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Abstract: In-depth understanding of the mechanisms of
hydrogen sulfide (H2S) adsorption on catalysts during
desulfurization from industrial waste gas streams is
important for developing effective catalysts to be used in
the decomposition of H2S. In this work, the dissociation
behavior of H2S adsorbed on a single-atom catalyst (Ti or
V-decorated Ti2CO2 surface) was investigated by
performing density functional theory (DFT) calculations.
The corresponding diffusion behavior revealed that Ti or V
atoms could be dispersed on the Ti2CO2 monolayer, without
aggregation in the form of single atoms. In addition, analyses of the partial density of states (PDOS), Hirshfeld charges,
and electron density difference indicated that the decorated Ti or V atoms led to charge redistribution on the Ti2CO2 surface
and significantly improved the interaction between the H2S gas molecules and Ti2COz, thereby enhancing the catalytic
activity of V/Ti2CO.. In order to gain a deeper understanding of the mechanism of H2S decomposition (H2S — HS* + H* —
Hz + S*), a comparative analysis of the results for the decomposition of H2S on the Ti/Ti2CO2 and V/Ti2CO2 surfaces was
carried out. The catalytic dissociation behavior of Hz2S is explained as follows: once H2S is adsorbed on the V/Ti2CO2 or
Ti/Ti2CO2 surface, it spontaneously dissociates into HS*/H* without any energy barrier on the catalyst surface.
Subsequently, the V atoms would not only promote the cleavage of the H—S bond, but also play a major role in the
formation of S atoms. Moreover, the rate-limiting step for the entire process proceeded on the Ti/Ti2CO2 surface with an
energy barrier of 0.86 eV, while that for V/Ti2CO2 was 0.28 eV, indicating that the H2S molecules easily dissociated into S
and Hz on the V/Ti2COz2 surface at room temperature. The reaction time for H.S decomposition on the V/Ti2CO2 surface at
500 K was 65.79 ns, which was almost two orders of magnitude higher than that at room temperature. Thus, the
decomposition of H2S on the V-doped Ti2CO: surface is associated very fast kinetics. Furthermore, the S atoms can form
elemental sulfur with aggregation on the V/Ti2CO2 surface to promote recycling reactions. Compared with previously
reported catalytic systems, the single-atom catalyst (SAC) V/Ti.CO: catalyst has greater application prospects in terms of
sustainable economy or removal efficiency for H2S treatment. Our results suggest that V-doped Ti2CO: is an excellent
candidate for a highly effective non-noble metal catalyst applicable to H2S decomposition.
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Fig. 1 Top (a) and side (b) views of the geometry of
Ti2CO2 monolayer.
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VR T B Fa O B AE C R T B 7 ol AT
“17, HEE689002-6.9981-5.38 eV, L4}
H ER A RAEE K, MCrE 7 BRI A
“17 Mg & Re iR (-3.88 eV), fH&H 45
CriE TN AL /N-4.10 eV), XHTIMVIE T
REFRE A AE T TCO KM b, CrJf 1WA R E
TEE T ZMXeneZK 1H Lo #07, FATHE T R I 2K
ETFTIAVIE T AR T HAARE 5

2 [ B 5 0T B AE B AR R TH T B A A% 1 1)
B, AT B T T VIR FEETILCO R 3
BUT N . B2 R, TifIVIE T7F Bk 5 B S
“17 (E29 118) b i it “17” S Az s (El2rh
IFS)H #L, e % B ML 5 “2” (K29
MS). FTULEH, Ti(V)RE PRI 8 md, R
HIAE IR RE 22 7751.63 eV (1.10 eV), 1fj H IS
MSZ [H] g — MR IR B, RV AEN0.67 eV (0.82
eV), X EWEAE LTk 2 VIR F7ETi.CO;
RMWA S RAEY BTN, NEER T &8 E T
AR R KA B2, Sa R BT NI S5
RERATIAVIR 7 RE LU R 7 72 08 2 4 e
TiCOK M, TMASTABHEMNS .

