
APPENDIX  

APPENDIX A 

 This appendix describes the cyclohexane and 1-hexene reaction mechanisms and the rate constants of unimolecular reactions at 
25, 50, 100, 150 and 200 Torr. If a rate constant is estimated, the method of its estimation is given in its corresponding footnote.

TABLE VIII: REACTION MECHANISM OF CYCLOHEXANE AND 1-HEXENE DISSOCIATION 

No. Reaction P (Torr) log(A) n Ea Reference

cC H1 6 12  1C H6 12

or cC6H12  C H  + C H  (for 25 Torr) 3 7 3 5
25 80.035 -19.331 95.177
50 68.399 -16.040 86.832
100 59.170 -13.261 82.596
150 61.386 -13.999 82.637

2 THIS WORK 1C H6 12  C H  + C H3 7 3 5

200 59.574 -13.427 82.179
25 80.433 -19.331 107.015
50 68.797 -16.040 98.670
100 59.568 -13.261 94.434 THIS WORK 

150 61.784 -13.999 94.475
3 1C H6 12  C H  + C H4 7 2 5 Estimated 

200 59.972 -13.427 94.017
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TABLE VIII: REACTION MECHANISM OF CYCLOHEXANE AND 1-HEXENE DISSOCIATION (Continued) 

No. Reaction P (Torr) log(A) n Ea Reference

25 19.509 -3.396 17.919
50 21.355 -3.807 19.812
100 23.211 -4.220 21.780
150 24.306 -4.464 22.970

4 See Text C H  C H  + CH3 7 2 4 3

200 25.115 -4.646 23.856
25 27.903 -5.613 29.791
50 29.350 -5.909 31.693
100 30.503 -6.125 33.369
150 31.142 -6.243 34.332

See Text H  C H  + H C3 7 3 65

200 31.531 -6.309 34.963
25 58.246 -13.715 76.013
50 58.403 -13.661 76.765
100 58.637 -13.628 77.634 81

150 58.907 -13.645 78.292
6 C3H5  aC3H4 + H a

200 59.172 -13.677 78.833
25 67.816 -15.605 97.302
50 68.784 -15.765 99.264
100 69.972 -15.986 101.451
150 70.713 -16.129 102.783

7 See Text 1-C H  CH  + C H4 8 3 3 5

200 71.220 -16.226 103.719
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TABLE VIII: REACTION MECHANISM OF CYCLOHEXANE AND 1-HEXENE DISSOCIATION (Continued) 

No. Reaction P (Torr) log(A) n Ea Reference

25 24.365 -4.802 25.054
50 26.131 -5.195 26.785
100 27.925 -5.595 28.575 92

150 28.998 -5.836 29.653
8 C H  C H  + C H4 7 2 3 2 4

200 29.771 -6.011 30.433
25 24.104 -4.752 23.777
50 26.139 -5.221 25.729
100 28.243 -5.709 27.764 92

150 29.499 -6.003 28.985
H  C H  + H C4 7 4 69

200 30.430 -6.222 29.890
25 49.018 -10.565 93.135
50 48.820 -10.403 93.697
100 48.969 -10.325 94.904
150 48.944 -10.245 95.662

H  CH  + CHC2 6 3 310

200 48.667 -10.116 96.023 84

11 C2H4 + H  C2H3 + H2 7.705 1.930 12.951
12 H + C2H3  C2H2 + H2 13.850
13 41.019 -7.500 45.500C H  + (M)  C H  + H + (M) 2 3 2 2
14 1.500 3.500 5.200C H  + H  C H  + H2 6 2 5 2
15 -0.261 4.000 8.300C H  + CH  C H  + CH2 6 3 2 5 4

115



116

TABLE VIII: REACTION MECHANISM OF CYCLOHEXANE AND 1-HEXENE DISSOCIATION (Continued) 

