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Part 1: Auger transition

(‘EK = Eg(Cy) — 2E4(C)

Energy C, o ©©
l Eg(C4) - E(Cy)

C, [ Wa L

Initial Final

State State

Figure S1: Schematic of the Auger process. Ex refers to kinetic energy of the emitted Auger
electron.



Part 2: XP Spectra Used to Obtain S 2ps2 values
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Figure S2: a) Survey and b-d) core level XP spectra for [C4C1Im][SCN]. All spectra are charge
referenced to Ncaion 1S =401.9 eV. The N(Other) feature is assigned as a shake-up satellite.
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Figure S3: a) Survey and b-f) core level XP spectra for [S2.22][NTf2]. All spectra are charge
referenced to CF; C 1s = 293.0 eV.
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Figure S4: a) Survey and b-f) core level XP spectra for [CsC1Im][NTf,]. All spectra are charge
referenced to Cawy 1s = 285.0 eV.
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Figure S5 a) Survey and b-f) core level XP spectra for [N22,1,0][TfO]. All spectra are charge
referenced to Fanion 1S = 688.5 eV.
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Figure S6: a) Survey and b-f) core level XP spectra for [CsC1Im][TfO]. All spectra are charge
referenced to Cawy 1s = 285.0 eV.



[C,C,Im][Me0SO,]

RO [ a) Survey 01

=S Cis — Expt.
=
— 400
-
i
o 300
£ 0
c
B
E 1w
1 1 1 1 1 ]
1200 1000 80D 00 400 200 4]
Binding Energy / eV
g | — Expt. b} S\zpl_: izl — Expt. VO
] — Flt ] —
= - =R ]
- 3l —— Eﬂpl‘: -
= — EIp,,. !
= = -
T2 T e ‘
= =
m [}
g T4t
E E
2
173 172 171 170 189 168 18T 186 165 252 30 288 286 2B4 282
Binding Energy / eV Binding Energy / eV
10 | — EKF'[. £ Mis —— EKFIL 2 Ois
L — Fit ) n 207 Fit i
= =
- S - Comp 1
w @ o ——— CompZ
o (%]
= = .,
& £ 10}
E 4f I
E E
5l
z : . . .
405 404 403 402 401 400 ] ] 536 fi4 532 530 528
Binding Energy / eV Binding Energy / eV

Figure S7: a) Survey and b-e) core level XP spectra for [C4C1Im][MeOSOgs]. All spectra are
charge referenced to Ncaion 1S = 401.8 eV.
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Figure S8: a) Survey and b-e) core level XP spectra for [CsC1Im][HOSO3]. All spectra are
charge referenced to Caxy 1s = 285.0 eV.
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Figure S9: a) Survey and b-e) core level XP spectra for [C4Colm][HOSO3]. All spectra are
charge referenced to Caiy 1s = 285.2 eV.
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Figure S10: a) Survey and b-e) core level XP spectra for [Ng,1,1,0][HSO4]. All spectra are charge
referenced to Caky 1s = 285.0 eV.
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Figure S11: a) Survey and b-e) core level XP spectra for [C.C1Im][MeSOs]. All spectra are
charge referenced to Caiy 1s = 285.3 eV.
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Part 3: XP Spectra Used to Obtain B values
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Figure S12: a) Survey and b-f) core level XP spectra for [C4C1Im][SCN]. All spectra are charge
referenced to Ncation 1S =401.9 eV. Note panel e) shows S KL, 3L, 3 Auger data.
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Figure S13: a) Survey and b-h) core level XP spectra for [S222][NTf2]. All spectra are charge
referenced to CF; C 1s = 293.0eV. Note panel g) shows S KL, 3L, 3 Auger data.
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Figure S14: a) Survey and b-h) core level XP spectra for [CsC1Im][NTf.]. All spectra are charge
referenced to Cawy 1s = 285.0 eV. Note panel g) shows S KL 3L 3 Auger data.
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Figure S15: a) Survey and b-g) core level XP spectra for [C4C1Im][MeSO.]. All spectra are
charge referenced to Ncaion 1S = 401.8 eV. Note panel f) shows S KL 3L, 3 Auger data.
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Figure S16: a) Survey and b-g) core level XP spectra for [CsC1lm][HSO.]. All spectra are
charge referenced to Caiy 1s = 285.0 eV. Note panel f) shows S KL, sL» 3 Auger data.
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Part 4: Charge Referencing

