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ELECTRONIC SUPPLEMENTARY INFORMATION

George B. Bacskay and John C. Mackie: The Pyrolysis of cyclopentadiene: Quantum chemical and kinetic modelling studies of the acetylene plus propyne/allene decomposition channels.

Table S1. Structures and Cartesian coordinates (in Å, CASSCF/cc-pVDZ). 
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Propyne
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Table S2. Rotational constants (in cm1, CASSCF/cc-pVDZ). 

c-C5H6
0.279515
0.273941
0.141982

TS1
0.275717
0.271658
0.142979

I1
0.271632
0.259152
0.139383

TS2
0.275110
0.219999
0.131856

I2
0.430703
0.105099
0.085978

TS3
0.286664
0.140035
0.095787

TS4
0.291101
0.217391
0.142144

I3
0.305916
0.148579
0.101862

TS5
0.358466
0.122803
0.093040

I4
0.377806
0.115770
0.090067

TS6
0.266475
0.158065
0.101196

TS7
0.276970
0.270417
0.142870

I5
0.270887
0.258327
0.138880

TS8
0.317087
0.130095
0.097659

I6
0.299675
0.143341
0.098716

TS9
0.283937
0.140969
0.095941

propyne
5.354702
0.281625
0.281625

allene
4.855279
0.292085
0.292085

acetylene
1.164820



Table S3. Vibrational frequencies (in cm1, scaled by 0.92, CASSCF/cc-pVDZ).  

