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Adsorption behavior between thiophene and M= (Mo, Pd, Sn)

by quantum chemistry method
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Abstract: Based on the existing experiment, Gaussian 03 package to study the adsorption of microscopic
behavior between thiophene molecule and three transition metals as M= (Mo, Pd, Sn) were used,
which combine with the quantum chemistry method and the genecp basis set. It is showed that there are
many different molecular adsorb patterns between the different transition metal atoms and thiophene. The
transition metal Mo is given more priority to occur the § and 0 adsorbing model, and the decreased energy
was 328 795 and 327. 868 kJ/mol respectively, transition metal Pd is given more priority to occur the §
adsorbing model, and the decreased energy as high as 380. 654 kJ/mol; Transition metal Sn is given more
priority to occur the o and § adsorbing model, and the decreased energy was 272. 514 and 512. 130 kJ/mol
respectively. The calculation of adsorption energy should consider the zero-point energy correction.
Compared with other methods, B3LYP method is more advantage about optimization and energy
calculation.
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Fig 1 Geometric parameters, molecular orbital and adsorption model of thiophene molecule
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Fig 2 Five adsorb patterns between Mo and thiophene molecule
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Table 2 Energy of adsorption between Mo and thiophene molecule
AE. / AE s / AE / AEur / AEwp: / AEcesp /
k] + (moD) ! k]« (moD ™! k] + (moD) ™! k] + (moD ! k] + (moD) ! k] + (moD) !
a —563. 120 —562. 716 0. 000 0. 000 0. 000 0. 000
B —885. 475 —891 511 —328 795 —319. 817 —326. 020 — 328 843
Y —730. 902 —746. 408 —183. 692 —181. 092 —180. 987 —180. 076
0 —713 411 —729. 401 —166. 685 —167. 031 —163. 921 —166. 342
0 —888 727 —890. 583 —327. 868 —325. 243 —321 760 —326. 051
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Fig 3 Four adsorb patterns between Pd and thiophene molecule
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Table 3 Energy of adsorption between Pd and thiophene molecule
AEq / AE e / AE / AEwr / AEwz / AEcesp /
k]« (moD ™! k] + (moD ™! k] « (moD ™! kJ + (moD ! k] + (moDl) ! k] + (moD) !
B 967. 926 969. 695 683. 685 684. 029 690. 331 683. 076
Y 312. 105 313 042 27. 032 26. 987 25. 031 27. 009
o —373. 754 —380. 654 —666. 664 —659. 098 —661. 703 —666. 523
0 285. 062 286. 010 0. 000 0. 000 0. 000 0. 000
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Fig 4 Four adsorb patterns between Sn and thiophene molecule
4 Sn
Table 4 Energy of adsorption between Sn and thiophene molecule
AEws / AE e / AE / AEwr / AEwp; / AEcesp /
k]« (moD) ! k]« (moD) ! k]« (moD) ! kJ + (moD ™! k]« (moD) ! k]« (moD !
a —272. 952 —272. 514 —1 018 500 —1016. 323 —1 015. 684 —1018 492
B 1 836. 902 1 835. 316 1 089. 330 1 086. 465 1 081. 036 1 089. 292
3 —507. 488 —512 130 —1 258 116 —1 257. 045 —1 255. 340 —1 258 099
i 747, 054 745. 986 0. 000 0. 000 0. 000 0. 000
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