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2 Illustration

To calculate the solvation free energy of potassium chloride (KCl), a series of simu-
lations is performed. In each simulation, the ions are assigned a coupling parameter
λ. The parameter functions as to couple the interactions, in this case LJ and Cou-
lomb interactions, between the ions and the rest of the system. This is achieved by
altering the interaction parameters on the ions so that for LJ interactions, we have
λσ and λϵ, whereas for Coulomb interactions, we have λq. As stated in the previous
section, we are only interested in the end-states. In principle, only two simulations,
one with λ = 0 and one with λ = 1, would thus be needed in order to calculate
the free energy of solvation. The former case corresponds to no interactions at all
between the ions and the rest of the system, mimicking the scenario where K+ and
Cl– are in vacuum. The latter case corresponds to full interaction between the ions
and the rest of the system, which is the case when the ions are solvated in the aqueous
phase. In practice though, a set of only two simulations generally does not suffice
to obtain a reliable estimate of the free energy associated with some process since the
overlap in configuration space between the two states, i.e. λ = 0 and λ = 1, is poor.
Hence, intermediate states corresponding to intermediate λ’s are needed in order to
connect the end-states, enabling a greater overlap in configuration space between each
neighboring state (λ).
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Figure 6.1: Schematic illustration of how values of ΔUij,n and ΔUji,n are calculated during the course of two separate
simulations, where one simulation is carried out in state i (left column, denoted Ensemble i) and the other
in state j (right column, denoted Ensemble j).
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Models are essential in order to describe phenomena that we cannot 
directly see or measure. However, for a model to be useful it needs 
to be accurate yet simple enough so that it can be handled by what-
ever means that are available. The work in this thesis aims to describe 
intermolecular interactions in aqueous salt solutions, using atomistic 
simulation models. Interactions between molecules in these systems are 
of great importance in environmental chemistry, especially in chemistry 
involving seawater. While the models are designed to reproduce what 
has been observed from experimental measurements, they add further 
insight into the molecular mechanisms underlying these observations. 

The thesis introduces the reader to the field of statistical thermodynamics, 
continues to describe how intermolecular interactions are modelled 
and how the theory is implemented in simulation, and ends with some 
applications.

      