No. Reaction P (Torr) log(A) n Ea Reference

16 C2H5 + (M)  C2H4 + H + (M) 17.000 31.000
17 C2H5 + H  C2H4 + H2 12.258
18 CH3 + CH3  C2H5 + H 13.479 13.500
19 C2H4 + (M)  C2H3 + H + (M) 17.413 0.000 96.600
20 C2H4 + (M)  C2H2 + H2 + (M) 16.543 0.000 71.500
21 CH4 + H  CH3 + H2 3.610 3.160 8.800
22 CH4 + (M)  CH3 + H + (M) 47.279 -8.110 117.430

84

23 H + 1C6H12  1C6H11 + H2
b 5.813 2.500 6.756 ESTMD from 7

24 H + 1C6H12  3C6H11 + H2 6.500 2.500 6.756
25 H + 1C6H12  4C6H11 + H2

c 6.115 2.400 4.470
26 H + 1C6H12  5C6H11 + H2

c 6.115 2.400 4.470
ESTMD from  101

27 CH3 + 1C6H12  1C6H11 + CH4
d -0.345 3.650 7.153 ESTMD from 7

28 CH3 + 1C6H12  3C6H11 + CH4 0.450 3.600 7.153
29 CH3 + 1C6H12  4C6H11 + CH4

e 0.178 3.460 5.480
30 CH3 + 1C6H12  5C6H11 + CH4

e 0.178 3.460 5.480
ESTMD from  101

31 1C6H11  C4H7 + C2H4 9.041 27.881 (k  from 82)*10-4 (See Text) 
32 3C6H11  C2H5 + C4H6 9.875 34.937 (k  from 82)*10-4 (See Text) 
33 4C6H11  C5H8 + CH3 9.041 27.881 k(31)
34 5C6H11  C3H6 + C3H5 9.114 24.714 (k  from 82)*10-4 (See Text) 



TABLE VIII: REACTION MECHANISM OF CYCLOHEXANE AND 1-HEXENE DISSOCIATION (Continued) 

No. Reaction P (Torr) log(A) n Ea Reference

25 84.725 -20.034 132.787
50 81.819 -19.122 131.835
100 81.746 -18.982 133.148 112

150 78.53 -18.064 130.958
35 C3H6  C3H5 + H f

200 76.35 -17.435 129.580
25 63.112 -13.738 124.846
50 63.992 -13.900 126.185
100 65.005 -14.092 127.464 112

150 64.238 -13.848 127.279
36 C3H6  CH3 + C2H3

f

200 63.819 -13.705 127.316
25 12.271 0.262 -1.979
50 13.115 0.038 -1.018
100 14.915 -0.440 1.024 112f

150 15.194 -0.513 1.377
37 C H  + CH  C H  + H 2 3 3 3 5

200 15.484 -0.589 1.739
11338 C3H5 + H  C3H4 + H2

g 6.538 2.070 4.955
11439 C3H6 + H  CH3 + C2H4

h 76 16.944 -1.050 6.461
11540 5.231 2.500 2.483C H  + H  C H  + H3 6 3 5 2
10241 12.478 -0.320 -0.130C H  + CH  a-C H  + CH3 5 3 3 4 4

76 62.321 -14.674 87.042 11442 a-C3H4  p-C3H4
i

300 63.279 -14.714 90.053
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TABLE VIII: REACTION MECHANISM OF CYCLOHEXANE AND 1-HEXENE DISSOCIATION (Continued) 

No. Reaction P (Torr) log(A) n Ea Reference

43 C3H6  H2 + p-C3H4
j 25-200 95.072 -23.570 125.649 ESTMD

44 CH3 + C2H3  C2H2 + CH4 11.593 116

45 C2H3 + C2H3  C2H2 + C2H4 11.984 116

46 C2H4 + CH3  C2H3 + CH4 12.619 11.130 117

47 C2H5 + CH3  C2H4 + CH4
k 4.072 2.450 -2.921 118

48 a-C3H4  C3H3 + H L 170 51.480 -10.955 102.317 ESTMD
49 p-C3H4  C3H3 + H m 155 45.049 -9.060 100.390 ESTMD
50 CH3 + C3H6  CH4 + C3H5 0.345 3.500 5.684 102

