is the exchange current density in (A cm2).

ECSA and Ca calculations

Values of the electrochemical active surface area (ECSA) are calculated in (cm?) and reported
in cmz s,/ cméeo as they are measured over 1 cméeo substrates. These values are calculated

from the corresponding double-layer capacitance (Cai) of the film, according to equation S10.

ECSA =< (S10)

Cs

where Cs is the specific capacitance, which is reported in the literature to equal 0.04
(mF cmzés,) in 1.0 M OH™ solutions *°. On the other hand, Ca values are figured from the
measured slopes of the linear variations of capacitive current at a certain potential with the
applied potential scan rate, according to equation S11.

dE
I = Cdl X E (Sll)



) "y .. dE ..
where Cq comes in (mF) when 7 (the capacitive current) is in (A) and - (the scan rate) is in

(mV s7!). The gravimetric-specific ECSA4 values are calculated per (mg) of the deposited
catalyst according to equation S12.

ECSA

Specific ECSA = — (S12)

where m is the mass of the deposited film in mg.

TOF calculations

Turnover frequency (7OF) values, the number of hydrogen molecules generated per second
per active site, are calculated following equation S13.

TOF = 12X (S13)

xXny, XF

where Iy, is the HER current in (A), Np is Avogadro’s constant, ny, is the number of electrons
consumed in the production of one molecule of H», which is 2, F is Faraday’s constant, and x
is the number of active sites, which is calculated from the corresponding redox CV of each
film, according to equation S14.

x = dXTa (S14)

ncyXF

where Qcy is the charge associated with each CV in (C), and ncy is the number of electrons
involved in the processes during the CV, which is 2. Therefore, equation S13 can be simplified
to equation S15.

TOF = IH_Z _ IHZX(dE/dt)CV

Qcv (J1dE)cy (S15)

Where (dE /dt) cy 18 the potential scan rate used for CV in (V s, and (J I dE)cy is the area
enclosed by the CV in (A V) calculated by integration.

Energy efficiency in AEMWE

The values of energy efficiency are dependent on the operating current density, the associated
cell voltage, and the heating value of hydrogen. These values are calculated, according to



equation S16&S17, based on the higher heating value (HHV, 285.8 kJ mol™!) and the lower
heating value (LHV, 241.8 kJ mol!) of hydrogen gas °, respectively.

HHV of H, 00 = 2858 (9 mol~1) x 100

HHV E iciency = x 100
nergy ef ficiency Consumed electricity nEEcen

~ 285.8 (k] moli}) x 100
~ 2 (mole- molj!) X 96485(C molz) X Ecey

1.481 (V)
B Ecell (V) X100 (816)
LHV Energy ef ficiency = LHV of H, %100 = 241.8 (kJ mol™) x 100
Consumed electricity NFE oy

241.8 (k] molz}) x 100

" 2 (mol,- mol1) X 96485 (C molg?) X Eeep
1253 (V)

Ecell (V)

x 100 (S17)

where 7 is the number of moles of electrons consumed to produce a mole of hydrogen gas, F'
denotes Faraday’s constant, and Ecen is the operating cell voltage.

Electrical efficiency in AEMWE

The amount of electrical energy consumed to produce 1 kg of hydrogen is also dependent on
the operating current density (rate of production) and the corresponding cell voltage, equation
S18.

Electrical Effici _ Electrical Energy _ Ecenlt  EcennF
ectrical BICeNY = Mass of produced Hydrogen ItM M
nF
_ Ecenn (V) x 2 (mole- moly; ) x 96485 (C molg?) y 1000 (g) y 1 (kWh)
B 2 (gmolz}) 1 (kg) ~ 3.6 x10° (CV)
= E.o (V) X 26.801 (kWhkg 1 V1) (518)

where M is the molar mass of hydrogen gas, n is the number of moles of electrons consumed
to produce a mole of hydrogen gas, F' denotes Faraday’s constant, ¢ denotes the time of
operation, while / and Eceni are the operating current and cell voltage.

