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S1 Volatility Estimation and Classification 

The group contribution method, i.e., SIMPOL.1 from the GECKO-A website 

(https://geckoa.lisa.u-pec.fr), is utilized to estimate the saturated vapor pressure. 

However, the dataset involved in SIMPOL.1 is limited in the calculation of the 

contribution of -OONO2 group, except for peroxyacetyl nitrate (PAN). Therefore, we 

also employed the optimized molecular formula parameterization method to assess the 

volatility of the OOMs1, 2, which considers the -OOH functional group of OOMs to 

enhance predictive accuracy. The governing equation is given below： 

𝑙𝑜𝑔10𝐶0 = (𝑛𝑐
0 − 𝑛𝑐)𝑏𝑐 − (𝑛0 − 3𝑛𝑁)𝑏0 − 2 ∙

(𝑛0 − 3𝑛𝑁)𝑛𝑐

(𝑛𝐶 + 𝑛𝑂 − 3𝑛𝑁)
𝑏𝐶𝑂 − 𝑛𝑁𝑏𝑁 

Among them, 𝑛𝑐
0=0.475, 𝑏𝑐=0.475, 𝑏0=0.2, 𝑏𝐶𝑂=0.9, 𝑏𝑁=2.5.  

The OOMs generated by the further oxidation of alkyl radical (Ter-R•) initiated by 

OH/NO3 radical from terpinolene was classified according to the volatility 

classification scheme for organic compounds proposed by Donahue et al.(2012)3, i.e., 

ELVOC ( C* < 3×10-4 µg m-3), LVOC ( 3×10-4 < C* < 0.3 µg m-3), SVOC (0.3 < C* < 

300 µg m-3), intermediate volatility organic compounds (IVOC, 300 < C* < 3×106 µg 

m-3) and volatile organic compounds ( VOC, C* > 3×106 µg m-3), of which, ELVOC 

and LVOC are basically existed in the particulate phase, and SVOC is distributed in 

both gas phase and particle phase, depending on the atmospheric conditions. 

  



S2 Figures of Initial Reactions of Terpinolene with OH/NO3 Radical 

 

Figure S1. The average local ionization energy of terpinolene 

 

Figure S2. The potential energy profile diagram of initial reactions of terpinolene with 

OH radical (unit in kcal mol-1) 
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Figure S3. The potential energy profile diagram of H abstraction reactions of 

terpinolene with NO3 radical (unit in kcal mol-1) 

S3 Figures of Atmospheric Oxidation of Alkyl Radical (Ter-R•) Initiated by 

OH/NO3 Radical from Terpinolene 

 

Figure S4. The reaction pathway for NO2 elimination of IM42 
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Figure S5. The H atom shift and cyclization reactions of 1-IM41 and 1-IM46 (unit in 

kcalmol-1) 



 

Figure S6. The H atom shift and cyclization reactions of 1-IM44 and 1-IM47 (unit in 

kcal mol-1) 



 

Figure S7. The H atom shift and cyclization reactions of 1-IM50 (unit in kcal mol-1) 



 

Figure S8. The H atom shift and cyclization reactions of 1-IM71 (unit in kcal mol-1) 



 

Figure S9. The H atom shift and cyclization reactions of 1-IM72 (unit in kcal mol-1) 



 

Figure S10. The H atom shift and cyclization reactions of 1-IM78 (unit in kcal mol-1) 

 



 

Figure S11. The subsequent reactions of 2-IM31 and 2-IM3b (unit in kcal mol-1) 



 

Figure S12. The H atom shift and cyclization reactions of 2-IM32 (unit in kcal mol-1) 



 

Figure S13. The H atom shift and cyclization reactions of 2-IM35 (unit in kcal mol-1) 



 

Figure S14. The subsequent reactions of 2-IM37 (unit in kcal mol-1) 



 

Figure S15. The H atom shift and cyclization reactions of 2-IM40 (unit in kcal mol-1) 

  



S4 Summary of the Reactions Involved in the Zero-Dimensional Chemical Model 

Table S1. The subsequent reactions of 1-IM4 and the rate constant of the rate-

determining step. 

