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The formation, properties and lifetime of secondary organic aerosols in the atmo-
sphere are largely determined by gas-particle partitioning coefficients of the par-
ticipating organic vapours. Since these coefficients are difficult to measure or to
compute, we developed a machine learning model to predict them given molecular
structure as input. Our data-driven approach is based on the dataset by Wang et
al. [1], who computed the partitioning coefficients and saturation vapour pressures
of 3414 atmospheric oxidation products from the master chemical mechanism us-
ing the COSMOtherm program. We train a kernel ridge regression (KRR) machine
learning model [2] on the saturation vapour pressure (Pvap), and on two equilibrium
partitioning coefficients: between a water-insoluble organic matter phase and the
gas phase (KWIOM/G), and between an infinitely dilute solution with pure water and
the gas phase(KW/G). For the input representation of the atomic structure of each
organic molecule to the machine, we test different descriptors such as the Coulomb
matrix [3] and the many-body tensor [4]. Our best machine learning model predicts
Pvap and KWIOM/G to within 0.3 logarithmic units and KW/G to within 0.43 loga-
rithmic units compared to the original COSMOTherm calculations. This is equal
or better than the typical accuracy of COSMOtherm predictions compared to ex-
perimental data (where available). We then apply our machine learning model to a
dataset of 35,383 molecules that we generated based on a carbon 10 (C10) backbone
and functionalized with 0 to 6 carboxyl (-COOH), carbonyl (=O) or hydroxyl (-OH)
functional groups. Our C10 model is representative of the Wang et al. data set and
allows us to efficiently identify organic molecules with a low saturation vapour pres-
sure Pvap.
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