Mot 7 %

2010 Chinese Journal of Catalysis Vol. 31 No. 1

STEHE: 0253-9837(2010)01-0049-07 DOI: 10.3724/SP.1.1088.2010.90513 ML : 49~55

2-50EMA 7E Rh(111) 32 W M B0 25 52 R IBIL A 5%
MR THT, hE2, FHE

YN A A, B AR M 350002
‘HBEATEREEEARZ, BEEMN 350001
CHENEREENRENT R ENCEERE LR E, BEEM 350002

FEE: R 2 2 R SR T 2-50HE Y 43 746 Rh(111) 3R LR AT . 45 B3R W3, 747 18 hol 17 J2 bridge A7 L= [y MR it B s .
W Bt 2- Sy K % 2R WE B ARAK, 4 T T T LN, 4> F H C-H(CL, S) N T 42 & 2R TR L5, 1 W PR AR =X AS 4 S AT IR
B ASS e s, (L MR B i Iy B oK R A2 28 T hol J% bridige Wi BB S 2- G MWy (155 7 M OV IR, MWy 3R 1 110 Bk 1 S B sp” 2%
1. ZE AT hol A7 W B I, 2- S0 HEWY 3K 24321 0.77 AN L1, 1 Rh(111) 1 S 4F 25 1194 7.

SEHRIA): 2- Y s B W REIZ RR B VR B TR Y

P E 5 ES: 0643 CEKPRIRAD: A

A Density Functional Theory Study of 2-Chlorothiophene Adsorption
on Rh(111) Surface

CHEN Zhanhong'?, DING Kaining', XU Xianglan', LI Jungian'*"

'Department of Chemistry, Fuzhou University, Fuzhou 350002, Fujian, China
Department of Information Technology, Fujian Education College, Fuzhou 350001, Fujian, China
3State Key Laboratory of Structural Chemistry, Fujian Institute of Research on the Structure of Matter, Chinese Academy of Sciences,
Fuzhou, Fujian 350002, China

Abstract: 2-Chlorothiophene adsorbed on Rh(111) surface was investigated by the density functional theory. The results showed that
2-chlorothiophene was adsorbed preferably at the hol and bridge sites with the adsorbate molecular plane parallel to the Rh(111) surface.
After adsorption, the molecular plane of the adsorbate was distorted along with the corresponding changes of bond lengths. The C—H(Cl, S)
bonds tilted away from the surface. The upright adsorption was less stable than the parallel adsorption; however, the 2-thiophene ring re-
mained flat. After the 2-chlorothiophene molecule was adsorbed on the surface at the hol and bridge sites, its aromaticity was damaged and
the C atoms were a characteristic of sp® hybrid. The 2-chlorothiophene molecule altogether obtained 0.77 electrons after the adsorption,
while the metal surface altogether lost 1.19 electrons.
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Fig. 1. The top (a) and side (b) view of Rh(111) surface models and
the structure of 2-chlorothiophene (c). The adsorption area is con-
nected by the dash line. The white balls represent the metal atoms in
the top layer, the gray in the second layer, and the black in the third
layer. The five representative surface sites (fcc, hep, bridge, top, and
hol site) are indicated in the top view. The digits in figure (a) are serial
numbers of the Rh atoms at Rh(111)(4 X 4) surface.
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Table 1 Adsorption energy and structure parameters of 2-chlorothiophene molecule on Rh(111) surface

Adsorption site E,4/(kJ/mol) d/nm

C—GCs C—Cy C4—Cs C,—Cl Cy-S, Cs=S, Rh-S
Free 2-chlorothiophene — 0.1350 0.1410 0.1350 0.1731 0.1729 0.1734 —
bridge 381.12 0.1440 0.1394 0.1429 0.1790 0.1831 0.1808 0.2235
hol 461.29 0.1446 0.1387 0.1439 0.1805 0.1796 0.1821 0.2224
S-hep 220.28 0.1317 0.1427 0.1324 0.1725 0.1748 0.1737 0.2247
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Fig. 2. The top (a) and side (b) view of 2-chlorothiophene molecule after adsorption on Rh(111) surface at hol site.
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Table 2 The angle a between C—H(C], S) bond and ring plane, and the increased distance Ad relative Rh(111) surface at bridge and hol modes

