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Fig. S1 Photos of Co MOF/NF, Fe MOF/NF, and Fe-Co MOF/NFs on nickel foams: (a) Co MOF/NF, (b) Fe:
Co=3:7, (c) Fe: Co=5: 5, (d) Fe: Co=7: 3, (e) Fe: Co=9: 1, and (f) Fe MOF/NF.



Fig. S2 SEM images of nickel foam (a, b).



Fig. $3 SEM images of (a) Co MOF/NF, (b) Fe MOF/NF, Fe-Co MOF/NF of (c) Fe: Co=3: 7, (d) Fe: Co=5:5, and (e)
Fe:Co=9:1.



Fig. S4 SEM image of Fe-Co MOF/NF (Fe: Co= 7: 3) after stability test.
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Fig. S5 XPS spectra of Fe-Co MOF/NF (Fe: Co=7: 3).
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Fig. S6 The XPS spectra of (a) Co 2p and (b) Fe 2p for Fe-Co MOF/NF (Fe: Co= 7: 3) after OER test. XPS spectra of O
1s for Fe-Co MOF/NF (Fe: Co= 7: 3) (c) before OER test and (d) after OER test.
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Fig. S7 (a) LSV curves, (b) Tafel plots, and (c) Nyquist plots of Co MOF, Fe MOF, and Fe,Co MOF on the GC.
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Fig. S8 CVs measured in a non-Faradaic region of (a) Co MOF/NF, (b) Fe-Co MOF/NF (Fe: Co= 7: 3), (c) Fe MOF/NF,
and (d) blank NF.



Fig. S9 (a) Nitrogen adsorption-desorption isotherms of Co MOF/NF, Fe MOF/NF and Fe-Co MOF/NF (Fe:
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Co= 7: 3). (b) BET surface area values of Co MOF/NF, Fe MOF/NF and Fe-Co MOF/NF (Fe: Co= 7: 3).
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Fig. $10 (a) LSV curves and (b) Nyquist plots of Fe-Co MOF/NF (Fe: Co= 7: 3) before and after stability test.
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Fig. S11 The HRTEM images of (a) Fe MOF/NF and (b) Co MOF/NF after OER test. (Inset of a and b): SAED
pattern of Fe MOF/NF and Co MOF/NF after OER test.
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Table. S1 MOF labels and stoichiometry of synthesis are provided.

Catalyst CoCl,#6H,0 (mmol) Fe (NO);29H,0 (mmol) TPA (mmol)
Co MOF/NF 1 0 1
Fe: Co=3:7 0.7 0.3
Fe: Co=5:5 0.5 0.5 1
Fe:Co=7:3 0.3 0.7 1
Fe:Co=9:1 0.1 0.9 1
Fe MOF/NF 0 1 1
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Table. S2 OER performances for Fe MOF/NF, Co MOF/NF, Fe-Co MOF/NFs with varying Fe/Co batch ratios
(Fe: Co=9:1, Fe: Co=7: 3, Fe: Co=5:5, and Fe: Co= 3: 7), and blank NF.

Catalysts Overpotential (10 mA cm?) Tafel slope
Fe MOF/NF 257 mV 69.1 mV dec?t
Fe: Co=9:1 236 mV 63.8 mV dec?
Fe:Co=7:3 224 mV 45.3 mV dec™?
Fe: Co=5:5 253 mv 52.9 mV dec™?
Fe: Co=3:7 289 mv 53.2 mV dec™
Co MOF/NF 289 mV 61.6 mV dec-1

blank NF 436 mV 175.6 mV dec™®
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Table. S3 Comparison of OER performance with other reported non-precious electrocatalysts.

Entry Catalyst Overpotential (mV Tafel slope (mV reference
@mA cm?) dec™)
1 Fe,Co MOF/NF 224@10 45 This work
2 Fe,Co MOF/GC 400@10 65 This work
3 MIL-53(Co-Fe)/NF 262@100 69 1
4 CoFe-MOF-OH NF 265@10 44 2
5 Co-Fe NPs 369@20 51 3
6 Co,Fe-MOF 280@10 45 4
7 Cog.sFeqs-MOF-74 280@10 56 5
8 CoFe-UMNs 290@10 31 6
9 NiCo/Fe304/MOF-74 238@10 29 7
10 CoNi(1:1)-MOF 265@10 56 8
11 NiFe-MOF 240@10 34 9
12 NiCo-UMOFNs 250@10 42 10
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Table. S4 Free energies of adsorption. This table shows the free energies of adsorption for OH*, O* and
OOH*, GOER and for oxygen evolution via the AEM pathway at the top Fe/Co active sites on FeOOH (010),
Feg 67C00.3300H (010) and CoOOH (010)

Electrocatalyst Active AGoy (eV) | AGg (eV) | AGoon (eV) | AGOER (eV)
site
FeOOH Fe-top 1.21 2.70 4.21 1.51
Feg7C00.3300 Fe-top 0.98 2.55 4.08 1.57
H
Feg 7003300 Co-top 0.73 2.83 3.74 2.10
H
CoOOH Co-top 1.04 2.52 4.32 1.80
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Table. S5 Free energies of adsorption. This table shows the free energies of adsorption for OH*, O* and
OOH*, AGCtR and A for oxygen evolution via the LOM pathway at the bridge Fe-Fe or Fe-Co active sites on
FeOOH (010) and Feg67C00.3300H (010) with an OLHL vacancy.

