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Figure S1. Schematic diagram of Tm,-Pc formation by doping Pc with

dual transition atoms.
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Figure S2. AIMD of Mn,-Pc, Fe,-Pc, Co,-Pc, and Ru,-Pc at1000 K,

respectively.
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Figure S3. The scaling relation of AGoop+ as AGopx
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Figure S4. The PDOS of free O,, Mn atom, and O, adsorbed Mn atom
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Figure S5. PDOS and schematic illustrations of 3d orbitals of (a) Co,-Pc,
(b) Fe,-Pc, (¢) Ru,-Pc, 2p-robits of O2 gas molecule, O2 adsorbed on

Co,-Pc, Fe,-Pc, Ru,-Pc, respectively.
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Figure S6. The differential charge density of *OOH, *O and *OH

adsorbed on (a) Fe,-Pc, (b) Co,-Pc, (c) Ru,-Pc, respectively.




Table S1. Formation energies of Tm,-Pc (

EPC_Z*E

Eform = Etot - Tm atom)

TM-Pc Eiot Ep. 2*ETm atom Eform
Sc-Pc -414.28 -389.54 -13.06 -11.68
Ti-Pc -418.12 -389.54 -16.60 -11.98
V-Pc -419.83 -389.54 -19.04 -11.26
Cr-Pc -420.53 -389.54 -19.88 -11.11

Mn-Pc -420.17 -389.54 -18.64 -12.00
Fe-Pc -417.85 -389.54 -17.10 -11.21
Co-Pc -414.96 -389.54 -14.77 -10.66
Ni-Pc -412.20 -389.54 -11.74 -10.92
Cu-Pc -405.99 -389.54 -8.48 -7.97
Zn-Pc -410.15 -389.54 -2.93 -17.68
Y-Pc -412.15 -389.54 -13.40 -9.21
Zr-Pc -416.02 -389.54 -17.90 -8.58
Nb-Pc -419.12 -389.54 -21.55 -8.03
Mo-Pc -420.48 -389.54 -22.93 -8.01
Tc-Pc -420.30 -389.54 -21.79 -8.97
Ru-Pc -417.75 -389.54 -25.33 -2.88
Rh-Pc -414.45 -389.54 -9.79 -15.11
Pd-Pc -409.23 -389.54 -11.60 -8.09
Ag-Pc -400.09 -389.54 -6.42 -4.13
Cd-Pc -394.97 -389.54 -2.17 -3.26
Hf-Pc -419.21 -389.54 -20.65 -9.02
Ta-Pc -422.02 -389.54 -24 .81 -7.68
W-Pc -423.82 -389.54 -27.13 -7.15
Re-Pc -423.65 -389.54 -26.02 -8.09
Os-Pc -421.20 -389.54 -23.68 -7.98
Ir-Pc -417.03 -389.54 -19.12 -8.37
Pt-Pc -411.74 -389.54 -13.73 -8.47
Au-Pc -402.66 -389.54 -7.75 -5.37

Hg-Pc -391.23 -389.54 -1.24 -0.45




Table S2. Dissolution potential of O2 on Tm2-Pc (

Udiss = Udisso - Eform/Ne)

TM-Pc Eform Uliss® Ne Uldiss
Sc-Pc -11.68 -2.08 3 1.81
Ti-Pc -11.98 -1.63 2 2.36
V-Pc -11.26 -1.18 2 2.57
Cr-Pc -11.11 -0.91 2 2.79

Mn-Pc -12.00 -1.19 2 2.81
Fe-Pc -11.21 -0.45 2 3.29
Co-Pc -10.66 -0.28 2 3.27
Ni-Pc -10.92 -0.26 2 3.38
Cu-Pc -7.97 0.34 2 3.00
Zn-Pc -17.68 -0.76 2 5.13
Y-Pc -9.21 -2.37 3 0.70
Zr-Pc -8.58 -1.45 4 1.41
Nb-Pc -8.03 -1.10 3 1.58
Mo-Pc -8.01 -0.20 3 2.47
Tc-Pc -8.97 - - -
Ru-Pc -2.88 0.46 2 1.42
Rh-Pc -15.11 0.6 2 5.64
Pd-Pc -8.09 0.95 2 3.65
Ag-Pc -4.13 0.8 1 2.18
Cd-Pc -3.26 - - -
Hf-Pc -9.02 -0.14 4 2.87
Ta-Pc -7.68 -0.6 3 1.96
W-Pc -7.15 0.1 3 2.48
Re-Pc -8.09 0.3 3 3.00
Os-Pc -7.98 0.84 8 3.50
Ir-Pc -8.37 1.16 3 3.95
Pt-Pc -8.47 1.18 2 4.00
Au-Pc -5.37 1.5 3 3.29
Hg-Pc -0.45 - - -




