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Theoretical study on pyrolysis mechanism of O-containing

model compound anisole in coal

ZHAO Lijuan, LING Lixia, ZHANG Riguang, LIU Xuefang, WANG Baojun
(Key Laboratory of Coal Science and Technology . Ministry of Education and Shanxi

Province, Taiyuan University of Technology, Taiyuan 030024, Shanxi, China)

Abstract; The isomeric pyrolysis mechanism of anisole was investigated using the density functional theory

(DFT) of quantum chemistry. Two parallel consecutive reaction paths were determined, which involved

the formation of intermediate o- and p-methyl cyclohexadienone followed by H transfer. The theoretical

evidence of this important intermediate was proposed. The mechanism resulted in the formation of the two

major products, o- and p-cresol. The yields of major products were almost the same, which was in

accordance with the experimental fact. Kinetic analysis showed that the homolysis of O—CH; bond in

anisole was the rate-determining step, and the activation energy was 285. 90 kJ « mol ' at 1000 K.
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Table 1 Comparison of calculated and experimental BDE

values of aromatic compounds with oxide-ether bond

Species E.i/k] « mol ! Eexp/kJ + mol ™!
()—g—cHg
269. 3 266.9
OH
()—g—CH.;
249.9 261.9
OH
(>—§—CH3
% 271.3 268.6+7.1
OCHj;
410. 3 416.7+5.9
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Fig. 2 Stereo configurations and geometrical parameters of different species in reaction system

(bond length is in angstrom, and bond angle is in degree)
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Table 2 Imaginary frequency of each transition state

and bonds corresponding to relative normal vibration

Transition Imaginary frequency Bonds corresponding

state Jem ! to normal vibration
TS1 —114. 14 07—C8
TS2 —252.92 C4—C8
TS3 —1047. 53 C4—H12—07
TS4 —148. 34 C2—C8
TS5 —1510. 08 C4—H12—07
TS6 —1786. 59 C3—HI11—-C4
TS7 —1149. 16 C2—H10—C3
TS8 —1080. 25 C2—H10—C3
TS9 —816.51 C3—HI11—C4
TS10 —1976. 34 C4—HI12—07
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Fig. 3 Three types of resonance structure of phenoxy radical
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Table 3 Electron spin density distribution of phenoxy radical

Atom Spin
C1 —0.100
C2 0. 354
C3 —0.099
C4 0. 261
C5 —0.030
C6 0. 261
07 0.390
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Table 4 Thermodynamic function change of every reaction step during anisole pyrolysis
A, HY (including ZPE) ASS AGS
Reaction /kJ » mol ™! /] +mol™ !« K1 /kJ ¢ mol™!
step 298.15 K 1000 K 298.15 K 1000 K 298.15 K 1000 K
Pathl
stepl 269.01 263. 04 44.78 37.48 255. 66 225.56
step2 —238.99 —231.74 —33. 60 —23.75 —228.97 —207.99
step3 —75.04 —74.66 —13.68 —12. 83 —70.97 —61. 84
total —45.02 —43. 36 —2.51 0. 90 —44. 27 —44. 26
Path2
stepl 269.01 263. 04 44.78 37.47 255. 66 225.56
stepd —241. 83 —234.83 —39. 24 —29. 84 —230.13 —204. 99
stepd 238.90 241. 45 4.18 8. 95 237. 65 232.50
stepb 30.42 32.01 0. 54 3.42 30. 26 28.58
step? —340. 70 —343. 30 0. 48 —4.07 —340. 84 —339. 23
Path3
stepl 269.01 263. 04 44.78 37.48 255. 66 225.56
stepd —241. 83 —234. 83 —39.23 —29. 84 —230.13 —204. 99
step8 119. 32 123. 24 22.60 29.99 112.55 93. 24
step9 —131. 64 —135.09 —16.01 —22.34 —126. 83 —112.75
stepl0 —59.07 —58. 00 —1.39 0. 65 —58. 65 —58. 64
total —44. 20 —41.63 10. 73 15. 94 —47. 40 —57.57
5 ERREARMBEENELR ELETNEREY
Table 5 Activation entropy, activation energy and rate constant of three pyrolysis paths
Elementary AHZ /kJ « mol ! E./kJ * mol ! Ink
reaction 298.15 K 1000 K 298.15 K 1000 K 298.15 K 1000 K
Pathl
stepl 272. 64 277.59 275. 11 285.90 —81.53 —3.72
step3 198. 77 198. 64 201. 25 206. 95 —51.73 5.78
Path2
stepl 272. 64 277.59 275. 11 285.90 —81.53 —3.72
stepd 270.92 268.99 273. 40 277. 30 —80. 84 —2.69
stepb 262.13 261. 54 264.61 269. 85 —77.29 —1.79
step? 34. 22 30. 43 36.70 38. 74 14. 65 26.01
Path3
stepl 272. 64 277.59 275.11 285.90 —81.53 —3.72
step8 154. 57 152. 93 157. 05 161. 24 —33.90 11. 27
step9 27.37 22.04 29. 85 30. 35 17. 42 27.02
stepl0 195. 10 193.92 197. 58 202.23 —50. 25 6. 34
AH; = H(TS) — H(R) @ P4 S 4 B Tt A i S 4% S s A v A T 4 A
E, = AH; +naRT (3) Mk R RE X R, WIE R A LU . Pathl
T (S oy Pathd £ F1 O A R AU A RO F O i

b T N B ks Ay p AR 5351 H
Boltzmann®# %t . Planck % %t. #r#E KR5S E MY &
SARE G n RHEICION R Y 4y AL TR
B 10 B0 B AR v A RO TS A RS L T A R R S N
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