Electrocatalyst Active site | AGoy (eV) | AGg (eV) | AGgoow (eV) | AGOER (eV)
FeOOH Fe-Fe-bridge -0.21 1.36 3.04 1.88
Feos7C003300 | Fe-Fe-bridge |  -0.08 1.51 3.19 1.73
H
Fe.67C00.3300 Fe-Co- -0.15 1.06 3.06 2.00
H bridge
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Table. S6 Bader charges in the elementary charge e for Fe and Co cations in the bulk and at the (010)

surfaces of FeOOH, Feg 6,C003300H and CoOOH.

bulk (010) (010) with an OH vacancy
Electrocatalyst
Fe Co Fe Co Fe Co
FeOOH +1.28 --- +1.32 --- +1.18 -
Feg67C00.3300H +1.32 +1.17 +1.14 +1.21 +1.12 +1.22
CoOOH +1.26 +0.89
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Computational details:

Density functional theory (DFT) calculations are done using the projector-augmented wave method and a plane-
wave basis set as implemented in the Vienna Ab initio Simulation Package (VASP).1% 12 The valence configurations
are treated as 1s? for H, 2s22p* for O, 3d’4s? for Fe, and 3d®4s? for Co. To better describe the Fe 3d and Co 3d
electrons, the effective U values of 5.30 eV and 3.32 eV are applied in the Hubbard model (DFT+U), respectively.
The Bayesian Error Estimation Functional with van der Waals correlation (BEEF-vdW) is employed.!® The cutoff
energy for plane-wave basis functions is 550 eV. Since The bulk lattice parameters of the transition metal
oxyhydroxides are fully optimized based on experimental data (FeOOH: PDF#13-0087, a=b= 2.941 A, c=4.49 A, y=
120°; CoOOH: PDF#26-1107, a=b= 2.855 A, c= 8.805 A, y= 120°). By substituting a Fe atom with a Co atom within
the 3x1x1 supercell of FeOOH, we obtain the bulk structure of Fegs;C043300H. Based on the optimized structural
parameters, we construct periodic surface slabs with five Fe/Co layers separated by at least 14 A of vacuum for the
(010) surfaces of FeOOH, Feq¢,C00.3300H, and CoOOH. Atomic positions within the top three layers of the slabs
are allowed to relax in OH*, O* and OOH* binding energy calculations. All calculations are done in I'-centered
Monkhorst—Pack k-point meshes with a reciprocal-space resolution of 0.15 Al The energy convergence is 10 eV
and the force convergence 0.02 eV/A.

As is known, the catalytic activity of the material is determined by the binding energies of the reaction
intermediates to the active sites of the catalyst. In the oxygen evolution reaction via the adsorbate evolution
mechanism (AEM) pathway, OH*, O* and OOH* intermediates are involved. To estimate the adsorption free
energies AG of different intermediate at zero potential and pH = 0, we calculate the binding energies AE of each
intermediate and corrected them with zero-point energy (ZPE) and entropy (TS) using AG = AE + AZPE-TAS.*4
Here, we use the computational hydrogen electrode (CHE) model, which exploits that the chemical potential of a
proton-electron pair is equal to gas-phase H, at standard conditions. As the ground state of the O, is poorly
described in DFT calculations we use gas-phase H,0 and H, as reference states as they are readily treated in the

DFT calculations. The entropy for H,0 is calculated at 0.035 bar which is the equilibrium pressure of H,0 at 300 K.
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The free energy of this state is therefore equal to that of liquid water. 1*In the oxygen evolution reaction, the
limiting potential is related to the highest free energy step AGPER = Max(AGou—AGha0p), (AGo+—AGop*),
(AGoon=—AGo+), (AGOZ(g)_AGOOH*)- 15

In the oxygen evolution reaction via the lattice oxhydryl oxidation mechanism (LOM) pathway, O *, O,OH* and

O H.* intermediates are involved. Here * denotes the Fe-Fe or Fe-Co bridge site where the lattice oxhydryl O H,
locates, and the subscript L indicates the lattice. If we make a vacancy of the lattice oxhydryl O H, on the FeOOH
(010) or Feg 67C00.3300H (010) surface, then we could reproduce the four electrochemical steps in the AEM
pathway to simulate those in the LOM pathway. We should keep in mind that the first electrochemical step in the
LOM pathway is the deprotonation of O H * rather than the adsorption of OH* in the AEM pathway.

In addition, the hydroxyl vacancy formation energy is calculated via E; = E(*) + E(H,0) — E(OH*) — 1/2E(H,)

according to OH* + 1/2H, > * + H,0.
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