c-C5H6
TS1
I1
TS2
I2
TS3
TS4
I3

3116.3
3101.8
3086.8
3105.6
3125.4
3273.9
3132.5
3112.7

3091.7
3079.0
3063.4
3083.7
3063.8
3173.2
3066.9
3042.3

2923.9
3066.0
2971.3
3078.7
3046.5
3148.0
3053.1
3027.2

1514.8
2967.9
2957.8
3055.8
3036.6
2964.4
3045.0
2968.5

1424.1
2931.7
2936.7
3011.5
3025.3
2389.7
2980.9
2930.7

1376.9
2114.4
2925.8
3002.3
1909.7
1734.1
2924.0
1656.1

1117.1
1543.3
1479.0
1490.5
1610.2
1556.1
1545.0
1640.7

1094.1
1428.8
1447.5
1465.6
1452.3
1442.0
1531.7
1445.8

969.5
1372.8
1379.8
1400.7
1415.6
1345.1
1464.8
1433.2

895.9
1330.7
1353.9
1367.5
1349.9
1096.6
1402.6
1354.9

831.2
1301.0
1294.9
1267.3
1291.2
988.3
1307.2
1290.3

780.2
1278.0
1255.4
1150.8
1103.4
946.0
1248.3
1064.6

632.4
1135.7
1172.2
1055.4
1009.4
888.5
1173.9
994.3

467.6
1116.1
1112.3
1009.7
861.8
572.6
1117.1
910.3

3106.8
1082.3
1108.6
991.8
739.6
436.2
1063.7
784.2

3084.5
958.4
1058.3
968.1
594.3
402.9
970.2
584.5

1575.4
934.4
958.2
949.6
321.6
153.9
956.7
315.6

1313.0
928.6
952.8
918.9
114.8
3012.9
927.3
203.2

1274.1
900.8
918.4
843.9
3109.8
1372.8
910.4
2961.2

1080.0
865.9
901.3
809.3
969.5
1025.5
901.3
1202.5

945.0
791.5
849.8
717.6
942.7
663.2
746.7
940.7

791.5
781.2
766.5
643.6
818.5
605.9
684.2
917.4

2955.7
753.5
766.1
568.8
782.5
498.5
640.2
794.5

903.2
645.4
728.1
502.8
628.2
333.5
447.1
545.2

831.0
470.3
611.3
432.1
444.9
266.3
326.8
480.9

620.4
332.6
323.9
292.5
179.4
148.7
275.5
163.7

329.0
1035.7 i
67.4
1291.6 i
51.8
677.4 i
463.9 i
77.6

TS5
I4
TS6
TS7
I5
TS8
I6
TS9

3129.3
3332.5
3249.3
3109.3
3096.5
3134.6
3135.1
3264.0

3055.5
3127.2
3192.2
3084.1
3073.1
3097.5
3097.2
3127.4

3039.8
3049.6
3164.5
3056.4
2914.7
3031.0
3023.8
3110.8

2944.4
3034.2
3003.3
2963.3
2909.5
3003.4
2938.8
2980.8

2369.5
2930.7
1808.5
2931.7
1594.0
2979.4
2933.1
2839.9

1889.6
2079.2
1723.1
2097.6
1391.7
2942.5
1650.2
1712.6

1635.4
1636.3
1498.9
1512.5
1384.0
1736.5
1541.9
1581.5

1454.7
1449.1
1454.0
1402.3
1335.1
1528.6
1445.9
1453.1

1421.9
1416.7
1191.8
1371.4
1300.9
1446.6
1377.2
1366.8

1334.1
1356.2
1055.6
1333.0
1257.3
1392.0
1287.0
1132.3

1290.2
1289.3
1019.6
1314.9
1086.7
1284.7
1202.9
1019.2

1060.6
1067.7
850.6
1275.7
972.1
1221.9
995.9
957.8

913.2
938.8
825.4
1141.6
940.8
1198.4
963.0
831.1

795.7
832.2
549.9
1123.8
901.5
1019.7
840.7
553.1

568.9
574.7
524.0
1064.0
826.3
985.2
740.0
455.6

362.3
505.7
457.7
959.3
779.4
924.6
567.8
374.6

159.4
334.9
206.1
924.9
711.6
912.8
353.7
172.0

2983.3
143.3
3075.5
916.4
2941.4
839.2
174.0
3042.3

1193.8
2961.4
1043.4
896.1
2936.0
759.9
2968.8
1094.9

945.6
1214.6
901.2
882.5
1130.7
677.5
1192.0
876.1

928.2
948.6
775.3
832.5
1089.8
594.2
914.0
743.2

811.6
922.7
618.2
785.3
847.0
508.6
748.6
597.3

224.7
799.4
594.6
757.7
833.6
473.0
688.2
518.8

505.3
512.0
509.8
642.3
622.5
354.4
547.6
453.5

129.7
496.1
313.3
485.4
607.1
189.1
420.1
264.4

56.5
260.3
231.6
302.2
298.7
156.1
207.7
138.2

1139.8 i
123.0
992.4 i
974.4 i
136.8
114.7 i
117.0
716.2 i

Propyne
Allene
Acetylene

3334.0
3117.8
3371.1

3011.9
3033.5
1906.8

2939.1
3030.8
457.9

2081.8
1918.9
457.9

1453.3
1459.9
604.3

1399.2
1411.4
604.3

1029.3
1025.7
3290.3

894.9
969.1


498.5
815.8


261.1
726.5


3011.9
211.6


1453.3
3117.8


1029.3
969.1


498.5
726.5


261.1
211.6


Table S4. CASPT2/VTZ2P and B3LYP/6-311+G(3df,2p) electronic energies, G2(MP2/B3LYP) total energies (in Eh) and zero point energies (in kcal mol1, scaled).


