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Mechanism of the oxidation process of the aliphatic sulfoether structure in coal
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Abstract: The energy change generated from aliphatic sulfoether structure (C; H; CH, SCH;) in coal
adsorbing O, and oxidation was studied by using Gaussian 03 program and density functional theory (DFT)
method at the B3LYP/6-31G (d. p) level, and the oxidation mechanism was analyzed to provide theoretical
basis for preventing coal spontaneous combustion. The results show that the energy of complex | formed
from C; H; CH, SCH, structure in coal adsorbing O, is the local least, and the formation is a stable no

barrier process in thermodynamics. The interaction distance ds— between C; H; CH, SCH; structure in coal
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and O, is 2.582 A, and the interaction energy is —20.60 kJ/mol after CP correction. Analyzing the electron
density change of complex | shows the interaction is Van der Waals forces, which belongs to physical
adsorption. The complex [ will react when it absorbs enough energy. There are five reaction paths in
oxidation reaction of C;H; CH,SCH; structures in coal, Path 4 is the main reaction path, and P; (C; H;CH,
SOH+CH,0) is its principal product. The analysis shows that C;H; CH,SCH, structure in coal is easy to
be preliminarily oxidized, only 12.36 kJ/mol energy is needed and the energy of physically absorbing an O,
molecule is enough. But deep oxidation along with Path 4 needs as much as the energy of physically
adsorbing 5 O, molecules.

