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Supplementary Movies

Supplementary Movie M1

The formation process of two-dimensional ionic liquid islands (2DIIs).

Supplementary Movie M2

The 10-ns long MD simulation of N2 molecules adsorb on the P4-based 2DII with (4,4), at T = 

300 K and P = 0.88 bar.

Supplementary Movie M3

The 11.5-ns long MD simulation of CO2 molecules adsorb on the P4-based 2DII with (4,4), at T 

= 300 K and P = 0.88 bar.

Supplementary Movie M4

The 3-ns long MD simulation of CO2 molecules adsorb on the P3-based 2DII with (3,2), at T = 

300 K and P = 0.88 bar.
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Supplementary Note

Npairs

For P1/2/4-based 2DIIs, Npairs = m·n, where m and n are the numbers of cation-anion pairs along 

Z4 and Z5 sides, respectively. For P3-based 2DIIs, Npairs = 3·m·n, where m and n are the number of 

P3 along E1 and E2 edges, respectively.

Ef

Ef = [Ehyb − (Esub + NpairsEIL)]/Npairs, where Ehyb, Esub, and EIL are total energies of the optimized 

hybrid IL-graphite system, the optimized graphite substrate, and the optimized isolate EmimPF6 

pair, respectively.

ΔE

ΔE = (EAIMD – Ehyb)/Npairs, where EAIMD is the total energy of the hybrid IL-graphite system after 

the 5-ps long AIMD.

Egas

Egas = Ehyb&gas − (Ehyb + Egas-only), where Ehyb&gas, and Egas-only are total energies of the optimized 

hybrid gas-IL-graphite system, and the optimized isolate gas molecule, respectively.

pgas-QM

pgas-QM = exp(−Egas, Rsite/kBT)/Σiexp(−Egas, Ri/kBT), where kB is the Boltzmann constant, and T is 

set as 300 K. For P1/2/4-based 2DIIs, Ri is respectively Rabove, Rvertex, RZ4, and RZ5, while Rsite is the 

specific Ri. For P3-based 2DIIs, Ri is respectively Rabove, Rvertex, RE1, RE2, and Rin, while Rsite is the 

specific Ri.

pgas-MD

pgas-MD = Ngas, Rsite/Ngas, where Ngas, Rsite is the number of gas molecules adsorbed on the Rsite and 

Ngas is the total number of gas molecules in the hybrid gas-IL-graphite system.

SCO2/gas2

SCO2/gas2 = exp(−Egas, CO2/kBT)/(exp(−Egas, CO2/kBT) + exp(−Egas, gas2/kBT)), where gas2 is one of the 

three gases: CO, N2, and CH4.
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Supplementary Figures and Captions

Figure S1. (a) The initial atomic structure of the hybrid IL-graphite system for MD simulations, 

from the main view, where red, blue, and yellow colors represent [PF6]-, [Emim]+, C atoms in 

graphite, respectively. The PBC box has 28 pairs of EmimPF6 and 2376 atoms in graphite. We 

performed the 20-ns NVT dynamics at 300 K, using temperature and barostat coupling constants 

of 0.1 ps and 0.1 ps, respectively. (b) The equilibrated atomic structure of the hybrid IL-graphite 

system, from the main view, with the monolayer EmimPF6. (c) The initial atomic structure of the 

hybrid IL-graphite system for MD simulations, from the top view. (d) The equilibrated atomic 

structure of the hybrid IL-graphite system, from the top view.
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Figure S2. (a) The atomic structure of the hybrid IL-graphite system after geometry optimization 

by the IC-QM/MM approach, where Ef = -28.779 kcal/mol. (b) The atomic structure of the hybrid 

IL-graphite system after geometry optimization by the DFT method, where Ef = -28.218 kcal/mol.
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Figure S3. (a-b) Atomic structures of the three-dimensional (3D) ILs after the 5-ps AIMD 

simulation by the IC-QM/MM approach, consisting of 32 pairs of EmimPF6, where lime, red, blue, 

and cyan colors represent the PBC box of 3D bulk IL, [PF6]-, [Emim]+, the PBC box of 3D crystal 

IL, respectively. (c) Atomic structures of the 3D bulk IL after 10-ns MD simulation with T = 300 

K, consisted of 200 pairs of EmimPF6, where mauve, red, yellow, lime, cyan, silver, and blue colors 

represent the PBC box, C1 atom, CW atom, CR atom, CE atom, F atom, and P atom, respectively. It 

should be noted that the CR atom is a C2 atom, and CW atoms include C4 and C5 atoms. (d) The 

radial distribution function (RDF) between C atom and F atom or H atom and F atom.
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Figure S4. (a-d) Atomic structures and simulated STM images of the P1/2/3/4-based 2DIIs with (4,4) 

or (3,2), respectively. Bias energy for the generation of all STM images is 20 eV, and the iso-

contour value of all STM images is 5.0×10-5 Hartree.
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Figure S5. (a-d) Ef changes with Npairs for P1/2/3/4-based 2DIIs. The inserts show schematic diagrams 

of different edge structures, where blue, green, and orange colors represent HB2, HB4, and HB5, 

respectively.
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Figure S6. (a-c) The number (NHBs), angle (AHBs), and energy (EHBs) of HBs in 2DIIs and 3D ILs, 

respectively.
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Figure S7. (a-f) Atomic structures of representative 2DIIs at different AIMD simulation time (t) 

with T = 300 and 100 K, where red, blue, mauve, cyan and yellow colors represent [PF6]- at t = 0 

ps, [Emim]+ at t = 0 ps, [PF6]- at t = 5 ps, [Emim]+ at t = 5 ps, C atoms in graphite, respectively.
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Figure S8. Tc for various 2DIIs as a function of Npairs.
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Figure S9. Schematic diagrams and atomic structures of CO2 molecules adsorbed on different sites 

of P4-based and P3-based 2DIIs. Considering the unique structure of 2DIIs, different adsorbed sites 

are proposed: the region above the 2DII (Rabove), the vertex position (Rvertex), the edge regions (Redge: 

RZ4/RZ5, RE1/RE2), inside the 2DII (Rin), and the other (Rother). In schematic diagrams and atomic 

structures, orange, olive, magenta, blue, and silver colors represent Rabove, Rvertex, RZ4/E1, RZ5/E2, and 

Rin, respectively.
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Figure S10. (a-c) Atomic structures of CO2 and N2 molecules adsorbed on the representative 2DIIs, 

as P ranges from 0.44 to 1.76 bar, where lime and cyan colors represent CO2 and N2, respectively.
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Figure S11. Egas of CO2, CO, CH4 and N2 molecules adsorbed on the P4-based 2DII with (4,4), 

Au(111), Ag(111), and graphene.
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Figure S12. Egas of CO2 adsorbed on the phase boundaries of various 2DIIs.
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Supplementary Tables

Table S1. The Ef of four subunits (PN, N = 1, 2, 3, 4).

Type P1-(1,1) P2-(2,1) P3-(1,1) P4-(2,2)

Ef (kcal/mol) -30.97197 -32.01704 -44.63873 -41.31702

Table S2. The density (ρ) of four 2DIIs and 3D ILs.

Type P1-(2,2) P2-(2,2) P3-(1,1) P4-(2,2) bulk bulk crystal

T (K) --- --- --- --- 500 300 100

1.22 1.42 1.49
ρ (g/cm3)

1.47

± 0.41

1.53

± 0.46

1.41

± 0.31

1.47

± 0.41 --- --- ---


