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CNRS 3459, HUB de l’Énergie, Rue Baudelocque, 80039 Amiens, France
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1 Details of the molecular dynamics simulations for

the calculation of free energy profiles

Molecular dynamics simulations are performed to obtain free energy profiles for the species

considered in the NMR spectra calculation. For [BMI][BF4]-ACN, the ions and solvent

are represented using a coarse grained approach where three sites are used for cations and

acetonitrile molecules and one site for anions. For the other electrolytes, an all-atom model is

used. The intermolecular forces are calculated by the sum of Lennard-Jones and electrostatic

interactions. Parameters of the force field can be found in published worksS1–S6 except for

the Lennard-Jones parameters of the carbon in the case of [EMI][TFSI] which were taken

equal to σ = 3.34 Å and ε = 0.51 kJ mol −1. The model supercapacitors consist in slit pores

with two electrodes of three graphene sheets each. All simulations are conducted in the

NVT ensemble at 298K. Two-dimensional periodic boundary conditions are adopted to avoid

unrealistic interactions between the electrodes. A timestep of 1 fs (respectively 2 fs) is used

to integrate the equations of motion for all-atom simulations (respectively coarse-grained

simulations). Simulations were performed at various potential differences applied between

the electrodes with a constant potential methodS7–S9 using the LAMMPS or MetalWalls

software.S10,S11 Most of the initial configurations were generated using fftool.S12 The systems

are equilibrated for several nanoseconds until the electrode charge reaches a plateau before

collecting data for several nanoseconds to calculate the free energies. Details of compositions

and simulation box sizes of the considered systems are given in Table S1.

Table S1: Details of the simulated boxes for the various electrolytes studied in this work.

System No. of ion pairs No. of ACN Lx (Å) Ly (Å) Lz (Å)
[BMI][BF4]-ACN 96 896 32.24 34.36 118.90
[PEt4][BF4]-ACN 65 600 32.24 34.36 84.26

[EMI][TFSI] 322 – 34.08 36.89 146.05
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2 Free energy profiles

Figure S1 shows the free energy profiles for BF−
4 in [BMI][BF4]-ACN at the negative elec-

trode. The desorption of anions at the negative electrode for non-zero potential differences

Figure S1: Free energy profiles for BF−
4 anions at negative potentials.

is clearly visible. Figure S2 shows the free energy profiles and integrated ion densities for

BF−
4 in [BMI][BF4]-ACN and [PEt4][BF4]-ACN at 0 V. The coarse-grained approach, used

for [BMI][BF4]-ACN, leads to stronger features compared to the all atom approach, used for

[PEt4][BF4]-ACN. The density plots predict that more ions enter small pores (pore width <

10 Å) in the case of [BMI][BF4]-ACN compared to the case of [PEt4][BF4]-ACN.
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Figure S2: Free energy profiles (a) and integrated densities (b) of BF−
4 in [BMI][BF4]-ACN

(coarse-grained representation of the ions) and [PEt4][BF4]-ACN (all-atom representation of
the ions) at 0 V.

3 Details of NICS calculations and intrapolation

DFT calculations are carried out on three simple aromatic hydrocarbons (coronene, cir-

cumcoronene, dicircumcoronene - see Figure S3), either neutral or with a charge of ± 1e,

using Gaussian 09S13. Following earlier works,S14–S16 a 6-31G(d) basis set and the B3LYP

Figure S3: Aromatic molecules used for the NICS calculations.

exchange-correlation functional are usedS17. After optimizing the structures, the NICS are

calculated on a line going through the center of the molecule and perpendicular to its plane.

