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Figure S1 – Schematic diagram of the experimental setup. 
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Figure S2 –A) Negative ion mass spectrum of 1 mM -terpinene + 0.2 mM NaCl in 

W:THF (1:4 = vol:vol) solution microjets before (gray), and during exposure to O3(g) 

(red, E = 3.1 x 1011 molecules cm-3 s) at 1 atm and 298 K. The m/z 237;239 signals 

correspond to chloride-adducts of -hydroxy-hydroperoxides. B) Zooming-in on the 

minor products. 

-T in W:THF

100 150 200 250 300 350 400

Si
gn

al
 in

te
n

si
ty

 /
 1

0
5  io

n
 c

o
u

n
ts

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

no O3(g)

with O3(g)

m/z

180 200 220 240 260 280 300
0.000

0.005

0.010

0.015

0.020

237

239

183

223199

253

A

B

225
255



S4 

 

 

 

Figure S3 –A) Negative ion mass spectrum of 1 mM -terpinene + 0.2 mM NaCl in 

H2
18O:AN (1:4 = vol:vol) solution microjets exposed to O3(g) (E = 5.1 x 1011 molecules 

cm-3 s) at 1 atm and 298 K. The m/z 239;241 signals correspond to chloride-adducts of 

-hydroxy-hydroperoxides from the reaction of CIs with (H2
18O)n. B) Zooming-in on 

the minor products. 
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Figure S4 – Negative ion mass spectra of 1 mM -terpinene (A), terpinolene (B), 

d-limonene (C) or -pinene (D) + 0.2 mM NaCl in D2O:AN (1:4 = vol:vol) solution 

microjets before (gray), and during exposure to O3(g) (red, E ≈ 5.2 x 1011 molecules 

cm-3 s) at 1 atm and 298 K. The m/z 239;241 signals correspond to chloride-adducts of 

-hydroxy-hydroperoxides from the reaction of CIs with (D2O)n. 
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Figure S5 – Negative ion mass spectra of 1 mM -terpinene (A), terpinolene (B), 

d-limonene (C) or -pinene (D) + 0.2 mM NaCl in H2
18O:AN (1:4 = vol:vol) solution 

microjets before (gray), and during exposure to O3(g) (red, E ≈ 5.2 x 1011 molecules 

cm-3 s) at 1 atm and 298 K. The m/z 239;241 signals correspond to chloride-adducts of 

-hydroxy-hydroperoxides from the reaction of CIs with (H2
18O)n. 
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Figure S6 – Zooming-in mass spectra of 1 mM -terpinene (A), terpinolene (B), 

d-limonene (C) or -pinene (D) + 0.2 mM NaCl in W:AN (1:4 = vol:vol) solution 

microjets before (gray), and during exposure to O3(g) (red, E ≈ 5.2 x 1011 molecules 

cm-3 s) at 1 atm and 298 K.  
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Figure S7 – Mass spectral signal intensities of hydroxy-hydroperoxide product (m/z 

237) from 1 mM -terpinene (A), terpinolene (B), d-limonene (C), or -pinene (D) + 

0.2 mM NaCl in W:AN (1:4 = vol:vol) solution microjets exposed to O3(g) as a function 

of O3(g) exposure (in 1011 molecules cm-3 s). Connecting lines are guides to the eye. 
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Figure S8 – Product mass spectral signal intensities for m/z 237 

(hydroxy-hydroperoxides) and m/z 403 (C20 ester hydroperoxides) from 1 mM 

-terpinene + 0.2 mM NaCl + 10 mM cis-pinonic acid in W:AN (1:4 = vol:vol) solution 

microjets exposed to O3(g) as a function of O3(g) exposure (in 1011 molecules cm-3 s). 

