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I Vegetation emits organic molecules 
which are rapidly oxidized on air, resul-
ting in low-volatile organic com-
pounds (LVOC).

II Particle growth in the atmosphere is 
heavily driven by LVOC condensation.1

Objectives:
- Collect possible LVOC in dataframe
- Compute pSat efficiently
- Train Machine Learning model on pSat

I GECKO-A is a chemical 
mechanism simulating the 
oxidation of  organic at-
mospheric compounds.2

III There are tens of thou-
sands LVOC species in the 
atmosphere → Key prop- 
erty is their Saturation 
Vapor Pressure (pSat) 
as measure for their 
affinity to condense.

...

II Parentspecies Decane, 
Toluene and α-pinene 
result in SMILES strings of 
166k HOM molecules.
E.g. "C(=O)(O)C(OO)"

III The created species have in 
median 7 C-, 10 O- and 1 N-
atoms and their sizes distribute:

Next: pSat 
is calculated 
in two steps.
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OSMOconf3 finds

CosmoConf is computationally very 
expensive. Calculation of 1 HOM 
takes 3h - 30h on 128 CPU cores.

INPUT: SMILES
C(=O)(O)C(C(ON(=O)

(=O)))OOC(OO)(C(ON(=O)

- Conformer generation
- Repeated optimization 
(Density Functional Theory)
- Sorting

Output: 
Conformers 
structures + 
Energies

Number of 
conformers 
range in the 
hundreds.

II C
OSMOtherm calculates pS

a
t

COSMOtherm3,4 simulates
molecule in solvent of
itself and calculates ther-
modynamical properties
(such as pSat);
Conformers are weighted
by energy.

I At this point 32k HOM 
have been labelled:

II Topological
Fingerprint is a
descriptor that
hashes molecu
le groups into an array of 0s and 
1s depending on the presence of 
the group. It is the same for all
conformers and maps a mol-
ecule to a pSat.
E.g. [0,1,1,1,0,0,1,0,...]

III We can train a Gaussian Process Regression (GPR) 
Machine Learning model using the pSat and the 
Topological Fingerprint: 

Future Work:
- Most interesting for atmospheric science are LVOC that are
sure to condense: extremely low-volatile compounds (ELVOC) 
- We want to identify ELVOC and improve ELVOC pSat predic-
tions, by employing Active Learning

I GeckoQ5 database contains 31,637
molecules and 7.26 Mio. conformers 
and is publicly available. The data
contains thermodynamic properties, 
structural attributes and functional
group counts.

II We can predict pSat with 0.83 log 
units(mbar) accuracy - compared to
COSMO accuracy of 0.5 log units this 
is quite good!

PS: We also built a Merlin workflow
framework to execute hundreds of 
multilayered DFT calculations on a
supercomputer. If you are interested, 
ask!

...

Histogram of pSat

→ Relationship between To-
pological fingerprint and va-
por pressure can be modell-
ed
→ The more data, the better