Reactions Rate constants Reference 

1-IM4 → 1-IM41a 3.72×10-1 s-1 This Study 

1-IM4 → 1-IM42 9.0×10-12 cm3 molecule-1 s-1 Atkinson and Arey4 

1-IM4 → 1-IM43 1.7×10-11 cm3 molecule-1 s-1 Boyd et al.5 

1-IM42→ 1-IM49 1.7×10-  s-1 This Study 

1-IM49 → 1-IM51 6.0×10-12 cm3 molecule-1 s-1 
Wang and Wang6, Wu et 

al.7 

1-IM51 → 1-P12 1.7×10-11 cm3 molecule-1 s-1 Boyd et al.5 

1-IM51 → 1-IM51b 1.14×10-3 s-1 This Study 

1-IM51b → 1-P21 1.7×10-11 cm3 molecule-1 s-1 Boyd et al.5 

1-IM49 → 1-P1   1-P2 1.19×10  s-1 This Study 

1-IM43 → 1-IM45  .41×10-  s-1 This Study 

1-IM45 → 1-IM47 6.0×10-12 cm3 molecule-1 s-1 
Wang and Wang6, Wu et 

al.7 

1-IM45 → 1-P1   1-P2 2.3×10  s-1 This Study 

1-IM41a → 1-P9 9.0×10-12 cm3 molecule-1 s-1 Atkinson and Arey4 

1-IM41a → 1-P3 1.7×10-11 cm3 molecule-1 s-1 Boyd et al.5 

1-IM47 → 1-IM47c 5.55×10-3 s-1 This study 

1-IM47 → 1-P14 1.7×10-11 cm3 molecule-1 s-1 Boyd et al.5 

1-IM47c → 1-P4 1.7×10-11 cm3 molecule-1 s-1 Boyd et al.5 

 

  



Table S2. The subsequent reactions of 1-IM7 and the rate constant of the rate-

determining step. 

Reactions Rate constants Reference 

1-IM7 → 1-IM74 1.7×10-11 cm3 molecule-1 s-1 Boyd et al.5 

1-IM7 → 1-IM76 9.0×10-12 cm3 molecule-1 s-1 Atkinson and Arey4 

1-IM7 → 1-IM71d 3.66×10-3 s-1 This study 

1-IM74 → 1-IM75 4.45×10-4 s-1 This study 

1-IM75 → 1-P7 5.93×1012 s-1 This study 

1-IM76 → 1-IM77 1.1 ×10-9 s-1 This study 

1-IM77 → 1-IM7  6.0×10-12 cm3 molecule-1 s-1 
Wang and Wang6, Wu et 

al.7 

1-IM7  → 1-P  1.7×10-11 cm3 molecule-1 s-1 Boyd et al.5 

1-IM7  → 1-P11 9.0×10-12 cm3 molecule-1 s-1 Atkinson and Arey4 

1-IM7  → 1-IM7 d 2.15×10-6 s-1 This study 

1-IM7 d → 1-IM79 6.0×10-12 cm3 molecule-1 s-1 
Wang and Wang6, Wu et 

al.6 

1-IM79 → 1-P15 9.0×10-12 cm3 molecule-1 s-1 Atkinson and Arey4 

1-IM79 → 1-P16 1.10×10-11 cm3 molecule-1 s-1 Saunders et al.  

1-IM79 → 1-P13 1.7×10-11 cm3 molecule-1 s-1 Boyd et al.5 

1-IM71d → 1-IM72 6.0×10-12 cm3 molecule-1 s-1 
Wang and Wang6,Wu et 

al.7 

1-IM72 → 1-P1  1.10×10-11 cm3 molecule-1 s-1 Saunders et al.  

1-IM72 → 1-P5 1.7×10-11 cm3 molecule-1 s-1 Boyd et al.5 

1-IM72 → 1-IM72c 2. ×10-5 s-1 This study 

1-IM72c → 1-IM73 6.0×10-12 cm3 molecule-1 s-1 
Wang and Wang6, Wu et 

al.7 

1-IM73 → 1-P20 1.10×10-11 cm3 molecule-1 s-1 Saunders et al.  

1-IM73 → 1-P19 9.0×10-12 cm3 molecule-1 s-1 Atkinson and Arey4 

1-IM73 → 1-P6 1.7×10-11 cm3 molecule-1 s-1 Boyd et al.5 

1-IM72 → 1-P17 9.0×10-12 cm3 molecule-1 s-1 Atkinson and Arey4 

 

  



Table S3. The subsequent reactions of 2-IM3 and the rate constant of the rate-

determining step. 