o Core orbital used for | Core orbital Eg used for
lonic Liquid . .
charge referencing charge referencing / eV
[C8C1|m][NTf2] Ca|ky| 1s 285.0
[CeC1IM][HSO4] Caiy 1s 285.0
[CsC1Im][TFO] Caiy 1s 285.0
[Ns,l,l,o][HSO4] Ca|ky| 1s 285.0
[C4C1Im][SCN] Necation 1S 401.9
[C4C1Im][MeSO4] Necation 1S 401.8
[Sz,z,z][Nsz] Cc|:3 1s 293.0
[N2,2,1,0][TfO] Fanion 15 688.5
[CoC1Im][MeSOs3] Caiy 1s 285.3
[C4Colm][HSO4] Caiy 1s 285.2

Table S1: Description of how all ILs were charge referenced.

A major advantage of XPS over NEXAFS spectroscopy is that all Eg values can potentially be
matched to the same reference level; usually the Fermi level, Eg, is used for condensed-phase
measurements. Careful charge referencing of XPS data is required to obtain Eg values that
can be compared between different ILs.?2 The most common charge referencing method for ILs
is to use a well-characterised internal reference Eg, allowing all Eg values for different ILs to be
referenced to the same Er. The most commonly used internal standard for XPS is such that all
Eg values are referenced to Caky 1s peak Eg = 285.0 eV relative to E¢.® Internal referencing of
Cakyi 1s peak Eg = 285.0 eV has previously been successfully employed for a wide range of
[CnCilm][A] ILs? *® and other ILs®!1,

XP spectra for the three [CsCiIm][A] ILs studied here were charge referenced by shifting all core
orbitals so that Caky 1s peak = 285.0 eV. XP spectra for [Ng1,1,0][HSO.] were also referenced to
Caky 1s peak Eg = 285.0 eV. The other six ILs studied here did not contain sufficient amounts of
alkyl carbon for this value to be obtained directly from C 1s spectrum. Therefore, we use
indirect methods to match Eg to Caky 1S peak Eg = 285.0 eV.

We measured XPS of [CsC1Im][SCN] and set Cawy 1S peak Eg = 285.0 eV; this gave Ncation 1S
peak Eg = 401.9 eV. Consequently, for [C4C1Im][SCN] Ncation 1S peak Eg = 401.9 eV was used
for charge referencing. The assumption that the Ncaion 1S peak has constant Eg for the same
anion and different n has been demonstrated to hold for a wide range of [C.CiIm][A] ILs.?2 A
similar procedure was used to charge reference [CsCilm][MeSO4. We measured XPS of
[C4C1Im][OcSO4] and set Cawy 1s peak Eg = 285.0 eV; this gave Ncation 1S peak Eg = 401.8 eV.
Consequently, for [C4Cilm][MeSO4] Ncaion 1S peak Es = 401.8 eV was used for charge
referencing.

For [S222][NTf,], there is insufficient alkyl carbon to use the Cakyi 1s peak Eg = 285.0 eV as a
reference. Therefore, we used Ccrz 1s peak Eg = 293.0 eV as the charge reference (obtained
from XPS of [CeC1Im][NTf,]), as the anion peaks are not expected to be significantly affected by
the identity of the aprotic cation, as can be demonstrated by comparing anionic Eg for

18



[CsC1Im][NTf;], [CsC1Pyrr][NTf,] and [CsC1Py][NTf,] ILs.2 57 For [N22,10][TfO], we used Fanion 1S
peak Eg = 688.5 eV as the charge reference (obtained from XPS of [CsCilm][TfO]). For
[S22.2][NTf.], we did not use the Fanion 1S peak for charge referencing as this led to problems
when using the monochromated Ag La’ source (hv=2984.6 eV); an S KL, 3V Auger peak occurs
at Ex ~2295 eV (i.e. apparent Eg ~689 eV). Therefore, the more intense Fanion 1S peak at Eg
~688.8 eV could not be used due to overlap with this small Auger peak.

For [C.CiIm][MeSO3] and [C4Colm][HSO4] no reliable anionic peak Eg references are readily
available. For [CoCi1Im][MeSOg3], we estimated Caky 1s peak Eg = 285.3 eV, based upon XPS
for a wide range of [C.CiIm][A] ILs, for which Caky 1s peak Eg = 285.3 eV was the average
value.? For [C4Colm][HSO4], we potentially could have used an anionic [HSO4]  peak obtained
for [CsC1Im][HSO4] as a charge reference. However, as [C4sColm][HSO4] is a protic IL, we were
unsure whether the cation might affect Eg values for the [HSO4]" anion. Therefore, we estimated
Caky 1s peak Eg = 285.2 eV, based upon XPS for a wide range of [C4CiIm][A] ILs, for which
Caky 1s peak Eg = 285.2 eV was the average value.?

