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Supplementary Figures and Tables:
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Figure S1. XRD patterns of simulated results for Ni-BTC-DMF (A), resultant
Co-BTC-DMF (B), resultant CoxNi; ,-BTC-DMF-1 (C), resultant Co,Ni; ,-BTC-DMF-2 (D),
resultant Co,Niy.-BTC-DMF-3 (E), and resultant Ni-BTC-DMF (F), respectively.
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Figure S2. SEM images and the corresponding EMPA elemental mapping (or EDS
results) for Ni-BTC-DMF (a), Co-BTC-DMF (b), CoxNi;-x-BTC-DMF-1 (c), and
CoxNiy.x-BTC-DMF-3 (d), respectively.
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Figure S3. Plots of (F(R)hv)Y? vs. energy based on UV-Vis data for Co-MOF,
CoNiBMMOF-1, CoNiBMMOEF-2, CoNiBMMOF-3 and Ni-MOF, respectively.



Figure S4. Photographs showing the change of color of bimetallic MOF powders
upon changing the molar ratio of the two metal nodes.
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Figure S5. TGA traces and the decomposition temperatures of different M-bipy-BTC
bimetallic MOFs under N atmosphere. Heating rate: 5 <C min™*.,
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Figure S6. SEM images of Co@C at different magnifications with the scale bar of: (a)
6 um and (b) 300 nm, respectively. (c) The corresponding EDS results.
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Figure S7. SEM images of CoNil@C at different magnifications with the scale bar of:
(@) 5 um and (b) 500 nm, respectively. (c) The corresponding EDS results.
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Figure S8. SEM images of CoNi2@C at different magnifications with the scale bar of:
(@) 15 um and (b) 300 nm, respectively. (c) The corresponding EDS results.

10



2 pm
—

« Mi~ 14- 0,
CoL Co: Nix 1:3.4 (at%)
NiL

intensity (a.u.)

1 2 3 4 5 6 T 8 9 10
energy (kev)

Figure S9. SEM images of CoNi3@C at different magnifications with the scale bar of:
(@) 2 um and (b) 300 nm, respectively. (c) The corresponding EDS results.
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Figure S10. SEM images of Ni@C at different magnifications with the scale bars of:
(@) 3 um and (b) 300 nm, respectively. (c) The corresponding EDS results.
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Figure S11. Full scan survey XPS spectra of different M-bipy-BTC bimetallic MOF

derived catalysts
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Figure S12. EELS chemical composition mapping of CoNi3@C obtained from the
red squared area of the STEM micrograph, showing individual Ni L 3-edges at 855
eV (red), Co L, 3-edges at 779 eV (green), O K-edge at 532 eV (blue) and C K-edge at
284 eV (yellow) as well as the composite (Ni-Co, O-C and Ni-Co-O-C) elemental
mapping of this nanostructure.
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Figure S13. EELS chemical composition mapping of CoNi2@C obtained from the
red squared area of the STEM micrograph, showing individual Ni L 3-edges at 855
eV (red), Co L, 3-edges at 779 eV (green), O K-edge at 532 eV (blue) and C K-edge at
284 eV (yellow) as well as the composite (Ni-Co, O-C and Ni-Co-O-C) elemental
mapping of this nanostructure.
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Figure S14. N, adsorption-desorption isotherms and pore size distributions (the inset)
of (@ Co@C, (b) CoNil@C, (c) CoNi2@C, (d) CoNi3@C and (e) Ni@C,
respectively.
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Figure S15. Nyquist plots of different catalysts (in the frequency range from 100 kHz
to 0.1 Hz with an amplitude of 5 mV at # = 380 mV). Inset: Modified Randles’

equivalent circuit.
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Figure S16. OER polarization curves of CoNil@C (prepared under different
pyrolysis temperatures) covered Ni foam in 1 M KOH in a three-electrode system;
insert shows the N, adsorption-desorption isotherms of CoNil@C, which was
obtained under the pyrolysis temperature of 600 <C.
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Figure S17. EELS chemical composition mapping of CoNil@C after stability test
obtained from the red squared area of the STEM micrograph. Individual Ni L, 3-edges
at 855 eV (red), Co L,3-edges at 779 eV (green), O K-edge at 532 eV (blue) and C
K-edge at 284 eV (grey) as well as the composite (Ni-Co and O-C) elemental
mapping of the this nanostructure.
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Figure S18. (a) SEM images and the corresponding WDS results for the catalyst

CoNil@C after 48 h durability test. (b) Scan details of WDS for different metal

elements.
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Figure S19. ICP-OES analysis results of the Co and Ni in the prepared MOFs
(dissolved in 0.5 M HCL) and the corresponding reaction solution, wherein the mole
ratio of Co vs. Ni in reaction solution and MOF structures is marked for each data
point
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Table S1. Elemental composition (atomic percentage) based on full scan survey XPS
spectra analysis for different catalysts.

