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Table S1. Calculated E.d(in eV/adsorbate) of gas adsorbed MXenes and O-MXenes

Ti2C T12CO:2 \%® V2CO2 Nb2C Nb2CO2  Mo2C Mo0:2CO2

o PBE PBE PBE-D3 PBE PBE PBE-D3 PBE PBE PBE-D3 PBE PBE PBE-D3
H>  -2.09 -0.01 -0.07 -1.91  -0.01 -0.09 -1.91 -0.01 -0.06 -1.41  -0.01  -0.07
HO -384 -0.04 -0.21 -0.72  -031 -0.45 -0.72 -0.05 -0.20 -0.73  -0.06 -0.21
H.S -590 -0.02 -0.24 -548  -031 -0.51 -5.57 -0.03 -0.24 -453  -0.16 -0.39
N2  -297 0.00 -0.13 272 -0.28 -0.36 -2.19  -0.01 -0.12 -1.40  -0.01 -0.12
NH:; -091 -0.09 -0.37 -1.08  -0.33 -0.48 -1.07 -0.29  -0.50 -1.23 -0.20 -0.40
NO -8.69 -0.10 -0.25 -8.10  -0.57 -0.73 -6.95 -0.07 -0.21 -3.43 -0.56 -0.80
NO: -9.28 -0.01 -0.17 -11.07  -0.02 -0.18 -10.15  -0.01 -0.18 -893  -0.08 -0.26
coO -290 0.00 -0.13 -2776  0.00 -0.14 -2.60  -0.01 -0.12 -221  0.00 -0.12
CO: -5.06 -0.01 -0.20 -3.85 -0.28 -0.36 -1.72 -0.02  -0.20 -1.15 -0.01 -0.21
SO2 -11.09 -0.02 -0.26 992  -0.03 -0.27 -10.08 -0.04 -0.29 -7.98 -0.03 -0.28
02  -10.88 -9.89 -9.83 -7.94




(a)Ti,C/H, (¢) Ti,C/H,0 (d) Ti,C/H,0
E, =-2.09 eV E, =-0.34 ¢V E, =-3.84¢eV E, =-0.74eV

(¢) Ti,C/H,S (g) Ti,C/N, (h) Ti,C/NH,
E, =-5.90 eV E, =-1.08eV E, =-2.97 eV E, =-091eV

(i) Ti,C/NO (i) Ti,C/NO (k) Ti,C/NO (1) Ti,C/NO,
E, =-8.69eV E, =-5.05eV E, =-3.54eV E,=-9.28¢eV

(m) Ti,C/CO (n) Ti,C/CO, (0) Ti,C/SO, (p) Ti,C/O,
E, =-2.90 eV E, =-5.06 eV E, =-11.09 ¢V E, =-10.88 eV

Fig. S1 The structures of gas adsorption on Ti2C and Eud calculated by PBE



(a) V,C/H, (c) V,C/H,0 (d) V,C/H,S
E, =-191eV E, =-0.67 eV E4=-0.72¢eV E4=-548¢V

(e) V,C/H,S (f) V,C/N, (g) V,C/NH, (h) V,C/NO
E, =-141¢eV E,=-2.72¢eV E,,=-1.08eV E, =-8.10eV

(i) V,C/NO (j) V,C/NO, (k) V,C/NO, (1) V,C/CO
E, =-4.53¢eV E, =-11.07¢V E, =-4.08 eV E, =-2.76 eV

(m) V,C/CO, (n) V,C/SO, (0) V,C/0,
E, =-3.85¢eV E, =-9.92¢V E,=-9.89eV

Fig. S2 The structures of gas adsorption on V2C and E.s calculated by PBE



(a) Nb,C/H, (b) Nb,C/H, (¢) Nb,C/H,0 (d) Nb,C/H,S
E,=-191¢eV E,=-0.51¢V E,=-0.72¢eV E,=-5.57eV

(e) Nb,C/N, (f) Nb,C/NH, (g) Nb,C/NO (h) Nb,C/NO
E4=-2.19eV E,g=-1.07eV E,=-6.95¢eV E, =-4.12eV

(i) Nb,C/NO, (j) Nb,C/NO, (k) Nb,C/CO (1) Nb,C/CO,
E, =-10.15¢V E, =-4.26¢eV E, = -2.60 eV E, =-1.72¢eV

