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Figure S1. Supercells of the Li(001)-[4x4] surface showing top (above) and side (below) views.



Table S1. Geometric details and binding energy for the optimised EtNH3", BF4 ions and the [EtNH3"][BF4
] ion pair compared to previous theoretical results [1-3] and experimental findings [4]. (H) represents the
average of all H atoms bonded to the element -X. Distances are in angstroms and angles are in degrees.

Binding energy is shown in eV.

Measurement Index Isolated Ion 2] [3] (4] Pair 1]
Distance
d(C-C) C1-C2 1.51 1.52 N/A N/A 1.52 N/A
d(C-N) C2-N 1.53 1.52 1.50
d(C-H) C1-(H) 1.10 1.09 1.10
C2-(H) 1.10 1.09 1.10
d(N-H) N-H1 1.03 1.03 1.03
N-H2 1.03 1.03 1.06 1.04
N-H3 1.03 1.03 1.06
d(B-F) B-F1 1.43 N/A 1.42  1.43+0.05 1.46 N/A
B-F2 1.43 1.42 1.43+0.05 1.41
B-F3 1.43 1.42  1.43+0.05 1.37
B-F4 1.43 1.42 1.43+0.05 1.46
d(BF-HN) F1-H3 N/A N/A N/A 1.69
F2-H5 2.36
F4-H2 1.71 1.66
d(B-N) N/A N/A N/A 2.98 N/A
Angle
<C-C-N C1-C2-N 110.77 110.20 N/A N/A 111.23  N/A
<C-C-H C1-C2-(H) 110.89 110.50 111.37
C2-C1-(H)
<C-N-H C2-N-(H) 111.18 111.00 112.31
Binding energy
[EtNH3"][BF4] 4.79 4.61

[2] MP2/6-311G for isolated the EtNH3" ion [3] PAW-PW91-GGA for the isolated BF4 ion
[4] Exp. for BF4 [1] MP2/TZVPP for [EtNH3"][BF47] pair



Table S2. Calculated partial charges for the individual ions and ion pair using Bader analysis. Aq is the

change gained or loss for each atom of the ions once they become an ion pair.

q EtNH;s* BFy [EtNH:'|[BFs]  Ag

C1 -0.10 -0.08 0.02
C2 0.14 0.19 0.05
N -1.16 -0.14 0.02
H1 0.53 0.46 -0.07
H2 0.54 0.54 0.00
H3 0.52 0.53 0.01
H4 0.12 0.06 -0.06
HS 0.13 0.17 0.04
H6 0.11 0.02 -0.09
H7 0.12 0.08 0.04
HS8 0.06 0.06 0.00
B 2.40 2.39 -0.01
F1 -0.85 0.82 0.03
F2 -0.85 0.83 0.02
F3 -0.85 0.82 0.03
F4 -0.85 0.81 0.04




Table S3. Geometric measurements of the [EtNH3][BF47] pair adsorbed on the Li(001)-[4x4] surface. N§;
is the number of Li atoms bonded to F atoms (with Li-F distance <3 A); Azpi14 is the z-direction
displacement for the Li atoms interacting with the F atoms; d(Li-Fx) gives the measured bond distance
between any Li and F atoms that are <3 A apart; Li-(F) gives the average value for d(Li-Fx); d(N-B) is the
distance between the B and N atoms after adsorption on the surface; AN-B is the change in distance

compared to the distance in the isolated pair.

System [EtNH;"|[BF4]/Li(001)-[4x4]

Structure | 1*  2* 3 4 5 6 72 & 0 100 11* 12
N¢, 3 4 3 4 3 4 4 3 3 2 2 3
Azvin 048 042 039 055 041 045 045 051 043 035 042 029
Aziip 036 028 030 008 036 0.15 016 043 025 041 037 026
Aziis 028 -0.19 028 0.04 015 003 0.00 008 -0.04 0.18
Azyig -0.02 -0.36 -0.20 -0.01

Azyis 071 -021 -0.55 -0.36 -0.29 -0.17 -0.52 -037 -0.45 -0.53 -0.50
dLi;-F) | 1.91 205 191 203 192 208 215 1.8 192 1.8 1.83 20l
dLiF) | 1.88 205 1.88 202 185 204 215 187 189 1.81 1.81 196
dLi>-F) |18 191 18 196 187 194 194 186 1.86 1.88
d(Lis-F) 1.90 1.88 1.88  1.88

Li~(F) 1.88 198 1.88 1.97 18 198 203 1.87 189 1.82 1.82 195
d(Lis-H) | 2.72 289 272 266 3.00 2.89 2.80 278 287 281 267
d(N-B) 351 3.66 3.72 3.67 3.66 3.46 347 402 353 383 3.65 3.67
AN-B 053 068 074 069 068 048 049 1.04 055 0.85 067 0.69
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Figure S2. ELF plots for structures 2%-12%
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Figure S3. LDOS for structures 22-122
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Figure S4. Plot of isothermal mass loss of [EtNH3"][BF47] determined using TGA.
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Figure S5. Plot of log(msu-T"?) versus 1/T and the determination of AHsuw (0.92 eV) for [EtNH3"][BF47],

where msub 1s the rate of mass loss by sublimation.
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Figure S6. Differential scanning calorimeter thermogram of [EtNH3"][BF47] recorded at a heating rate of

10 K-min™! after cooling from 313 K to 223 K.

11



References

1. D. Zeroka, J.O. Jenson, A.C. Samuels, J. Mol. Struct., 1998, 465, 119-139.

2. H. Valencia, M. Kohyama, S. Tanaka, H. Matsumoto, Phys. Rev. B, 2008, 78, 205402.

3. D. Pendred, R.E. Richards, Trans. Faraday Soc., 1954, 51, 468-475.

4. S.B.C Lehmann, M. Roatsch, M. Schoppke, B. Kirchner, Phys. Chem. Chem. Phys., 2010, 12,
1648.

5. S.B.C Lehmann, M. Roatsch, M. Schoppke, B. Kirchner, Phys. Chem. Chem. Phys., 2010, 12,
1648.

12



