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Background in Atmopheric Chemistry
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Volatile Organic Compound (VOC) Emissions
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Isoprene
(C5H8)

Monoterpenes
(C10H16)

1250 Tg

500 Tg

100 Tg

Annual Emission

Total non-methane VOC

Guenther et al., J. Geophys. Res. Atmos., 100, 1995

1 Tg = 1,000,000 tons



Atmospheric Oxidation Reactions
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”Gas-Phase Reactions of Isoprene and Its Major Oxidation 
Products” Chem. Rev., 2018, 118 (7), pp 3337–3390

Slide: Kelvin H. Bates

Isoprene Oxidation

Annual emission: 500 Tg



6

Atmospheric Importance of H-shifts

H-shifts: ≥0.30×isoprene

Wennberg et al., Chem. Rev., 118, 2018
Møller et al, J. Phys. Chem. A, 123, 2019

GEOS-Chem, Kelvin H. Bates
Δ[OH] (%)

Change in [OH] due to H-shifts



Small molecule autoxidation
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Dimethylsulfide (DMS)

30 – 60 % of DMSTrimethylamine

>80 % H-shift

Veres et al., Proc. Natl. Acad. Sci., 2020, 117, 4505-4510
Berndt et al., J. Phys. Chem. Lett. 2019, 10, 21, 6478-6483
Møller et al., Environ. Sci. Technol. 2020, 54, 11087–11099



Atmospheric Chemistry on Exoplanets
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Exoplanet model atmospheres

Gustafsson et al., A&A 486, 951–970 (2008)
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MARCS (Model Atmospheres in 
Radiative and Convective Scheme): 

- Calculates atmospheric structure

- Molecular composition calculated -
assuming equilibrium



Beyond Equilibrium: Atmospheric Chemistry
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1. Framework

2. Reactions


