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Fig. S1 Top and side view of optimized Ti,,Cg (a), calculated phonon dispersion along the high
symmetrical directions of the Brillouin zone (b) and the phonon PDOS (c). Little grey and big
grey sphere represent carbon and titanium atom.



¥

Te)

S
>

\G
»

SRR
4v
(0

(-

FIr
G

«
ALY
N A

ar
2%
8 -4
¥ A
4

>

-

M ()
LWL ey
A3

\/

N
L
LA

(3

D)

wa

Fig. S2 Charge anSity difference of (a) Ti12N8, (b) Ti12N8012, (C) Ti]zNgFu and (d)TllzNg(OH)lz
Yellow zones represent electron accumulation and cyan zones are electron deficiency, isovalue

0.01 a.u.
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bi-layer, triple layer and bulk of Ti;;NgO5,

S3 Calculated band structure of the monolayer,

Ti]zNgFu and TilzNg(OH)lg by GGA/PBE
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Fig. S4 Band structure (left) and density of states (right) of (a) Ti;N, (b) Ti,NO,, (c) Ti,NF; and (d)
Ti,N(OH), under HSE06 theoretical level.
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Fig. S5 Snapshoot of bulk, bi-layer and triple layered Ti;,NgOy,, Ti1,NgFy, and Ti;,Ng(OH)5.
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Fig.S6 Structure and electron density of (a) Ti;pNg, (b) Ti;2NgO1s, (¢) Tij;NgF; and (d)
Ti;)Ng(OH) 2
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Fig. S7 Snapshots of the equimolar H,/CH,4 mixed gases penmeating Ti;,NgT|, before and after 20
ns MD simulations (C, gray; O red; H, white; N blue; F, cyan)



initial equilibrium

i
y iV
3 ix: koA
Ti;,NgF HE A
1288 12 *nwAr M4
Y 1, . .
IR .
nE e N .
XTI
A R N N
tnh’v" :f pe b

: '3';2':

Ti;,NgOy, oAl aagas
. A .

A

YL
AR
) . R B
4'"
W

a " o'u.la,a;i.&..:.
. I

b 4
¥
o,

A
<

) 8

A4,

ey e

- 35 An, s Py .
";f: ,-'-.;4*4% ke, T
e S . R
@-:‘% b -i :: X s
: : ¥ e

Ti;;Ny(OH),,

W
>

Aot TS
A A AL LA
A?. A.?"'?

Al 4.‘&4&2
. Aaoate sl

Yl Wy

REE S FUS-I

¥
T
A

SR TR R

F W E P TR

i
-

A, A e

S
H
F

Fig. S8 Snapshots of the equimolar He/CH,4 mixed gases penmeating Ti;,NgT1, before and after
20 ns MD simulations (C, gray; O red; H, white; N blue; F, cyan; He, light blue)
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Fig. S9 Distribution of gas molecules after 20 ns MD simulations upon Ti;;NgF,
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Fig. S10 Distribution of gas molecules after 20 ns MD simulations upon Ti;,Ng(OH);,



Table S1 Bond lengths of porous MXene Ti;;Ng and Ti;,NgTy; (T = O, F, OH)

Bond length (A)
N,-Ti, Ni-Tis  No-Ti;  No-Ti;  T,-Ti,  To-Ti,  To-Ti
TipN 2.070 /

Ti,NO, 2.148 1.980

Ti,NF, 2.059 2.145

Ti,N(OH), 2.084 2.166

Ti;oNg 2.050 2.045 2.008 1.974 / / /

Ti1,NgO 2.256 2.029 2.282 1.930 1.874 2.070 1.865
Ti,NgF > 2.022 2.005 2.104 1.956 2.050 2.188 2.117
Ti;pNg(OH)» 2.028 2.012 2.104 1.968 2.129 2.208 2.129




Table S2 Bond angle of porous MXene Ti;,Ng and Ti;p,NgTy, (T = O, F, OH)

Bond angles (°) Ti;»Ng Ti;2NgO1» Ti;2NgF12 Ti;2Ng(OH);,
Ti;-N,-Ti; 100.5 84.2 89.6 91.3
Ti;-N,-Tis 83.4 90.0 86.6 86.0
N;-Ti;-N, 94.6 80.7 91.0 89.6
N;-Tis-N, 95.2 95.8 96.0 91.8
Ti;-N»-Ti, 96.8 91.5 97.7 98.1
Ti;-N»-Tig 91.6 103.7 95.5 95.0
N,-Ti|-N, 88.4 76.3 84.5 85.0
N,-Tir-N, 105.2 102.6 102.6 103.4
T,-Ti)-T, / 99.4 90.2 89.6
Ti-T,-Ti, / 99.4 87.9 85.9
T,-Ti)-T, / 111.1 92.8 91.5
Tiy-To-Tis / 92.8 86.8 85.7
Ty-Tir-T, / 84.1 83.2 83.1
N,-Ti;-T; / 84.0 91.2 91.4
No-Ti;-T; / 89.9 92.6 92.6
Ny-Tir-T, / 85.7 86.9 86.5
N3-Tir-T, / 85.7 87.7 88.5




Table S3 The permeation barrier of Ti;,NgTy, (T =F, O, OH)

H,(meV) He(meV) CHy(meV)
Ti;pNgF, 138 48 940
Ti;2NgO12 142 54 1116
Ti;)Ng(OH);, 143 43 850
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