(m) Nb,C/SO, (n) Nb,C/SO, (0) Nb,C/O,
E, =-10.08 ¢V E, =-320eV E, =-9.83 ¢V

Fig. S3 The structures of gas adsorption on Nb2C and E.d calculated by PBE



(a) Mo,C/H, (b) Mo,C/H, (¢) Mo,C/H,0 (d) Mo,C/H,S
E,=-141eV E, =-0.78 eV E, =-0.73 eV E,=-4.53¢eV

(e) Mo,C/H,S (f) Mo,C/N, () Mo,C/NH, (h) Mo,C/NO
E, =-1.34¢eV E, =-140¢eV E,=-1.23eV E, =-343eV

(i) Mo,C/NO, (i) Mo,C/NO, (k) Mo,C/CO (1) Mo,C/CO,
E, =-8.93eV E, =-333eV E, =-221eV E, =-1.15¢eV

(m) Mo,C/SO, (n) Mo,C/SO, (0) Mo,C/O,
E, =-7.98 eV E, =-2.61 ¢V E, =-7.94 ¢V

Fig. S4 The structures of gas adsorption on Mo2C and E.d calculated by PBE
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H,/Ti,CO, H,0/Ti,CO, H,S/Ti,CO, N,/Ti,CO,
(E,q=-0.07 eV) (E,q=-0.21¢V) (E,q=-0.24 ¢V) (Eyq=-0.13 V)
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NH,/Ti,CO, NO/Ti,CO, NO,/Ti,CO, CO/Ti,CO,
(Eyq=-0.37¢V) (E)q=-0.25eV) (E,q=-0.17 eV) (E,q=-0.13 ¢V)

C0,/Ti,CO, $0,/Ti,CO,
(Eyq=-0.20eV) (E,q=-0.26 ¢V)

Fig. S5 The most preferable structures of gas on Ti2CO: and E.d calculated by PBE-D3
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Fig. S6 The most preferable structures of gas on V2CO:2and E.d calculated by PBE-D3
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H,/Nb,CO, H,0/Nb,CO, H,S/Nb,CO, N,/Nb,CO,
(Eyq=-0.06 eV) (Eyq=-0.20eV) (B, =-0.24 V) (E,q =-0.12 V)

121 L21

1.02

NH3/Nb,CO, NO/Nb,CO, NO,/Nb,CO, CO/Nb,CO,
(Eyq=-0.50 eV) (E,q=-0.21€V) (E,q=-0.18 eV) (E,q=-0.12 eV)

1.18 _L18

CO,/Nb,CO, S0,/Nb,CO,
(Eyq=-0.20 V) (E,q=-0.29 eV)

Fig. S7 The most preferable structures of gas on Nb2CO: and E.d calculated by PBE-D3



H,/Mo,CO, H,0/Mo,CO, H,$/M0,CO, N,/Mo,CO,
(E,q=-0.07 eV) (E,q=-0.21 eV) (E,y=-0.39 ¢V) (E,q=-0.12 V)

1.20 1.20 1.14
1.02 o 1.02 1.14
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NH,/Mo,CO, NO/Mo,CO, NO,/Mo,CO, CO/Mo,CO,
(E,q =-0.40 V) (E,q=-0.80 eV) (E,q=-0.26 eV) (E,g=-0.12¢V)

1.18 1.18

C0,/Mo,CO, ~ 50,/Mo,CO,
(E,q=-0.21eV) (E,y=-0.28 eV)

Fig. S8 The most preferable structures of gas on M02CO: and E.a calculated by PBE-D3



Table S2 Eaq in eV and atomic distance (r) in A between atoms regarding Fig. S9 from PBE
and PBE-D3 calculations. Prime (') represents an atom of O-MXene.

