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Fig. S1 Formation energies of S vacancy in TM-MoS,. A, B, C and D represents the first nearest
neighbor position (INN), the second nearest neighbor position (2NN), the third nearest
neighbor position (3NN) and the fourth nearest neighbor position (4NN) according to the

distance between the dopants and S vacancy.
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Fig. S2 Minimum energy path (MEP) of NO dissociation on the MoS,@ Vs monolayers
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Fig. S3 Optimized structures of various species adsorbed on MoS,@Vs, Pt-MoS,@ Vs and

AU-MOSZ@ Vs.
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Fig. S4 Gibbs free adsorption energies of all species on the MoS,@Vgs monolayers. The

connected line is the most preferable pathway.
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Fig. S5 Gibbs free adsorption energies changes of two *NH hydrogenation steps over
second nearest neighbor (2NN) positions of 24 TM-MoS,@ Vs catalysts. *NH — *NH,
(AG1); *NH,; — *NHj; (AG2).



Fig. S6 The optimized geometric structures NO absorbed on Pt-MoS, and Au-MoS;

(a)NO absorbed on Pristine Pt-MoS;; (b) NO absorbed on Pt-MoS,@ Vs via O atom; (c) NO
absorbed on on Pt-MoS,@Vs via N atom; (d) NO absorbed on Pristine Au-MoS,; (¢) NO
absorbed on Au-MoS,@Vs via O atom; (f) NO absorbed on Au-MoS,@Vs via N atom; NO

bond lengths (A) are labeled.
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Fig. S7 Minimum energy path (MEP) of NO dissociation on the Pt-MoS,@Vs (a) and Au-

MOSz@Vs (b)
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Fig. S8 Gibbs free adsorption energies of all species on the Pt-MoS,@ V5 (a) and Au-MoS, @V

(b); The connected line is the most preferable pathway.



Iree Energy(eV)

0.5

e
=
|

=
(¥ ]
1

MoS @Vs

Au-MoS @Vs

Pl-.'\IOS:-':'.-' Vs

Reaction Coordinate

Fig. S9 Gibbs free energy diagrams for HER
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Fig. S10 Gibbs free energies of “H for all dopants on MoS,@V
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Fig. S11 Spin-polarized total density of states and Partial density of MoS,@Vs, Pt-MoS,@Vy
and Au-MoS,@Vs; The Fermi level is set to zero energy and indicated by the vertical dashed

line.
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Table S1. Formation energies of TM- MoS,.

formation energy (eV )

dopants Mo-rich S-rich
Ag 6.05 3.34
Au 6.04 3.34
Co 3.55 0.84
Cr 0.22 -2.49
Cu 5.33 2.62
Fe 2.67 -0.15
Hf -0.91 -3.62
Ir 3.53 0.82
Mn 1.45 -1.26
Nb -1.13 -3.84
Ni 4.02 1.31
Os 2.62 -0.10
Pd 4.21 1.5
Pt 3.98 1.27
Re 1.23 -1.48
Rh 3.24 0.53
Ru 2.22 -0.49
Ta -3.03 -5.74
Tc 0.92 -1.80
Ti -0.80 -3.5
A% -0.43 -3.14
W -0.58 -3.29
Zn 4.85 2.14
Zr -0.99 -3.70
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Table S2. Formation energies of S vacancy in TM-MoS,. A, B, C and D represents the first
nearest neighbor position (INN), the second nearest neighbor position (2NN), the third nearest
neighbor position (3NN) and the fourth nearest neighbor position (4NN) according to the

distance between the dopants and S vacancy.

S vacancy formation energy (eV )

dopants A B c D
Ag 1.43 3.14 2.81 3.25
Au 1.32 3.24 2.93 3.08
Co 1.25 3.23 3.10 3.15
Cr 3.07 3.24 3.25 3.25
Cu 1.35 3.07 2.79 3.28
Fe 1.82 3.35 3.18 3.14
Hf 2.97 3.19 3.00 3.16
Ir 1.16 3.05 2.73 2.93
Mn 1.45 3.16 3.19 3.17
Nb 3.07 3.18 3.12 3.17
Ni 1.19 3.52 2.92 3.51
Os 1.96 3.11 3.26 3.03
Pd 1.28 3.11 2.90 3.24
Pt 1.92 3.41 2.93 3.23
Re 2.39 2.69 2.74 2.75
Rh 1.19 3.10 2.73 3.30
Ru 1.67 3.15 3.17 3.23
Ta 5.12 5.18 5.13 5.16
Tc 2.33 2.81 2.82 2.87
Ti 2.73 3.20 3.07 3.19
A% 2.96 3.19 3.16 3.20
W 2.98 3.22 3.25 3.22
Zn 1.56 3.20 2.80 3.18
Zr 2.90 3.20 2.97 3.16

undoped 2.41 2.41 2.41 2.41

14



Table S3. Adsorption energy (E.q) of NO adsorbed on Pt and Au doped MoS, (eV);