C/at.% O /at.% Co/at.% Ni/ at.% Co : Ni
Co@C 24.36 46.96 28.68 0 Pure Co
CoNil@C 19.53 52.20 19.46 8.81 2.2:1
CoNi2@C 14.58 49.04 17.84 18.54 1:1
CoNi3@C 15.24 46.68 10.50 27.58 1:2.6
Ni@C 13.03 46.70 0 40.27 Pure Ni
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Table S2. EIS fitted results of different catalysts (in the frequency range from100 kHz
to 0.1 Hz with an amplitude of 5 mV at # = 380 mV).

R/ Q Error / % Ret/ Q Error / %
Co@C 2.5 1.0 10.1 2.2
CoNil@C 2.6 0.4 3.4 0.8
CoNi2@C 3.5 5.3 16.8 2.9
CoNi3@C 3.7 1.6 21.1 2.0

Ni@C 1.6 5.2 27.5 1.8
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Table S3 Elemental composition based on WDS for the catalyst of CoNil@C after 48
h durability test on different substrates (atomic percentage based on metal).

Co/at.% Ni / at.%
CoNil@C on Ni foam 67.1 32.9
CoNil@C on carbon paper 75.4 24.6

24



Table S4. Comparison of the electrochemical performance of Co-Ni mixed oxide
catalysts in 1 M KOH for OER reported in the literature. The working electrodes are
denoted as GC and NF for glassy carbon and Ni foam, respectively.

Reference Catalyst Overpotential Overpotential Coating
@Eoer@iomacm - @Eogr@ioo macm technique
This work CoNil@C 335 mV (GC) 355 mV(NF) Dip coating
276 mV (NF)
Ref.21 PBA derived Co-Ni (GC) 380 mV Dip coating
Ref.22 MOF-74 derived Co-Ni ~560 mV Dip coating
(GC)
Ref.S1! CosSs@NOSC 340 (GC) 420 (NF) Dip coating
330 (NF)
Ref.52? Co304/N-doped graphene 310 (NF) >370 (NF) Dip coating
Ref.S3* CoNi SUNOE 450 (GC) Dip coating
Ref.S4* Ni-Co-S/CF 363 (Copper foam) Dip coating
Ref.S5° Co304/N-doped graphene 310 (NF) >370 (NF) Dip coating
Ref.S6° NiCo-HS@G 302 (NF) 373 (NF) Spray coating
Ref.S7’ Ni-P/Ni 374 (NF) Direct growth
Ref.S8? NisSe; 388 (Copper foam) Direct growth
Ref.S9° Niz 3%-C0S,/C 370 (NF) Direct growth
Ref.510"% NiCo,S, NA/CC 340 (NF) Direct growth
Ref.S11™ Ni/NisN 470 (NF) Direct growth
Ref.512" NisS; 580 (NF) Direct growth
Ref.513" NiO—Ni/NF 323 (NF) Direct growth
Ref.514* NiC0,04/Ni,P 250 (NF) ~350 (NF) Direct growth
Ref.S15" NiS/Ni ~370 (NF) Direct growth
Ref.516% C03;0,@C-N NSA/NiF ~480 (NF) Direct growth
Ref.S17" ZnCo,0, ~390 (NF) Direct growth
Ref.518" MnO,/NiCo,0./NF 340 (NF) ~430 (NF) Direct growth
Ref.519" 1D NiCo,S, 260 (NF) ~375 (NF) Direct growth
NiC0,04 330 (NF) ~465 (NF)
Ref.520% NF@Ni/C-600 265 (NF) 467 (NF) Direct growth
Ref.521% Fe,CusNi 280 (NF) 570 (NF) Direct growth
Ref.522% P-Ni(OH),/NiMoO, 270 (NF) 380 (NF) Direct growth
Ref.523% NiCoO@Aga/NF-Ar ~350 (NF) Direct growth
Ref.524% C0504/NiC0,0, (MOF) 340 (NF) ~495 (NF) Direct growth
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Table S5. The preparation details of CoxNi;.x-BTC-DMF bimetallic MOFs.

Samples Molar ratio in reaction Linker Solvent
solution (Co : Ni) (gram per 100 mL)

Co-BTC-DMF Pure Co salt 1.05¢g 80 mL DMF

CoyNiy«-BTC-DMF-1 2:1 1.05¢g 80 mL DMF

CoxNiy.x-BTC-DMF-2 1:1 1.05¢ 80 mL DMF

CoyNiy«-BTC-DMF-3 1:2 1.05¢g 80 mL DMF

Ni-BTC-DMF Pure Ni salt 1.05¢ 80 mL DMF

The total concentration of metal salts is 5 mmol.
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