System PBE PBE-D3
Ead (V) r (A) Ead (V) r (A
NHs/Ti,CO, | -0.09 Ti—N 2.46 -0.37 Ti—N 2.43
ov-H! 3.38 ol-H! 3.34
0%-H? 3.39 0?-H? 3.34
0%-H? 3.38 O*-H? 3.35
Ti-Ov 1.94 Ti-Ov 1.95
Ti'-0% 1.94 Ti'-0% 1.95
Ti'-O* 1.94 Ti-0° 1.95
Ti'-C" 2.38 Ti-Cc* 2.36
Ti'-C? 2.38 Ti'-C* 2.37
Ti'-C* 2.38 Ti-C* 2.36
N-H (g) 1.02 N-H 1.02
NHs/Nb,CO; | -0.29 Nb'—N 2.41 -0.50 Nb—N 2.41
ol-H! 2.35 ol-H!? 2.34
0?-H? 2.35 0?-H? 2.33
O%-H? 2.35 O%-H?® 2.33
Nb'-O* 1.98 Nb'-O! 1.99
Nb'-0? 1.98 Nb'-O? 1.99
Nb'-O* 1.98 Nb'-O* 1.99
Nb'-CY 2.43 Nb'-CY 2.42
Nb'-C* 2.43 Nb'-C? 2.41
Nb'-C* 2.43 Nb'-C* 2.42
N-H (g) 1.02 N-H (g) 1.02
NO/V,CO, -0.57 O'—N 2.31 -0.73 O'—N 2.27
o-Vv¥ 1.96 o-v¥ 1.96
0'-v? 2.01 0-v? 2.02
o-v* 1.97 o-v* 1.97
vi-cl 1.99 vi-cl 2.00
vi-c? 2.21 vi-c? 2.21
v2-c? 1.97 V2-c? 1.97
Vv2-Cc* 1.96 V2-Cc* 1.96
v3.c* 2.19 ve-c* 2.18
va-cl 1.99 vi-cl 1.98
N-O (g) 1.15 N-O (g) 1.15
NO/Mo0,CO, | -0.56 O'—N 2.02 -0.80 O'—N 2.11
O'-Mo* 2.09 O'-Mo? 2.08
0'-Mo? 2.15 0'-Mo? 2.08
0'-Mo?® 2.09 0'-Mo® 2.08
Mo-Cc¥ 2.16 Mo-C¥ 2.16
Mo?-CY 2.16 Mo?-CY 2.16
Mo3-Ct 2.16 Mo®-CY 2.16
N-O(g) 1.14 N-O 1.14
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Fig. S9 Structures of (a) NH3/Ti2COz, (b) NH3/Ti2CO2, (¢c) NO/V2CO2 and (d) NO/M02CO2




Table S3. The calculated Eaq difference (AEad) in €V between the results from PBE and PBE-D3 calculations. Each atomic distance difference
(Ar) in A is selected from the closest interacting points between a substrate and an adsorbate, where prime (') represents an atom of O-MXene.

Ti.CO, Nb,CO, V,2CO, Mo.CO3
Gas AEad bond Ar (A) AEad bond Ar (A) AEad bond Ar (A) AEad bond | Ar(A)
(eV) (eV) (eV) (eV)
H2 -0.07 | O-H -0.12 | -0.06 O'-H 0.00 -0.08 | O'-H -0.21 -0.06 | O'-H -0.03
H20 -0.17 O'-H -0.03 | -0.15 O'-H 0.00 -0.14 | O'-H -0.01 -0.16 | O'-H -0.01
H2S -0.22 O'-H -0.36 | -0.21 O1'-H -0.12 -0.19 | O'-H -0.36 -0.23 | O'-H -0.16
NH:s -0.27 O'-H* -0.05 | -0.21 O'-H* -0.02 -0.15 | O'-H* -0.25 -0.20 | O'-H* -0.14
(Ti-Ny** | (-0.03) (Nb-N)** | (-0.00) (V-Ny** | (-0.20)
N2 -0.12 O'-N -0.04 | -0.11 O'-N -0.02 -0.08 | O'-N -0.27 -0.12 | O'-N -0.04
NO -0.14 | O-N -0.02 | -0.14 O'-N 0.00 -0.15 | O'-N 0.06 -0.24 | O'-N 0.09
NO2 -0.15 O'-N -0.04 | -0.17 O'-N 0.00 -0.16 | O'-N -0.02 -0.19 | O'-N -0.02
CcoO -0.12 O'-C 0.00 | -0.11 oO'-C 0.00 -0.14 | O'-C -0.01 -0.12 | O'-C 0.00
CO2 -0.19 | 0O-C 0.00 | -0.19 0'-C 0.00 -0.08 | 0-O -0.00 -0.20 | 0-O -0.01
SO2 -024 | O'-S -0.10 | -0.25 0'-S -0.12 -0.23 | O'-S -0.16 -0.25 | O'-S -0.19

*Ar of H of NH3z and a metal atom of a substrate

**Ar of N of NH3z and a metal atom of a substrate