Eel
CASPT2

VTZ2P
ZPE

CASSCF

cc-pVDZ
E0
G2(MP2/B3LYP)
Eel
B3LYP

6-311+G(3df,2p)
ZPE

B3LYP

6-31G(d)

Cpdiene
193.66149
55.82
193.70361
194.16939
55.96

TS1
193.54090
53.20
193.59092
194.05178
52.92

I1
193.55524
54.96
193.60444
194.07043
54.54

TS2
193.53284
53.16
193.57710
194.04380
53.62

I2
193.60904
52.89
193.65669
194.12764
53.95

TS3
193.50113
49.23
193.54893
194.00898
49.87

TS4
193.51727
54.10
193.56324
194.02478
53.84

I3
193.52709
52.67
193.57962
194.04197
52.74

TS5
193.52987
50.33
193.58350
194.04211
50.64

I4
193.60506
53.38
193.65272
194.11685
54.01

TS6
193.50095
48.37
193.54803
194.00980
49.53

TS7
193.53926
53.13
193.58985
194.05040
52.75

I5
193.54127
54.21
193.59242
194.05540
53.57

TS8
193.49221
52.02




I6
193.49700
51.57




TS9
193.49444
49.55
193.54804
194.00979
49.53

Propyne
116.38759
33.10
116.41684
116.70072
33.57

Allene
116.38540
32.52
116.41532
116.703788
33.42

Acetylene
77.16050
15.29
77.18479
77.361822
16.05

   Table S5.  Kinetic reaction model for the pyrolysis of cyclopentadienea

      REACTIONSb





   A        n        Ea
   Ref.

   _____________________________________________________________________________

   1. c-C5H6=c-C5H5+H                     

2.50E+15    0.0    82000.0  PW

   2. c-C5H6=CH2CHCHCCH2                         
1.35E+15    0.0    80450.0  PW

   3. CH2CHCHCCH2=PC3H4+C2H2                     
2.88E+13    0.0    66550.0  PW

   4. c-C5H6+H=c-C5H5+H2                        
3.00E+14    0.0     6640.0  11

   5. c-C5H6=C2H2+AC3H4                          
3.80E+17    0.0   104000.0  PW 

   6. c-C5H6=CH2CHCH2CCH                         
8.50E+14    0.0    90540.0  PW

   7. CH2CHCH2CCH=C2H2+AC3H4  
                 
3.55E+13    0.0    63360.0  PW

   8. c-C5H6+C2H3=c-C5H5+C2H4                     
6.00E+12    0.0        0.0  30

   9. c-C5H6+C3H3=c-C5H5+PC3H4                  
1.10E+11    0.0     5500.0   4

  10. c-C5H6+C6H5=c-C5H5+C6H6                     
3.10E+11    0.0     5500.0   4

  11. c-C5H6+CH3=C5H5+CH4                        
5.00E+11    0.0     5000.0  est

  12. c-C5H6+AC3H5=C5H5+C3H6                      
1.10E+11    0.0     5500.0   4

  13. c-C5H5=C5H5-2                             
7.08E+13    0.0    65530.0  PWc
  14. C5H5-2=C5H5-6                             
1.45E+14    0.0    50820.0  PWc
  15. C5H5-2=C5H5-34                             
4.68E+14    0.0    45550.0  PWc
  16. C5H5-34=C3H3+C2H2                          
4.90E+15    0.0    35210.0  PWc
  17. c-C5H5+c-C5H5=C10H8+2H                      
2.00E+13    0.0     8000.0  31

