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The reaction mechanism of thiophenol type organic sulfur in coal with O,
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Abstract;In order to study the influence of the sulfur active groups in coal during coal spontaneous combustion
process ,using the Gaussian 03 program,under the B3LYP/6-311G level, the reaction mechanism of thiophenol type
organic sulfur in coal and O, was investigated by the density functional theory ( DFT) method. The calculation results
show that the reaction follows six reaction paths. Path 1-3 generate SO, , the rate-controlling step reaction energy barri-
er in Path 2 is 85. 79 kJ/mol and 135. 94 kJ/mol lower than that in the reaction Path 1 and Path 3 respectively. Path
4 -5 generate SO, the rate-controlling step reaction energy barrier in Path 4 is 142. 46 kJ/mol lower than that in the re-
action Path 5,and 6. 52 kJ/mol lower than that in the reaction Path 2. Path 6 generate HSO , the reaction energy barri-
er is 316. 60 kJ/mol. Therefore ,Path 4 is the main reaction path,P,( C;,H;OH+S0) is its main product, SO, is sec-
ondary product,and HSO is the most difficult to generate product.
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Fig. 1

Geometries of reactants and products at the BBLYP/6-311G level ( Bond lengths:10™" m)
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Fig.2 Geometries of intermediate and transition states at the B3LYP/6-311G level( Bond lengths: 107" m)
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Table 1 Total energies( TE) ,zero-point vibration energies

(ZPVE) ,and relative energies( RE) of reactants, products,

intermediate ,and transition states for the thiophenol

and O, reaction kJ/mol
Fik TE ZPVE RE
R -2 049 721.93 272.22 0
P, -2 049 876.72 280. 36 ~162.92
P, -2 049 917.00 283. 12 ~205.97
P ~2 049 876. 09 276.79 ~158.73
M, -2 049 661. 64 277. 94 54.57
M, ~2 049 917. 91 281. 89 ~205. 65
M, ~2 049 921. 74 281. 54 ~209. 13
M, -2 049 857. 85 283. 54 ~147.24
M, -2 049 868. 14 284.96 ~158.95
TS, ~2 049 550. 87 268. 84 174.43
TS, 2049 917. 48 280. 52 ~203.85
TS, -2 049 667. 35 269. 24 57.56
TS, -2 049 759.23 277.78 4285
TS, -2 049 855. 60 282. 50 ~143.95
TS, ~2 049 708. 10 270. 62 15.43
TS, ~2 049 491. 65 267. 03 235.47
TS, ~2 049 407. 24 270.31 316. 60
TS, ~2 049 414.03 263. 29 316. 84
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~ 2000
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Fig. 3 Schematic profile of the potential energy
surface at the B3LYP/6-311G level
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