19



Part 5: Other Information
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Figure S17: Raw experimental and smoothed NEXAFS spectrum for the S 1s edge of

[CsC1Im][HSO4].

Phaoton Energy / e

2485

lonic Liquid Number of Conformers for GP | Number of Conformers for IL(SMD)
[C4C1|m][NTf2] 7 6
[C4Calm][TFO] 7 7
[C4C1Im][HSO4] 6 5
[C4Cilm][MeSO4] | 5 5
[C4C1Im][SCN] 10 10
[CoCilm][MeSO3] | 5 5
[C4Colm][HSO4] 6 4
[N22,1,0][TfO] 4 4
[Na41,1,0][HSO4] 8 4
[S2,2,2][NTH2] 23 21

Table S2: Number of conformers used to find atomic charges for all ILs studied.

lonic Liquid

Enexars / €V

[CzCl|m][NTf2]

2479.7

[C4Cllm][NTf2]

2479.6

[CeC1IM][NTT2]

2479.7

[Clzcl|m][NTf2]

2479.7
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Table S3: Measured Enexars values for [C,C1Im][NTf;] of varying alkyl chain lengths.
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Figure S18: S 1s edge NEXAFS spectra for [C,C1Im][NTf;] based ILs with varying chain lengths.

Eo S 2pa2 Ex S KLL 5
System (£0.2 eV) / 53)5/1:\/(*0'2 (0.2 eV) / g\y_ro.e eV)/ | 5 (0.3 eV)
eV eV lev

[C:CLm][SCN] 162.4 24706 21115 343 0.0
[S222][TFN](Cation) | 166.3 24748 2108.9 333 05
[S2.22][Tz2N](Anion) | 169.0 2478.6 2106.6 34.0 0.1
[CeCm][TN] 169.0 2478.4 2106.7 33.7 0.3
[C:C.m][C:0S05] | 168.4 2477.9 2107.3 33.8 0.3
[CeClm][Co0S05] | 168.6 2478.2 2107 34.0 0.1
[C:.Cim][MeSOs] | 167.8 24773 2107.6 33.8 0.3
[CeCm][TTO] 168.6 24782 2106.7 343 0.0

Table S4: Electron binding energies (Eg) and Auger kinetic energies (Ex) used to calculate 8
values. All values are charge referenced, see Table S1 for core orbitals used for referencing.
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Figure S19: Correlation between measured electron binding energies (Eg) for the S 1s and the
S 2pss2 core orbitals for a range of ionic liquids.

22



2470 2475 24E0 2485
Phaton Energy / &V

472 2474 4TS 2478 Z4BD 2482 2484 2485
Photon Energy / eV

P2

[M oz IITFD]

24TE  24BD  Z24BZ 2484 2485 2488 2430 2432
Phaton Energy / eV

[C,C,Im][TO]

24T 2480 2482 2484 2485 2488 2430 2452

Photon Energy / eV

C,C,Im)M=0S0,]

2478 24BD 2482 2484 24B0 2488 2430 2432

Photon Enerngy / &V

[C,C,Im)[HOS0,)

Intensity  arb. units

Intensity  arb. units

24TE Z4BD  24BZ  I4B4 2483 48 2430 452

Photon Energy / eV

[C,C,Im)[HOS0.)

24T 2480 2482 2484 2485 2488 2450 24352 o

Phaton Energy / &V

[Ny, HESC]

24TE  24BD 2482 484 2485 2488 2430 24E2
Photon Energy / eV

2478 24ED  24BF 2484 2485 248B 2430 2452

[C..C,Im)[MeS0, ]
Photon Enengy / 2 =

Sulfur Powder

24TE 2480 2487 2484 D486 48R 2480 2487
D486 D4BE 2470 2472 2474 24TE  24TE 248D Fhaton Enargy / 2V
Photon Enerngy / &V

Figure S20: NEXAFS S 1s edge spectra for all ILs studied.
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Figure S21: Difference between average sulfur charges, q(S), calculated for ion pair conformers
in a solvent continuum model and in the gas phase. q(S) are from an unweighted average of all
identified conformers.