Cost of H2 from AEMWE

Hydrogen cost is calculated based on the electrical efficiency in AEMWE and the electricity
price (0.02 $ kWh~! 7), according to equation S19.



Cost of H,($ kg™1) = Electrical Efficiency (kWh kg™1) x Electricity price ($ kWh™1)
= Electrical Efficiency (kWh kg™1) x 0.02 ($ kWh™1) (519)

Faradaic efficiency in AEMWE

The amount of H> produced by AEMWE is determined by gas chromatography (GC, Shimadzu
GC 2010), where 1.0 M KOH is circulated from the anode side, while Ar gas is circulated at a
specific flow rate (v) from the cathode side carrying H> gas in an online setup into the GC. The
faradaic efficiency is calculated according to equation S20.

77)
Faradaic ef ficiency % = moles of B, X 100% = ~2 M2 1000,
aradaic ef ficiency % = T moles of H, °T T IE °
nkF
PV PV%
(RT),, Voot (7)), *
=77 X 100% = 1~
(ﬁ)/ Vtotal (ﬁ)
min. A o ml
_ 01316 (F= at25°C) x Vo, X v () (520

I (A)

Where V %y, is the volume percentage of Hy in the Ar and H> mixture, v is the gas flow rate in
ml/min, and / is the applied current in A.

IR and Mass-transfer free LSVs

To deconvolute the observed overpotential at the full cell and the AEMWE into its three
originating types: ohmic, mass transfer, and activation, the following strategy is adopted.
Firstly, raw LSV data are measured and depicted without /R compensation. Secondly, the /R-
corrected LSV is drawn, where the difference between the two curves is the /R drop. Thirdly,
the activation drop is calculated by the extension of the /R-compensated Tafel plot, which is
measured at the activation-controlled region, to the high-current-density mass-transfer-
controlled region, according to equation S21 8. Thereby, an activation-controlled, mass-
transfer-free and /R-free LSV is drawn.

|EIR and Mass freel = |EThermo| + Nactivation = |EThermo| +b logi -b lOg iO (S21)

where Ejg and Mass free 15 the /R and mass-transfer-free potential, which is drawn vs i, the raw
measured current density, to construct the activation-controlled LSV. E1permo denotes the
thermodynamic potential of water electrolysis at 60 °C, which equals —1.199 V. b and —b log i,
are Tafel slope and Tafel intercept, respectively. Finally, the mass transfer overpotential is
considered as the drop between the /R-corrected and activation-controlled LSVs.
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Fig. S2. a) N, adsorption/desorption (BET) isotherm and b) pore size distribution of the
Ni/CeOx (2 A) film.
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Fig. S3. a) SEM micrograph of the Ni/CeOx (2 A) film and the corresponding EDS
mapping, b) overlay, ¢) spectra, and d) percentages.
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Fig. S4. Percentage of the charge consumed, according to the ICP-OES data, in generating
hydrogen gas during electrodeposition.
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Fig. 5. SEM micrographs of a) CeOx (2 A), b) Ni (2 A), ¢) Ni/CeOx (0.1 A), d) Ni/CeOx (2
A), &) Ni/CeOx (0.5 A), f) Ni/CeOx (1 A), and g) Ni/CeOx (3 A) films.

Note S1:

For comparison, in the absence of either Ni?* or Ce®*", CeOx and Ni films are deposited,
respectively, at 2 A cm2 (Fig. S5). The CeOx film appears yellowish-white in colour, matching
the colour reported for the non-stochiometric CeO, material °, while Ni and Ni/CeOx films
appear brownish-black (Fig. S6). As expected, the CeOx catalyst shows no uniform porosity
but a tortuously grown layer with in-between cracks, similar to the morphology reported in the
literature for electrodeposited CeO, 1, supporting the unsuitability of the employed deposition
bath and technique (DHBT) for building macroporous Ce films (Fig. S7). SEM-EDS of the
CeOx catalyst shows a uniform distribution of Ce and O along the film, supporting the
formation of cerium oxides (Fig. S7). The deposition faradaic efficiency is 0.37% only, i.e.,
most of the passing charge is evolving hydrogen gas.

