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FIG. S1. 103-transition metal-doped MOF-TDC structural model and the corresponding free energy diagram.
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FIG. S2. The radar distribution of intermediate OH*, O*, OOH* and reaction overpotentials.
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FIG. S3. Schematic diagram of the bulk structure. Ma with five coordination serves as the active center, while Mb with six coordination serves as the doping center.
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FIG. S4. The adsorption free energy at the hollow oxygen site.
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FIG. S5. Formation energy of 103 systems by DFT calculations.
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FIG. S6. The correlation between each individual feature.
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FIG. S7. The SISSO-trained machine learning model.
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FIG. S8. RMSE and MAE of the 10-fold cross-validation by SISSO.
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FIG. S9. (a) XRD patterns, (b) Raman, and (c) FT-IR spectra of Ni-M-TDC (M=Fe, Co, Cu, Mn and Zn).
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FIG. S10. Typical SEM and TEM inmages of (a) Ni-TDC, NiFe-TDC, NiCo-TDC, NiCu-TDC, NiMn-TDC, and NiZn-TDC. Inset represent the calculated formation energy of Ni-M-TDC. (b) The SAED images of Ni-M-TDC.
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FIG. S11. High-resolution Ni 2p XPS spectra of Ni-TDC, NiZn-TDC, NiMn-TDC, NiCu-TDC, NiCo-TDC, and NiFe-TDC.
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FIG. S12. The k3-weighted EXAFS fitting curves at R space (a and c) or k space (b and d) for Ni foil and NiO.
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FIG. S13. The k3-weighted EXAFS fitting curves at R space (a,c and e) or k space (b,d and f) for Ni-TDC, NiFe-TDC, and NiCo-TDC.
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[bookmark: _Hlk192967914]FIG. S14. LSV curves of Ni-TDC, NiZn-TDC, NiMn-TDC, NiCu-TDC, NiCo-TDC, NiFe-TDC and RuO2.
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FIG. S15. OER catalytic activity of various MOF-based OER catalysts.
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FIG. S16. Tafel slope of Ni-M-TDC (M=Fe, Co, Cu, Mn and Zn), and RuO2.
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[bookmark: OLE_LINK1]FIG. S17. The calculated Nyquist plots of Ni-M-TDC (M=Fe, Co, Cu, Mn, and Zn).
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FIG. S18. Calculted Cdl of Ni-M-TDC (M=Fe, Co, Cu, Mn and Zn).
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FIG. S19. The calculated TOF of Ni-M-TDC (M=Fe, Co, Cu, Mn, and Zn).
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FIG. S20. Multi-current process from 10 to 50 mA cm-2 and chronoamperometric (V-t) curves at 10 and 100 mA cm-2 of NiFe-TDC.
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FIG. S21. The tested LSV curves of NiFe-TDC before and after 1000 cycles.
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FIG. S22. The XRD patterns of the simulated MOF structure, NiFe-TDC and NiFe-TDC after OER.
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FIG. S23. Free energy diagrams of (a) NiCuOOH, NiMnOON, NiZnOOH, as well as (b) NiOOH, NiCoOOH, and NiFeOOH. 
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FIG. S24. Correlation of overpotential of NiM-MOF-TDC and NiM-OOH (M=Ni, Cu, Mn, Zn, Co, Fe).
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FIG. S25. Top and side views of the NiMOOH structure.
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FIG. S26. Free energy diagrams of NiCu-TDC, NiMn-TDC, and NiZn-TDC. Inset are the corresponding adsorption models.
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FIG. S27. The band structure of intermediates OH* adsorbed on Ni-TDC.
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[bookmark: _Hlk192968679][bookmark: _Hlk192968718]FIG. S28. The projected density of states of the adsorbed O* and adsorbed OH* on Ni-TDC. Total represents the total density of states, AC stands for the active center, non-AC denotes other metals excluding the active center, Obri refers to the bridging oxygen, and the inset shows a magnified view near the Fermi level.
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[bookmark: OLE_LINK2]FIG. S29. The projected density of states of the adsorbed O* and adsorbed OH* on NiCo-TDC. Total represents the total density of states, AC stands for the active center, non-AC denotes other metals excluding the active center, Obri refers to the bridging oxygen, and the inset shows a magnified view near the Fermi level.
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FIG. S30. The projected density of states of the adsorbed O* and adsorbed OH* on NiFe-TDC. Total represents the total density of states, AC stands for the active center, non-AC denotes other metals excluding the active center, Obri refers to the bridging oxygen, and the inset shows a magnified view near the Fermi level.
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FIG. S31. The spin density of the substrates, adsorbed O*, and adsorbed OH* on Ni-TDC. Isosurface value of 0.02 e Å−3.
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FIG. S32. The spin density of the substrates, adsorbed O*, and adsorbed OH* on NiCo-TDC. Isosurface value of 0.02 e Å−3.