Calculated Sulfur Charge, q(S), for IL(SMD)
lonic Liquid AIM ChelpG NBO
[C4C1Im][SCN] -0.1 -0.6 -0.4
[S2,2.2][NTf,] (cation) | 0.3 0.0 0.8
[Sz,z,z][Nsz] (anion) 3.0 1.0 2.1
[C4C1IM][NTT2] 3.0 1.1 2.1
[C4C1IMm][MeSO3] 3.0 1.0 2.1
[N2,2,1,0][TfO] 3.2 1.1 2.2
[C4Calm][TTO] 3.2 1.2 2.2
[C4C1IM][MeOSOs] | 3.5 15 2.5
[C4C1Im][HOSO4] 3.5 15 2.5
[C4Colm][HOSO4] 3.5 15 2.5
[N4,1,1,o][HOSOs] 35 15 2.5

Table S5: Calculated sulfur atomic charge, q(S), for a range of ion pair structures and methods.
All calculations were carried out using a solvent continuum (SMD) model parameterised for
[C4C1Im][PF¢]. Charges reported are from an unweighted average of all conformers.
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Figure S22: Calculated sulfur atomic charge, q(S), for different ions with varying methods.
[C4CiIlm][Anion] charges were used in cases where charges were calculated for multiple cations
and a single anion. All calculations were carried out using the SMD solvent continuum model.

AIM ChelpG NBO
o a(S) a(S) q(S) range | q(S) range a(S) a(S)

lonic Liquid range range (GP)/ e (SMD) / e range range

(GP)/e (SMD) / e (GP)/e | (SMD)/e
[C4Cilm][MeSOg] 0.01 0.00 0.14 0.11 0.01 0.00
[C4C1Im][NTT,] 0.02 0.01 0.16 0.08 0.02 0.01
[C4C1IM][TFO] 0.05 0.01 0.29 0.20 0.03 0.01
[C4C1lm][HSO4] 0.05 0.00 0.19 0.14 0.01 0.00
[C4C1lm][MeSO4] 0.00 0.01 0.08 0.09 0.00 0.00
[C4C1Im][SCN] 0.06 0.03 0.05 0.04 0.04 0.02
[C4Colm][HSO4] 0.08 0.04 0.05 0.08 0.04 0.02
[N2,2.1,0][TfO] 0.01 0.01 0.27 0.30 0.02 0.01
[N4,1,1,0][HSO4] 0.06 0.02 0.06 0.05 0.01 0.01
[S2.22][NTf2] (cation) | 0.14 0.06 0.51 0.40 0.11 0.04
[S22,2][NTf,] (anion) | 0.05 0.02 0.19 0.23 0.02 0.01

Table S6: Range of charges calculated for different conformers for calculations carried out in the
gas phase, and calculations carried out using the SMD solvent continuum model parameterised
for [C4C1Im][PF6].

6 C2 C7 CQ
C"""--.N3/ \N1/ \CB/ \010

W/

ct—=cC?®
Figure S23: Atomic labelling scheme used for the imidazolium cation.
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Figure S24: Range of calculated q(A) using three different computational methods for gas phase
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definitions of the atom labels.
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calculations.
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Figure S26: Difference between the calculated g(A) for ion pair conformers in a solvent
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from an unweighted average of all ion pair conformers.
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Figure S27: Difference between the calculated g(A) for ion pair conformers in a solvent
continuum (SMD) and lone ions in the gas phase for the (a) C? atom (b) C* atom and (c) C°
atom. Values are from an unweighted average of all ion pair conformers.

Ag(N-H Nitrogen, IP(SMD) — LI(GP)) Ag(N-H Hydrogen, IP(SMD) — LI(GP))
lonic Liquid AIM ChelpG NBO AIM ChelpG NBO
[N2.1,1,0][HSO4] -0.05 0.28 -0.04 0.08 -0.01 0.05
[N2,2,1,0][TfO] -0.05 0.18 -0.04 0.07 0.02 0.05

Table S7: Difference between q(S) in ion pair (SMD) and lone ions (GP) systems for the N-H
group nitrogen and hydrogen atoms. Charges are from an unweighted average of conformers,
but for the ion pairs only conformers with the anion directly interacting with the N-H hydrogen
were considered.
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Figure S32: Comparison of calculated q(S) with a) S 2ps/. electron binding energies (Eg) and b)
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lonic Liquid Calculated g(SOx)

AIM ChelpG NBO
[C4CaIm][NTT] 0.44 -0.07 0.29
[C4Calm][TFO] -0.71 -0.74 -0.70
[C4C1lm][HSO4] -0.43 -0.62 -0.53
[C4Cilm][MeSO4] -0.43 -0.62 -0.53
[C4Colm][HSO4] -0.39 -0.58 -0.47
[N2,2,1,0][TfO] -0.74 -0.86 -0.71
[Na,1,1,0][HSO4] -0.39 -0.60 -0.47
[S2.22][NTf2] 0.47 -0.09 0.32
[C4C1IMm][MeSO3] -0.96 -0.81 -0.80

Table S8: Calculated charge for the SO« groups from ion pair (GP) calculations.

