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Abstract: The adsorption of H,S, HS and S on the different sites of cubic ZrO, (110) surface has been studies by
density functional theory calculation with GGA-PW91 method. The results of geometry optimization indicate that the
stable structures of dissociative adsorption are H,S molecules adsorbed on bridge sites and parallel on the hollow
site. SH and S were found to prefer bridge sites and top sites, respectively. The analysis of Mulliken population and
density of states indicates that p orbital in sulfur interacted with d orbital in zirconium. Complete linear synchronous
transit  (LST) and quadratic synchronous transit (QST) methods were used to search the transition state for
dissociation reaction. The results reveal that H,S dissociated on ZrO, (110) surface and formed hydroxyl and

sulfhydryl groups.
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Fig.1  Slab model of ZrO, (110)-1x2 (top view and side view)
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Table 1 Theoretical calculation results of relaxation
of Zr0,(110) surface

layl lay2 lay3
AZ, -1.81 3.19 0
AZy, 1.42 0.62 0

Ad,, Ady lay3
dyon -5.92 6.42 0.14
doza -1.64 1.27 0.14
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Fig.2 There different adsorption orientations models (side view)
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Table 2 Geometrical parameters, adsorption energies, mulliken charges, symmetric stretching frequency

(w,) and asymmetric stretching frequency (w,)

Rey / nm L HSH / (°) E../ (kJ-mol™) qu,s [ au o,/ cm™ ,/ cm™
top-H-up 0.134 9/0.134 9 95.3 16.9 0.117 2 666 2 696
O-H-up 0.135 4/0.135 4 90.8 11.7 0.002 2 626 2 649
hollow-H-up 0.135 3/0.135 3 91.5 6.5 0.001 2 644 2 667
top-H-down 0.137 1/0.137 1 91.3 73.3 0.172 2 462 2 455
0O-H-down 0.135 4/0.135 5 89.6 21.6 0.019 2 628 2 642
hollow-H-down 0.135 3/0.135 3 91.5 9.4 0.003 2 647 2 670
top-parallel 0.137 1/0.137 1 914 72.0 0.165 2 459 2 453
O-parallel 0.135 4/0.135 4 89.5 21.6 0.019 2 632 2 647
bridge-H-up 0.135 6/0.269 2 99.3 144.7 0.000 — —
bridge-H-down 0.135 5/0.334 6 153.2 149.6 0.053 — —
bridge-parallel 0.135 6/0.318 2 94.9 146.9 0.039 — —
hollow-parallel 0.135 7/0.318 1 91.8 147.0 0.035 — —
Gas phase 0.135 4/0.135 4 91.3 0.000 2 649 2 671
exp. 0.133 6 92,13 2 615 2 6283
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Fig.3 Stable structure of H,S dissociation adsorption
on Zr0, (110) surface
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Fig.4 Projected density of states of H,S before and after
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Table 3 Geometrical parameters, adsorption energies, Mulliken charges and vibrational frequencies

for HS adsorption on ZrQ,(110) surface

Rsyi / nm E./ (kJ-mol™) qus | a.u. vis / em™
top-SH 0.134 7 49.7 -0.134 2 683
0-SH 0.1359 96.1 -0.125 2 587
bridge-SH 0.135 8 127.8 -0.152 2 608
hollow-SH 0.136 6 71.1 -0.134 2 541
top-HS 0.1359 22.0 -0.123 2616
0-HS 0.135 8 96.1 -0.126 2 595
bridge-HS 0.1359 127.7 -0.152 2 600
hollow-HS 0.135 6 36.7 -0.151 2 604
Gas phase 0.136 0 0.000 2 634
exp. 0.134 584 2 660

B S HS 76 Ze0,(110)42 0 S 10 5 B g 0
Fig.5 Most stable structure of HS adsorbed on
Zr0,(110) surface
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Table 4 Geometrical parameters, adsorption energies,
Mulliken charges and vibrational frequencies
for S adsorption on ZrQO,(110) surface

Eu ! S-surface
Rys/ nm gs/ au.
(kJ-mol™) stretch / em™
top-S 0.269 1 121.0 -0.169 326
0-S 0.290 4 113.6 -0.159 349
bridge-S 0.267 0 119.0 -0.155 325
hollow-S 0.290 7 1134 -0.157 348
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Fig.7 Density of states of p orbital in sulfur and d orbital

in zirconium before and after adsorption

1 75 2 5 TR AT 60, S ST 00 p 0308 1 IS e 7
B 3, BIVAE R BRI 2 o 75 0 o, 1) 540 257 141 7
1. VLIS F T Zr 5T 1Y o L A0 15 0 A A
11 5 S ST T RS 3, BT/ W I3t i b T 7
T 4 S s Tk S 7 RS B T DA 0
HEROTE 1 B i Ze LT 1Y d BUIE S S LTI p
L 2 18] AR AR D 7 B o U PR TR G 4
S JEF I p B
2.5 H,S #E ZrO,(110)H K fiE &

RICHE— 5% BT HS 4 T 760,(110) i 0
R T R | L4 T A 5 R4 5 — 2 i
R B H 7 9802 e 3 2 (TS 1), SR LS — 2 5
R hy B2 I 400, 45— i S R T 7 3 25

©

/,/ H \\
\

/ s50.12
y

|
| |
/ Q
o B, / ity
(O T 219 |
A\ /

\ [
7260 \ |
\/

8  H.S £ ZrO,(110)3 1 fift 25 S 1 /i 2 &
Fig.8 Calculated potential energy surface for the
dissociation of H,S on the ZrO,(110) surface
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