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MODEL

Model:
conc. change "̇#$ =
growth (in) +'#(,($"#("($

+'$$,$("$$"$(
growth (out) −'#$,$("#$"$(

−'#$,$$"#$"$$
−'#$,($"#$"($

evaporation (in) ++,$→#$",$
++,#→#$",#
++##→#$"##

evaporation (out) −+#$→#("#$
−+#$→$$"#$

concentration…………….… c
collisionn cross section … β
evaporation rate ………….. γ



Example of
clusters of

sulphuric acid and 
ammonnia

sulphuric acid 

am
m

on
ia

Example of clusters: 

sulphuric acid 
and 

ammonia



Configurational sampling



Potential Energy Surfaces (PES)

GLOBAL MINIMUM

§ Quantum Mechanics (QM)

§ Schrödinger equation

§ WFT or DFT

§ Semi-empirical

§ Tight-binding (TB) methods, 
semi-empirical methods

§ E.g.: PM7 or GNF-xTB

§ Molecular Mechanics (MM)

§ Force fields (FF)



§ Force Field (FF) description

§ Lennard-Jones interactions

§ Coulomb interactions

§ RIGID MOLECULES

§ no bond formation/breaking

§ Protonation states

§ Configurational search:

§ sampling on grid 

§ Molecular Dynamics (MD) or Monte Carlo simulations

§ Simulated annealing techniques

…

§ Genetic algorithms

Molecular Mechanics (MM)
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§ // too much combinatorical possibilities

§ // getting stuck in some minima

§ for long time

§ à Artificial Bee Colony (ABC) algorithm [Karaboga et al. (2008)]

§ ABCluster (program) [Zhang et al. (2015), Zhang et al. 2016)]
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The real “surface“ of minima

(which we do not know)
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• PCA→[X1,X2]: semi-empirical energy, gyration radius, dipole moment, H-bond count …



Applications



H2SO4–ammonia
clusters

Studied by Vitus Besel (poster).



H2SO4–guanidine 
clusters



Hydrated
clusters



Iodine clusters

Ahonen, Li, Kubečka, Iyer, Vehkamäki, Petäjä, Kulmala, Hogan, J.Phys.Chem.Lett. 2019

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahonen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=30939018
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20C%5BAuthor%5D&cauthor=true&cauthor_uid=30939018
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kube%C4%8Dka%20J%5BAuthor%5D&cauthor=true&cauthor_uid=30939018
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iyer%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30939018
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vehkam%C3%A4ki%20H%5BAuthor%5D&cauthor=true&cauthor_uid=30939018
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pet%C3%A4j%C3%A4%20T%5BAuthor%5D&cauthor=true&cauthor_uid=30939018
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kulmala%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30939018
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hogan%20CJ%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=30939018
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Summary & Conclusion & Outlook

§ Atmospheric nucleation!

§ Configurational sampling of molecular clusters.

LOW LEVEL OF THEORY -> MEDIUM LEVEL OF THEORY -> SELECTION -> HIGH LEVEL OF THEORY                  
…(genetic algorithm) (PCA, Gauss.reg.)
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