Keywords: coal; aliphatic sulfoether; quantum chemistry; adsorption; oxidation
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Fig.2 Scanning curve of energy point by point for the formation process of Complex |
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Fig.3 Electron density difference map of Complex [ with each fragment
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Path2: R—> Complex|>TS, ~IM, TS, —>IM, >TS,~IM, >TS;—>IM; > TS, >IM; > TS, ~IM, > TS,
—P, (C; H;CHSO+CH, OH),
Path3; R—>Complex|—>TS,,—>IM;—>TS,; —~IM, >TS,,—~IM,,—~TS,;;>IM,, >TS,,—~P, (C; H; CHSO+
CH,OH),
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XoF S I 0 114 A i i el 2 R X S 0 1 R R B g
ST B I i P 25 4 (Cs Hs CHL SCH ) R O, 1 S it B2 2% 225 i . M4 Gaussian 03 #2711
AT Co Hs CH, SCH 5 O, I RI A6 45 A 7 X B PRI, 55 — B IO R JE B Complex T J5, O, 43
F AW S 5T Sk i A TS, A4 e IM, i P 5 2 58 I Ak 2 5 &2 0 31,61 kJ/mol . JE
B IML 1 2o R 5 i 8.96 KT/ mol, fE R B3R AS R 3 B 5 55 — b SO R JE L Complex T f5 .
5 Fim.0. 0 F— M5 S F#E. 75— M5 H 3 L H R FAHE. Ll A TS, 540k e &
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v DRI T b b 5 A R b R B R R A . Gy Hy CH, SCH, 3 i — A~ O, 43 F B0 fig & 2 5 it
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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 on the reaction for C;Hs CH,SCH; and O, kJ/mol
o 5 TE ZPVE RE I 5 TE ZPVE RE
R —2 256 191.14 422.67 0.00 TS, —2 256 156.07 426.13 31.61
Complex [ —2 256 215.92 427.84 —29.94 TS, —2 256 079.61 424.70 109.50
P, —2 256 398.15 436.37 —220.71 TS, —2 256 244.69 428.85 —59.73
P, —2 256 492.11 430.47 —308.77 TS, —2 256 520.30 435.50 —341.99
P, —2 256 542.02 429.01 —357.22 TS, —2 256 273.89 428.29 —88.37
P, —2 256 421.94 421.43 —229.56 TSe —2 256 517.05 435.87 —339.11
M, —2 256 174.23 430.61 8.96 TS; —2 256 519.99 435.56 —341.73
IM, —2 256 529.02 438.12 —353.33 TSs —2 256 486.60 434.99 —307.77
IM; —2 256 524.72 436.31 —347.22 TS, —2 256 330.73 418.59 —135.51
M, —2 256 524.10 436.62 —346.91 TSy, —2 256 182.69 418.76 12.36
1IM; —2 256 528.38 436.21 —350.78 TSn —2 256 198.30 426.86 —11.36
Jve —2 256 527.95 436.18 —350.32 TS —2 256 084.64 421.31 107.86
IM; —2 256 524.95 436.16 —347.29 TS —2 256 524.61 437.32 —348.12
1M —2 256 212.22 428.41 —26.81 TSu —2 256 137.96 415.86 59.99
1M, —2 256 203.29 428.46 —17.94 TS5 —2 256 501.18 435.37 —322.74
IM;, —2 256 539.73 438.77 —364.69 TS —2 256 320.95 422.72 —129.86
1M, —2 256 536.64 438.15 —360.98 TS, —2 256 362.66 423.93 —172.78
IM,, —2 256 504.73 437.16 —328.09 TSis —2 256 424.12 433.67 —243.98
IM;; —2 256 424.61 434.20 —244.99 TSy —2 256 421.02 431.83 —239.04
M, —2 256 424.46 433.78 —244.43 TS, —2 256 423.61 430.74 —240.54
IM;; —2 256 424.03 431.62 —241.84 TSy —2 256 316.80 415.64 —118.63
IM, ¢ —2 256 430.92 433.16 —250.28 — — — —
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N7 e i ) A i T 7 T L P 4 T LR M S ) Pathl SR PR ARG 2 A AR L TR A B S TS, #
TS; 55 —HME B IR TS, 1Ak 2¢ #5222 293.60 kJ/mol, 55 5B IR TS, iy fb2¢#2 258.54 kJ/mol. 51
Path 2 R FERY 2 A4 B30 TS F1 TSy 55 — i #225 B 5 Pathl A A, 55 — @45 0 B W& TS,
Ak F %4 211.79 kJ/mol. Path2 B 55 — o 455 25 R [ I AE 42 [b Pachl (9 55 — 580 45 20 3R I B g 22 1%
46.75 kJ/mol, P, Path2 {f T & 4% Pathl, Path 3 {845 4 38 I W GE 2 [t Path 2 fil Path 1 B9340 B8
g2 127.38 k] /mol., [Hitt,Path 3 7 & A2 156 4 h b T 5 %, Path 4 19 2 DL IR 514 TS, il
TS, A — BT TS, Ak 2E 3 4k 198.23 kJ/mol 45 3 #5588 TS, [ #4 H 125.79 kJ/mol, Path 4
18 55— A5 20 PR 2 S IR A 4 &2 1L Path 2 A 55— 45 A5 R 2 5 IR A 4 224I% 95.37 kJ/mol, I, Path 4
kT Path 2, Path 5 %5 — #4540 B 5 Path 4 A [R] . [583F JEA TS) (444 198.23 kJ/mol) ., Path 5 145
TR IR R A TS, (4% 131.65 kJ/mol), Path 5 B4 45 5 BT 2 5w IR (9% 2 1L Path 4 1955
TR T S R4 5 5.86 kI /mol, UL, Path 4 ff;F Path 5, W] Path 4 & 52 R 4 3 8 AR
P Py (Co H; CH, SOH+CH, O) 42 2 W 1Y 729