[image: ]
FIG. S33. Main feature importance of SGD+GBR(+SISSO).

Table S1. The initial features defined for machine learning.
	Category
	Feature
	Notation

	[bookmark: _Hlk178255244]Bulk
	Eg-band center of active center (Ma) (eV)
	

	
	T2g-band center of active center (Ma) (eV)
	

	
	d-band center of active center (Ma) (eV)
	

	
	p-band center of bridging oxygen (eV)
	

	
	Bader charge of active center (Ma) (|e|)
	

	
	Average integrated crystal orbital Hamilton population of active center (Ma), dopant (Mb), and bridging oxygen (Obri).
	

	Atomic
	Highest occupied orbital of active center (Ma) (eV)
	

	
	Highest occupied orbital of dopant (Mb) (eV)
	

	
	Lowest occupied orbital of active center (Ma) (eV)
	

	
	Lowest occupied orbital of dopant (Mb) (eV)
	

	
	First ionization energy of active center (Ma) (eV)
	

	
	First ionization energy of dopant (Mb) (eV)
	

	
	Atomic radius of active center (Ma) (Å)
	

	
	Atomic radius of dopant (Mb) (Å)
	

	
	Radius of s-orbital of active center (Ma) (Å)
	

	
	Radius of s-orbital of dopant (Mb) (Å)
	

	
	Radius of d-orbital of active center (Ma) (Å)
	

	
	Radius of d-orbital of dopant (Mb) (Å)
	

	
	Relative atomic mass of active center (Ma)
	

	
	Relative atomic mass of dopant (Mb)
	

	
	Pauling Electronegativity of active center (Ma)
	

	
	Pauling Electronegativity of dopant (Mb)
	



Table S2. EXAFS data fitting results of Samples.
	Sample
	Path
	CNa
	R(Å)b
	[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK12]σ2 (Å2)c
	ΔE0(eV)d
	R factor

	Ni K-edge (Ѕ02=0.818)

	Ni foil
	Ni-Ni
	12.0*
	2.489±0.002
	0.0064
	6.8±0.5
	0.0016

	[bookmark: _Hlk519496888][bookmark: _Hlk525762101]NiO
	Ni-O
	6.0±0.9
	2.078±0.006
	0.0048
	-3.1±0.7
	0.0050

	
	Ni-Ni
	12.9±0.9
	2.950±0.003
	0.0060
	
	

	S1
	Ni-O
	6.3±0.3
	2.060±0.010
	0.0063
	1.5±1.7
	0.0044

	S2
	Ni-O
	5.9±0.3
	2.056±0.008
	0.0066
	1.0±1.4
	0.0032

	S3
	Ni-O
	5.8±0.3
	2.056±0.010
	0.0073
	0.9±1.7
	0.0047


aCN, coordination number; bR, the distance between absorber and backscatter atoms; cσ2, the Debye Waller factor value; dΔE0, inner potential correction to account for the difference in the inner potential between the sample and the reference compound; R factor indicates the goodness of the fit. S02 was fixed to 0.818, according to the experimental EXAFS fit of Ni foil by fixing CN as the known crystallographic value. * This value was fixed during EXAFS fitting, based on the known structure of Ni. Fitting conditions: k range：3.0 - 10.0; R range: 1.0-2.0; fitting space: R space; k-weight = 3. A reasonable range of EXAFS fitting parameters: 0.800 < Ѕ02 < 1.000; CN > 0; σ2 > 0 Å2; |ΔE0| < 15 eV; R factor < 0.02.

