
Molecular Dynamics Simulations of CsCl in Water
Pamela Svensson

December 10, 2017

Applied Molecular Physics, 10c
Uppsala University

With: Carl Caleman & Clara Saak & Olle Björneholm

1



Contents
1 Introduction 2

2 Method 2

3 Experimental comparison 3

4 Results 4

5 Conclusions 7



Pamela Svensson
December 10, 2017

Molecular Dynamics Simulations of CsCl in Water
Applied Molecular Physics, 10c

Abstract

Salt is a common substance of which the structure has been investigated in this study.
Molecular dynamics simulations has been performed of a solution of Caesium Chloride in
water for four different concentrations. Radial distribution functions show a change in the
structure of oxygen-oxygen with increasing concentration, especially for the second solvent
shell. Contributions of the ions increases the separation between the water molecules and a
long range peak of approximately 0.9 nm appears for higher concentrations. The results can be
compared with experimental results performed at Swedish University of Agricultural Sciences.
These distances are much longer (around 3.4 Å) and shows signs of cluster formation.

1 Introduction
Saline water, or salt water as it is mostly known, covers more than 70 % of the surface of the
Earth. As it is used in multiple fields of application such as preserving food, for cleaning purposes
and in other biological areas, a natural response to a well known electrolyte such as salt water is
to be certain about its properties. Environment salinity, for example, creates stresses for plants
which can influence signalling pathway and, possibly, damage the plant[1]. This study aims
towards a greater fundamental understanding in these questions and preferably making steps for
better prediction for other soluables of this kind. For this project, the inorganic salt Caesium
Chloride (CsCl) has been chosen, mainly because its high solubility (1910 g/l)[2]. The structure
of the salt is investigated for high concentrations in order to then be able to compare with more
normal values. Radioisotopes of CsCl such as 131CsCl is used within cancer treatments and other
types of nuclear medicine [3].

2 Method
The molecular dynamics (MD) simulations for the system was performed using the GROMACS
package, a flexible program which uses the classical Newtonian equations of motion for molecular
calculations[4][5][6][7]. The equations are solved numerically in small time steps with a wisely
chosen force field for the system and specified boundary conditions. The force field needed in order
to solve the mechanical equation consists essentially of a set of functional forms and parameters
to describe the forces between the atoms. The typically used forms for pair-potential are the
Lennard-Jones,

VLJ =
C

(12)
ij

r12
ij

−
C

(6)
ij

C6
ij

where the constants C(12)
ij and C

(6)
ij are chosen depending on the atom type, and Coulomb

interaction

Vc(rij) = f
qiqj

rij

with the factor f ≈ 140[8].
Firstly, a box with specified dimensions containing a number of ions is created. A structure file

example.gro, which includes the total number of the atoms, the atom types, their coordinates and
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velocity in three dimensions, is used together with a topology file example.top which includes the
force fields of the system. The space is thereafter filled with a solvent, water in this case, by using
the keyword solvate, creating a new structure file and topology file. With grompp an input file
example.tpr can be created and then used in the actual simulation with mdrun. By allowing the
molecules to relax, an energy minimum can be reached and thus gaining the preferred structure of
the system. Addition and varying the amount of ions in the solvent, different molar concentrations
can be simulated. Radial distribution functions g(r) can thereafter be obtained with the keyword
g_rdf for the different concentrations of interest. The radial distribution function (rdf) is, as
the name suggests, a function which describes the probability of finding a particle at a given
radial distance r from a reference particle. A highly structured system, such as a solid, will give
an infinite number of sharp peaks, while a liquid will produce a decaying function reaching 1 at
longer distances, see Figure 1.

Figure 1: The radial distribution function of a Lennard-Jones fluid. The probability of finding
a particle is the highest at r ≈ 1.1 and thereafter reaching a minimum at r ≈ 1.55.

The time limit was set to 100 ps with steps of 0.2 ps and the temperature set to 300 K for
de different configurations. The force fields for the ions and water was chosen with support of
successful results from previous studies[9][10].

3 Experimental comparison
The results of the simulations can be compared with experimental data performed with the
method of Large Angle X-ray Scattering (LAXS). The scattering from the free surface of aqueous
solutions of Caesium Chloride was measured by means of a large-angle θ − θ diffractometer. By
using Fourier transform of the measured intensity of the sample, a rdf can be extracted, see
Figure 2.
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Figure 2: Radial distribution function of 4M CsCl solution. Obtained from a LAXS by I. Persson
and É. Bajnóczi at Swedish University of Agricultural Sciences.

The first peak at around 0.9 Å is a dummy peak whereas the first real peak is at about 3.4
Åwhich corresponds to ion-oxygen distances. There are clearly some kind of ordered structure
up to about 10 Åwhich decreases at longer distances. This suggests that the solution consists of
small clusters within this range.

Parallel with the experiments, MD simulations can be performed to obtain details regarding
the structure which are not easily available from experimental methods.

4 Results
The MD simulations was performed within a box with a size of approximately 22 × 22 × 22 nm.
As can be seen in Figure 3 some atoms appear to be outside the simulation volume, the particles
will however appear on the other side of the box, so that their path remain continuous.

4



Pamela Svensson
December 10, 2017

Molecular Dynamics Simulations of CsCl in Water
Applied Molecular Physics, 10c

Figure 3: Simulation cell of Cl (green), Cs (purple) and water (red and white)

Multiple calculations was performed with salinity levels ranging from 0.1 % to 19.3 % (number
of salt particles to water molecules). A low amount of ions will produce a noisy ion-ion rdf
whereas a high concentration of ions will produce some noise of a oxygen-oxygen rdf, this can be
noted in Figure 4a. When extracting the oxygen-oxygen distances, Figure 4a, a typical water rdf
can be seen for 1 ion pair. This is due to the very low amount of ions in the system and their
presence in the solution are therefore almost invisible. When increasing the concentration, the
first peak drops, simply due to a lower amount of water molecules in the system, and the second
solvation shell (second peak) appears at higher distances, around 0.6 nm.
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(a) Rdf of oxygen-oxygen distance for different concentrations.
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(b) Rdf of total system distance for different concentrations.
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A higher concentration of 19.3 % will also produce a shift of the first peak of the total rdf for
the system, Figure 4b, and a small peak at approximately 0.9 nm. For better understanding of
the origin of these differences in the structure, a rdf of the 19.3 % system with its components
can be seen in Figure 5.
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Figure 5: Rdf for the high concentration system of 19.3 % with contributions for different
elements.

The presence of ions at about 0.5 and 0.9 nm, as can be seen of the Cl-Cl and Cs-Cs components,
could explain the increased distance in the second solvation shell of the oxygen-oxygen component
in 4a, suggesting a water-ion-water structure at these ranges. The ionic components could also
explain the small peak at 0.9 nm. The shift of the first peak for the highly concentrated system
is explained by the oxygen-Cl and oxygen-Cs separation which appear at circa 0.31 nm whereas
the shoulder is due to the oxygen-oxygen separation. Comparing these results with experimental
values is tricky as the first real peak of the experiment lies around 3 Å whereas the simulated
graphs show a much shorter range.

5 Conclusions
The generated rdf for the different concentrations of the solution shows a variety in how the
molecules structurally align themselves. Higher concentration increases the distance between the
first and second solvent shell of water. This can be seen when studying the different components
of the total rdf as in Figure 5 and thus are MD simulations of good use when trying to understand
how an atomic system behaves under different circumstances. For future studies, simulation of
longer ranges could provide more information about the formation of clusters as could be seen
experimentally.
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