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The equation for the average electronegativity
The average electronegativity of PGM-MXene is evaluated using the following
formula:
Xavg = (Mvo™ Mo IiMm>mrt ReX et meam*xpam)/n (S

n o= ny + nyr + nc + npgm (S2)

where yumo, xm> xc and ypgy stand for electronegativity of Mo, M", C and PGM atom.



Figure Captions
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Table S1. The comparison of lattice parameters a and bond lengths d for MoTi,C; and
Mo, TiC,.
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Ny of PGM. p band center ¢, of C atom that coordinate with PGM;. Binding energy £,
of PGM;. Adsorption energy E,4s of CO, CH; and NH; for PGM; modified MXene.

Figure Captions

Figure S1. (a) Binding energy E},, of PGM on 0-Mo,M",C;. (b) Binding energy E, of
PGM on 0-Mo,M"C,. (c) Energy difference AEyg between PGMy and PGMy on
Mo,M",C5; and M0o,M"C,. (d) The Ey difference between the strained system and the
pristine system AEy; and the E, difference between the o-MXenes system and the
strained system AFEy, of PGM|.

Figure S2. (a) Formation energy Er of PGM on 0-Mo,M",C;. (b) Formation energy Er
of PGM on 0o-Mo,M"C,.

Figure S3. (a) Three possible adsorption sites for O, where Oy represents O adsorbed
at a metal vacancy, Oc¢ represents O adsorbed at a C vacancy, and O, denotes O
adsorbed at metal vacancy and C vacancy respectively. (b) The atomic configurations
of PGM-functionalized Mo,M",C;0,, Model IV (dimer) and Model V(two single
atoms). (c¢) The adsorption energies E,4(O) on Mo,M",C;, wherein O adsorbed at
different positions. (d) The adsorption energies E,3(O) on Mo,M"C,, wherein O
adsorbed at different positions. (¢) Energy difference AE ;¢ between PGMyy and PGMy
on Mo,M",C;0,. (f) Energy difference AEgy between PGMpy and PGMy on
Mo,M"C,0,.

Figure S4. (a) PDOS and COHP of Pt; on 0-Mo,M",C;. (b) PDOS and COHP of Pt; on
0-Mo,M"C,. (c) PDOS of PGM; on Mo4C; and Mo,Ti,Cs. (d) PDOS of PGM; on
MosC, and Mo, TiC,.



Figure S5. (a) CDD of Pt; on 0-Mo,M",C;. (b) ELF of Pt; on 0o-Mo,M",C;. (¢c) CDD
of Pt; on 0-Mo,M"C,. (d) ELF of Pt; on 0-Mo,M"C,.

Figure S6. (a) CDD of PGM; on Mo4C; and Mo,Ti,C;. (b) ELF of PGM; on Mo4C; and
Mo, Ti,C;.

Figure S7. (a) CDD of PGM; on Mo;C, and Mo, TiC,. (b) ELF of PGM; on Mo;C; and
Mo, TiC,.

Figure S8. (a) The linear fitting between descriptor J and the £, of Ruy, Rhy, Pdy, Os;,
Ir; and Pt;. Wherein 6 is defined as the difference between the p band center (g,) of the
C atoms adjacent to the PGM and the d band center (g4) of the PGM atom. (b) The linear
fitting between the d band center ¢4 and the £, of Ruy, Rhy, Pd;, Osy, Ir; and Pt;.

Figure S9. The linear fittings between ML prediction and DFT evaluation when

considering the d band center ¢4 as the sole input.



Table S1. The comparison of lattice parameters a and bond lengths d for MoTi,C; and
MOzTiCz.

Ref[42] This work Relative difference

Mo, Ti,Cs 2.96 3.07 3.7%
a(A)
Mo, TiC, 2.94 3.04 3.4%
Mo, Ti,Cs 2.13 2.10 1.4%
d(Mo-C) (A) |
Mo, TiC, 2.02 2.10 4.0%
. MOzTi2C3 2.11 2.20 4.3%
d(Ti-C) (A)

Mo, TiC, 2.26 2.15 4.9%




Table S2. Binding energy Ey,, formation energy Erand energy difference AEg;¢ of

PGM modified MXene.

