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Fig.2 Top (a) and side (b) View of the Ti,NO, with 3 x 3 x 1 supercell
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Table 1 Adsorption energy (E,;.) and Charge transfer (Cy) of H,S with different configurations on the Ti,NO, monolayer

Adsorption site Adsorption configuration E,./eV Cyle
a -0.258 0.103
b -0.278 0.095
1 c -0.341 0.112
d -0.225 0.067
e -0.314 0.119
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HR1:
Adsorption site Adsorption configuration E,./eV Cyle

a -0.249 0.1
b -0.248 0.078

2 c -0.337 0.113
d -0.189 0.055
e -0.258 0.108
a -0.313 0.122
b -0.288 0.092

3
c -0.349 0.109
d -0.230 0.072
e -0.311 0.122
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Table 2 The Binding energie (eV), Hirshfeld charge (lel) from Sc(V) to Ti,NO, and the Cohesive energy of the atom

E, /eV Hirshfeld charge/e Cohesive energy
1 2 3 1 2 3
Se/Ti,NO, -6.948 -3.985 -6.473 +0.7869 +0.6974 +0.8163 -4.518
VITi,NO, -4.781 -2.756 -3.849 +0.4884 +0.4849 +0.5649 -5.603
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Fig.4 The PDOS plot of O(2p), Sc(3d), V(3d) of the interaction between Sc(a) and V(b) with Ti,NO,
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Hia) 5 H,S 40 F W Bt 7E Se/Ti,NO, A1 V/Ti,NO, 1
mF, PEATES AL S HLS 201 AT DL B AR B i HS'
FIH, A HS 5 Sc s V&4, H 5L EmAY
AEREAIZE G, B OH FEH

%3 AEWEH H,S EEE ARG (E,,) SEEZ(C,)

Table 3 Adsorption energy (E,,.) and Charge transfer (C;) of H,S with different configuration on substrates

Metal Adsorption configuration E../eV Cyle
a -1.872 0.086
b -1.872 0.086
Se ¢ -1.873 0.087
d -0.759 0.186
e -0.206 0.114
a -0.279 0.178
b -0.821 0.290
v -1.917 0.252
d -0.821 0.291
e -0.343 0.140
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Fig.5 Energy changes of H,S molecules dissociated on the

surface of Sc/Ti,NO, and V/Ti,NO,
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(a)IS (b)TS (e)FS

(1S (e)TS (OFS
6 Sc/Ti,NO, (a—c) FiI V/Ti,NO, (d—f) I H,S 73 Ffift &5 1) S o7 B A2 R R 1
Fig.6 Reaction pathways of the views of top and side of H,S dissociation on S¢/Ti,NO, (a—c) and V/Ti,NO, (d—f)

&4 H,S 5 FFESc(V)/Ti,NO, MXene RE L IS IRESFHIRHIRE (eV), Se(V) 5HEFEF Z 8 A9# K (nm)
KR SR FFEEF 2 B H#1< (nm)
Table 4 The Adsorption energies (E,,.), the Bond length between the Sc(V) and S atom and the Bond length of the H—S of

H,S molecule in IS state on Sc¢(V)/Ti,NO, MXene surface

E,./eV L ppera/mm Lg.y/nm
H,S - - 0.136
H,S-Se/Ti,NO, -1.873 0.245 0.136
H,S-V/Ti,NO, -1.917 0.228 0.136

KRR T f# Se (V)R F5 H — Sz
A AR BEAE T, AT T H,S 43 F 7€ Se/Ti,NO,
M VITL,NO, 19 A 2h ff B BRI H — S 5 15 1Y)
PDOS &, W& 7 s . W7 (a) Hal DL
H,S 0 F i H — S S B IE £ ZORIE T H-1s
1 S-3p BB AR L2 AEVE T . XT HU B 98 4 I -
i 7E HS 43 1. HS WE B 78 Se/Ti,NO, Fl V/Ti,NO,
() PDOS EI(E 7), IWIE ol LA, H-1s #1138
TE Se FET , ML TRESFmAWE T
2505 eV, 78 V JEFREH T AL T H,S 43 iy

H-1s BB A 22 WS T2 0.7 eV 1E VR FHERT ,
V-3d BB Y5 S-3p B fE -3, -2.2. -1 LA} 0.5 eV
BRI B 0 S0 TTTAE Se IR FAERE | Se-3d #L
EAXAE -2.5 eV i 5 S-3p BB A — A EHIE . I
Gh, FETOKRREH M I, FERBIEMAERTT | S-3p #lL
EAWAROE |, HFH VT4 8 AT Se 4
JR R, BRI 2OKRE S . I, AHEL T Se/
Ti,NO,, V/Ti,NO, 5 H,S F ) S JEFHHE A H H o |
V/TiL,NO, A FI T H — S gk 2, M imiA # T
H,S 73 i it R #EAT
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Adsorption and Decomposition of H,S on Metal-modified Ti,N

MXene: A First Principle Calculation

YU Shu-min, WANG Lan, QI Li-lei, XING Ying-ying, ZHANG Shu-jie, LU Xiao-jing,
LI Xiao-lu, WANG Jun-kai’
( Henan Key Laboratory of Materials on Deep-Earth Engineering,

School of Materials Science and Engineering, Henan Polytechnic University, Jiaozuo 454003, China )

Abstract: First-principles calculations are used to study the adsorption and decomposition behavior of H,S on

Ti,NO, MXene. The adsorption results of H,S gas molecules on Ti,NO, show that the adsorption belongs to weak

physical adsorption, and the H,S gas can not be adsorbed effectively by Ti,NO,. The results of the modification of

Ti,NO, by transition metals (Sc, V) show that Sc and V can stably anchor on the surface of Ti,NO, and are not easy to

agglomerate, and the most stable adsorption site is the top of N atom. The adsorption behavior of H,S gas molecules

on Sc and V modified Ti,NO, arefurther studied. The results show that the adsorption strength of H,S was significantly

improved on the transition-metal modified Ti,NO,. In addition, H,S molecules can be directly dissociated into HS"
and H' on the surface of Sc/Ti,NO, and V/Ti,NO,, and then the H atom in HS combines with H" to form H,, and the
S atom bonds with the transition metal. The dissociation barrier of HS™ on the surface of V/Ti,NO, is 1.69 eV, which

is lower than the 2.08 eV on the surface of Sc/Ti,NO,, indicating that V/Ti,NO, is expected to be an ideal candidate

material for H,S gas adsorption and decomposition.

Key words: Ti,NO, MXene; metal modification; H,S; first principles calculation