Connecting lines are guides to the eye. 
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Figure S9 – Negative ion mass spectra of 1 mM terpinolene (A), d-limonene (B) or 

-pinene (C) + 0.2 mM NaCl + 1 mM cis-pinonic acid in W:AN (1:4 = vol:vol) solution 

microjets before (gray), and during exposure to O3(g) (red, E ≈ 5.1 x 1011 molecules 

cm-3 s) at 1 atm and 298 K. Note the absence of mass signals at m/z 403;405 (from CIs 

+ CPA) in the presence of O3(g). 
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Figure S10 – Negative ion mass spectra of 1 mM -terpinene + 0.2 mM NaCl + 5 mM 

octanoic acid (OA) in W:AN (1:4 = vol:vol) solution microjets (gray), or those exposed 

to O3(g) (red, E = 5.4 x 1011 molecules cm-3 s) at 1 atm and 298 K. The signals at m/z 

309 appearing without O3(g) exposure is assigned to Na(OA)2
-. In the presence of 

O3(g), new mass signals at m/z 363;365 (from CIs + OA) in addition to those at m/z 

237;239 (from CIs + (H2O)n) appear.  
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Figure S11 – Negative ion mass spectra of 1 mM -terpinene (A), terpinolene (B), 

d-limonene (C) or -pinene (D) + 0.2 mM NaCl + 5 mM octanoic acid (OA) in W:AN 

(1:4 = vol:vol) solution microjets before (gray), and during exposure to O3(g) (red, E ≈ 

5.3 x 1011 molecules cm-3 s) at 1 atm and 298 K. Note the absence of mass signals at 

m/z 363;365 (from CIs + OA) in the presence of O3(g).  
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Scheme S1. Scheme for generation of the m/z 223;225 product during ozonolysis of 

-terpinene at the gas−liquid interface. The proposed 1,6-hydrogen-shift is in 

accordance with previous reports.1-2 Representative structures are shown among 

isomers. 

 

 

 

 

Scheme S2. Scheme for generation of the m/z 253;255 product during ozonolysis of 

-terpinene at the gas−liquid interface. The proposed epoxidation reaction is in 

accordance with previous reports.3-4 Representative structures are shown among 

isomers.  
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Scheme S3. Scheme of ozonolysis of -terpinene at the gas−liquid interface. Here we 

show representative structures among isomers. 
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Scheme S4. Scheme of ozonolysis of terpinolene at the gas−liquid interface. The 

proposed 1,4-hydrogen-shift is in accordance with previous reports.2, 5 Here we show 

representative structures among isomers. 
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show representative structures among isomers. 



S17 

 

 

 

 

SI REFERENCES 

1. Mackenzie-Rae, F. A.; Karton, A.; Saunders, S. M., Computational Investigation 

into the Gas-Phase Ozonolysis of the Conjugated Monoterpene -Phellandrene. Phys. Chem. 

Chem. Phys. 2016, 18, 27991-28002. 

2. Vereecken, L.; Novelli, A.; Taraborrelli, D., Unimolecular Decay Strongly Limits 

the Atmospheric Impact of Criegee Intermediates. Phys. Chem. Chem. Phys. 2017, 19, 

31599-31612. 

3. Enami, S.; Hoffmann, M. R.; Colussi, A. J., How Phenol and -Tocopherol React 

with Ambient Ozone at Gas/Liquid Interfaces. J. Phys. Chem. A 2009, 113, 7002-7010. 

4. Enami, S.; Hoffmann, M. R.; Colussi, A. J., Ozonolysis of Uric Acid at the Air/Water 

Interface. J. Phys. Chem. B 2008, 112, 4153-4156. 

5. Heine, N.; Houle, F. A.; Wilson, K. R., Connecting the Elementary Reaction 

Pathways of Criegee Intermediates to the Chemical Erosion of Squalene Interfaces During 

Ozonolysis. Environ. Sci. Technol. 2017, 51, 13740-13748. 

 

chloride

(H2O)nO3(g)

-P (MW 136) POZ CI HH (m/z 237;239)

cis-Pinonate 
(m/z 183)

-H+

Scheme S6. Scheme of ozonolysis of -pinene at the gas−liquid interface. Here we 

show representative structures among isomers. 


