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Supercapacitors have gained increased attention in recent
years owing to their high-power density, charge efficiency,
and long cycle lifetimes. The performance of supercapacitors
has been improving through discovery of novel materials and
the understanding of charging/discharging mechanisms [1].
Carbon-based materials have been widely studied as electrodes
due to their good electrical conductivity, high surface area, and
porosity control [2][3]. lonic liquids are promising electrolytes
with their high energy density and wide electrochemical
window. However, their slow transportation properties and
low electrical conductivity are drawbacks as pure electrolyte
materials. Organic solvents are widely used to increase their
conductivity and power density [1]. Molecular dynamic
simulations allow to study charging dynamics and structure of
supercapacitors with various properties in molecular level.

In this study, molecular dynamic simulations are conducted on
supercapacitor systems consisting of carbon electrode, organic
solvent acetonitrile (ACN) and ionic liquid 1-butyl-3-
methylimidazolium hexafluorophosphate (BMIM-PF6). The
electrodes are modelled as slit pores with 3-layers of
honeycomb lattice model graphene sheets. System model is
shown in Figure 1. The systems are built with pore width of
7.78 A 11.12 A and 14.75 A, ion fractions of 0.77 and 1.00,
and solvent dipole moments of 2.06 D, 4.12 D and 6.12 D.

Figure 1. Simulated system. ACN (green), [BMIM*] (blue),
[PF6] (red)

Initial configurations are obtained with Packmol [4] and
molecular dynamic simulations are conducted using the
LAMMPS package [5]. Equilibrium simulations are followed

by constant potential simulations with potential difference of
1.0 V. Systems are charged for 15 ns. The charging dynamics
of the electrodes, kinetic properties, and molecular structure of
the electrolyte at the interface and inside the pores are analyzed
to understand solvent effect in slit-pore supercapacitor models.
The charging profile of the electrodes, radial distribution
functions, number and charge density of the electrolyte,
diffusion coefficient, and ionic conductivity are calculated to
explain the effect of system parameters on the supercapacitor
models. Charging of the electrodes shows that presence of
solvent increases the electrode charging under constant
potential.
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