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Computational details of the thermodynamic mechanism of OER

The thermodynamic mechanism of OER in alkaline conditions which proposed by

Norskov group are extensively used. The scheme of reaction elementary steps is as follows

OH + * —» OH* + ¢~ (1)
OH* + OH — O* + H,0 +e~ )
O*+ OH — OOH* + ¢~ 3)
OOH* + OH — O,+ H,0 + ¢ Q)]

where ‘*’ means the Ni(111), Ni,P(111) and clean surface. OH*, O* and OOH* denote the
species adsorbed on the surface. To be convenient, the steps (1)-(4) can be converted to the

form in the acidic conditions which can be expressed as

2H,0 + * — OH* + H,0 + e + H* (5)
OH* + H,0 — O* + H,0 + ¢ + H* (6)
O* + H,0 — OOH* + ¢+ H* (7)
OOH* — 0, + ¢ + H* (8)

The steps (1)-(4) are equivalent to (5)-(8).

The Gibbs free energy changes for reaction (5)-(8) are calculated as

A G= A Goy —eU + kTln 10pH )
A Gy= A Go— A Goy —eU + kTln 10pH (10)
A Gy = A Goon — A Go — eU + kTln 10pH (11)
A G4=4.92[eV]— A Goou — eU + kTIn 10pH (12)

G is the Gibbs free energy, and U is the external bias against normal hydrogen electrode (NHE)
at standard conditions (77=298.15 K, P =1 bar, pH = 0). Therefore, here, eU and pH are 0. Due
to the Gibbs free energy of formation of two water molecules is 4 x 1.23 =4.92 eV, the sum of
A G, A Gy, A Gs, A Gyis fixed to 4.92 eV. The reaction Gibbs free energy is calculated from
the adsorption energy of OH*, O*and OOH*, according to A G;=A E;+ A ZPE; — TA S;. The

energy differences A E; calculated against H,O and H; are calculated as

A Eon = E(OH*) — E(*) — [E(H,0) — 1/2E(H,)] (13)
A Eo = E(O*) — E(*) — [E(H,0) — E(Hy)] (14)
A Eoon = E(OOH*) — E(*) — [2E(H,0) — 3/2E(H,)] (15)
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The theoretical overpotential is defined as:

n = max[A G, A Gy, A G3, A Gylle — 1.23 [V] (16)

Fig. S1 SEM image of NF

Fig. S2 SEM image of NiAl-HPO4-LDH/NF intermediate.
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Fig. S3 FT-IR spectrum of NiAl-PO4-LDH/NF intermediate.
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Fig. S4 a) SEM image a) and b-d) elemental mapping images of Ni, Al, O, and P of NiAl-HPO,-LDH/NF
intermediate

Fig. S5 a) TEM and b) HRTEM images of Ni-Al,O3/NF sample
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Fig. S6 Partial LSV curves separated of NF, Ni-Al,O3/NF, NiP-Al,O3/NF in 1.0 mol L"! KOH from oxidation
peaks by i-t tests.
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Fig. S7 The amount of O, versus time at a constant current density of 10 mA ¢cm in 1 M KOH.

Ni Ni,P

Fig. S8 The optimized primitive cell of Ni and Ni,P.
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Fig. S9 The total and projected density of states of a) Ni and b) Ni,P. Ni-n (n=3, 4, 5), and n means the

different coordination number of Ni in Ni P (111).
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Fig. S10 Different species (*OH, *O, *OOH) combined with (a-c) Ni,P and (d-e) Ni. The Ni-O bond lengths
(unit: A) are labeled in Fig., respectively.
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Fig. S11 a) Ni 2p and b) P 2p XPS of NiP-Al,O3/NF after chronopotentiometry test.
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Fig. S13 SEM image of NiP-Al,O3/NF after five successive cycles of electrocatalytic oxidation of HMF.



Fig. S14 a, b) TEM images of NiB-Al,Os/NF. c-g) HAADF-STEM image and elemental mapping images

of Ni, Al, B, and O of NiB-Al,O3/NF, respectively.
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Fig. 15 XSP spectrums of NiB-Al,O3/NF sample: a) survey, b) Ni 2p, ¢) B 1s, and d) Al 2p



Table 1. Comparison of OER activities over various electrocatalysts.

Material Electrolyte Current density [mA ¢cm?] Over-potential [mV] Refs.
Ni-P/CF 1.0 M KOH 10 325 1
Ni-P NA/NF 1.0 M KOH 20 311 2
f-CoP/CoP,/AL,0; 1.0 M KOH 10 300 3
Ni(OH),/NF 1.0 M KOH 50 330 4
NiSe-NiOyx/NF 1.0 M KOH 10 243 5
Ni; sFe sP 1.0 M KOH 10 264 6
NiP,/CC 1.0 M KOH 20 310 7
CF@NiPy 1.0 M KOH 10 200 8
NiSe/NF 1.0 M KOH 20 270 9
NiPy.62S0.35 1.0 M KOH 10 240 10
Ni,P-ALO3/NF 1.0 M KOH 10 193 This work
Ni,P-Al,O3/NF 1.0 M KOH 20 224 This work
Ni,P-AL,O3/NF 1.0 M KOH 50 258 This work
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