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Figure S1. Potential energy diagram of the unimportant reaction mechanisms starting from IM1 for the CH2=CHCHO + NO3 reaction at the CCSD(T)/cc-pVTZ//B3LYP/6-311++G(d,p) level.
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Figure S2. Potential energy diagram of the unimportant reaction mechanisms starting from IM2 for the CH2=CHCHO + NO3 reaction at the CCSD(T)/cc-pVTZ//B3LYP/6-311++G(d,p) level.
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Figure S3. Potential energy diagram of the unimportant reaction mechanisms starting from h-P3 in the presence of O2 and NO2 at the CCSD(T)/cc-pVTZ//B3LYP/6-311++G(d,p) level.
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Figure S4. Potential energy diagram of the unimportant reaction mechanisms starting from IM1 in the presence of O2 and NO2 at the CCSD(T)/cc-pVTZ//B3LYP/6-311++G(d,p) level.
[image: Graph4]
Figure S5. Potential energy diagram of the unimportant reaction mechanisms starting from IM1 in the presence of O2 and NO2 at the CCSD(T)/cc-pVTZ//B3LYP/6-311++G(d,p) level.
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Figure S6. Optimized geometries of all the transition states involved in the subsequent reaction of CH2=CHCHO with NO3 reaction.





Table S1. Zero Point Energies (ZPE) without scaling factor, T1 diagnostic values, relative Energies (ΔE), relative enthalpies (ΔH) and Gibbs free energy (ΔG) for the products involved in the CH2=CHCHO + NO3 reaction (energies in kcal/mol).

	Spices
	ZPE
	T1
	∆E
	∆H
	∆G

	P1: (CH2ONOCHO + HCO)
	43.81
	0.020
0.021
	-35.21
	-28.26
	-35.43

	P2: (CHOCHO + CH2O + NO)
	42.56
	0.016
0.015
0.025
	-64.90
	-57.19
	-74.16

	P3: (CHOCHOHCHO + NO)
	46.70
	0.015
0.025
	-85.84
	-79.24
	-84.68

	P4: (cy-CHONOCHOCHO + H)
	41.86
	0.018
	-0.89
	6.10
	4.04

	P5: (CH2COHCHO + NO2)
	46.66
	0.014
0.023
	-53.51
	-47.16
	-53.23

	P6: (CHONOCOHCHO + H)
	41.66
	0.020
	-15.01
	-7.67
	-10.22

	P7: (CH2ONOCHOH + CO)
	45.48
	0.020
0.018
	-49.36
	-42.29
	-48.95

	P8: (CHOHCO + CH2O + NO)
	42.85
	0.015
0.015
0.025
	-48.63
	-40.84
	-58.23

	P9: (CHOCHONOCHO + H)
	41.05
	0.020
	-16.27
	-8.91
	-12.01

	P10: (cy-CH2OCHONO + HCO)
	44.45
	0.018
0.021
	-17.60
	-10.95
	-17.31

	P11: (CHOCH2CHO + NO2)
	46.22
	0.016
0.024
	-57.34
	-50.84
	-57.74

	P12: (CHOCHCHONO2 + H)
	42.51
	0.019
	14.27
	21.24
	19.07

	P13: (CHONO2CCHOH + H)
	42.66
	0.018
	41.36
	48.44
	45.68

	P14: (CHOCHCHOH + NO2)
	47.38
	0.016
0.024
	-56.23
	-49.93
	-55.88

	P15: (CH2CHONO2 + HCO)
	44.58
	0.018
0.021
	-0.71
	5.97
	-0.72

	P16: (CH3COCHO-CS + NO2)
	46.14
	0.015
0.024
	-63.11
	-56.49
	-63.61

	P17: (CH2COCHOH + NO2)
	47.01
	0.014
0.024
	-26.82
	-20.70
	-26.20

	P18: (CH3CHO + NO2 + CO)
	43.31
	0.014
0.024
0.018
	-66.68
	-59.14
	-76.42

	P19: (CH3CHCO + NO3)
	46.37
	0.015
0.023
	0.33
	6.65
	0.02

	P20: (CHOCO + CH3 + NO2)
	39.63
	0.029
0.008
0.024
	19.41
	27.56
	9.17

	h-P1: (CHCHCHO + HNO3)
	46.89
	0.044
0.018
	9.16
	15.28
	8.73

	h-P2: (CH2CCHO + HNO3)
	46.46
	0.045
0.018
	9.63
	15.98
	8.72

	h-P3: (CH2CHCO + HNO3)
	47.83
	0.023
0.018
	-12.37
	-6.26
	-12.79
































Table S2. Zero Point Energies (ZPE) without scaling factor, T1 diagnostic values, relative Energies (ΔE), relative enthalpies (ΔH) and Gibbs free energy (ΔG) for the species involved in the the CH2=CHCHO + NO3 reaction (energies in kcal/mol).
	Spices
	ZPE
	T1
	∆E
	∆H
	∆G