Svst Ey(eV) E;(eV) AE g
yslems PGM; PGM; PGM;; PGM; PGM; PGMy  (eV)
Mo,Cs-Ru 664 568 556 013 095  0.83 0.07
Mo,Ti,C-Ru -840 571  -558 —1.89 094 080  —0.07
Mo,Zr,Cs-Ru ~ —7.91  -571 560 -1.39 091 080  —0.05
Mo,Hf,C;-Ru ~ -8.05  -573 556 154 096 078  —0.07
Mo,V,Cs-Ru  ~8.00  —5.62 545 148 107 089  —0.09
Mo,Nb,Cs;-Ru  ~7.93 546 536 142 1.16 105  0.004
Mo,Ta,C-Ru ~ ~7.78  —549 538 —127 113  1.03  0.004
Mo;C,-Ru  —721 570  -549 070 082  1.03  —0.07
Mo,TiC»-Ru 898 576 555 247 075 097  —0.02
Mo,ZrC,-Ru  -825 573 560 173 078 091  —0.05
Mo,HfC,-Ru 843  -5.67  -546 192 084 105  —0.05
Mo,VC,-Ru  -8.19 571  -550 -1.68 081 1.0  —0.06
Mo,NbCy-Ru  -8.03 562 543 -1.51 089 108  —0.08
Mo,TaC,-Ru ~ ~7.98  —5.64 542 147 088 109  —0.09
Mo,Cs-Rh  -599 543 526 050 023  0.06 0.03
Mo,Ti,C+-Rh ~ -7.55  -533 512 206 037 016  —0.20
Mo,Zr,C-Rh 725  -535 515 —1.77 034 014  —0.14
Mo,Hf,C;-Rh ~ -7.34 535 512 185 037 013  —0.18
Mo,V,C;-Rh  —7.02  -530  -5.09 —1.53 040 0.8  —0.20
Mo,Nb,C;-Rh 698 524 508 —149 041 025 0.0l
Mo,Ta,C-Rh  —6.77  -526  -5.10 128 039 023  —0.01
Mo;C,-Rh 637 539 514 088 0.10 035  -0.15
Mo,TiC»-Rh  -7.97 536  -5.10 249 013 039  —0.13
Mo,ZrC,-Rh  ~7.46 536  -515 -1.97 013 034  —0.14
Mo,HfC,-Rh ~ ~7.57  -528  -5.03 -2.09 021 046  —0.16
Mo,VC,-Rh  -722 534  -510 -173 0.5 039  —0.17
Mo,NbC,-Rh  ~7.13  -529 505 -1.65 0.19 043  —0.15
Mo,TaC,-Rh ~ ~7.03  -530  -5.05 —1.55 0.18 044  —0.14
Mo,Cs-Pd 406 406 391 053 -039 053  —0.08
Mo,Ti,Cs-Pd ~ —520 388 367 -168 -0.15 035 036
Mo,Zr,C-Pd ~ —5.06 -390 370 153 -0.17 038 028
Mo,Hf,C;-Pd  -5.09 -390 368 -1.56 -0.15 037  —0.32
Mo,VoCs-Pd 465  -3.92 374 1.2 -022 039 033
Mo,Nb,C5-Pd 446 -394 379 093 027 041  —0.05
Mo,Ta,C5-Pd 421 -394 38 068 -029 042  —0.05
Mo;C,-Pd 424 401 379 071 -048 026 0.8
Mo,TiC-Pd 541 387  -3.66 —1.88 034 —0.13  -026
Mo,ZrC,-Pd 515 -390 370 -1.63 -038 017 027
Mo,HfC,-Pd  -5.17 380  -3.59 —1.64 028 007 027
Mo,VC,-Pd 482 -390 371 -130 -038 —0.18  —0.30