The NICS are the isotropic shifts calculated by averaging over the diagonal components of
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the shielding tensor:

NICS = −1

3
(σxx + σyy + σzz) (1)

where σαα are the diagonal elements of the NICS tensor. Since the addition/removal of an

electron on the molecule might lead to different convergence with basis set size compared to

previous works on neutral molecules,S14–S16 calculations with different basis sets were done

on the coronene molecule. As shown in Figure S4, increasing the basis set beyond 6-31G(d)

Figure S4: NICS calculated on a line going through the center of the molecule considered and
perpendicular to its plane for negatively (a) and positively (b) charged coronene. Increasing
the basis set beyond 6-31G(d) leads to negligible changes for distances larger than 3 Å, which
are the ones relevant for ion adsorption.

leads to negligible changes for distances larger than 3 Å, which are the ones relevant for

ion adsorption. The NICS calculated for the three coronenes considered here are shown in

Figure S5. An interesting point to note is that there is a molecular size effect, i.e. the

larger the molecule the larger the NICS, as was observed for neutral molecules in previous

works.S15,S18

As described in the main text, the surface charges corresponding to the molecules used in

this work carrying a full charge of ±1e are too large for the studied potential: 44.20 µC cm−2

for coronene, 16.31 µC cm−2 for circumcoronene and 8.37 µC cm−2 for dicircumcoronene. To

obtain the NICS profiles for realistic surface charges, an intrapolation between the NICS for

the neutral molecules and the NICS for the charged molecules is done. The surface charges
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Figure S5: NICS calculated on a line going through the center of the molecule considered
and perpendicular to its plane for negatively and positively charged coronenes studied in
this work. Only distances larger than 3 Å are shown as these distances are the ones relevant
for ion adsorption.

used for this intrapolation are given in Table S2.

Table S2: Surface charges used in the calculation of the NICS profiles at various potentials
extracted from molecular simulations of [BMI][BF4]-ACN in contact with planar electrodes.S1

In that work, the surface charge was shown to vary only weakly with the electrolyte nature.

Cell voltage 0.5V 1.0V 1.5V 2V
Surface charge (µC cm−2) ± 1.33 ± 2.43 ± 3.82 ± 4.89
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4 Pore width and pore surface distribution

In this study, following previous works,S19–S21 an arbitrarily chosen log normal distribution

centred around the area of circumcoronene is used to determine the pore surfaces assigned

to the lattice sites. To determine the pore widths, the pore size distribution obtained exper-

imentally for YP50F is used.S22

Figure S6: Pore surface (a) and pore size (b) distributions used to define the pore surface
and width in the particle model.

As a consequence of the size effect seen for the NICS, the molecule used to define the

pore surface of the slit pores in the particle model has an impact on the shift observed. Fig-

ure S7 shows the chemical shift at various potentials while using coronene, circumcoronene,

dicircumcoronene or a distribution of areas centred on the area of circumcoronene to define

the pore surface. It is noteworthy that the use of circumcoronene only or a distribution

around its area does not affect the results significantly. On the contrary, the use of other

molecules lead to large variations in both the shift values and the slope of the variation

with potential. Interestingly, as can be seen in the main text, circumcoronene gives a good

agreement for both the values and slopes. Nevertheless, this molecule will not necessarily be

the best option for other porous carbons.S18
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Figure S7: Chemical shifts simulated through the particle model for [BMI][BF4]-ACN at
various potentials for different molecules used to define pore surfaces.

5 Adsorption of PEt+
4 and BF−4 in small pores

Molecular dynamics simulations were conducted to assess how many PEt+4 cations and BF−
4

anions adsorb in a carbon with an average pore size of 8.6 Å, i.e. very close to the most

common pore size of the YP-50F carbon of 8.5 Å. For this study, a relatively ordered carbon

with a very well defined pore size was chosen, more precisely a GAP carbon reported in

the study of Deringer et al.S23 NPT and NVT simulations were done, using LAMMPS,S10

on a system consisting in 130 ion pairs and 1,200 ACN molecules in contact with the GAP

carbon (5,292 atoms). The NPT simulation was run until the volume of the simulation

box was equilibrated and subsequent short NVT were done to estimate the number of ions

adsorbed in the pores. The number of adsorbed ions is the number of ions with a center of

mass having a z coordinate between zmin and zmax, the z coordinates of the two outer most

carbons atoms.
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Figure S8: (a) Relative populations of ions in the pores obtained with the carbon parti-
cle model for [PEt4][BF4]-ACN at 0V. (b) Snapshot of molecular simulations conducted to
determine the adsorption of ions in a porous carbon with an average pore size equal to 8.5 Å.
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