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INTRODUCTION

Seawater is a multi-electrolyte solution, the main ingre-
dient of multi-electrolyte is sodium chloride with the mass
concentration of about 78 %. It is usual to replace the seawater
with the sodium chloride solution for research', nevertheless,
many other electrolyte solutions could be ignored, such as
potassium chloride, magnesium chloride, magnesium sulfate,
etc. Thus, we carry out the study of the dielectric properties of
aqueous solution of KCI at remote sensing frequencies.

Currently, most of the data of complex permittivity of
aqueous electrolytes are the results from experiments™®, only
a small part of that were obtained via molecular dynamics
simulation®"". Nevertheless, for experimental measurement of
the data, the requirement of so many electrolyte specimens
will consume much time for the preparation as well as the
measurement. Molecular dynamics simulation method is
conducted in this study to replace experimental measurement
to obtain more data, the method also has the advantage of
revealing molecular motions on the picoseconds time scale
which is particularly important for the study of the solvation
dynamics.

EXPERIMENTAL

Models and simulations: The simulations were run in
the NVT ensemble on systems consisting of 540 molecules
(520 water, 10 K and 10 C1)° placed in a cubic box with periodic
boundary conditions at temperature between 293 K and 303
K. The box length was chosen to match the experimental
density of aqueous potassium chloride solutions at 293-303 K
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and 1 atm. The SPC/E model was used for water and the ions
were modeled as charged Lennard-Jones particles'>" and
Lennard-Jones interactions were cutoff at 1/2 box length and
the long-ranged portions of the electrostatic potentials were
treated by Ewald sums with conducting boundaries'*'*. The
equations of motion were integrated using the leap-frog algo-
rithm'® with a time step of 1 fs, while the molecular geometries
were restored using SHAKE'"". The results reported here are
based on the average of 200 000 molecular dynamics time
steps for each model.

Theoretical method: The theory underlying the calculation
and analysis of the (frequency-dependent) dielectric properties
of multicomponent systems by molecular dynamics simulations
has been described earlier'®'?. Thus, here we just briefly intro-
duce the relevant principles used in this study and present the
pertinent results.

We selected a useful monoexponential function to do fits
for all raw time correlation functions (t)*,

0(0) = Ae™? (1)
where A is the parameter, T is the relaxation time, ¢(t) is time
auto-correlation function of the dipole moment M, obtained
from molecular dynamics simulations.

The static dielectric constant is related to the mean square
fluctuations in the dipole moment M of the simulation cell by
the relation®'.

e 1= Rl

’ 3kV

where € is static dielectric constant, M is the total dipole
moment of the system, k is the Boltzmann's constant and V is
the volume of the simulation cell. The mean-square value for
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M and < M? > can be obtained from molecular dynamics
simulation with the system size of 540 particles in the conduc-
ting boundary conditions. The static dielectric constant decreases
with rising temperature and increasing concentration.

Finally, frequency-dependent dielectric properties of KCl
solutions were investigated, &(®) =€’(®) +je”’(®) . The complex
permittivities can be described by the following single Cole-
Cole equation®*7%1%,
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where €(®) is the complex permittivity at an angular frequency
®, ®=27fand € and £.. are the limit of the permittivity at low
and high frequencies respectively, & is the permittivity of free
space, 7T is the relaxation time, 6;** is the ionic conductivity
and o is the shape parameter representing symmetrical distri-
bution of relaxation time, 0 < o, < 1, which is very small’. The
simulated value of real €’ (®) and imaginary €”(®) are presented
in Figs. 1 and 2.

RESULTS AND DISCUSSION

Some relative experiments were carried out in order to
validate the accuracy of the simulations in this study. A vector
network analyzer Agilent N5230A, with an Agilent open-ended
coaxial cable connected to a Agilent 85070E dielectric probe
was employed to measure dielectric properties of these KCl
solutions. The experimental value of real € (®) and € ()
imaginary are presented in Figs. 3 and 4.
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of simulation values at 5.1 GHz
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of measure values at 13.6 GHz

The comparison of the simulated and experimental results
reveals the simulated results approximatively agree with
experimental results at 5.1 GHz and 13.6 GHz. The error of
the simulated and experimental results can be induced from
the following reasons: firstly, the error from the experimental
measures is inevitable due to reflection and system loss;
secondly, the time steps of molecular dynamics simulations
are limited by computer performance.

Conclusion

The study on dielectric properties of aqueous solutions
of KCl is also important for ocean remote sensing. The static
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dielectric constant, dielectric relaxation in the frequency of
microwave, as well as the microwave spectra of KCI solutions
have been investigated through molecular dynamics simulation
and the results approximatively agree with experimental
measurements. This simulation has been proved to be an efficient
tool for the study of molecular processes in solutions on the
picoseconds time scale under the sufficiently wide frequency
range.
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