Data used to obtain Sg average electron binding energy, Es

Note that for the literature data for which an S 2p peak is reported, we subtracted 0.3 eV from
the S 2p Eg to obtain an S 2ps» Eg value (this 0.3 eV value was obtained by fitting S 2p spectra
with one peak and two peaks and taking the Eg difference in the maximum peak intensity Eg).
Sg average electron binding energy, Es = 163.8 eV.
o Es(S 2psp) = 164.45 eV.*2
o Es(S2psz) =163.3eV.2?

e Eg(S2p)=163.9eV.1

o EB(S 2p3/2) =163.6 eV.

Es(S 2p) = 165.0 eV.1°

o Es(S 2pse) = 164.7 eV.
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Es(S 2p) = 163.1 eV.1

o Es(S 2psp) =162.8 eV.
Es(S 2psr) = 164.35 eV.V’
Es(S 2ps2) = 164.6 eV.18
Es(S 2p) = 164.2 eV.2°

o E&s(S 2psp) =163.9 eV.
Es(S 2p) = 164.3 eV.2°

o E&s(S 2psp) =164.0 eV.
Es(S 2psp) = 164.4 eV. 2
Es(S 2p) = 163.8 eV.?2

o Es(S 2psp) =163.5eV.
Es(2p) = 162.2 eV.%®

o Eg(S 2psp) =161.9 eV.
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Part 6: Conformer Structures
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Figure S34: Optimised Ion Pair(GP) conformers for [C4C;Im|[MeSOs]. Conformers labelled (SMD) are structures which

were found by re-optimising GP conformers in the SMD..
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Conformer AG/ AE / q(s) q(S) q(S)  a(C) q(C) q(C)
kJ mol =1 kJ mol=t (AIM) (ChelpG) (NBO) (AIM) (ChelpG) (NBO)

Bottom 0.0 0.0 3.0 1.5 2.3 1.0 -0.1 0.3

Front Top 2 0.4 -2.6 3.0 14 2.3 1.0 -0.1 0.3

Front Top 1 0.7 -1.5 3.0 14 2.3 1.0 0.0 0.3

Front 1 3.4 2.6 3.0 14 2.3 1.0 0.0 0.3

Front Top 3 4.2 -1.2 3.0 1.3 2.3 1.0 -0.1 0.3

Table S9: Relative energies and calculated atomic charges for all [C4C;Im]|[MeSOg3] conformers(GP). The value of q(C) is
for the C2 carbon of the imidazolium ring.

Conformer AG/ AE/ a(s) qa(s) qas)  a(C) a(C) a(C)
kJ mol~1 kJ mol=t (AIM) (ChelpG) (NBO) (AIM) (ChelpG) (NBO)

Front 4 0.0 0.0 3.0 14 2.3 1.0 -0.1 0.3

Front 1 0.3 -2.2 3.0 14 2.3 1.0 -0.1 0.3

Front 3 1.0 -1.6 3.0 14 2.3 1.0 -0.1 0.3

Front Top 2 3.0 2.6 3.0 1.5 2.3 1.0 -0.1 0.3

Front 2 4.2 -0.7 3.0 14 2.3 1.0 0.0 0.3

Table S10: Relative energies and calculated atomic charges for all [C4C1Im][MeSO3] conformers(SMD). The value of q(C)
is for the C2 carbon of the imidazolium ring.
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Top 2 Front Mid 1 Back But
Figure S35: Optimised Ion Pair(GP) conformers for [C4C;Im][HOSOj3].
Conformer AG/ AE/ q(S) q(S) qas)  a(C) q(C) q(C)
kJ mol™'  kJ mol=* (AIM) (ChelpG) (NBO) (AIM) (ChelpG) (NBO)