Mo,NbC,-Pd
Mo,TaC,-Pd
Mo4C5-Os
Mo, Ti1,C5-Os
Mo,Z1,C5-Os
Mo,Hf,C5-Os
Mo, V,C5-Os
Mo,Nb,C5-Os
Mo,Ta,C5-Os
Mo;C,-Os
Mo,TiC,-Os
Mo,ZrC,-Os
Mo,HfC,-Os
Mo,V(C,-Os
Mo,NbC,-Os
Mo,TaC,-Os
Mo,Cs-Ir
Mo, Ti,Cs-Ir
Mo, Zr,Cs-Ir
Mo,Hf,Cs-Ir
Mo, V,Cs-Ir
Mo,Nb,Cs-Ir
Mo,Ta,Cs-Ir
Mo;Cy-Ir
Mo, TiC,-Ir
Mo, ZrCy-Ir
Mo,HfC,-Ir
Mo, VCy-Ir
Mo,NbC,-Ir
Mo, TaC,-Ir
Mo4C5-Pt
Mo, Ti,C5-Pt
Mo, Zr,C;5-Pt
Mo,Hf,C5-Pt
Mo,V,C;-Pt
Mo,Nb,Cs-Pt
Mo, Ta,C5-Pt
Mo;C,-Pt
Mo, TiC,-Pt
Mo,ZrC,-Pt
Mo,HfC,-Pt
Mo,V C,-Pt
Mo,NbC,-Pt
Mo, TaC,-Pt

—4.78
—4.63
—7.39
-9.41
—8.78
—8.95
—8.97
—8.71
—8.53
—8.01
—-10.11
-9.23
-9.45
-9.21
-8.90
—8.85
—7.04
—8.87
—8.44
—8.53
-8.29
—8.08
—7.84
—7.43
-9.46
—8.73
-8.90
—8.55
-8.30
—8.18
-5.52
—6.95
—6.67
—6.72
—6.34
-5.93
-5.63
-5.70
—7.33
—6.95
—7.02
—6.57
—6.37
—6.20

-3.91
-3.92
—6.49
—6.60
—6.60
—6.62
—6.43
—6.25
—6.27
—6.54
—6.64
—6.62
—6.56
—6.55
—6.45
—6.47
—6.59
—6.58
—6.59
—6.60
—6.49
—6.39
—6.41
—6.58
—6.62
—6.60
—6.54
—6.54
—6.49
—6.50
-5.76
-5.65
-5.68
-5.68
-5.64
-5.65
-5.65
=5.71
-5.64
-5.79
-5.69
-5.63
-5.64
-5.65

-3.70
-3.70
—6.37
—6.47
—6.52
—6.46
—6.24
—6.17
—6.19
—6.30
—6.40
—6.49
—6.35
—6.31
—6.26
—6.25
—6.39
—6.35
—6.40
—6.36
—6.22
—6.23
—6.26
—6.27
—6.30
—6.38
—6.25
—6.24
—6.22
—6.21
-5.57
-5.40
-5.46
-5.44
-5.39
-5.49
-5.51
-5.42
-5.34
-5.34
-5.42
-5.35
-5.37
-5.37

-1.25
-1.11
0.55
—1.48
—0.84
—-1.01
—-1.03
-0.77
—0.60
—0.07
-2.18
-1.29
—-1.51
-1.28
—0.96
-0.91
—0.01
-1.85
—-1.41
—-1.51
-1.27
—-1.06
—0.81
—0.40
-2.43
-1.71
—1.88
—-1.53
-1.27
-1.16
—0.40
—-1.83
—-1.55
—-1.60
-1.22
—0.81
—0.51
—0.58
-2.21
—-1.83
-1.91
—-1.45
-1.25
—-1.08