Conversely, the deposited Ni catalyst exhibits the typical macroporous morphology expected,
with relatively wider macropores, compared to the Ni/CeOx (2 A) film, with diameters spanning
from 52 pum to 140 nm, (Fig. S5&8). This implies a higher tendency for the generation of larger
bubbles in the absence of Ce ions during deposition. Hydrogen generation consumes 93.04%
of the passing charge during the deposition, according to ICP-OES data. Ni film particles are
cauliflower-like with minimal O content (2.5 atomic%), see SEM-EDS data in Fig. S8, likely
due to oxidation of the top surface of Ni by atmospheric air %2, This data confirms the
successful formation of Ni in metallic form by the employed synthesis strategy.

For Ni/CeOx films, notable distinctions in morphologies are observed when different
deposition current densities are applied (Fig. S5). Ni/CeOx (0.1 A) film lacks porosity, closely
resembling the morphology of the CeOx film (Fig. S9). This implies that the bubble generation

11



rate at this current density is insufficient to create macropores or prevent particle growth and
linkage. The elemental distribution maps from SEM-EDS reveal that O sites surround Ce sites,
endorsing the formation of cerium oxides. As for Ni/CeOx (0.5 A), the morphology still lacks
porosity with several small cauliflower-like particles dominating, similar to those observed for
Ni film (Fig. S10). The overlaid SEM-EDS distribution of elements discloses the consistent
coexistence of Ce and O, aligning with observations from the other films. Conversely,
macropores begin to emerge with Ni/CeOx (1 A). These macropores (Fig. S11) are fewer and
wider than those observed for Ni/CeOx (2 A), reflecting the lower rate of hydrogen evolution
during deposition. In contrast, a higher number of narrower macropores are observed for
Ni/CeOx (3 A) due to the higher rate of hydrogen bubbling (Fig. S12). SEM-EDS data for both
Ni/CeOx (1 A) and (3 A) confirm the convergence of Ce and O.

12
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Fig. S6. Photos of CeOx (2 A), Ni (2 A), and Ni/CeOx (2 A) films.
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Fig. S7. a) SEM micrograph and the corresponding EDS elemental mapping, b) overlay, c)
spectra, d) percentages, and ¢) magnified SEM micrograph of the CeOx (2 A) film.
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spectra, d) percentages, and ¢) magnified SEM micrograph of the Ni (2 A) film.
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Fig. S9. a) SEM micrograph of the Ni/CeOx (0.1 A) film and the correspond

mapping, b) overlay, c) spectra, and d) percentages.
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Fi. S10. ) SEM microgrph of the Ni/CeOx (0.5 A) film and the corresponding EDS
elemental mapping, b) overlay, c) spectra, and d) percentages.
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Fi. Sl. a) SEM micrgr ph of the Ni/CeOx (1 A) film and the corresponding EDS elemental
mapping, b) overlay, ¢) spectra, and d) percentages.
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Fig. S12. a) SEM micrograph of the Ni/CeOx (3 A) film and the corresponding EDS elemental
mapping, b) overlay, c) spectra, and d) percentages.
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Fig. S13. a) Inverse FFT images of the (111) facets of both cubic Ni and cubic CeOx in Ni/CeOx
(2 A). b) Crystalline (orange) and amorphous (blue) regions in HRTEM image of Ni/CeOx (2
A), insets show the FFT patterns of both regions. ¢) XRD patterns. d-j) Zoomed XRD patterns
of the designed Ni/CeOx, Ni, CeOx films.
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Fig. S19. a-d) Capacitive CVs in 1.0 M KOH at different potential scan rates (10:100 mV s ).
e-h) The variation of capacitive current with potential scan rate for the Ni/CeOx (0.1 A),
Ni/CeOx (0.5 A), Ni/CeOx (1 A), and Ni/CeOx (3 A) films.
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Fig. S20. a) ECSA values. b) Specific ECSA values. c) LSVs, normalized to ECSA, in 1.0 M
KOH at a potential scan rate of 10 mV s~ ! of the designed electrocatalysts.
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Fig. S22. After stability a) SEM micrograph and the corresponding EDS elemental mapping,
b) overlay, c) spectra, and d) percentages. e-f) Other SEM at different magnifications. g) XRD
pattern of the Ni/CeOx (2 A) film (all after HER operation). h) N> adsorption/desorption (BET)
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Fig. S23. a) SEM micrograph and the corresponding EDS elemental mapping, b) overlay, c¢)
spectra, and d) percentages. e-f) other SEM micrographs at different magnifications. g) XRD