  18. H+H+M=H2+M                               
7.31E+17   -1.0        0.0  26

         CH4        Enhanced by    1.625E+01

         C2H6       Enhanced by    1.625E+01

  19. CH4=CH3+H                                 
2.13E+31   -5.3   104906.0  26

  20. CH4+H=CH3+H2                              
2.25E+04    3.0     8756.6  26

  21. CH3+CH3=C2H5+H                            
3.01E+13    0.0    13513.0  26

  22. CH3+CH3=C2H6                               
2.39E+38   -7.6    11359.0  26

  23. C2H6=C2H5+H                                
2.08E+38   -7.1   106507.0  26

  24. C2H6+H=C2H5+H2                             
5.25E+14    0.0    12800.0  26

  25. C2H6+CH3=C2H5+CH4                          
7.54E+00    3.7     9883.0  26

  26. C2H5=C2H4+H                                
4.59E+25   -4.2    40479.0  26

  27. C2H5+H=C2H4+H2                             
1.25E+14    0.0     8000.0  26

  28. C2H5+CH3=C2H4+CH4                           
1.14E+12    0.0        0.0  26

  29. C2H5+C2H5=C2H4+C2H6                         
1.40E+12    0.0        0.0  26

  30. C2H4+M=C2H2+H2+M                           
3.00E+17    0.0    79350.0  26

         CH4        Enhanced by    1.625E+01

         C2H6       Enhanced by    1.625E+01

  31. C2H4+M=C2H3+H+M                            
2.97E+17    0.0    96560.0  26

         CH4        Enhanced by    1.625E+01

         C2H6       Enhanced by    1.625E+01

  32. C2H4+H=C2H3+H2                             
3.36E-07    6.0     1692.0  26

  33. C2H4+C2H4=C2H5+C2H3                         
5.00E+14    0.0    64700.0  26

  34. C2H4+CH3=C2H3+CH4                           
4.15E+12    0.0    11128.0  26

  35. C2H3+H=C2H2+H2                             
3.00E+13    0.0        0.0  26

  36. C2H3+CH3=C2H2+CH4                           
3.91E+11    0.0        0.0  26

  37. C2H3+C2H6=C2H4+C2H5                         
1.50E+13    0.0    10000.0  26

  38. C2H3+C2H2=C4H4+H                            
2.00E+12    0.0     5000.0  26

  39. C2H3+C2H3=C2H2+C2H4                         
1.08E+13    0.0        0.0  26

  40. C2H3+C2H3=C4H6                              
5.00E+13    0.0        0.0  26

  41. C2H3+C2H4=C4H6+H                            
1.27E+12    0.0     7305.0  26

  42. C2H2+H(+M)=C2H3(+M)                        
2.34E+15   -0.9     3064.0  26

      Low pressure limit:  0.22540E+41 -0.72690E+01  0.65770E+04

      TROE centering:      0.50000E+00  0.67500E+03  0.67500E+03

         H2         Enhanced by    2.000E+00

  43. H+PC3H4=C2H2+CH3                           
1.30E+05    2.5     1000.0  26

  44. C2H2+CH3=AC3H5                             
1.40E+04    2.2    16502.0  26

  45. C2H2+CH3=SC3H5                             
3.85E+56  -13.7    27892.0  26

  46. C2H2+C2H2=IC4H3+H                          
6.31E+13    0.0    41600.0  26

  47. C3H6=AC3H5+H                               