Reactions Rate constants Reference 

2-IM3 → 2-IM3a 2.71×10 s-1 This study 

2-IM3a → 1-P2   1-P1   NO 7.45×105 s-1 This study 

2-IM3a → 1-P2   1-P1   NO 4.2 ×104 s-1 This study 

2-IM3a → 2-IM3e 7.2 ×103 s-1 This study 

2-IM3e → 2-IM35 6.0×10-12 cm3 molecule-1 s-1 
Wang and 

Wang6,Wu et al.7 

2-IM35 → 2-P5   O2 1.7×10-11 cm3 molecule-1 s-1 Boyd et al.5 

2-IM3 → 2-IM31f 3.42×102 s-1 This study 

2-IM3 → 2-IM31a 3. 3×103 s-1 This study 

2-IM3 →2-P4 O2 1.7×10-11 cm3 molecule-1 s-1 Boyd et al.5 

2-IM3 →2-P2 
9.0×10-12 cm3 molecule-1 s-1 Atkinson and 

Arey4 

2-IM31f → 2-P3 1-P2  NO2 5.29×10-  s-1 This study 

2-IM31f → 2-P14+O2 1.7×10-11 cm3 molecule-1 s-1 Boyd et al.5 

2-IM31f → 2-P15 9.0×10-12 cm3 molecule-1 s-1 
Atkinson and 

Arey4 

2-IM31f → 2-P16 1.10×10-11 cm3 molecule-1 s-1 Saunders et al.  

2-IM31a →2-P9 
9.0×10-12 cm3 molecule-1 s-1 Atkinson and 

Arey4 

2-IM31a → 2-P11 + O2 1.7×10-11 cm3 molecule-1 s-1 Boyd et al.5 

2-IM31a → 2-P10 1.10×10-11 cm3 molecule-1 s-1 Saunders et al  

2-IM31a → 2-IM32h 6.7 ×10-5 s-1 This study 

2-IM31a →2-IM37 1.17×102 s-1 This study 

2-IM32h → 2-P6 + O2 1.7×10-11 cm3 molecule-1 s-1 Boyd et al.5 

2-IM37 → 2-IM40  .21×104 s-1 This study 

2-IM37 → 2-P12  .21×104 s-1 This study 

2-IM37 → 2-P    1-P2   OH  .21×104 s-1 This study 

2-IM40 → 2-P17 
9.0×10-12 cm3 molecule-1 s-1 Atkinson and 

Arey4 

2-IM40 → 2-P1  1.10×10-11 cm3 molecule-1 s-1 Saunders et al.  

2-IM40 → 2-P13 1.7×10-11 cm3 molecule-1 s-1 Boyd et al.5 

2-IM40 → 2-IM43 4.43×10 s-1 This study 

2-IM43 → 2-P19 
9.0×10-12 cm3 molecule-1 s-1 Atkinson and 

Arey4 

2-IM43 → 2-P20 1.10×10-11 cm3 molecule-1 s-1 Saunders et al.  

2-IM43 → 2-P7 1.7×10-11 cm3 molecule-1 s-1 Boyd et al.5 

 

 



S5 The Time-Dependent Fractional Yield of the Major Products from the 

Oxidation of OH-Ter-R• (1-IM4 and 1-IM7) 

 

Figure S16. The modeled time-dependent fractional yields of important species from 

the further reactions of OH-Ter-R• (1-IM4) under the atmospheric conditions of 

polluted areas (a), forested areas (b), remote areas (d) (Species with yields <0.1% 

excluded). 
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Figure S17. The modeled time-dependent fractional yields of important species from 

the further reactions of OH-Ter-R• (1-IM7) under the atmospheric conditions of 

polluted areas (a), forested areas (b), remote areas (d) (Species with yields <0.1% 

excluded). 
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S6 Main Products of the Atmospheric Oxidation of the OH-Ter-R• (1-IM4 and 1-

IM7) and NO3-Ter-R• (2-IM3) 

Table S4. Structural and nomenclatural data for major products reported in previous 

studies. 