pattern of the Ni-Fe-Zn film.
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Fig. S24. OER LSV of Ni-Fe-Zn catalyst at 20 °C.

Note S2:

NiFe-based materials have been reported to lead the non-precious electrocatalysts used for
OER in alkaline media '*!*. Herein, a Ni-Fe-Zn OER catalyst is designed, with a near 1:1:1
metal percentage observed from SEM-EDS data (Fig. S23), approaching the molar ratio of
precursor ions in the deposition bath. The designed catalyst demonstrates remarkable activity,
delivering 300 mA cm 2 at an overpotential of 312 mV (Fig. S24), indicating superb OER
activity >!®. A morphology of cauliflower-like particles wrapped by sheets with various
interstitial cracks (Fig. S23e&f) is likely to contribute to the enhanced activity by providing
disconnection sites that inhibit oxygen bubble coalescence and reduce mass transfer resistance.
The obtained XRD pattern reveals the coexistence of multiple phases (Fig. S23g). The
inclusion of Zn™? ions in the deposition bath, and consequently, Zn presence in the designed
catalyst, aims to lower the surface roughness of the Ni-Fe catalyst that causes membrane
ruption and short circuits when assembled in AEMWE in the absence of Zn. Interestingly, Ni-
Fe-Zn shows similar OER performance, while addressing the membrane-related challenges.
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Fig. S26. Deconvoluted LSV of AEMWEs with PiperlON-20 membrane at 60 °C when a)
PiperION ionomer is at both cathodic and anodic sides. b) at anodic sides only, and c) no
PiperION ionomer is added. d) A comparison between the contributing overpotentials at
different current densities for the three AEMWE configurations.
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Fig. S27. Deconvoluted LSV of AEMWEs with X37-50 membrane at 60 °C when a) XA-9
ionomer is at both cathodic and anodic sides. b) at anodic sides only, and ¢) no XA-9 ionomer
is added. d) A comparison between the contributing overpotentials at different current densities
for the three AEMWE configurations.
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Fig. S28. a) Front view and b) Top view of CeO,. (c-f) The four possible structures of
CeO2-s and their corresponding chemical formation energies.
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Fig. S29. a) Front view and b) Top view of Ni/CeO». (c-f) The four possible structures of
Ni/CeO,.5 and their corresponding chemical formation energies.
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Fig. S30. a) Front view and b) Top view of Ni/CeO». (c-f) The four possible structures of
Ni/CeOs-25 and their corresponding chemical formation energies.
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Fig. S31. HER at Ni in alkaline media: a) Hydrogen adsorption. b) IS, ¢) TS and d) FS of water

adsorption and dissociation processes. (e-f) OH* direct desorption process. (g-h) Water-
assisted OH* desorption process.
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Fig. S32. HER at CeQ,.51in alkaline media: a) Hydrogen adsorption. b) IS, ¢) TS and d) FS of

water adsorption and dissociation processes. (e-f) OH* direct desorption process. (g-h) Water-
assisted OH* desorption process.
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Fig. S33. HER at Ni/CeO».s in alkaline media: a) Hydrogen adsorption. b) IS, ¢) TS and d) FS

