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Atmospheric Oxidation of VOC
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Park et al., J. Phys. Chem. A, 108, 2004
Atkinson et al., Atmos. Environ., 37, 2003

Important oxidation agents: OH, NO3, O3 and Cl



Peroxy Radical Reactions
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UrbanPristine

~10-2 s-1 ~10-2 s-1

~10-3 s-1 ~10 s-1

10-11 s-1 - 107 s-1

Pseudo first-order 
reaction rate coefficients

McAdam et al., Chem. Phys. Lett., 133, 1987
Plumb et al., Int. J. Chem. Kinet., 14, 1982
Crounse et al., J. Phys. Chem. Lett., 4, 2013



Hydrogen Shifts and Autoxidation
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1,5 H-shiftO/C ratio: 
2/5

O/C ratio: 
4/5

k ~107 s-1

Secondary 
Organic 

Aerosol (SOA)

Crounse et al., J. Phys. Chem. Lett., 4, 2013



𝐸𝑇𝑆 − 𝐸𝑅

Transition State Theory

Unimolecular reaction: 

- 𝜅: Tunneling correction, Eckart

- 𝑄: Partition function

- 𝐸: ZPVE-corrected energy

𝑘 = 𝜅
𝑘𝐵𝑇

ℎ

𝑄𝑇𝑆

𝑄𝑅
𝑒
−(𝐸𝑇𝑆−𝐸𝑅)

𝑘𝐵𝑇
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H-shifts in Dimethylsulfide Oxidation
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Annual DMS emission: ~20 × 106 tons

H-shift rate coefficients at 295 K:

𝑘𝐻−𝑠ℎ𝑖𝑓𝑡,𝑒𝑥𝑝𝑡. = 0.23 ± 0.12 s−1

𝑘𝐻−𝑠ℎ𝑖𝑓𝑡,𝑐𝑎𝑙𝑐. = 0.047 s−1

H-shift

H-shift

60-95 %

Veres et al., Proc. Natl. Acad. Sci., 4, 117, 2020
Berndt et al., J. Chem. Phys. Lett., 10, 2019



Unknown UV-Absorber on Venus
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Frandsen et al., submitted to J. Phys. Chem. A



OSSO as a Candidate

• UV absorption coincides with SO2 on Venus
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𝑆𝑂2 + ℎ𝜈 → 𝑆𝑂 + 𝑂

𝑆𝑂 + 𝑆𝑂 → 𝑂𝑆𝑆𝑂



Calculated OSSO Absorption Spectra 
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Based on estimated photolysis
rate coefficients



SO + SO
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Frandsen et al., Geophys. Res. Lett., 43, 11, 146-155, 2016



Potential Energy Surface
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CCSD(T)/cc-pV(T+d)Z (gray) 
MRCI/cc-pV(T+d)Z (black)



SO + SO Rate Coefficient

High-pressure limit: 

Calculated high-pressure rate coefficients at T = 245 K:

Slight negative temperature dependence
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𝑘∞,𝑐𝑜𝑙𝑙𝑖𝑠𝑖𝑜𝑛 = 1.4 × 10−11 molecule−1 cm3 s−1

𝑘∞,𝑉𝑇𝑆𝑇 = 1.7 × 10−11 molecule−1 cm3 s−1

𝑑[𝑂𝑆𝑆𝑂]

𝑑𝑡
= 𝑘 𝑆𝑂 2

Frandsen et al., Geophys. Res. Lett., 43, 11, 146-155, 2016
Frandsen et al., submitted to J. Phys. Chem. A



Implementation into Venus Model
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