—0.39
—0.40
1.57
1.47
1.42
1.47
1.70
1.77
1.74
1.40
1.29
1.31
1.37
1.39
1.48
1.47
0.63
0.67
0.62
0.66
0.80
0.79
0.77
0.45
0.40
0.42
0.49
0.48
0.53
0.52
—0.46
—0.28
—0.34
—0.32
—0.27
—0.37
—0.40
—0.59
—0.52
—0.67
—0.57
—0.51
—0.53
—0.53

—0.17
—0.17
1.44
1.34
1.34
1.32
1.51
1.69
1.67
1.63
1.54
1.45
1.59
1.63
1.67
1.69
0.43
0.44
0.43
0.42
0.53
0.63
0.62
0.75
0.72
0.65
0.77
0.78
0.81
0.81
—0.64
—0.53
—0.56
—0.56
—0.52
—0.53
—0.53
—0.31
—0.23
—0.42
—0.30
—0.23
—0.25
—0.25

-0.19
-0.17
—0.07
—0.09
—0.10
—0.11
—0.05
—0.06
—0.11
—0.06
—0.07
—0.06
—0.08
—0.12
—0.12
0.11
—0.22
-0.15
—0.18
—0.24
—0.05
—0.06
-0.21
—0.18
—0.18
-0.19
-0.21
-0.19
-0.19
—0.12
—0.41
—0.32
—0.36
—0.43
—0.18
-0.21
—0.40
—0.33
—0.33
—0.33
—0.39
—0.29
—0.29




Table S3. d band width W4 of PGM|. Average Electronegativity y,,, of PGM-MXene.
d band center ¢4 of PGM;. Mulliken charge Opgy of PGM|. The number of d valence
electrons Ny of PGM;. p band center ¢, of C atom that coordinate with PGM;. Binding
energy Ey, of PGM,. Adsorption energy E,q4 of CO, CH; and NH; for PGM; modified