L al(®) Ad/nm
Adsorption site
C,—Cl Cs-H; Cs,-Hy Cs—Hs S-C Cl H; H, H; S
bridge 29.54 22.02 16.48 41.46 4.89 0.0883 0.0403 0.0305 0.0710 0.0155
hol 17.66 23.86 24.19 26.64 3.88 0.0548 0.0433 0.0438 0.0480 0.0122
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Fig. 3. Charge distribution of free 2-chlorothiophene molecule.
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Table 3 The electrons and charges for atom orbitals of 2-chlorothiophene molecule and Rh(111) surface at hol adsorption site

Electrons for atom orbitals

Atom Charge (e)
s ¥4 f Total

Hs 0.76(0.61) 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.76(0.61) 0.24(0.39)

H, 0.79(0.63) 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.79(0.63) 0.21(0.37)

Hs 0.78(0.62) 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.78(0.62) 0.22(0.38)

Cs 1.37(1.26) 3.27(3.29) 0.00(0.00) 0.00(0.00) 4.63(4.54) —0.63(-0.54)
(O 1.25(1.19) 3.18(3.17) 0.00(0.00) 0.00(0.00) 4.43(4.36) —0.43(-0.36)
C; 1.25(1.18) 3.18(3.17) 0.00(0.00) 0.00(0.00) 4.43(4.36) —0.43(-0.36)
C, 1.34(1.17) 3.05(3.05) 0.00(0.00) 0.00(0.00) 4.39(4.23) —0.39(-0.23)
S 1.81(1.76) 3.78(3.88) 0.00(0.00) 0.00(0.00) 5.59(5.63) 0.42(0.37)

Cl 1.94(1.90) 5.02(5.11) 0.00(0.00) 0.00(0.00) 6.96(7.01) 0.04(-0.01)
Rh, 1.01(1.00) —0.03(-0.02) 8.08(8.07) 0.00(0.00) 9.05(9.05) —0.05(-0.05)
Rh, 1.02(1.00) 0.00(—0.02) 8.07(8.07) 0.00(0.00) 9.09(9.05) —0.09(-0.05)
Rh; 1.04(1.00) —0.02(-0.02) 8.06(8.07) 0.00(0.00) 9.08(9.05) —0.08(-0.05)
Rhy 1.03(1.00) —0.05(-0.02) 8.07(8.07) 0.00(0.00) 9.05(9.05) —0.05(-0.05)
Rhs 1.05(1.00) —0.05(-0.02) 8.06(8.07) 0.00(0.00) 9.06(9.05) —0.06(—0.05)
Rhg 1.00(1.00) —0.14(-0.02) 8.08(8.07) 0.00(0.00) 8.94(9.05) —0.06(-0.05)
Rhy 0.93(1.00) —0.22(-0.02) 8.08(8.07) 0.00(0.00) 8.78(9.05) 0.22(-0.05)
Rhg 1.01(1.00) —0.06(—0.02) 8.07(8.07) 0.00(0.00) 9.02(9.05) —0.02(-0.05)
Rhy 1.02(1.00) —0.07(-0.02) 8.07(8.07) 0.00(0.00) 9.02(9.05) —0.02(-0.05)
Rhyo 1.03(1.00) —0.10(-0.02) 8.07(8.07) 0.00(0.00) 8.99(9.05) 0.01(-0.05)
Rhy; 0.86(1.00) —0.51(-0.02) 8.09(8.07) 0.00(0.00) 8.45(9.05) 0.55(=0.05)
Rhy, 0.95(1.00) —0.04(-0.02) 8.15(8.07) 0.00(0.00) 9.06(9.05) —0.06(-0.05)
Rhy; 1.01(1.00) —0.06(—0.02) 8.08(8.07) 0.00(0.00) 9.02(9.05) —0.02(-0.05)
Rhyy 1.03(1.00) —0.06(—0.02) 8.06(8.07) 0.00(0.00) 9.03(9.05) —0.03(-0.05)
Rhys 1.02(1.00) —0.14(-0.02) 8.08(8.07) 0.00(0.00) 8.95(9.05) —0.05(-0.05)
Rhye 0.85(1.00) 0.07(—0.02) 8.10(8.07) 0.00(0.00) 9.02(9.05) —0.02(-0.05)

The data in parentheses are the orbital electrons and charges of the free molecule or the clean surface.
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adsorption; (2) After adsorption.
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