Species MoS, Pt- MoS, Au- MoS,
Pristine -0.14 -0.20 -0.38
O end on -0.23 -0.11 -0.39
S vacancy
N end on -2.72 -2.01 -1.76
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Table S4. Adsorption energy (E,q) of various species adsorbed on MoS,@ Vs, Pt and Au doped

MoS,@Vs.

Species MoS,@Vs Pt- MoS,@Vs Au- MoS,@Vs
NO -2.72 -2.01 - 1.76
NOH -4.04 -2.38 -2.25
N -4.56 -2.85 -2.95
NH -6.34 -4.30 -3.78
NH, -5.21 -4.5 -5.40
NH; -4.96 - 6.06 -5.30
NHO -2.92 -2.32 -2.27
HNOH -2.42 -2.24 - 1.81
H,NO -2.5 - 1.36 -2.88
H,NOH -2.29 - 1.36 -2.69
H -0.42 -0.99 -0.53
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Table S5. Gibbs free adsorption energies of various species adsorbed on TM-MoS,@Vs (eV).

Adsorbed ta the first nearest neighbor position (1NN), the second nearest neighbor position

(2NN).
INN 2NN
Dopants *NO  *NOH  *N  *NH *NH, *NH; *NH *NH, *NH;
Ag 161 -1.66 255 359 276 -3.82 531 418  -3.64
Au 119 -136 239 290 -4.15 377 531 424 352
Co 098  -127 227 325 -439 388 543 421 378
Cr 219 310 384 527 -388 376 -543 400 -3.44
Cu 145 163 229 350 451 409 -529 421  -3.60
Fe 174 -1.81 299 389 435 371 -537 405 -3.47
Hf 275 331 411 541 -520 -448 537 481 -4.07
Ir 130 -129 280 335 219 377 -526 -3.80 -3.50
Mn 213 236 352 -447 428 356 -533 386 -3.45
Nb 213 291 409 517 -500 375 -536 492  -3.88
Ni 132 -1.03  -190 295 -435 398 -535 -428 -3.51
Os 191 205  -352 377 273 337 531 -3.80 -3.46
Pd 117 087 220 278 -431 389 530 -4.02 -3.46
Pt 143 2150 -2.19 338 332 454 563 460 -3.79
Re 256 235 449 461 -356 351 493 376  -3.41
Rh 134 2133 259 298 -2.08 -3.68 -529 -4.06 -3.49
Ru 166 -143  3.08 357 2,60 -328 225 -0.77 034
Ta 236 317 435 545 516 -390 -537 491  -3.90
Te 249 235 415 451 343 360 -501 374 -3.42
Ti 239 296 379 507 -494 431 -539 481 -4.03
\% 222 300 412 519 -504 398 -538 -485 -3.61
W 215 323 407 550 -4.02 336 -542 398 3.4l
Zn 170 -191 278 336 472 411 540 -4.53  -3.65
Zr 274 326 403 531 -5.16 -448 -538 -4.83  -4.09
Undoped -2.16  -3.14 399 .542 398 -3.42 //
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Table S6. Solvation energy of various species for NOER. The values are adopted from the data

reported by Clayborne et. al !

Species Solvation Energy(eV)
N -0.1
NH -0.3
NH, -0.24
NH; -0.16
NOH -0.31
HNO -0.23
HNOH -0.47
H,NO -0.24
H,NOH -0.41
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Table S7. Bader charge variation of six species along the preferred pathway (e).

Species MoS,@Vs Pt- MoS,@V5 Au- MoS,@Vs
NO 0.83 0.65 0.61
NOH 0.78 0.64 0.61
N 1.05 0.92 0.91
NH 0.79 0.64 0.57
NH, 0.4 0.35 0.14
NH; -0.1 -0.1 -0.1
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