Front Bot 0.0 0.0 3.5 1.4 2.4 1.0 0.0 0.3
Top 1 0.8 -74 3.5 1.5 24 1.0 0.0 0.3
Front Mid 2 14 -3.8 3.9 1.5 2.4 1.0 -0.1 0.3
Top 2 2.4 -6.4 3.5 1.4 2.4 1.0 -0.1 0.3
Front Mid 1 3.8 -4.6 3.5 1.4 2.4 1.0 -0.1 0.3
Back But 32.6 30.3 3.5 1.4 2.4 1.0 -0.2 0.3

Table S11: Relative energies and calculated atomic charges for all [C4C1Im][HOSO3] conformers(GP). The value of q(C)
is for the C2 carbon of the imidazolium ring.
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Conformer AG/ AE/ a(s) q(s) qa(s)  a(C) q(C) q(C)
kJ mol~1 kJ mol=t (AIM) (ChelpG) (NBO) (AIM) (ChelpG) (NBO)

Front Mid 2 0.0 0.0 3.5 14 2.5 1.0 -0.1 0.3

Top 1 3.6 -0.8 3.5 1.5 2.5 1.0 0.0 0.3

Top 2 5.4 -0.6 3.5 1.6 2.5 1.0 -0.1 0.3

Back But 5.9 4.5 3.5 1.5 2.5 1.0 -0.1 0.3

Front Mid 1 6.1 0.3 3.5 1.5 2.5 1.0 0.0 0.3

Table S12: Relative energies and calculated atomic charges for all [C4C1Im][HOSO3] conformers(SMD). The value of q(C)
is for the C2 carbon of the imidazolium ring.
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Figure S36: Optimised Ion Pair(GP) conformers for [C4C1Im|[MeOSO3].
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Conformer AG / AE/ q(s) a(s) as)  a(C) q(C) q(C)
kJ mol=t  kJ mol™t (AIM) (ChelpG) (NBO) (AIM) (ChelpG) (NBO)

Front 3 0.0 0.0 3.5 1.4 2.5 1.0 0.0 0.3

Front 1 0.2 -1.3 3.5 1.3 2.5 1.0 0.0 0.3

Bottom 0.9 5.8 3.5 1.3 2.5 1.0 -0.1 0.3

Front 2 1.3 0.2 3.5 1.3 2.5 1.0 -0.1 0.3

Top 1.9 -2.0 3.5 1.3 2.5 1.0 0.0 0.3

Table S13: Relative energies and calculated atomic charges for all [C4C1Im][MeOSO3] conformers(GP). The value of q(C)
is for the C2 carbon of the imidazolium ring.

Conformer AG/ AE/ qa(s) qa(s) a(s)  a(C) q(C) q(C)
kJ mol™! kJ mol=1 (AIM) (ChelpG) (NBO) (AIM) (ChelpG) (NBO)

Bottom 0.0 0.0 3.5 14 2.5 1.0 -0.2 0.3

Top 1.7 5.5 3.5 1.4 2.5 1.0 -0.1 0.3

Front 1 2.8 0.8 3.5 1.5 2.5 1.0 -0.1 0.3

Front 2 5.2 0.0 3.5 1.5 2.5 1.0 -0.1 0.3

Front 3 7.2 2.1 3.5 1.5 2.5 1.0 0.0 0.3

Table S14: Relative energies and calculated atomic charges for all [C4C1Im][MeOSO3] conformers(SMD). The value of
q(C) is for the C2 carbon of the imidazolium ring,.



41

Figure S37: Optimised Ion Pair(GP) conformers for [C4CqIm|[NTf,].
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Conformer AG / AE/ q(s) a(s) as)  a(C) q(C) q(C)
kJ mol~! kJ mol=t (AIM) (ChelpG) (NBO) (AIM) (ChelpG) (NBO)
Conf 6 0.0 0.0 3.0 1.1 2.1 1.0 -0.1 0.3
Conf 5 0.2 0.2 3.0 1.0 2.1 1.0 0.0 0.3
Conf 1 1.4 1.2 3.0 1.0 2.1 1.0 -0.1 0.3
Conf 3 3.0 4.6 3.0 1.0 2.1 1.0 -0.1 0.3
Conf 2 4.8 5.3 3.0 1.0 2.1 1.0 0.0 0.3
Conf 4 5.0 10.5 3.0 1.0 2.2 1.0 0.2 0.3
Conf 7 5.2 3.4 3.0 1.1 2.1 1.0 -0.1 0.3

Table S15: Relative energies and calculated atomic charges for all [C4C;Im][NTf;] conformers(GP). The value of q(S) is
the average of the two anionic sulfur atoms.The value of q(C) is for the C2 carbon of the imidazolium ring.