of water adsorption and dissociation processes. (e-f) OH* direct desorption process. (g-h)
Water-assisted OH* desorption process.
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Fig. S34. HER at Ni/CeO».25 in alkaline media: a) Hydrogen adsorption. b) IS, ¢) TS and d) FS
of water adsorption and dissociation process. (e-f) OH* direct desorption process. (g-h) Water-
assisted OH* desorption process.
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Fig. S35. Trends in Gibbs free energy values for the water dissociation process at CeO2-3, Ni,
Ni/CeO2-5, and Ni/CeO2-2s.
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Fig. S36. a) The total DOS plots of Ni, CeO2., Ni/Cez-5, and Ni/Cez25. b) Their total DOS
values at the Fermi level.
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Table S1. Atomic percentages of Ni and Ce in the designed films, the corresponding total
metals mass, and deposition efficiency from ICP-OES data.

Film Ce atomic % Ni atomic % Total metals  Deposition faradaic
(1] o

mass (mg) efficiency %
| CeOx (2ZA) I 100 | - | 4.83 | 0.37
Ni(2A) - 100 19.05 6.96
Ni/CeOx (0.1 A) 0.26 99.74 32.23 11.72
Ni/CeOx (0.5 A) 3.88 96.12 28.77 9.78
Ni/CeOx (1 A) 291 97.09 24.34 8.42
Ni/CeOx (2 A) 2.8 97.2 22.45 7.78
Ni/CeOx (3 A) 3.6 96.4 21.45 7.32
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Table S2. XRD cubic Ni peaks’ positions for all prepared films.

Film Facet 111/degree  200/degree  220/degree  311/degree 222/degree
Ni(2A) 44.50 51.84 76.38 92.92 98.44
Ni/CeOx (0.1 A) 44.47 51.79 76.42 92.90 98.42
Ni/CeOx (0.5 A) 44.52 51.94 76.42 92.95 98.53
Ni/CeOx (1 A) 44.50 51.84 76.42 92.97 98.46
Ni/CeOx (3 A) 44.39 51.72 76.26 92.88 98.44
Ni/CeOx (2 A) 44.55 51.86 76.40 92.97 98.45
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Table S3. Comparison between the activities of HER electrocatalysts in alkaline media.

Electrocatalyst del(ljsl;:;e(lllr: A) Oveliﬁi)\t]e)ntial Electrolyte  Ref.
Pt/C/NF 1000 590 ILOMKOH Y
Ni>P/NF 1000 306 ILOMKOH Y

Pt/C 700 200 ILOMKOH '8
Ni-CO-P/NF 1000 300 ILOMKOH '8
Pt/C 500 295 ILOMKOH "
Fe-Coo35Se/FeCo LDH 500 274 1.0 M KOH 19
Co-MosNs 1000 280 1.OMKOH 2
Pt/C 1000 650 ILOMKOH %
Ni(OH)x/Ni3S2/NF 1000 238 I.OMKOH %
Pt/NiOx.Ov/NF 500 180 I.OMKOH %
IrNi-FeNi3 1000 289 I.OMKOH %
Pt/C/CuF 1000 450 1.OMKOH
CuMosSs/Cu 1000 320 ILOMKOH
Co-P 1000 227 1.OMKOH %
MoS2/Mo,C 1000 220 1.OMKOH %
Ni3S2/Cr2S3@NF 1000 227 I.OMKOH %
Nia(1-0MoxxP 1000 294 I.OMKOH %8
Ru-CoOx/NF 1000 252 I.OMKOH %
N-NiMo$S 1000 322 I.OMKOH %
A-NiCo LDH/NF 1000 381 I.OMKOH ¥
Ni-P-B/NF 1000 275 I.OMKOH  *
Pd4S/Pd3Po 95 500 387 1.OMKOH ¥
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Table S4. Comparison between the performance of AEMWE:s.

