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Computational details

All the calculations are performed in the framework of the density functional theory with the projector augmented plane-wave
method, as implemented in the Vienna ab initio simulation package. Spin polarization was also included. The generalzied gradient
approximation (GGA) proposed by Perdew, Burke, and Ernzerhof is selected for the exchange-correlation potential. A DFT-D3
scheme of dispersion correction was used to describe the van der Waals (vdW) interactions in molecule adsorption [1]. The
cut-off energy for plane wave is set to 450 eV. The energy criterion is set to 1E-05 eV in iterative solution of the Kohn-Sham
equation. The electron smearing width of o = 0.03 eV was employed according to the Gaussian smearing technique.

Ni-Co: Cleaving surface (220) of terminated Ni from a triclinic NIOOH primitive cell and the fractional thickness set to 4.0, then
redefined lattice into U=26.62 A, V=6.06 A and 6=89.89° to get the NiOOH-base. Cleaving surface (101) of terminated OH from a
triclinic CoOOH primitive cell and the fractional thickness set to 1.0, then make 1 x 2 supercells after redefined lattice into a
rectangle to get the CoOOOH-layer. Then the NiOOH-base loaded the CoOOOH-layer with adding 20 A vacuum thickness to build
vacuum slab crystal to construct the heterojunction model Ni-Co with 132 atoms of a maximum mismatch rate of 6.24%.

NiOOH: Cleaving surface (220) of terminated OH from a triclinic NIOOH primitive cell and the fractional thickness set to 4.0,
then redefined lattice into U = 26.62 A, V = 6.06 A and 6=89.89°, and adding 20 A vacuum thickness to build vacuum slab
crystal to get the slab model NiOOH (220) with 96 atoms.

CoOOH: Cleaving surface (101) of terminated OH from a triclinic CoOOH primitive cell and the fractional thickness set to 2.0,
then make a 1 x 2 supercell after redefined lattice into a rectangle, and adding 20 A vacuum thickness to build vacuum slab
crystal to get the slab model CoOOH (101) with 98 atoms.

The Brillouin zone integration is performed using the uniformly distributed scattering of going through the Gamma point to
select a 1 x 4 x 1 k-mesh in the Monkhorst-Pack grid to make structure optimization, and we select 2 x 8 x 1 k-mesh to do
density of state (DOS) calculations [2]. To simulate the effect of inside a solid, the atoms located in the lower half of the slab were
fixed for all calculation models. All the structures are relaxed until the residual forces on the atoms have declined to less than
0.02 eV/A.

A corrective Hubbard Hamiltonian was added in the calculations to improve the description of the electronic structure of this
strongly correlated material. On the basis of previous works, the formalism proposed by Dudarev et al. was used, along with the
U-J value of 3.52 eV for the cobalt 3d electrons [3, 4]. A U value of 5.5 eV [5], adapted from the linear response theory
calculations of Li and Selloni [6], was utilized for Ni. Where the * refers to the catalytic, and the *one refers to the species that
adsorbed on the activity sites. The pathway by which the OER occurs under base condition are generally reported to proceed
according to the following step:

*+H,O>*OH+H++ e
*OH->*O +H+ + ¢

*O+ H,0->*0OOH + H+ + e
*OOH->*+0O,+H+ +e¢

Neglect PV contribution to translation for adsorbed molecules, the free energy was calculated according to the equation of G = E
+ Hcor - TS = E + Gcor, where E is the energy of every specie obtained from DFT calculations, and S are entropy, while T is
298.15 K. The Hcor and Gceor are the thermal correction to enthalpy and the thermal correction to Gibbs free energy,
respectively. These Gecor of *OH . *O. *OOH were taken from the frequency DFT calculation and got value by using
Vaspkit.1.4.1 [7]. The Gibbs free energy of the proton-electron pairs related in the PECT progress, whereas the fact that the
proton-electron pairs is in equilibrium with gaseous H,: G(H+ + e) = 1/2 G(H, (g)). According to Vaspkit.1.4.1, the internal
energy of gas molecular gained from the formula: U(T) = ZPE + AU(0-T), the enthalpy of gas molecular gained from the
formula: H(T) = U(T) + PV = ZPE + AU(0-T) + PV, and the Gibbs free energy of gas molecular gained from the formula: G(T)
= H(T) - TS = ZPE + AU(0-T) + PV - TS = E_DFT + G_cor. Where E_DFT is the energy of the free gas molecule obtained
from DFT calculations, G_cor’ is the thermal correction to Gibbs free energy of the free gas molecule obtained from the
frequency DFT calculation and got value by using Vaspkit.1.4.1, with the temperature of 298.15K, the pressure of H,(g) and
H20(1) were 1 atm and 0.035 bar, and H,, H,O input 1 as the value of spin multiplicity. Note that the free energy of a O, gas
molecule should be calculated by this equation: G (O,, g) = 2*G (H,0, 1) - 2*G (H,, g) + 4.92 eV.
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Figure S1 TEM of NiMoO, showing the morphology of nanorods.