MXene.
Systems Wi 1 €4 Orgm Ny € Ey Eaas

e P CcO CH; NH;i
Mo4Cs-Ru 996 233 -230 -0.061 7 -553 -6.64 -6.12 -6.14 -5.06
Mo,Ti,C3-Ru  8.51 2.15 -1.61 -0.152 7 -424 -840 -520 -5.00 -4.03
Mo,Zr,Cs-Ru 7.82 2.09 -1.50 -0.181 7 -4.07 -791 -5.51 -536 -4.36
Mo,Hf,C5-Ru 8.26 2.08 -1.51 -0247 7 416 -8.05 -528 -555 -4.13
Mo,V,Cs-Ru 884 2.18 -196 -0.131 7 -5.06 -8.00 -5.78 -5.70 -4.66
Mo,Nb,C5-Ru  8.75 2.17 -2.03 -0.106 7 -506 -793 -484 489 -3.80
Mo,Ta,Cs-Ru  9.53 2.14 -2.11 -0.125 7 529 -7.78 466 -4.71 -3.63
Mo;C»-Ru 95 232 -172 -0.113 7 -546 -721 -498 -494 -3.89
Mo,TiC,-Ru  8.59 2.19 -1.77 -0.186 7 434 -898 445 484 -3.28
Mo,ZrC,-Ru 823 2.15 -1.53 -0.195 7 423 -825 498 -522 -3.82
Mo,HfC,-Ru  8.88 2.14 -1.57 -0.266 7 432 843 475 -5.10 -3.58
Mo,VCy-Ru 899 221 -1.79 -0.138 7 487 -8.19 483 -521 -3.70
Mo,NbCr-Ru  9.09 220 -1.70 -0.145 7 -5.00 -8.03 -4.63 454 -3.52
Mo,TaC,-Ru  9.55 2.18 -1.72 -0.167 7 -5.18 -798 449 438 -3.37
Mo,Cs-Rh 8.84 233 -1.84 0254 8 493 -599 -539 -624 -4.85
Mo,Ti,Cs-Rh 791 2.15 -195 0206 8 427 -7.55 473 480 -3.74
Mo,Zr,Cs-Rh 736 2.09 -1.85 -0234 &8 41 -725 -493 -502 —4.00
Mo,Hf,C5;-Rh  8.08 2.08 -1.88 0313 8 42 734 -476 481 -3.81
Mo,V,Cs-Rh  8.64 2.18 225 -0.196 &8 -501 -7.02 -534 -551 -4.39
Mo,Nb,C5-Rh  8.65 2.17 242 -0.160 8 -512 -698 436 464 -3.49
Mo,Ta,C5;-Rh  9.51 2.14 -2.50 -0.184 8 535 -6.77 422 448 -3.34
Mo;C,-Rh 906 232 -197 -0.178 8 -S54 -637 -452 473 -3.62
Mo,TiC,-Rh  8.46 2.19 -226 0250 8 438 -797 407 -4.69 -3.06
Mo,ZrC,-Rh  8.08 2.15 -199 -0250 8 427 -746 -450 -4.75 -3.53
Mo,HfC,-Rh  8.66 2.15 -2.05 -0336 8 438 -7.57 -431 489 -332
Mo,VC,-Rh 895 221 -2.19 0202 8 485 -722 442 456 -3.46
Mo,NbC,-Rh 891 221 -2.09 -0.197 8 498 -7.13 -4.15 432 -322
Mo,TaC,-Rh  9.54 2.19 -2.12 -0221 &8 -5.16 -7.03 —-4.03 -4.19 -3.09
Mo4C;-Pd 9.19 233 -238 -0.180 10 491 -4.06 -5.07 -532 -4.71
Mo,Ti,Cs-Pd 82 2.15 -2.83 -0.164 10 426 520 -4.02 450 -3.50
Mo,Zr,Cs-Pd  7.78 2.09 -2.74 -0.162 10 41 -5.06 -426 -4.67 -3.79
Mo,Hf,C5-Pd 843 2.08 -2.78 -0230 10 421 -509 -4.09 449 -3.60
Mo,V,C5-Pd 894 2.18 -2.73 -0.188 10 481 465 -4.61 -519 -4.15
Mo,Nb,C5-Pd  8.89 2.17 -2.83 -0.130 10 -5.07 446 -3.89 449 -343
Mo,Ta,C5-Pd 9.75 2.14 -2.84 -0.153 10 -527 421 -3.81 441 -3.32
Mo;C,-Pd 938 232 -238 -0.159 10 -5.17 424 387 436 -3.42
Mo,TiC,-Pd 886 2.19 -3.18 -0222 10 436 541 -3.38 -394 -2.86



Mo,ZrC,-Pd
Mo,HfC,-Pd
Mo,VC,-Pd
Mo,NbC,-Pd
Mo, TaC,-Pd
Mo4C5-Os
Mo, Ti,C5-Os
Mo,Z1,C5-Os
Mo,Hf,C5-Os
Mo, V,C5-Os
Mo,Nb,C5-Os
Mo,Ta,C5-Os
Mo;C,-Os
Mo,TiC,-Os
Mo,ZrC,-Os
Mo,HfC,-Os
Mo,VC,-Os
Mo,NbC,-Os
Mo,TaC,-Os
Mo,Cs-Ir
Mo, Ti,Cs-Ir
Mo, Zr,Cs-Ir
Mo,Hf,Cs-Ir
Mo, V,Cs-Ir
Mo,Nb,Cs-Ir
Mo,Ta,Cs-Ir
Mo;Cy-Ir
Mo, TiCy-Ir
Mo, ZrCy-Ir
Mo,HfC,-Ir
Mo, VCs-Ir
Mo,NbC,-Ir
Mo, TaC,-Ir
Mo,Cs-Pt
Mo, Ti,Cs-Pt
Mo, Zr,C;-Pt
Mo,Hf,C5-Pt
Mo,V,C;-Pt
Mo,Nb,Cs-Pt
Mo, Ta,C5-Pt
Mo;C,-Pt
Mo, TiC,-Pt
Mo,ZrC,-Pt
Mo,HfC,-Pt