B 5 3 T Pathd S ik #8243 S I LA A, FE 2 R F R O, 00 1 5 B b i Tk 25 4 8 3: A2 %
R 5 110 L T i v 5 BE P A P RS TSy o 8 28 A AR A o S 4 16 A D AR T, e ad AR 5 B T I 4 22
12.36 kJ/mol, ] {k IMgJg— A ety 6% A fE M o 24 . #: 1ok Bt 5 O, J5 74 % 3%
1 H R LL OO, 8 A 3l G B 51 e e S5 4 Ak A e (BT 440 IO, it it B2 1 o 25 TS, 5 2 e IR Ak 2 5 228
15.46 kJ/mol, ¥ ) — 1 fs D(HO, O,S) &4 TR KB4k, a] fA& IM, iy i /i D(HO, 0,S) Jy 88.63°,
Zat SR Z A D(HO, 0,84 K —115.54°, KRG i E Ak IM, 1 H—O, L3 PR TS, A O, )5
Tt C R FBELER . B A IM,, s i IMo— 1My, (19 28 #2752 50 iR 9 34 22 2 125.79 kJ/mol,
GGG 7 AR IML A X R B E SRR E T 5 S iEHER O, R F M FIFRB B A, H L, 7524
Z0FF P A IM, 24k s S AL B S R LA S—C SN Bl T £ e, 485 i P A TS, 7 iR 16.57 kJ/mol
(A2 3 4 A AL R A LA IML, . LR IML, 1 O — H JEZad JEA TS L Co— O 8 il st it 51 e 5%
Safit 38.25 kJ/mol fyfk2¢ 3 22 Al Ak Sy rh il i IM, L i 1 DCHO, C,S) | R ) —33.27°48 3 81,257,
A M, B —A4 Co—H B KL Wtk H R 75 O, 8 FERH g, £33 S TS, H g FiE B P
R TRLAAS TML 3k — 3 A2 5 5w IR 9 #4542 o 198.23 kJ/mol, ST, frfE & IM,; b C, 5§ A AR AR . X O,
JEF B H R A TAER . FE C—S B K & ik A TSy 4@ 9 Py ik IMy, i1 C,—S
B K O 1.865 AL i id PR TS 9 C—S BB K H 1.993 AL IM,, —~ P, i3 2% 2 S M 3 2
H#72.21 kJ/mol,
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N B A S ok A AL RO B R AR R A e g BR AN B SRR R DG . i B B AR T 2 Path 4
& 5 SN AR T ) — 4% AR L RE S T R A AT . Bl 4 BT, Path 4 iR TS, A TSy, PASK
—BE R BB ERAR T RN R H= ) P (A REEE L S ) R AR 357.22 kJ/mol, 3X 3R B« A SR i A8 2 il
P AEL A 65 W ST AP A8 i IR S 7 3 48 98 4 o W AR 0 T A o AR A R R R A . B 0 ) e e S
TS, % 12.36 kJ/mol HJRE L. LW BB 1 A O, 40 F B BE B A (2, Pk IM, 8l i 8 2
TSy, 75 % 08 e (19 #2224 125,79 kJ/mol, JE j o ] & TM, BE ik 1 17.94 kJ/mol 1§ & . ik 75 4 A 45 T
107.86 kJ/mol A4 T YR M 5 A~ O, /- F R A RE i . Rtk B Co H; CH, SCH, 2544 5 'k A= 91 45 44k
B R B R A Path 4 BEAT R 2, B 2 AR FEOBCRE Y T W) B B 6 4> O, 43 F B0 A &t . A g
BF TSy X —5F 1, Ak LE AT 5 1 1 TR R AL AP 3R

3. %

D#Ef CoH, CH, SCH, Z5#g My B0 O, 4> T Complex | HAH T AEFAB B ds o N 2.582 A, % CP
KA Ji5 B9 A BLAE FHRE N —20.60 kJ/mol, ZE 8 T 2% 12 AR 1 A B AR FH o il g .

2) B CoHs CH, SCH, Z5 M AL 3L 5 45 0 #6545 , Path 4 J& O Y 3 0y #8642, Ho= 4 P, (C H; CH,
SOH+CH, O) J& KW I 7= .

3 CoH, CH, SCH, 4519 5 & LE 91 45 84k AN 5 12.36 kJ/mol B fg & W Emg i 1 4 O, 4> F B

AR 2 USRI (EA BT AR Path 4 WEAT N 25 7 BEHE A SM S ROOR 25 T 9 BB B 5 4> O 23 5 B
e .
Sk
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