1.06E+47   -9.3   104551.0  26

  48. C3H6=SC3H5+H                               
7.59E+14    0.0   101300.0  26

  49. C3H6=TC3H5+H                               
1.45E+15    0.0    98060.0  26

  50. C3H6=C2H3+CH3                              
1.10E+21   -1.2    97720.0  26

  51. C3H6+H=C2H4+CH3                            
7.23E+12    0.0     1302.0  26

  52. C3H6+H=AC3H5+H2                            
1.73E+05    2.5     2492.0  26

  53. C3H6+H=SC3H5+H2                            
3.46E+14    0.0    17422.0  26

  54. C3H6+H=TC3H5+H2                            
1.67E+14    0.0    14818.0  26

  55. C3H6+CH3=AC3H5+CH4                         
1.60E+11    0.0     8800.0  26

  56. C3H6+CH3=SC3H5+CH4                         
3.30E+11    0.0    10110.0  26

  57. C3H6+CH3=TC3H5+CH4                         
5.00E+10    0.0     8030.0  26

  58. C3H6+C2H5=AC3H5+C2H6                        
1.00E+11    0.0     9800.0  26

  59. C3H6+C2H3=C4H6+CH3                         
7.20E+11    0.0     5008.0  26

  60. C3H6+C2H3=AC3H5+C2H4                        
2.21E+00    3.5     4682.0  26

  61. C3H6+C2H3=SC3H5+C2H4                        
2.21E+00    3.5     4682.0  26

  62. C3H6+C2H3=TC3H5+C2H4                        
2.21E+00    3.5     4682.0  26

  63. AC3H5+H=AC3H4+H2                           
6.03E+12    0.0        0.0  26

  64. AC3H5+CH3=AC3H4+CH4                         
1.00E+11    0.0        0.0  26

  65. AC3H5+C2H5=AC3H4+C2H6                       
4.00E+11    0.0        0.0  26

  66. AC3H5+C2H3=AC3H4+C2H4                       
1.00E+12    0.0        0.0  26

  67. SC3H5=PC3H4+H                              
5.62E+12    0.0    43500.0  26

  68. SC3H5+H=AC3H4+H2                           
3.33E+12    0.0        0.0  26

  69. SC3H5+H=PC3H4+H2                           
4.00E+13    0.0        0.0  26

  70. SC3H5+CH3=AC3H4+CH4                         
1.00E+11    0.0        0.0  26

  71. SC3H5+C2H5=AC3H4+C2H6                       
1.00E+11    0.0        0.0  26

  72. SC3H5+C2H3=AC3H4+C2H4                       
1.00E+11    0.0        0.0  26

  73. TC3H5=AC3H5                                
2.00E+13    0.0    47000.0  26

  74. TC3H5+H=PC3H4+H2                           
1.00E+13    0.0        0.0  26

  75. TC3H5+CH3=PC3H4+CH4                         
1.00E+11    0.0        0.0  26

  76. TC3H5+C2H5=PC3H4+C2H6                       
1.00E+11    0.0        0.0  26

  77. TC3H5+C2H3=PC3H4+C2H4                       
1.00E+11    0.0        0.0  26

  78. AC3H4+M=C3H3+H+M                           
2.00E+18    0.0    80000.0  26

         CH4        Enhanced by    1.625E+01

         C2H6       Enhanced by    1.625E+01

  79. AC3H4=PC3H4                                
1.20E+15    0.0    92400.0  26

      Declared duplicate reaction...

  80. AC3H4=PC3H4                                
6.53E+68  -16.3    94518.0  26

      Declared duplicate reaction...

