
Simulations of Formation of Molecular Clusters, 2015 Exercise set 3
Return your answers by Monday 5 October, 6 pm, to oona.kupiainen(at)helsinki. This time
the focus is on presenting your answers so that it is clear what simulations and data analysis
were performed, how, and why. Formulate your answers so that all important information is
included in the answers and the logic can be followed without looking at the other �les. Return
one pdf document containing a short description of what you did, plots (+ description of what
was plotted and what is seen in the plot), discussion of the results, and conclusions. Return
also 2 Matlab codes (1 per question) that produce all the plots, and all input �les needed by
these codes.

1. Ionization and recombination processes

Study a system of clusters consisting of one molecule type that can exist in three charging
states, 0 (Z), +1 (Z1P) and -1 (M or Z1RP). Use neutral, negatively charged (total
charge -1 e) and positively charged (total charge +1 e) clusters, and in each charging
state include clusters with up to six molecules (counting also the molecular ion). Include
also generic charger ions of both polarities, which charge the neutral molecule to form
a molecular ion upon collisions. Prepare ∆G curves for each charging state: at a Z
monomer concentration of 108 cm−3, on the positively charged pathway, the dimer 2Z1P
has the highest energy at 3 kcal/mol, on the neutral pathway there is an energy barrier
of 15 kcal/mol corresponding to the tetramer 4Z, and on the negatively charged pathway
each step is energetically favorable, that is ∆G decreases with increasing cluster size.
(All monomer energies are zero.)

Run simulations with a constant ion pair production rate (= same time-independent
source term for charger ions of both polarities) and a constant Z monomer concentration.
Test a few values both for the ion pair production rate (a realistic value corresponding to
the lower atmosphere would be around 3 s−1cm−3) and for the Z monomer concentration.
Study the relative importance of di�erent cluster formation pathways in steady state. In
what conditions does the neutral pathway dominate? When is the negative ion pathway
important? What about recombination of positive and negative ions or growth along the
positive ion pathway?

2. Growth rates � ACDC as a tool for evaluating data analysis methods

Perform the following simulation: Sulfuric acid (A) is produced at a time-dependent rate
S(t) = S0 exp(−((t/3600 − 2)/0.5)2) s−1cm−3, where t is time in seconds and S0 = 107

s−1cm−3. Generic negative charger ions are produced at a constant rate of 3 s−1cm−3.
A molecules alone do not form any clusters, but the charger ions charge them to form
bisulfate ions (B), and A molecules can cluster irreversibly (= no evaporation) on these
B ions. Use a system with clusters up to at least 1000 molecules, and a simulation
time of 10 hours, starting from time t = 0. Use both an external condensation loss
term of 2.6×10−3 s−1, and a coagulation sink corresponding to particles formed during
the simulation. (Note: the simulation will probably take several minutes, but if your
computer really can't handle it, use a smaller system. Note 2: using a truly time-
dependent source term is not possible, so you should instead cut the simulation into (for
instance) 1 minute pieces, and use a new source term �le for each time interval.)

• Present the time evolution of the cluster distribution as a �banana plot� of dC/d(log
d) with logarithmic size bins of width δ log(d/nm) = 0.2.

• Evaluate the growth rate of the clusters/the cluster population using four methods:
�ux growth rates from collision �uxes, the maximum concentration method, the



mode �tting method, and the time delay method. Discuss and compare the growth
rates obtained from the di�erent methods. Which methods give negative concen-
trations and in what situations? Do the clusters actually shrink? While all of the
methods give a �growth rate�, are they actually dealing with the same quantity?

• Bonus: How do non-zero evaporation rates change the situation?

• Bonus 2: What happens to the �banana plot� and the growth rates from the max-
imum concentration method and the mode �tting method if you use linear size bins?

Note: you don't need to answer the bonus questions to get full points from this exercise
set, but you can instead get a few extra points by doing them.