System

Current

Voltage

IR-free Voltage

Temp.

Cathode/ membrane /anode (A) ) \%) Media (°C) Ref.
NiFe/TP-4/ X37-50 Grade T /NiMo/TP-4 2 2 1.87 1.0 M KOH 50-55 57
Pt@S-NiFe LDH/ FAA-3-PK-130 /S-NiFe LDH 0.2 1.74 - 1.0 M KOH 65 38
Pt/C/ FAA-3-50, Fumapem /CoSb,0¢ 0.8 1.9 1.769 1.0 M KOH 60 5
NiCoO-NiCo/C/ X37-50 Grade T /CuCoO 0.504 1.85 - 1.0 M KOH 50 0
Pt/C/ X37-50 Grade T /CF-FeSO 0.1 1.61 - 1.0 M KOH - ol
Pt/C /Fumasep FAA-3-50 /Ni,P/Ni;Ss 0.204 2 1.75 1.0 M KOH 25 62
MOC-Ru/-/RuO2 0.25 1.97 - 1.0 M KOH Room temp. 03
3-Co03S4 NS/NF/ X37-50 /Cuy.51C0,.1904 NS/NF 0.431 2 - 1.0 M KOH 45-48 o4
E};\:{OCO alloy/ Sustainion X37-FA /NiFeCr- 1 o1 B 1.0 M KOH 40 65
NiFeS@Ti;Cy/ X37-50 RT /NiFeS@Ti;C; 0.401 1.85 - 1.0 M KOH 50 66
NiFeP_FA_NN/ FAA-3-PE-30 /NiFe_FA_NN 0.5 2 - 1.0 M KOH 60 6
Ni-W-600@CP/ A201 /Ir black/Ti foam 1 23 - 1.0 M KOH 50 o8
Pt/C/ HoAM Grion 1204 / Mo-CoOOH 1 2.08 - 1.0 M KOH 85 ©
NA-Ru3Ni/C/ X37-50 /NA-Ru;Ni/C 1 2.048 - 1.0 M KOH 60 o
Pt/C/ X37-50 / (NiCo)3Sey4 2 2 - 1.0 M KOH 60 n
Ni;N/Ni/Ti mesh/ Fumapem FA-3-50 /NiFe,Oy4 0.5 1.88 1.802 1.0 M KOH 55 2
NiMoN/ X37-50 RT / d-(Fe,Ni)OOH 0.5 1.795 - 1.0 M KOH 73 3

5 2.078 1.793
Ni/CeOy (2 A)/ PiperlON-20 /Ni-Fe-Zn 4 2.001 1.772
3 1.918 1.746

1LOMKOH 60 VTW})‘S(
2 1.981 1.779
Ni/CeOy (2 A)/ X37-50 Grade T /Ni-Fe-Zn 1 1.843 1.742
0.5 1.754 1.703
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Table SS. Lattice parameters of Ni, CeO; and Ni/CeOs.

a(A) b(A) c(A) o(’) BC) ()
Ni 3.53425 3.53425 3.53425 90.0000 90.0000 90.0000
CeO: 5.47472 5.47472 5.47472 90.0000 90.0000 90.0000
Ni/CeO2 7.61985 7.61985 19.3633 90.0000 90.0000  120.0000

49



Table S6. Gibbs free energy values for the water dissociation process at CeO2-5, Ni, Ni/CeO»-3,
and N1/CeOz-2s.

Gis (eV) AGrs-1s (V) AGrs-1s (V)
Ce02-5 0.21 1.36 0.24
Ni 0.68 1.47 0.04
Ni/Ce02-5 0.57 1.14 —0.08
Ni/CeO2-25 0.3 0.97 -0.1
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Table S7. Representation of the atoms in the DFT model.

Atom Color RGB Radius
Ce Lime green 2092526 1.82
Ni Grey 109 109 109 1.25
O Red 25430 0.74
H Light pink 255204 204 0.46
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