Conformer AG / AE / qa(s) q(s) as)  a(C) q(C) q(C)
kJ mol =t kJ mol=* (AIM) (ChelpG) (NBO) (AIM) (ChelpG) (NBO)
Conf 4 0.0 0.0 3.0 1.0 2.1 1.0 0.0 0.3
Conf 6 4.6 1.1 3.0 1.1 2.1 1.0 -0.1 0.3
Conf 3 6.7 3.4 3.0 1.1 2.1 1.0 0.0 0.3
Conf 1 7.0 4.0 3.0 1.1 2.1 1.0 -0.1 0.3
Conf 5 9.0 0.3 3.0 1.1 2.1 1.0 0.0 0.3
Conf 7 12.8 5.9 3.0 1.1 2.1 1.0 -0.1 0.3

Table S16: Relative energies and calculated atomic charges for all [C4C1Im][NTf;] conformers(SMD). The value of ¢(S)
is the average of the two anionic sulfur atoms.The value of q(C) is for the C2 carbon of the imidazolium ring.
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Figure S38: Optimised Ion Pair(GP) conformers for [C4C;Im][SCN].
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Conformer AG / AE/ q(s) a(s) as)  a(C) q(C) q(C)

kJ mol=t  kJ mol™t (AIM) (ChelpG) (NBO) (AIM) (ChelpG) (NBO)
Sf2 0.0 0.0 -0.1 -0.5 -0.4 1.0 0.1 0.3
Nf2 3.5 14 0.0 -0.5 -0.4 1.0 0.0 0.3
CNbot2 4.8 9.2 0.0 -0.5 -0.3 1.0 0.1 0.3
CNbotl 7.9 8.5 -0.1 -0.5 -0.4 1.0 0.2 0.3
CNbot3 13.8 10.3 -0.1 -0.5 -0.4 1.0 0.1 0.3
TopHozl 17.1 13.6 -0.1 -0.6 -0.4 1.0 0.0 0.3
Tophoz2 20.3 13.8 0.0 -0.5 -0.4 1.0 -0.1 0.3
BButl 38.5 41.7 0.0 -0.5 -0.3 1.0 -0.1 0.3
BBut2 40.1 43.5 -0.1 -0.5 -0.4 1.0 -0.1 0.3
BMid2 45.5 51.4 -0.1 -0.6 -0.4 1.0 -0.1 0.3

Table S17: Relative energies and calculated atomic charges for all [C4C;Im][SCN] conformers(GP). The value of q(C) is
for the C2 carbon of the imidazolium ring.

Conformer AG / AE / a(s) a(s) as)  q(C) q(C) q(C)
kJ mol=*  kJ mol=' (AIM) (ChelpG) (NBO) (AIM) (ChelpG) (NBO)
CNbot2 0.0 0.0 0.1 0.6 04 1.0 0.1 0.3
Sf2 4.4 2.6 0.1 0.6 0.4 1.0 0.0 0.3
CNbot3 5.7 2.7 0.1 0.6 0.4 1.0 0.0 0.3
CNbot1 5.7 1.8 0.1 0.6 0.4 1.0 0.0 0.3
Nf2 7.3 2.4 0.1 0.6 0.4 1.0 0.0 0.3
BMid2 8.2 8.3 0.1 0.6 0.4 1.0 0.0 0.3
BBut1 8.8 4.2 0.1 0.6 0.4 1.0 0.1 0.3
BBut2 8.9 5.7 0.1 0.6 0.4 1.0 0.1 0.3
Tophoz2 13.1 7.0 0.1 0.6 0.4 1.0 0.2 0.3
TopHoz1 145 6.4 0.1 0.6 0.4 1.0 0.2 0.3

Table S18: Relative energies and calculated atomic charges for all [C4C1Im][SCN] conformers(SMD). The value of q(C) is
for the C2 carbon of the imidazolium ring.
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Figure S39: Optimised Ion Pair(GP) conformers for [C4C;Im][TfO].
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Conformer AG / AE/ q(s) a(s) as)  a(C) q(C) q(C)
kJ mol=t  kJ mol™t (AIM) (ChelpG) (NBO) (AIM) (ChelpG) (NBO)
top 1 0.0 0.0 3.1 1.1 2.2 1.0 -0.1 0.3
top 2 1.1 2.6 3.2 0.9 2.2 1.0 -0.1 0.3
front 4 2.3 2.9 3.2 1.1 2.2 1.0 -0.1 0.3
front 3 3.4 1.0 3.2 1.2 2.2 1.0 -0.1 0.3
front 1 3.5 3.7 3.2 1.2 2.2 1.0 0.0 0.3
front 2 7.4 4.9 3.2 1.1 2.2 1.0 0.0 0.3
but side 1 30.5 37.2 3.2 1.2 2.2 1.0 -0.2 0.3

Table S19: Relative energies and calculated atomic charges for all [C4C1Im][TfO] conformers(GP). The value of q(C) is
for the C2 carbon of the imidazolium ring.