Figure S2 HAADF STEM elements mapping images of NiMoO,.
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Figure S3 EDX element images of Co,(OH);Cl@NiMoO.,.



~
Y]
N’

Current density (mA cm?)
s o 8
T <. <

Intensity (a.u.)

Co,(OH),CI@NiMoO,

530

535

Binding Energy (eV)

Figure $4 Peaks of O 1s bands in NiMoO, and Co,(OH);Cl@NiMoO,.

Figure S5 In-situ FT-IR characterization of Co,(OH);Cl@NiMoO.,.
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Figure $6 LSV of NiMoO, for different CoCl, loading and corresponding Tafel plots.
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Figure S7 The mass-normalized catalytic activities for Co,(OH);Cl@NiMoO, and Co,(OH),Cl.
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Figure S8 ECSA Performance characterization. Cyclic voltammetry curves at various scan rates for estimation of (a) Co,(OH);Cl@NiMoO, and (b)

NiMoO,. (c) Extraction of the Cg from different electrodes.
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Figure S9 LSV curves of Co,(OH);Cl@NiMoO, before and after 5000 cycles of accelerated CV test.
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Figure S10 XRD characterization of Co,(OH);Cl@NiMoO, before and post OER.
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Figure S11 (a) TEM characterization of Co,(OH);Cl@NiMoO, post OER. (b) HAADF STEM and corresponding elemental mapping images of
Co,(OH);Cl@NiMoO, post OER. (c) High-resolution TEM image of Co,(OH);Cl@NiMoO, post OER.
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Figure S12 EIS characterization of CoOOH, NiOOH and CoOOH@NiOOH which are obtained by conducting 5000 cycles of accelerated CV test of the
Co,(OH),Cl, NiMoO, and Co,(OH);Cl@ NiMoO,.

We electrochemically reconstituted NiMoO,, Co,(OH);Cl@NiMoO, and Co,(OH),Cl and performed EIS tests, respectively. Since
the catalysts are reconstituted during the OER process to form NiOOH, CoOOH@NiOOH and CoOOH, respectively, the EIS test
results show that the COOOH@NiOOH with a smaller radius has greatest electron transmission according to form the

heterojunction during the electrochemical reconstruction.
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Figure S13 The Barder charge diagram of COOOH@NiOOH. The direction of electron transfer: from Ni to O and from Co to O.

Table S1 Comparison of OER performance of NiMoO,-based catalysts in 1 M KOH

Catalyst N (mV)@10 mA cm* Tafel slope Ref.
NiMoO,@Co,(OH),Cl 275 62 This work
NiMoO, 340 118 This work
N-NiMoO,/NiS, 267 74.2 [36]
NCMNT-3 300 68 [37]
NiyoFepMoO, 299 63 [38]
NM-FC2 336 71.8 [39]
¢-Ni,P,0,,/c-NiMoO, 370 132 [40]
N-NiMoO,/Ni/CNTs 330 89 [41]

Table S2 ICP testing at different leaching times of NiMoO,@Co,(OH);Cl

Time (h) Mass fraction of Mo (%) Leaching rate
0Oh 26
4h 19 0.0875 mg/h
8h 8 0.1375 mg/h
10h 6.5 0.0375 mg/h

12h 6.3 0.005 mg/h
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