8.4
9.02
9.13
9.12
9.76
9.81
8.39
7.92
8.62
9.24
9.09
9.84

9.8
9.06
8.64
9.22
9.37
9.32
9.91
9.38
8.41
7.96
8.52
9.24
9.11
9.84
9.56
8.93
8.64
9.15
9.39
9.22
9.97
9.22
8.24
7.94
8.08
8.82
9.17
9.84
9.45
8.82
8.43
8.69

2.15
2.14
2.21
2.20
2.18
2.33
2.15
2.09
2.08
2.18
2.17
2.14
2.32
2.19
2.15
2.14
2.21
2.20
2.18
2.33
2.15
2.09
2.08
2.18
2.17
2.14
2.32
2.19
2.15
2.14
2.21
2.20
2.18
2.33
2.15
2.09
2.08
2.18
2.17
2.14
2.32
2.19
2.15
2.15

-2.76
-2.89
—2.82
-2.71
—2.72
—2.62
-1.75
—-1.65
—-1.66
-2.19
-2.24
-2.31
-1.84
-1.98
-1.75
-1.76
-2.02
—-1.86
-1.87
-2.07
—2.17
-2.07
—2.06
—2.48
—2.74
-2.82
-2.12
-2.50
-2.21
-2.28
—2.44
-2.32
-2.34
—2.64
-3.35
-3.41
-3.38
-2.94
-3.12
-3.09
—2.60
=3.75
-3.26
-3.36

—0.189
—0.267
—0.189
—0.161
—0.182
—0.027
—0.227
—0.276
—0.361
—0.164
—0.102
—0.136
—0.160
—0.254
—0.291
—0.378
—0.182
—0.203
—0.245
—0.302
—0.264
—0.300
—0.400
—0.248
—0.207
—0.241
—-0.242
—0.315
—0.325
—0.426
—0.259
—0.261
—0.297
—0.271
—0.260
—0.269
—0.345
—0.276
—0.208
—0.241
—0.257
—0.314
—0.294
—0.375
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—4.27
—4.39
—4.74
—4.92
-5.08
=5.7
—4.42
—4.26
—4.35
-5.26
-5.24
-5.47
-5.64
—4.51
—4.42
—4.51
-5.05
-5.2
-5.38
-5.17
—4.45
—4.3
—4.4
-5.21
-5.33
-5.57
-5.59
—4.56
—4.47
—4.58
-5.05
-5.23
-5.39
=5.11
—4.44
—4.26
—4.4
-5.03
-5.32
-5.55
-5.35
—4.51
—4.47
—4.58

-5.15
-5.17
—4.82
—4.78
—4.63
—7.39
-9.41
—8.78
—8.95
—8.97
—8.71
—8.53
—8.01
—-10.11
-9.23
-9.45
-9.21
-8.90
—8.85
—7.04
—8.87
-8.44
—8.53
-8.29
—8.08
—7.84
—7.43
-9.46
—8.73
-8.90
—8.55
—-8.30
—8.18
-5.52
—6.95
—6.67
—6.72
—6.34
-5.93
-5.63
-5.70
—7.33
—6.95
=7.02

-3.80
-3.63
-3.71
-3.47
-3.39
—6.37
-5.46
-5.83
-5.58
—6.01
-5.14
—4.95
-5.25
—4.64
-5.25
—4.99
-5.03
—4.89
—4.74
=5.71
-5.02
-5.27
-5.10
-5.61
—4.63
—4.49
—4.84
—4.26
—4.80
—4.58
—4.64
—4.45
—4.34
-5.35
—4.23
—4.51
—4.35
—4.84
—4.13
—4.09
—4.15
-3.51
-3.94
-3.74

—4.25
—4.09
—4.30
—4.06
-3.97
—6.38
-5.27
-5.67
-5.40
-5.93
-5.19
-5.00
-5.20
—4.44
-5.05
—4.78
—4.91
—4.80
—4.65
—6.25
-5.07
-5.34
-5.14
-5.78
—4.91
—4.75
-5.03
—4.58
—4.85
—4.61
—4.79
—4.61
—4.48
-5.59
—4.78
—4.99
—4.82
-5.47
—4.81
—4.73
—4.67
—4.13
—4.45
—4.26

