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Fig. 1  Design of toluene pyrolysis reaction paths
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Fig. 2 Atom numbers of the reactants, products and free radicals
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Table 1 Optimized Equilibrium Geometry of the Reactants and Free Radicals (AM1)
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Table 2 Standard Thermodynamic Parameters of the five Design Pyrolysis Reactions and the

Reactions Producing Bibenzene and Bitoluene (298K)*

reaction paths 1 2 3 4 5 6 7
AM1
AE® 283.93 343.53 397.39 396. 86 398. 00 - 146. 32 -397.52
AE® 286. 49 346. 50 401.22 400. 55 401. 54 - 146.48 -397.18
AHP 288.97 348.98 403.70 403. 03 404. 00 -148.96 -399. 66
AG® 258.90 303. 63 364.51 366. 80 369. 75 -96.10 —-341.34
AS© 0. 1008 0. 1520 0.1313 0.1214 0.1148 -0.1771 -0.1954

a The unit of AE© AE® AH® AG® is kJ- mol~'; The unit of AS® is kJ- mol~'- K~'.
3

Table 3 Standard Thermodynamic Parameters of Different Temperatures®

peaction paths path 1 path 2 path 3 path 4 path 5 path 6 path 7
773K (500°C)
AE® 283.95 343.52 397.43 396. 86 398. 00 - 146.35 -389.38
AE® 290. 43 343. 67 403. 82 403. 18 404. 11 - 144.57 -387. 66
AH® 296. 86 350. 10 410.25 409. 61 410. 54 - 151.00 -394.10
AS® 0. 1093 0. 1624 0. 1372 0. 1274 0. 1207 -0.1824 -0.2086
843K (570°C)
AE® 283.95 343.53 397. 49 396. 81 397. 86 - 146. 35 -389.38
AE® 290. 61 342. 67 403. 87 403.20 404. 16 - 143.68 -387.13
AH® 297. 62 349. 68 410. 88 410. 21 411.17 - 150. 69 -394. 14
AS® 0.1103 0. 1619 0. 1327 0. 1307 0. 1295 -0.1820 -0.2087
963K (690°C )
AE° 283.95 343.52 397.43 396. 86 398.00 - 146.35 -389.38
AE® 290.72 340.73 403.74 403. 12 404. 03 - 141. 89 -386. 10
AH® 298.73 348.74 411.75 411.13 412.05 -149.90 -394.11
AS® 0.1115 0. 1609 0. 1389 0.1292 0. 1224 -0.1811 -0.2087
1073K(800°C)
AE° 283.95 343.53 397. 49 396. 81 397. 86 - 146.35 -389.38
AE® 290. 62 338.76 403.51 402. 86 403. 81 -140. 04 —-385.05
AH® 299.54 347. 69 412.43 412.43 412.73 -148.97 -393.97
AS© 0. 1123 0. 1599 0. 1344 0. 1324 0. 1312 -0. 1802 -0.2085
2 < 3= 4= 5 AHP
AG®
1 1
2 C-H
C-C C-H
319.21k]J- mol™' C-C 371.29kJ: mol ' ( )
326kJ: mol~' 364k]J: mol " (2]
6 1 AH®
6
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Table 4 Gibbs Free Energy Changes of Different Temperatures
temperature 298 K(25C) 773K (500°C) 843K (570°C) 963K (690°C ) 1073K (800°C )
AG®
path 1 258.90 212.25 204. 55 191.23 178.91
path 2 303. 63 224.39 213.02 193. 63 175.97
path 3 364.51 304. 10 298. 86 2717. 84 268. 10
path 4 366. 80 311.01 299. 86 286. 60 269. 55
path 5 368.75 317. 15 301. 86 294.02 271.83
path 6 -96.10 -9.84 2.93 24.74 44. 64
path 7 -341.34 —-243.30 -217.99 -192.84 -169. 96
(In
4
(1) 1073K
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AM1 Thermodynamic Research of the Pyrolysis Mechanism of Toluene (1)

WANG Hui YANG Hai-Feng RAN Xin-Quan WEN Zhen-Yi' SHI Qi-Zhen
( Chemistry Department, Key Laboratory of Physics Inorganic Chemistry of Shan-Xi Provinces,
Northwest University, Xi’ an 710069)

(* Modern Physics Institute, Key Laboratory of Physics Inorganic Chemistry of Shan-Xi Provinces,
Northwest University, Xi~ an 710069)

Based on the experiment, the pyrolysis mechanism of the carbon matrix precursor toluene used
for carbon material was studied with semi-empirical method AM1 of Gaussian 98 package the equi-
librium geometry of the reactants and free radicals were optimized. The standard thermodynamic
parameters in different temperatures range were calculated. The thermodynamic calculation results
show: when the pyrolysis temperature of toluene is relatively low(below 1073K) C-H bonds of the
methyl on the benzene ring is broken firstly, and the reaction path of producing phenylmethyl is the
main one(path 1). With temperature increasing (being above 1073K), C-C bond between phenyl and
methyl is easy broken, the reaction path that produces phenyl and methyl is a chief one(path 2).
This mechanism is in accord with the experiment. When studying the pyrolysis carbonization
mechanism and initial pyrolysis carbonization reaction process of low-molecularly organic compounds

used quantum chemistry calculation theory, semi-empirical method AM1 is still an efficient method.

Keywords: carbon material toluene pyrolysis mechanism

thermodynamic parameters AMI computation