  81. AC3H4+H=AC3H5                              
1.20E+12    0.0     2700.0  26

  82. AC3H4+H=SC3H5                              
8.00E+11    0.0     2000.0  26

  83. AC3H4+H=C3H3+H2                            
1.00E+14    0.0    15009.0  26

  84. AC3H4+CH3=C3H3+CH4                          
2.00E+12    0.0     7700.0  26

  85. AC3H4+AC3H5=C3H3+C3H6                       
2.00E+12    0.0     7700.0  26

  86. PC3H4+M=C3H3+H+M                           
3.39E+22   -2.0    92370.0  26

         CH4        Enhanced by    1.625E+01

         C2H6       Enhanced by    1.625E+01

  87. PC3H4+H=C3H3+H2                            
1.00E+12    0.0     1500.0  26

  88. PC3H4+CH3=C3H3+CH4                          
4.00E+11    0.0     7700.0  26

  89. PC3H4+C2H3=C3H3+C2H4                        
1.00E+11    0.0     7700.0  26

  90. C3H3+CH3=C4H6                              
3.33E+12    0.0        0.0  26

  91. C4H4=C2H2+C2H2                              
3.20E+13    0.0    77100.0  26

  92. C4H4+M=IC4H3+H+M                           
1.00E+20    0.0    99300.0  26

         CH4        Enhanced by    1.625E+01

         C2H6       Enhanced by    1.625E+01

  93. C4H4=C4H2+H2                               
1.26E+15    0.0    94700.0  26

  94. C4H4+H=NC4H3+H2                            
2.00E+07    2.0    15000.0  26

  95. C4H4+H=IC4H3+H2                            
1.00E+14    0.0        0.0  26

  96. IC4H3+M=C4H2+H+M                           
4.46E+15    0.0    46516.0  26

         CH4        Enhanced by    1.625E+01

         C2H6       Enhanced by    1.625E+01

  97. IC4H3=NC4H3                                
1.50E+13    0.0    67765.0  26

  98. IC4H3+H=C4H2+H2                            
5.00E+13    0.0        0.0  26

 99. NC4H3+M=C4H2+H+M                           
1.00E+16    0.0    59700.0  26

         CH4        Enhanced by    1.625E+01

         C2H6       Enhanced by    1.625E+01

 100. NC4H3+H=C4H2+H2                            
5.00E+13    0.0        0.0  26

 101. NC4H3+H=IC4H3+H                            
1.00E+14    0.0        0.0  26

 102. C3H3+C3H3=C6H6-1,5                         
4.00E+12    0.0        0.0  26

 103. C6H6-1,5=HEX1245                          
1.80E+11    0.0    35804.0  26

 104. HEX1245=C6H6M                             
5.00E+11    0.0    22081.0  26

 105. C6H6M=FULVENE                             
4.26E+13    0.0    49282.0  26

 106. C6H6M=C6H6                                
3.79E+13    0.0    22000.0  26

 107. FULVENE=C6H6                              
7.58E+13    0.0    73923.0  26

 108. C3H3+CH3=BUTYNE                            
2.50E+12    0.0        0.0  26

 109. C4H8=C2-C4H8                               
4.00E+11    0.0    60000.0  26

 110. C4H8=T2-C4H8                               
4.00E+11    0.0    60000.0  26
 111. C4H8=AC3H5+CH3                             
1.50E+19   -1.0    73400.0  26

 112. C4H8=C2H3+C2H5                             
1.00E+19   -1.0    96770.0  26

 113. C2-C4H8=T2-C4H8                            
8.14E+13    0.0    62850.0  26

 114. C2-C4H8=C4H6+H2                            
1.00E+13    0.0    65500.0  26

 115. C2-C4H8=SC3H5+CH3                          
2.00E+16    0.0    71300.0  26

 116. T2-C4H8=SC3H5+CH3                          
2.00E+16    0.0    71300.0  26

 117. BUTYNE+H=AC3H4+CH3                        
1.30E+05    2.5     1000.0  26

 118. BUTYNE+H=C2H5+C2H2                         
6.50E+04    2.5     1000.0  26

 119. C6H5+H=C6H6                                
2.20E+14    0.0        0.0  26

 120. C6H6=C4H4+C2H2                             
9.00E+15    0.0   107430.0  26

 121. C6H6+H=C6H5+H2                              
2.50E+14    0.0    16000.0  26

 122. C6H6+C2H5=C6H5+C2H6                         
6.31E+11    0.0    14866.0  26

 123. C3H8=C2H5+CH3                              
4.00E+16    0.0    85500.0  26

________________________________________________________________________________

a Rate constants are of the form k = ATn exp(-Ea/RT) where A and Ea are expressed in units of mol cm3 s and cal.  PW indicates a rate constant evaluated in the present work. est denotes a rate constant estimated in the present work. 

b
Species identification: PC3H4, propyne; AC3H4, allene; C5H5-2, C5H5-6, C5H5-34, intermediates on the C5H5 potential energy surface as identified by Moskaleva and Lin7; C10H8, naphthalene; AC3H5, SC3H5 and TC3H5, allylic, secondary and tertiary C3H5 radicals; NC4H3 and IC4H3, normal- and iso- C4H3 radicals; C6H6-1,5, 1,5-hexadiyne; HEX1245, 1,4-hexadiyne; C6H6M, hexa-1,5-diene-3-yne; C2-C4H8 and T2-C4H8, cis- and trans- 2-butene. 

c
Denotes rate constants calulated in the present work from the molecular parameters of Moskaleva and Lin7 (see text).