51 C4H7 + H  C3H5 + CH3 N/A 21.301 -2.000 11.000 114

52 C2H2 + CH3  p-C3H4 + H  n 76 6.653 1.860 11.600 119

53 a-C3H4 + CH3  C3H3 + CH4 -3.180 5.000 8.300 120

54 p-C3H4 + CH3  C3H3 + CH4 -3.660 5.000 8.300 120

55 a-C3H4 + H  C3H3 + H2 6.700 2.000 6.000 120

56 p-C3H4 + H  C3H3 + H2 14.300 15.000 120

57 C3H5 + C3H5  C3H4 + C3H6 10.926 0.000 -0.263 102

58 C4H6  C2H2 + C2H4
o 13.806 77.100 121

59 C3H7 + C3H5  C3H6 + C3H6 12.461 -0.130 102

60 C2H3 + C3H5  C2H4 + C3H4 12.38 102

61 C2H3 + C3H5  C2H2 + C3H6 12.683 102
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TABLE VIII: REACTION MECHANISM OF CYCLOHEXANE AND 1-HEXENE DISSOCIATION (Continued) 

a The rate constants for (6) are taken from Fernandes, et al. 81. Fall-off rate constants are calculated using RRKM parameters given in 
ref. 81.

b The rate constant of (23) is assumed the same as the rate of primary H-atom abstraction from 1-butene to form 1-buten-4-yl radical, 

No. Reaction P (Torr) log(A) n Ea Reference

62 C2H3 + C2H4  H + C4H6
p 90 17.279 -1.320 10.600 92

63 C2H2 + CH3  a-C3H4 + H q 70 9.380 0.910 20.700 119

64 H + C4H6  iC4H5 + H2 5.823 2.530 9.240 114

65 CH3 + C4H6  iC4H5 + CH4 14.000 0.000 19.800 114

66 iC4H5  C2H2 + C2H3 90 47.134 -10.947 63.522 114

67 C4H6  iC4H5 + H 90 45.519 -8.950 115.930 114

68 C2H3 + C2H3  iC4H5 + H 90 28.857 -4.490 14.273 114

69 CH3 + H 3CH2 + H2 13.780 15.100 117

70 3CH2 + C2H4  C3H6 10.258 122

71 3CH2 + CH3  C2H4 + H 13.625 117

72 C3H3 + C3H3  C6H4 + 2H r 12.301 3.000 123

73 C4H8 + H  C4H7 + H2 5.813 2.540 6.756 114

74 3CH2 + C2H4  C2H3 + CH3 12.699 ESTMD
75 H + cC6H12  cC6H11 + H2 10.429 1.385 8.299 THIS WORK (See Text) 
76 CH3 + cC6H12  cC6H11 + CH4

s 0.956 3.460 5.480 ESTMD
77 cC6H11  cC6H10 + H 9.708 33.850 (k  from 82)*10-4 (See Text) 
78 cC6H10  C2H4 + C4H6

t 101-170 102.260 -25.300 115.500 120

79 cC6H11  1C6H11 9.322 29.653 (k  from 82)*10-4 (See Text) 



H  C H  + H .H + 1-C4 8 4 7 2  The rate constant of this reference reaction is taken from ref. 7.

c Rate constants of (25) and (26) are assumed to be the same as that of secondary H-atom abstraction from propane to form iso-propyl
radical,  H + C3H8  iso-C3H7 + H . The rate constant for this reference reaction is taken from ref. 101. 2

d The rate constant of (27) is assumed the same as that of primary H-atom abstraction from 1-butene to form 1-buten-4-yl radical, CH3

+ 1-C4H8  C4H7 + CH . The rate constant for this reference reaction is taken from ref. 7. 4

e Rate constants of (29) and (30) are assumed to be the same as that of secondary H-atom abstraction from propane to form iso-propyl 
radical. CH  + C H  iso-C3 3 8 3H  + CH . The rate constant for this reference reaction is taken from ref. 101. 7 4

f The rates of (35)-(37) are taken from the recent computational work of Stoliarov, et al. 112 Fall-off rate constants at experimental 
pressures are calculated by linear interpolation. 

