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Fig. 1 Models of the alkylthiophene
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Table 1 Properties of the optimized alkylthiophene and

the Mo¢S;, cluster

Molecule  S/Mulliken charge HOMO(eV) LUMO(eV)
TP -0.159 -3.558 ~1.308
2-MT -0.159 -3.328 -1.195
3-MT -0.167 -3.350 -1.152
2,3-DMT -0.165 -3.193 -1.076
2,4-DMT -0.168 -3.181 ~1.046
2,5-DMT ~0.157 -3.155 ~1.099
3,4-DMT -0.176 -3.231 ~1.006
MoySs, -4.998 -4.930
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(d) AE,,, = -115.60 KJ/mol

(e) AE,, =-142.39 KJ/mol

(f) AE, 4 = -141.74 KJ/mol

(g) AE,q =-143.33 KJ/mol
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Fig. 3 Adsorption energies and configurations of 1S adsorption mode for TP (a) . 2-MT (b) ., 3-MT (c¢) . 3,4-DMT (d) .
2,3-DMT (e) . 2,4-DMT (f) and 2,5-DMT (g) adsorbed on Mo,S,, cluster
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Table 2 Structure parameters of alkylthiophene adsorption on

Mo, S, cluster

1S adsorption mode
Molecule ~ Bond

Bond length(nm) Mayer bond order

TP Mo,-S 0.2346 1.078

2-MT  Mo,-S 0.2336 1.095
Mo, -Cs 0.2642 -

3.MT  Mo,-S 0.2344 1.096

2,3-DMT  Mo,-S 0.2327 1.116
Mo, -Cs 0.2641 -

2,4-DMT  Mo,-S 0.2328 1.117
Mo, -Cs 0.2639 -

2,5-DMT  Mo,-S 0.2291 1.134
Mo, -C, 0.3142 -
Moy -Cs 0.3159 -

3,4-DMT  Mo,-S 0.2332 1. 111
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Table 3 Variation of Milliken charge of the S, Mo and methyl in the adsorption structures
Molecule AQy, AQya AQys AQ i AQ, Al Al
(2-or5-) (3-or4-)

TP ~0.012 ~0.183 ~0.012 ~0.308 0.301 - -
2-MT ~0.169 ~0.182 ~0.009 ~0.468 0.318 0.129 -
3MT ~0.013 ~0.183 ~0.020 ~0.333 0.307 - 0.048
2,3-DMT ~0.156 ~0.181 ~0.017 ~0.498 0.323 0.127 0.046
2 ,4-DMT ~0.171 ~0.181 ~0.010 -0.499 0.329 0.131 0.051
2,5-DMT ~0.070 ~0.192 ~0.069 ~0.481 0.362 0.063/0. 064 -
3,4-DMT ~0.013 ~0.181 ~0.013 ~0.357 0.316 - 0.048/0. 048
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Fig. 4 Variation of S-C and C = C bond length in the

adsorption structures
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Density Functional Theory Studies of Alkylthiophene
Adsorption on a MoS, Cluster

LI Huai-lei', LI Qiang’, DING Yong’, ZHANG Xiao-tong', Ling Ming-li'
SUN Zhao-lin', SONG Li-juan'*
(1. Liaoning Key Laboratory of Petrochemical Engineering, Liaoning Shihua University, Fushun 113001,
Liaoning Province, P. R. China;
2. College of Chemical Engineering , Beijing University of Chemical Technology, Beijing 100029, P. R. China;

3. School of Chemistry and chemical Engineering, Lanzhou University, Lanzhou 73000, Gansu
Province, P. R. China)

Abstract: Adsorption properties of thiophene (TP) and alkylthiophene (2-methylthiophene (2-MT), 3-methyl-
thiophene (3-MT), 2,3-dimethylthiophene (2,3-DMT) , 2,4-dimethylthiophene (2,4-DMT), 2,5-dimethylthio-
phene (2,5-DMT) and 3,4-dimethylthiophene (3,4-DMT) ) on a MoS, catalyst for hydrogenation desulfurization
(HDS) have been investigated by the first-principle DFT calculations which were based on a Mo,S,, cluster model
and performed with PW91 function and DNP basis set. The calculated interaction energies indicate that the adsorp-
tion ability of the Mo,S;, cluster for the alkylthiophene molecules in 1S adsorption mode decreases in the order of
2,5-DMT >2,4-DMT =2 ,3-DMT >2-MT >3 ,4-DMT >3-MT > TP. According to the bond length, Mayer bond or-
ders and Mulliken charge analysis, the adsorption energies are consistent with the electron density of the sulfur atom
for the thiophenic compounds without any substituent in 2- and 5-positions. When 2- or 5- position is replaced by a
methyl group, a weak interaction can be found between the methyl and the adjacent Mo atom and the adsorption
energies increase compared with above sulfur compounds. For 2,5-DMT in which both 2- and 5- positions are sub-
stituted, the distance between the methyl groups and the adjacent Mo atom enlarges, leading weak interactions be-
tween them, The adsorption energy of 2,5-DMT on the Mo,4S;, cluster does not increase as much as those for 2 ,4-
DMT and 2,3-DMT molecules. The HDS reactions of all the sulfur compounds on the catalyst are also discussed in
this paper.

Key words: alkylthiophene; HDS; adsorption; DFT; Mo,S,, cluster



