Abstract

Background

Methods

The following molecules were present in the simulation cell:

· Carbon in the form of graphene fragments with 22 atoms each. (C22)

· Ethyl-methyl-imidazol ions (EMI)

· Boron tetrafluorate anions (BF4)

· Polytetrafluoroethylene fragments: CF3-(CF2)20-CF3 (PTFE)

The concentrations of the components were based on a electrode compound used in supercapacitors [ref.req.]

Simulation box generation

First, a placelet of carbon was simulated in vacuo and a selection of its possible shapes was taken from the simulation history.

Then a 40 Angström cubic box was filled with porous carbon by adding one randomly selected shape of the carbon piece at a time at random orientation and rotation in the simulation box, then calculating the energy difference for the box with and witout that carbon piece and it was either accepted or rejected, based on the probability of such an energy in a Boltzmann distribution, until the required number of carbon pieces had been accepted to meet the required carbon concentration. [ref: mcgen]

After carbons, the ionic liquid was inserted with the same method. To avoid charge buildup in the box, the anions and cations were inserted intermittently (one cation, then one anion) with the energy check after each ion.

At last, the PTFE molecules were generated randomly, one monomer at a time, only checking for geometric constraints and not for energy.

Force fields

The force fields were taken from the following sources:

· Carbon from [Hentscke ref.req.]

· PTFE from [Okada http://dx.doi.org/10.1080/08927029908022072]

· EMI-BF4 from [Lopes http://dx.doi.org/10.1021/jp0362133]

The Van der Waals forces of the separate force fields were written in the Lennard Jones form and combined using the following combination rule: 
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Simulations

Molecular dynamics simulations were first done for 2 ns using the NVT ensemble

in the original 40^3 Angström box, then for 10 ns using the NPT ensemble. For

validation, the NVT simulations were also continued until 10 ns long from the

beginning.

Analysis methods

RDF

MSD

Time evolution histogram

The aromatic ring centre locations were calculated for the cations and marked as points X.

The first coordination sphere radius for anions around a cation was found from the RDF of X..B.

The distribution of coordination times was composed by counting the number of

consecutive simulation snapshots (taken after every 1 picosecond) that each anion spent in the

coordination sphere of a unchanged cation. The results were shown with log-log axes and

the coefficients for the equation p(t)=b*t^a were calculated.

Inertia ellipsoid shape

From each snapshot the cation centers' (points X) and the anion central atoms'

(B) coordinates were extracted.  For each group of one cation and all of the

anions coordinated with it, inertia tensors were calculated, assuming the mass

of the cation to be concentrated in point X and the mass of each anion to its

central B atom. The distributions of the inertia tensors greatest, next

greatest and least principal axes were calculated.

The shape of the inertia ellipsoid shows whether the anions prefer to stay in

one plane or are distributed uniformly over a sphere. 
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