Product 

structure 
Chemical formula, Systematic name Reference 

 

C7H10O, 

4-methylcyclohex-3-en-1-one 

Fouqueau et al.9, 

Hakola et al.10, 

Orlando et al.11, 

Reissell et al.12 

 

C10H1 O5, 

C3H6O, propan-2-one 

 

Fouqueau et al.9, 

Hakola et al.10, 

Orlando et al.11, 

Reissell et al.12 

 

C7H12O6, 

2-(1,5-dihydroperoxy-4-

methylcyclohex-3-en-1-yl)propan-2-

ol 

Guo et al.13, Zheng 

et al.14 

 

C7H12O6, 

4,4,6-trihydroperoxy-1-

methylcyclohex-1-ene 

 

 

C10H16O4, 

3,5-dihydroperoxy-1-methyl-4-

(propan-2-ylidene)cyclohex-1-ene 

Guo et al.13, Zheng 

et al.14 

 

C10H16O6, 

3,3,5-trihydroperoxy-1-methyl-4-

(propan-2-ylidene)cyclohex-1-ene 

Luo et al.15, Zheng et 

al.14 

 

C10H14O, 

3-methyl-6-(propan-2-

ylidene)cyclohex-2-en-1-one 

 



 

C10H16O3, 

6-(2-hydroperoxypropan-2-yl)-3-

methyl-7-oxabicyclo[4.1.0]hept-2-

ene 

Fouqueau et al.9 

 

C10H17O6, 

5-hydroperoxy-5-(2-hydroxypropan-

2-yl)-2-methylcyclohex-2-en-1-yl 

nitroperoxoite 

Luo et al.15, Zheng et 

al.14 

 

C10H17NO7, 

5-hydroperoxy-5-(2-hydroxypropan-

2-yl)-2-methylcyclohex-2-en-1-yl) 

nitroperoxoate 

Guo et al.13, Luo et 

al.15, Massoli et al.16, 

Zheng et al.14 

 

C10H15NO4, 

2-(4-methyl-7-

oxabicyclo[4.1.0]hept-4-en-1-

yl)propan-2-yl nitroperoxoite 

Fouqueau et al.9 

 

C7H12NO5, 

1-hydroperoxy-4-methylcyclohex-3-

en-1-yl nitroperoxoite 

 

 

C10H16O5, 

4-hydroperoxy-6-(2-

hydroperoxypropan-2-yl)-3-methyl-

7-oxabicyclo[4.1.0]hept-2-ene 

Luo et al.15, Zheng et 

al.14 

 

C7H12O4, 

4,4-dihydroperoxy-1-

methylcyclohex-1-ene 

 

 

C10H15NO6, 

1-(2-hydroperoxypropan-2-yl)-4-

methyl-7-oxabicyclo[4.1.0]hept-4-

en-3-yl nitroperoxoite 

Fouqueau et al.9, Liu 

et al.17 



 

C10H15NO7, 

N-((1-(2-hydroperoxypropan-2-yl)-4-

methyl-7-oxabicyclo[4.1.0]hept-4-

en-3-yl)peroxy)-N-(l1-

oxidaneyl)hydroxylamine 

Fouqueau et al.9, 

Guo et al.13, Liu et 

al.17, Luo et al.15, 

Zheng et al.14 

 

C10H15NO5, 

5-hydroperoxy-3-methyl-6-(propan-

2-ylidene)cyclohex-3-en-1-yl 

nitroperoxoite 

Fouqueau et al.9 

 

C10H15NO6, 

N-((5-hydroperoxy-3-methyl-6-

(propan-2-ylidene)cyclohex-3-en-1-

yl)peroxy)-N-(l1-

oxidaneyl)hydroxylamine 

Fouqueau et al.9, Liu 

et al.17,Massoli et 

al.16, Shen et al.1 , 

Zheng et al.14 

 

C10H15NO7, 

1,5-dihydroperoxy-3-methyl-6-

(propan-2-ylidene)cyclohex-2-en-1-

yl nitroperoxoite 

Fouqueau et al.9, 

Guo et al.13,Liu et 

al.17,Luo et 

al.15,Zheng et al.14 

 

C10H15NO , 

N-((1,5-dihydroperoxy-3-methyl-6-

(propan-2-ylidene)cyclohex-2-en-1-

yl)peroxy)-N-(l1-

oxidaneyl)hydroxylamine 

Guo et al.13,Luo et 

al.15,Massoli et 

al.16,Zheng et al.14 

 

C7H11NO7, 

1,5-dihydroperoxy-4-

methylcyclohex-3-en-1-yl 

nitroperoxoite 

 

 

C7H10O2, 

6-methyl-7-oxabicyclo[4.1.0]heptan-

3-one 

Fouqueau et al.9 

 