Table S3. The experimental overpotential of MOF-TDC.
	
	MOF-TDC overpotential (V)

	NiFe-
	0.186

	NiCo
	0.247

	Ni
	0.249

	NiCu
	0.281

	NiMn
	0.289

	NiZn
	0.310



Table S4. Spin-resolved integration of PDOS of Ni-TDC substrate, O* absorbed on Ni-TDC, and OH* absorbed on Ni-TDC. (NiAC is active center, Nidope is dopant).
	
	Ni-TDC 
	O/Ni-TDC
	OH/Ni-TDC

	
	Spin up
	Spin down
	Spin up
	Spin down
	Spin up
	Spin down

	NiAC
	Above EF
	0.79
	-1.43
	1.22
	-1.07
	1.26
	-1.16

	
	Below EF
	4.63
	-4.09
	4.31
	-4.55
	4.31
	-4.39

	Nidope
	Above EF
	1.09
	-1.20
	1.11
	-1.16
	0.57
	-1.92

	
	Below EF
	4.31
	-4.29
	4.31
	-4.32
	4.85
	-3.96



Table S5. Spin-resolved integration of PDOS of NiCo-TDC substrate, O* absorbed on NiCo-TDC, and OH* absorbed on NiCo-TDC. (NiAC is active center, Co is dopant).
	
	NiCo-TDC 
	O/NiCo-TDC
	OH/NiCo-TDC

	
	Spin up
	Spin down
	Spin up
	Spin down
	Spin up
	Spin down

	NiAC
	Above EF
	0.76
	-1.54
	1.23
	-1.07
	1.07
	-1.25

	
	Below EF
	4.78
	-3.94
	4.36
	-4.38
	4.46
	-4.36

	Co
	Above EF
	1.27
	-2.51
	1.41
	-2.04
	1.49
	-2.12

	
	Below EF
	4.39
	-3.38
	4.24
	-3.50
	4.19
	-3.46



Table S6. Spin-resolved integration of PDOS of NiFe-TDC substrate, O* absorbed on NiFe-TDC, and OH* absorbed on NiFe-TDC. (NiAC is active center, Fe is dopant).
	
	NiFe-TDC 
	O/NiFe-TDC
	OH/NiFe-TDC

	
	Spin up
	Spin down
	Spin up
	Spin down
	Spin up
	Spin down

	NiAC
	Above EF
	1.29
	-0.92
	1.10
	-1.86
	1.10
	-1.68

	
	Below EF
	4.15
	-4.63
	4.36
	-4.39
	4.38
	-4.42

	Fe
	Above EF
	0.50
	-4.80
	0.52
	-5.04
	0.52
	-4.67

	
	Below EF
	5.03
	-1.29
	4.92
	-1.29
	4.99
	-1.36



Table S7. The feature importance with GBR+SGD(+SISSO), respectively.
	Features
	GBR+SGD(+SISSO)

	
	0.186323

	
	0.132368

	
	0.102979

	
	0.102905

	
	0.070738

	
	0.065893

	
	0.042889

	
	0.038584

	
	0.036181

	
	0.031455

	
	0.03089

	
	0.023108

	
	0.021678

	
	0.019419

	
	0.018828

	
	0.016525

	
	0.013617

	
	0.01278

	
	0.01104

	
	0.010931

	
	0.01008

	
	0.00079
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