Table S3. Adsorption energies of O, on Tm,-Pc (

Eads - Etot_ETm —PC_EO

2 2)

TM-Pc Eiot Efin2-pe E 0, E ads
Sc-Pc -429.99 -414.28 -9.86 -5.86
Ti-Pc -433.46 -418.12 -9.86 -5.48
V-Pc -437.55 -419.83 -9.86 -7.86
Cr-Pc -433.39 -420.53 -9.86 -3.00

Mn-Pc -430.20 -420.17 -9.86 -0.16
Fe-Pc -428.17 -417.85 -9.86 -0.46
Co-Pc -425.09 -414.96 -9.86 -0.26
Ni-Pc -422.18 -412.20 -9.86 -0.11
Cu-Pc -416.30 -405.99 -9.86 -0.46
/n-Pc -411.07 -410.15 -9.86 8.95
Y-Pc -429.97 -412.15 -9.86 -9.96
Zr-Pc -434.65 -416.02 -9.86 -8.77
Nb-Pc -439.79 -419.12 -9.86 -10.81

Mo-Pc -439.87 -420.48 -9.86 -9.53
Tc-Pc -435.33 -420.30 -9.86 -5.17
Ru-Pc -427.78 -417.75 -9.86 -0.18
Rh-Pc -424.43 -414.45 -9.86 -0.12
Pd-Pc -419.45 -409.23 -9.86 -0.36
Ag-Pc -411.29 -400.09 -9.86 -1.34
Cd-Pc -408.16 -394.97 -9.86 -3.34
Hf-Pc -437.86 -419.21 -9.86 -8.79
Ta-Pc -443.19 -422.02 -9.86 -11.31
W-Pc -443.97 -423.82 -9.86 -10.29
Re-Pc -435.18 -423.65 -9.86 -1.67
Os-Pc -431.20 -421.20 -9.86 -0.14
Ir-Pc -427.01 -417.03 -9.86 -0.12
Pt-Pc -421.98 -411.74 -9.86 -0.38
Au-Pc -413.30 -402.66 -9.86 -0.78

Hg-Pc -404.47 -391.23 -9.86 -3.38
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0.7974269335392099
0.7064063237087337
0.6043129482200593
0.5046933759382127
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0.5000000000000000
0.5000000000000000
0.5000000000000000
0.5000000000000000
0.5000000000000000
0.5000000000000000
0.5000000000000000
0.5000000000000000
0.5000000000000000
0.5000000000000000
0.5000000000000000
0.5000000000000000
0.5000000000000000
0.5000000000000000
0.5000000000000000
0.5000000000000000
0.5000000000000000
0.5000000000000000
0.5000000000000000



0.2868468193770211
0.2965539455432040
0.2208655497903768
0.1330755809042820
0.1237301082955117
0.2033383265320420
0.0359385007225245
0.0534717349307304
0.9602559011538819
0.9699639202758946
0.4305866831499472
0.5916693586875087
0.7612936088058311
0.8645516828579508
0.8161394948406353
0.7072258815964404
0.4406717294416060
0.5495934619204496
0.6651541507565474
0.8262324054893326
0.4955389089209803
0.3922731556476355
0.5765873583694044
0.6802303073484933
0.2272419610928194
0.1988697673641437
0.0295560182793370
0.0579419775732821
0.8114179564384435
0.4666259072086761
0.7902283997961804
0.4454441022269781

0.4841896243636772
0.3869137872687231
0.3473154661913538
0.4061636900887403
0.5055956591709588
0.5435147206411534
0.5644439531137388
0.3682398994103492
0.5248360396619647
0.4275613293376361
0.2580532055620558
0.2681392361550295
0.2197273625883230
0.3229855928330438
0.4926079174306272
0.3770510024639921
0.4191356450489149
0.5346841567146590
0.6436009954779397
0.6536879318886243
0.6920032449261224
0.5887525198026903
0.4040509563854621
0.5076901957611605
0.2728937416980959
0.6176842507813931
0.6388676324150114
0.2940699133363560
0.8570252533552586
0.8854286541159748
0.0263697757760678
0.0546972770532321
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