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Table S1. The computed the overpotentials (nN°k®, V) at various energy cutoff (eV) or k-points.

cutoff T)ORR k-point T1)ORR
400 0.43 2x2x1 0.40
450 0.44 3x3x1 0.41
500 0.41 4x4x1 0.41
500 0.41 5x5x1 0.41




Table S2. The computed the overpotential (nN°%®) and the free adsorption energies (AG, eV) for

various X@CrS2 materials.

T)ORR AGo~ AGon* AGoon*
pristine 1.78 0.00 0.55 4.08
B 242 -0.76 -1.19 2.49
C 1.20 0.13 0.10 3.23
N 0.41 1.65 0.82 4.07
O 1.53 4.29 3.01 5.22
Si 2.82 -0.56 -1.59 2.21
P 2.18 -0.14 -0.95 2.74
Cl 1.78 4.04 2.47 5.47
As 0.97 1.45 0.26 3.83
Se 1.61 2.68 2.40 5.30
Br 1.74 3.82 2.41 5.43
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Figure S1. Total potential temperature and energy fluctuations after equilibration for N@CrSz

in the AIMD simulation.



Free Energry (eV)

Free Energry (eV)

Free Energry (eV)

I Se@CrsS, —U=0.00 eV 5r Br@Cr$, —U=0.00 ¢V 8r As@Crs, —U=0.00 ¢V
23 eV — U=1.23 eV w— U=1.23 eV
6 @ 6F oon* 6} Ot
pe _OOWT 0,4% o
\ I~ \ I —
\ > \ = Z AN N
nt ‘;, < 0 . ‘:, s «_OooH
0T owr £ "\,_on* 2
—_— ey \
2F \ 8 2k - .\ 2 2F N
o AN ’,_-.'\ z s - \“‘ g 2
; N ) W 2H,04 | 2 2,040 | 2 «_OH*
(1] — z = 9 2 = 9 - — S—

AG = 1.61 eV AG=1.74¢V . <204+
2F 2p 2F AG=0.93 eV
-4 -4 -4

Reaction Coordinate Reaction Coordinate Reaction Coordinate
5T i S —U=0.00 eV 8r S I v 3F qacrs -_—
Si@Crs, =0.00 ¢ P@CrS$, =0.00 ¢’ Cl@crs, U=0.00 eV
— U=1.23 eV w— U=1.23 ¢V — U=1.23 eV
U OOH*
O, +* o
o < — o \
\ Z = s, O*
ar \ < 4f \ < 4p —
\ g *,_oon* £
. 0OH* = & 4 _OH*
1 3 \ E 2 b % E 2t A—— N\
w0 | g \ P J "= O
\ 2 \ or 20,0+ | £ ; "W 2H,04*
0 f—o. % o = : N = 2H0¢ |
. \— P S . ol 0 AGC bl
\_ . OH* /7 ‘—‘\‘ NV L " AG= 178 ¢V
2 %N d 2} % SO 2f
\ ) / o »
T AG=282eV AG=218eV
-4 -4 -4
Reaction Coordinate Reaction Coordinate Reaction Coordinate
[ sF [
B@CrS, —U=0.00 eV C@Crs, —U=0.00 eV 0@Crs, —U=0.00 eV
—U=1.23 ¢V — U=1.23 ¢V w— U=1.23 ¢V
13 6k
0+ O, 0+
—— S . S =
st 5 4t ; st
. OOH* = \,_OOH* P
\ g \ st
S ] \ ]
2F \ . | 2k \ a 2F
‘\ ' Vg \
Voot 2H,0+* 4 oo OH* 2H,0+* g / s 20,04+
) e, \ on* = 9 - = = 9 o il

S e S \‘ il AG=1.53 eV

2k '\‘ / 2k % 2F
\ o d
s AG=2.42¢V AG=120eV

-4 -4 -4

Reaction Coordinate

Reaction Coordinate

Reaction Coordinate

Figure S2. The computed free energy diagrams for ORR on different X@CrS: systems.
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Figure S3. The computed free energy diagrams for ORR on N@CrS; with solvent effect.
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Figure S4. The computed free energy diagrams and the corresponding intermediates

configurations for ORR on N@CrSz with the explicit solvent models.