	IM1
	49.12
	0.026
	-21.68
	-16.06
	-10.98

	IM1A
	57.03
	0.022
	-46.60
	-47.70
	-36.17

	IM1B
	62.66
	0.018
	-67.92
	-69.90
	-46.15

	IM1C
	53.51
	0.021
	-58.19
	-59.55
	-48.79

	IM1D
	45.44
	0.018
	-115.04
	-116.33
	-105.68

	IM1B-TS1
	58.14
	0.024
	-50.30
	-52.07
	-29.45

	IM1C-TS1
	51.64
	0.024
	-55.56
	-56.62
	-46.81

	IM1C-TS2
	51.36
	0.029
	-45.03
	-46.06
	-36.52

	IM1C-TS3
	50.56
	0.021
	-32.33
	-33.76
	-23.06

	IM1C-TS4
	46.26
	0.049
	-16.06
	-17.04
	-7.20

	IM1D-TS1
	41.16
	0.023
	-74.48
	-75.73
	-65.17

	IM2
	47.71
	0.019
	-13.80
	-7.86
	-3.00

	IM2A
	56.90
	0.022
	-56.25
	-57.57
	-46.01

	IM2B
	60.24
	0.020
	-79.85
	-81.63
	-59.61

	IM2C
	53.05
	0.018
	-65.53
	-66.94
	-56.82

	IM2D
	44.88
	0.018
	-119.74
	-121.27
	-110.46

	IM2E
	51.78
	0.020
	-81.89
	-83.16
	-73.14

	IM2B-TS1
	57.74
	0.025
	-55.58
	-57.57
	-35.26

	IM2C-TS1
	48.27
	0.019
	-40.74
	-42.12
	-31.91

	IM2C-TS2
	49.46
	0.029
	-57.15
	-58.31
	-48.78

	IM2C-TS3
	46.71
	0.047
	-23.68
	-25.02
	-14.43

	IM2C-TS4
	45.81
	0.024
	-46.58
	-47.74
	-37.74

	IM2D-TS1
	41.07
	0.022
	-84.51
	-86.07
	-74.80

	IM2E-TS1
	48.62
	0.028
	-55.40
	-56.13
	-47.64

	IM2E-TS2
	51.53
	0.022
	-78.48
	-80.06
	-69.45

	h-P3-IM1A
	46.93
	0.025
	-53.64
	-51.36
	-41.55

	h-P3-IM1B
	41.10
	0.020
	-76.74
	-72.98
	-51.78

	h-P3-IM2A
	36.07
	0.024
	-64.85
	-62.72
	-52.17

	h-P3-IM2B
	41.26
	0.020
	-94.38
	-90.60
	-68.82

	h-P3-IM1B-TS1
	39.15
	0.027
	-48.95
	-47.48
	-25.63

	h-P3-IM1C+NO2
	37.32
	0.021
0.024
	-61.20
	-60.70
	-51.43

	h-P3-IM1C-TS1
	27.62
	0.028
	-40.07
	-43.71
	-34.27

	h-P3-IM1C-TS2
	30.19
	0.044
	-35.65
	-36.66
	-27.80
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For SCHEME 1:

              (1)

                (2)

              (3)

           (4)
Where
X1= k4(E)/(k5(E) + k6(E) + ω)
X2= k2(E)/(k3(E) + k4(E) - k5(E)*X1 + ω)
X3= k1(E) + k2(E) - k3*X2 + ω
The microcanonical rate constant is calculated using the RRKM theory as follows:

                                          (11)










In the above equations, is the statistical factor for the reaction path a, and i is the statistical factor (degeneracy) for the ith reaction path; Ea is the energy barrier for the reaction step a. and  are the total partition function of NO3 and CH2=CHCHO, respectively; and  are the translational and rotational partition functions of entrance transition state, respectively; is the number of state for the association transition state with excess energyabove the association barrier.  is the energy-specific rate constant for the ith channel and Ci is the ratio of the overall rotational partition function of the TSi and IMj; is the number of states at the energy above the barrier height for transition state i; is the density of states at energy Ej of the intermediate. The density of states and the number of states are calculated using the extended Beyer-Swinehart algorithm. 
The rate coefficients for the direct hydrogen abstraction routes can be readily obtained using the conventional transition-state theory [1]:

                         



where κ1 is the tunneling factor, kB and h are Boltzmann and Planck constants, respectively. , and are the h-TS3, CH2=CHCHO and NO3 partition functions, respectively. E1 is the barrier of h-TS3. The unsymmetrical Eckart potential model is employed to estimate κ1 [2,3]. 
[1] I. W. M. Smith, Kinetics and Dynamics of Elementary Gas Reactions; Butterworth, London, 1980, p118.
[2] H. S. Johnston and J. Heicklen, Tunnelling Corrections for Unsymmetrical Eckart Potential Energy Barriers. J. Phys. Chem. 66 (1962)532–533.
[3] C. Eckart, The Penetration of a Potential Barrier by Electrons. Phys. Rev. 35(1930)1303–1309.
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