C10H17NO5, 

1-(2-hydroperoxypropan-2-yl)-4-

methylcyclohex-3-en-1-yl nitrate 

Luo et al.15, Zheng et 

al.14 



 

C10H17NO5, 

(Z)- -hydroperoxy-2,6-dimethyl-3-

oxooct-6-en-2-yl nitrite 

Luo et al.15, Zheng et 

al.14 

 

C10H17NO9, 

2,5-dihydroperoxy-1-(2-

hydroperoxypropan-2-yl)-4-

methylcyclohex-3-en-1-yl nitrate 

Guo et al.13, Luo et 

al.15, Zheng et al.14 

 

C10H17NO9, 

(Z)-1,4,7-trihydroperoxy-3,7-

dimethyl-6-oxooct-2-en-1-yl nitrite 

Guo et al.13, Luo et 

al.15, Zheng et al.14 

 

C7H9NO3, 

3-methyl-6-oxocyclohex-2-en-1-yl 

nitrite 

 

 

C10H16N2O , 

1-(2-hydroperoxypropan-2-yl)-4-

methyl-2-(nitrosoperoxy)cyclohex-3-

en-1-yl nitrate 

Liu et al.19, Liu et 

al.17, Shen et al.1 , 

Zheng et al.14 

 

C10H16N2O9, 

2-((di(l1-oxidaneyl)amino)peroxy)-

1-(2-hydroperoxypropan-2-yl)-4-

methylcyclohex-3-en-1-yl nitrate 

Guo et al.13, Liu et 

al.17, Liu et al.19, 

Massoli et al.16, 

Zheng et al.14 

 

C10H17NO7, 

2-hydroperoxy-1-(2-

hydroperoxypropan-2-yl)-4-

methylcyclohex-3-en-1-yl nitrate 

Guo et al.13, Luo et 

al.15, Massoli et al.16, 

Zheng et al.14 



 

C10H16O4, 

(Z)-7-hydroperoxy-3,7-dimethyl-6-

oxooct-2-enal 

Guo et al.13, Zheng 

et al.14 

 

C10H17NO7, 

(Z)-1,7-dihydroperoxy-3,7-dimethyl-

6-oxooct-2-en-1-yl nitrite 

Guo et al.13, Luo et 

al.15, Massoli et al.16, 

Zheng et al.14 

 

C10H17NO7, 

 -hydroperoxy-4,4, -trimethyl-2,3-

dioxabicyclo[3.3.1]nonan-5-yl nitrate 

Guo et al.13, Luo et 

al.15, Massoli et al.16, 

Zheng et al.14 

 

C10H16N2O , 

4,4, -trimethyl- -(nitrosoperoxy)-

2,3-dioxabicyclo[3.3.1]nonan-5-yl 

nitrate 

Liu et al.19,Liu et 

al.17,Shen et 

al.1 ,Zheng et al.14 

 

C10H16N2O9, 

 -((di(l1-oxidaneyl)amino)peroxy)-

4,4, -trimethyl-2,3-

dioxabicyclo[3.3.1]nonan-5-yl nitrate 

Guo et al.13,Liu et 

al.17,Massoli et 

al.16,Zheng et al.14 

 

C10H16N2O , 

(Z)-7-hydroperoxy-3,7-dimethyl-1-

(nitrosoperoxy)-6-oxooct-2-en-1-yl 

nitrite 

Liu et al.17,Shen et 

al.1 ,Zheng et al.14 

 

C10H16N2O9, 

(Z)-1-((di(l1-

oxidaneyl)amino)peroxy)-7-

hydroperoxy-3,7-dimethyl-6-oxooct-

2-en-1-yl nitrite 

Guo et al.13,Liu et 

al.17,Liu et 

al.19,Massoli et 

al.16,Zheng et al.14 

 

C10H16N2O10, 

(Z)-1,7-dihydroperoxy-3,7-dimethyl-

4-(nitrosoperoxy)-6-oxooct-2-en-1-yl 

nitrite 

Guo et al.13,Luo et 

al.15,Zheng et al.14 



 

C10H16N2O11, 

(Z)-4-((di(l1-

oxidaneyl)amino)peroxy)-1,7-

dihydroperoxy-3,7-dimethyl-6-

oxooct-2-en-1-yl nitrite 

Zheng et al.14 
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