L 25 M M T e 8 B 6 3 I T IR B 1
AR Z AR EAEH - Bk, N 7 ak—25 7 TR
VIEF 5B ETLCOZ [ A BAEH, WE3HTR,
BATHH T TUTICO M V/TinCO 1 22 43 L fi 55 FiF
(DED map)Fl 433 %45 % £ (PDOS). 41 3a,bfTR,
BT # B T Ti(V) [ 2 R Ti.CO % 75, SR /5 HL
ff FERELELETI—0 (V-0 L, X—45 1M
Hirshfeld B 17 73 4T 0 45 RAHWI &, TiAVIE 4 1)
3R TiCO 5 70.65H10.53]e|, 55 F 1%k
SET TinCOL 3K 1 - i H A 32E 4T 538 40 i (L 36



YIELAL S 224 Acta Phys. -Chim. Sin. 2021, 37 (X), 2007086 (5 of 9)

£1 IMLESBERE TiCO RE _EARRBHAL R _ERIZ &8 (eV). Hirshfeld BA 4377 (e])~
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Table 1 The binding energies Ey (eV), Hirshfeld charge (|e|), cohesive energy (eV) and

electronegativity (eV) of 3 single atoms at different decorated sites on the Ti2CO: monolayer.

E, Hirshfeld charge
Metal Cohesive energy Electronegativity
Site 1 Site 2 Site 3 Site 1 Site 2 Site 3
Ti —6.990 —6.276 —6.278 +0.650 +0.690 +0.710 —4.850 3.460
v —5.384 —4.644 —4.644 +0.530 +0.580 +0.580 -5.310 3.640
Cr —3.878 —2.947 —2.741 +0.610 +0.630 +0.600 —4.100 3.720
B Epact@y e 5 % 8 5 B 3 ST 0 O-2p B i
15 F356¢. /‘ < Ebar=0.96 eV/ N *!, ‘ )
i NG PR PDOSIH, AT BLELW 97 B2 R 6. 1
| Rl RRG al M R I3 VA A7, Ti-3d538 F10-2p 538 e 3
5”@7 %¥ C- R EAE L, XA R R 7 TN I A 4L
o P SRR TR P, 85T 47 2E T COL R T
B e AN VITiCO A ML S B, Hrfv-3a#iLii 0-2p %
e i — a7 . .
R A W B B EAE—6. —0.5813.5 eV /A (LIEI3d). HRIBdH#
U B SN LT, 4 IR LR E SR B TR 3
05 e NN S e e —
" I TS1 MS TS2 FS “‘%S%ﬂﬁﬁﬁﬁzliﬂ E‘JEE%, #ﬂﬁ{j&ﬁ%uﬁﬁﬁ/ﬁﬁ:

B2 Ti@HMVObETFETLCO: RE LT HExzE
Fig. 2 The diffusion pathway of anchored Ti (a) and
V (b) on Ti2CO2 monolayer.
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HFEMLASNRERFRBEMERXIE. (o) TITi.CO: F(d) V/Ti2CO: 4 EAEE, BERRHKE

Fig.3 Top and side views of the deformation electron density of Ti (a) and V (b) atom anchored on Ti2CO: monolayer with

an isovalue of +£0.032 a.u., where the cyan and red regions represent electron accumulation and loss, respectively (color

online). PDOS of Ti/Ti2CO: (¢) and V/Ti2COz (d). The pink dashed line indicates the Fermi level.
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Fig. 4 Energy profiles for H:S dissociation on the
Ti/Ti2CO2 and V/Ti2CO: surface.
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Table 2 The adsorption energies Eads (V) of HS*/H* on
SAC:s surface, the bond length (nm) of the single atom and
S atom, and the bond length (nm) between the S atom with

the corresponding bonded H atom.

E.q/eV L Metal/nmM Ls—p/nm
H,S - - 0.135
HS*/H*-Ti -1.927 0.232 0.136
HS*/H*-V —2.258 0.224 0.137

:&%@::&%@

B 5 H2S 4T Ti/Ti2CO2 (a—c)F V/Ti2CO: (d—)ZR il B 15 72 0 ) Z-ANRZS B IR0 AL

Fig. 5 Top (upper) and side (lower) views of each state of the dissociation process of a
H2S molecule on Ti/Ti2CO:2 (a—c) and V/Ti2CO2 (d—f) surface.

The gold, purple, blue and white balls are Ti, V, S and H atoms, respectively. color online.
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Fig. 6 The top and side views of Ss adsorbed on the

Ti/Ti2COz2 (a) and V/Ti2COz (b) surface, respectively.
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Fig.7 The PDOS of S, H and single atom before (a) and
after adsorbed on Ti/Ti2CO2 (b) and V/Ti2CO:z (c) surface.

The pink dashed line indicates the Fermi level.
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