55 39 45 4 1] Cs K ¥ il Vol.39  No.4
2014 4F 4 JOURNAL OF CHINA COAL SOCIETY Apr. 2014

FRURL, AR B %5 WEY 25 R 5 0, e W HLEE R BIEBFST [ J]. BER223R ,2014,39 (4) :699-704. doi: 10. 13225/j. cnki.
jees. 2013. 0562

Dai Fengwei, Deng Cunbao, Deng Hanzhong, et al. Theoretical study on the mechanism of the thiophene structure with O, reaction[ ] ].
Journal of China Coal Society,2014,39(4) :699-704. doi:10. 13225/j. cnki. jecs. 2013. 0562

WIS 0, K RIHLEEBYEE R T

AR NEE A TR e R R OB

(L ATF TR TARIE S T RSB LT BH 12300052 105 TRHAR RS PHRRRE 5 T RS D5 BB 12300053, 07 TR
RH B AL2EBE 05 B 123000)

B E.AFRPE ARG R E A A A Gaussian 03 #2 5, KA & F 2 %26 (DFT) 7 &%, &£
B3LYP/6-311G K -F FAF I E My PRy A MAYE 0, R BHIE, Wit F R T4 BB
Yok Hy XA 34, F Path | 9 B EEERE TS, FHLHA P EK IM, 2 LF CIRY 426
A AT AR X LI ML P ey 2 M E MR B E 5 R A AR B TR, B E B 6
SR AR P Path2 R R WM £ 2R G HAZ L r T RATESTS,, FZ L RGH 24
117.06 kJ/mol , & =4 P,(C,H,0+S0) 2 R L #) & =4y

KR E s RO HLEL ; Gaussian 03 #2533 % E 2 J 22 ik

FE 4SS TQ530 MRKFREFRD A M ERKE0253-9993 (2014 ) 04-0699-06

Theoretical study on the mechanism of the thiophene structure with O, reaction

DAI Feng-wei' ,DENG Cun-bao' ,DENG Han-zhong” , WANG Xue-feng' , GAO Fei' ,ZHANG Xun’

(1. College of Safety Science and Engineering , Liaoning Technical University, Fuxin 123000, China ;2. College of Materials Science and Engineering , Liaoning
Technical University, Fuxin 123000, China ;3. College of Mining Engineering , Lizoning Technical University ,Fuxin 123000, China)

Abstract; In order to study the reaction mechanism of coal spontaneous combustion, the calculations were performed
with the Gaussian 03 program. At the B3LYP/6-311G level, the reaction mechanism of thiophene type organic sulfur
in coal structure with O, was studied by using density functional theory ( DFT) method. The calculations show that ini-
tial connection of the reactant has three forms, the reactant of path 1 in it is readily isomerized to the intermediate IM,
through the transition state TS, ,this process is exothermic process without overcome potential barrier, it show that thio-
phene type organic sulfur in coal contact with oxygen to be oxidized without absorbing heat from outside ; this reaction
has six reaction paths,the path 2 is the main reaction path,its rate-controlling step is the transition state TS ,its reac-
tion energy barrier is 117.06 kJ/mol ,P,( C,H,0+S0) is the main product.

Key words : thiophene ; reaction mechanism ; Gaussian 03 program ; density functional theory
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Fig. 2 Geometries of intermediate and transition states at the B3LYP/6-311G level (Bond lengths: 107" meters, bond angles : degrees )
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Table 1 Total energies( TE) ,zero-point vibration energies( ZPVE) ,and relative energies( RE) ofreactants,

products,intermediate,and transition states on the reaction for thiophene with O, kJ/mol
eS| TE ZPVE RE B TE ZPVE RE
R -1 846 385. 13 183. 31 0 TS, -1 846 402. 38 187.22 -21.17
P, ~1 846 760. 49 174. 40 -366. 46 TS, —1 846 449.78 192.18 -73.52
P, ~1 846 567. 44 191.33 -190. 34 TS, ~1 846 475. 02 184.33 -90. 91
P, -1 846 209. 59 161.97 196. 88 TS, -1 846 703. 17 180. 72 -315. 46
P, -1 846 778.07 185.51 -395.15 TSs -1 846 817.72 188. 34 -437.62
M, -1 846 518.22 196. 12 -145.91 TS, -1 846 637. 41 178. 64 -247. 62
M, ~1 846 537.78 194. 51 -163. 86 TS, ~1 846 365. 83 187.21 15.40
M, ~1 846 791. 59 183.10 -406. 26 TSq ~1 846 520. 63 191. 10 ~143.30
M, -1 846 825.23 189. 50 -446. 30 TS, -1 846 525. 54 188. 57 -145. 68
IMj ~1 846 822.46 189. 21 -443.23 TS0 -1 846 550. 01 185.55 -167.13
IM; -1 846 524. 80 193.35 -149.71 TS, ~1 846 491. 51 186. 99 -110. 06
M, —1 846 584. 62 190. 14 -206. 32 TS,, ~1 846 071. 85 180. 60 315.99
Mg -1 846 601. 85 190. 74 -224.15 TS; -1 846 187.56 183. 41 197. 46
M, ~1 846 605. 88 189. 68 -227.12 TS, ~1 846 061.29 164. 66 342.48
M, —1 846 283.32 186. 85 98.26 TS s ~1 846 406. 50 187. 66 -25.73
M, -1 846 458.56 191. 62 -81.74 TS -1 846 313. 89 185. 35 69. 19
M, -1 846 456. 80 191.33 -79. 69 TS,, ~1 846 349.39 180. 84 38.20
M, -1 846 600. 73 189. 43 -221.72 TS s -1 846 525.00 182.92 -139. 48
M, -1 846 811.90 195.09 -438.56 TS —1 846 694. 45 188.38 -314.39
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Fig. 3 Schematic profile of the potential energy surface for

thiophene structure and O, at the B3BLYP/6-311G level
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