-3.30
-3.11
-3.22
-3.00
—2.89
-5.06
—4.06
—4.44
—4.19
—4.69
-3.87
-3.69
-3.93
-3.28
-3.87
-3.61
-3.70
-3.56
-3.41
—4.92
-3.74
—4.03
-3.84
—4.39
-3.47
-3.31
-3.63
-3.01
-3.54
-3.31
-3.42
-3.22
-3.10
—4.71
-3.38
-3.71
-3.52
—4.04
-3.32
-3.22
-3.34
—2.69
-3.10
—2.89



Mo,VC,-Pt  9.12 221 -3.10 0277 9 49 -6.57 -390 453 -3.08
Mo,NbC,-Pt  8.76 221 -294 -0249 9 516 -637 -3.71 435 -2.88
Mo,TaC,-Pt  9.65 2.19 297 0278 9 533 620 -3.63 425 -2.77
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Figure S1. (a) Binding energy E}, of PGM on 0-Mo,M",Cs. (b) Binding energy E}, of
PGM on 0-Mo,M"C,. (c) Energy difference AEyg between PGM;y and PGMy on
Mo,M",C5; and Mo,M"C,. (d) The E;, difference between the strained system and the
pristine system AEy; and the Ej, difference between the o-MXenes system and the

strained system AE},; of PGM,.
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Figure S2. (a) Formation energy Er of PGM on 0-Mo,M",C;. (b) Formation energy Ef

of PGM on 0-Mo,M"C,.
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Figure S3. (a) Three possible adsorption sites for O, where Oy represents O adsorbed
at a metal vacancy, Oc¢ represents O adsorbed at a C vacancy, and O, denotes O
adsorbed at metal vacancy and C vacancy respectively. (b) The atomic configurations
of PGM-functionalized Mo,M",C;0,, Model IV (dimer) and Model V(two single
atoms). (c¢) The adsorption energies E,4(O) on Mo,M",C;, wherein O adsorbed at
different positions. (d) The adsorption energies E,4(O) on Mo,M"C,, wherein O
adsorbed at different positions. (¢) Energy difference AE ;¢ between PGMy and PGMy
on Mo,M",C;0,. (f) Energy difference AEgs between PGM;y and PGMy on
Mo,M"C,0,.
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Figure S4. (a) PDOS and COHP of Pt; on 0-Mo,M",C;. (b) PDOS and COHP of Pt; on
0-Mo,M"C,. (¢) PDOS of PGM; on Mo4C; and Mo,Ti,Cs. (d) PDOS of PGM; on
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Figure S5. (a) CDD of Pt; on 0-Mo,M",C;. (b) ELF of Pt; on 0-Mo,M",C;. (c) CDD
of Pt; on 0-Mo,M"C,. (d) ELF of Pt; on 0-Mo,M"C,.
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Figure S6. (a) CDD of PGM; on Mo4C; and Mo,Ti,Cs. (b) ELF of PGM; on Mo,4C;
and MOzTi2C3.
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Figure S7. (a) CDD of PGM; on Mo;C, and Mo, TiC,. (b) ELF of PGM; on Mo;C; and
MOzTiCZ.
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Figure S8. (a) The linear fitting between descriptor 0 and the E}, of Ru;, Rhy, Pdy, Os;,

Ir; and Pt;. Wherein 6 is defined as the difference between the p band center (g,) of the

C atoms adjacent to the PGM and the d band center (g4) of the PGM atom. (b) The linear

fitting between the d band center ¢4 and the £, of Ruy, Rhy, Pd;, Osy, Ir; and Pt;.
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Figure S9. The linear fittings between ML prediction and DFT evaluation when

considering the d band center ¢4 as the sole input.



