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Table 1 Calculated Activity Energy (kJ- mol~') and Activity Enthalpy (kJ- mol~'), Activity Free
Energy (kJ:- mol~') of the Thermolysis Process of Five Types at Different Temperatures

path 1* path 2 path 3 path 4 path 5

activation energy 284.03 345.27 397. 65 396. 90 397.95
298K

AH®” 287.74 351.25 402. 31 401.78 402.79

AGE™ 271. 81 330. 63 383.23 371. 19 376.97
773K

AHCO 293. 64 356. 12 406. 86 406. 38 407. 35

AGE™ 248.79 300. 16 355.78 325.81 338.79
843K

AHO? 294.11 356. 28 407. 18 406. 71 407. 68

AGS” 244.71 295.08 351. 14 318.51 332.57

690°C (963K)

AH®” 294.72 356.33 407.57 407. 11 408. 08

AGE” 237.63 286. 37 343.13 305.92 321.85
1073K

AHP? 295.08 356. 17 407.78 407. 32 408. 28

AGE™ 231.09 278.39 335.76 294. 36 311.99

*: The Activation energies in table 1 is apparent activation energies.
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Table 2 Calculated Activity Energy, and Activity Enthalpy(kJ- mol '), Activity Free
Energy (kJ- mol~') and Activity Entropy(kJ:- mol~'- K™') for Path 1
R — TS/ M — TS/
AH®” AGE* ASO* AHO" AGE* ASO*
278.16 280. 17 - 0. 0067 202. 85 183. 81 0. 0638
283.18 286. 42 —-0.0042 206. 58 150. 86 0.0719
283. 60 286.70 -0.0037 206. 78 145. 81 0.0722
284. 14 287. 10 -0.0031 206. 98 137. 12 0.0725
284.45 287.42 -0.0028 207. 02 129. 14 0.0725
277.20 198. 89
s 298K ~ 1073K 5
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Table 3 Calculated Rate Constant(k/s~') at Different Temperature for Reaction 1,2, 3,4 and 5
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4.8x107Y 7.1x1077 3.0x10°7 5.4x10°° 2.3x107!
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AMI1 Kinetics Research of the Pyrolysis Mechanism of Toluene (ID

WANG Hui* YANG Hai-Feng RAN Xin-Quan SHI Qi-Zhen WEN Zhen-Yi'
( 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)

According to the previous article about thermodynamics research, dynamics research were done
by calculating with semi-empirical method AM1 of Gaussian 98 program package for the pyrolysis
mechanism of the carbon source toluene used for carbon/carbon composite material. The transitional
states were found by QST2 method and were proved by IRC calculation. The activation energy of the
five reaction paths were obtained, and the rate constant from 298K to 1073K were also got based on
transition state theory. The dynamic calculation results show: when the pyrolysis temperature of
toluene is lower than 963K, the main reaction path is C-H bonds of the methyl on the benzene ring
breaking. This main reaction is completed via the process: reactant(R) — transition state(TS,") —
intermediate (IM) — transition state (TS;”) — product (P), the rate-control step of the process is
reaction (R) — transition state (TS;"). The activation energy of the step is AE®” =E 15, — Ex) =
277.20kJ: mol ™' and its rate constant is £=3.0x 107 %s~" at 843K. When temperature is higher
than 963K or 1073K , the main reaction path is the reaction that produces benzene radical and
methyl radical, its activation energy is AE,®” =345.27k]: mol ™' and rate constant is &k =2.3 X

10" 's~" at 1073K. This mechanism is in accord with the experiment.
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