g The rate for (38) is calculated by L. B. Harding and S. J. Klippenstein 113.
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h The fall-off rate constant at 76 Torr from ref. 114 (See Figure 20 below) was used to simulate the experimental data over the entire
pressure range. 
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114Figure 20: Comparison between the rate constants for the reaction H + C H  C H  + CH  ( i )   P=76 Torr, 3 6 2 4 3 ; ( ii ) 

  P=7600 Torr, 114; ( iii ) , 124; (iv) , 1.
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Figure 21: Comparison between the rate constants for the reaction a-C3H4  p-C3H  ( i )  P=76 Torr, 114
4  from reverse;                  

( ii )  P=300 Torr, 114 125 126 127 128 from reverse; ( iii )  P= 30 Torr, ; (iv) , ; (v) , ; (vi) , ; (vii) 

 , 81; (viii)  P=760 Torr, 125.

The rate constants ( i ) and ( ii ) are used in the mechanism at P = 25, 50, 100 Torr and at P = 150, 200 Torr respectively.
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3Figure 22: Comparison between the rate constants for the reaction C H3 6  H2 + p-C H ( i ) ,  estimated; ( ii ) ,4

129; ( iii ) , 124.

The rate constant of (43) is forced to match the k  of ref. 129 at low temperatures and the reduced rate of 104 s-1 at 2000 K. The value, 
104 s-1 is chosen considering a comparison with other unimolecular reactions. 129, 124

k The rate constant for reaction (47) is taken from a recent theoretical calculation on the C3H  potential energy surface by Zhu, et al. 118
8
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Figure 23: Comparison between the rate constants for the reaction a-C3H4  C H3 3 + H ( i )  P = 170 Torr, estimated;     

( ii ) , from reverse 130; ( iii ) , from reverse 7 120; (iv)  P = 170 Torr, .

120The rate constant of (48) is forced to match the k  of ref. 130 at low temperatures and the fall-off rate constant of  at high 
temperatures. This resulting rate constant is used in the mechanism over the entire pressure range. 
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Figure 24: Comparison between the rate constants for the reaction p-C H  C H3 4 3 3 + H ( i )  P = 155 Torr, estimated; ( ii 

) , 130 from reverse;      ( iii ) , 114 120 from reverse; (iv)   P = 155 Torr, .

The rate constant of (49) is forced to match the k  of ref. 130 at low temperatures and the fall-off rate constant of ref. 120 at high 
temperatures. This resulting rate constant is used here over the entire pressure range. 

n 119 The RRKM rate constant reported in  at 76 Torr is used in the mechanism for (52) over the entire pressure range. 

o The rate constant for (58) is taken from Arrhenius plot of 1,3 butadiene dissociation in 131. The rate constant used is fall-off rate at P 
~ 100 Torr . This rate is also in agreement with the rate constant reported for (58) in 121.
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Figure 25: Comparison between the rate constants for the reaction C2H3 + C2H4  H + C4H6 ( i )  P=90 Torr, 92 ; ( ii ) 

 P = 20 Torr, 92 92; (iii) ×  P =760 Torr, ; (iv)  + , 7; (v) , 116; (vi) , 132; (vii) , 133.

The rate constant for (62) was taken from Wang and Frenklach 92 at P = 90 Torr, i.e., ( i ) in Figure F and used in the mechanism over 
the entire pressure range. 

q RRKM rate constant  reported in ref. 119 at 76 Torr is used for reaction (63). 
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r The rate constant used for (72) is for the reaction  C3H3 + C3H3  C6H5 + H taken from ref. 123. It is assumed that the subsequent H 
loss from phenyl radical, forming benzyne, is instantaneous and thus the two steps are combined and written as a one step reaction, 
(72).

s The process of H-atom abstraction from cyclohexane is assumed similar to the secondary H-atom abstraction from propane to form
iso-propyl radical. Hence the rate of CH3 + C3H8  iso-C3H7 + CH4, taken from the ref. 101, is considered as the reference rate 
constant.  To account for 6 secondary carbon atoms, the rate is further multiplied by 6 

t The fall-off rate constant at P=101-170 Torr from 120 was used. The same rate constant was used here over the entire experimental 
pressure range. 
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