Conformer AG / AE / qa(s) q(s) as)  a(C) q(C) q(C)
kJ mol =t kJ mol=* (AIM) (ChelpG) (NBO) (AIM) (ChelpG) (NBO)
top 1 0.0 0.0 3.2 1.2 2.2 1.0 0.0 0.3
front 3 4.4 -2.3 3.2 1.2 2.2 1.0 -0.1 0.3
top 2 5.6 -1.0 3.2 1.1 2.2 1.0 -0.1 0.3
front 4 6.3 0.0 3.2 1.2 2.2 1.0 -0.1 0.3
front 2 6.4 1.5 3.2 1.2 2.2 1.0 -0.1 0.3
front 1 8.3 -0.7 3.2 1.2 2.2 1.0 -0.1 0.3
but side 1 11.5 6.2 3.2 1.3 2.2 1.0 -0.1 0.3

Table S20: Relative energies and calculated atomic charges for all [C4C1Im][TfO] conformers(SMD). The value of q(C) is
for the C2 carbon of the imidazolium ring.
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Figure S40: Optimised Ion Pair(GP) conformers for [C4CoIm|[HSO4].

Conformer AG / AE/ a(s) q(S) as)  a(C) q(C) q(C)
kJ mol™'  kJ mol=* (AIM) (ChelpG) (NBO) (AIM) (ChelpG) (NBO)

Front NH 0.0 0.0 3.5 1.4 2.5 1.0 -0.1 0.3
Back Hy 10.7 -0.1 3.5 14 2.5 1.0 0.0 0.3
Front NH 3 12.3 -6.5 3.5 14 2.5 1.0 0.1 0.3
Top 13.2 -6.1 3.5 1.4 2.5 1.0 0.0 0.3
Front NH 2 22.4 0.3 3.5 1.4 2.4 1.0 0.0 0.3
Back But 67.7 49.1 3.5 1.4 2.4 1.0 -0.1 0.3

Table S21: Relative energies and calculated atomic charges for all [C4CoIm][HSO,4] conformers(GP). The value of q(C) is
for the C2 carbon of the imidazolium ring.
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Conformer AG/ AE/ q(s) q(S) a(s)  a(C) q(C) q(C)
kJ mol=*  kJ mol=t (AIM) (ChelpG) (NBO) (AIM) (ChelpG) (NBO)

Front NH 0.0 0.0 3.5 14 2.5 1.0 -0.1 0.3

Back Hy 1.8 2.0 3.5 14 2.5 1.0 0.0 0.3

Front NH 2 9.1 8.1 3.5 1.4 2.5 1.0 -0.1 0.3

Back But 17.9 20.3 3.5 1.5 2.5 1.0 0.0 0.3

Table S22: Relative energies and calculated atomic charges for all [C4CoIm][HSO4] conformers(SMD). The value of q(C)
is for the C2 carbon of the imidazolium ring.
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Figure S41: Optimised Ion Pair(GP) conformers for [N2210][TfO].

Conformer AG / AE / q(S) q(S) q(S)
kJ mol=t  kJmol™' (AIM) (ChelpG) (NBO)

Conf 4 0.0 0.0 3.1 1.1 2.2

Conf 3 4.7 4.2 3.1 1.1 2.2

Conf 2 61.4 61.9 3.1 0.9 2.2

Conf 1 71.6 71.2 3.1 0.9 2.2

Table S23: Relative energies and calculated atomic charges for all [Naa10][TfO] conformers(GP).
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Conformer AG / AE / q(S) q(S) q(S)
kJ mol=™*  kJ mol=* (AIM) (ChelpG) (NBO)

Conf 4 0.0 0.0 3.2 1.2 2.2

Conf 3 2.6 1.2 3.2 1.2 2.2

Conf 2 25.5 26.8 3.2 1.0 2.2

Conf 1 26.3 27.8 3.2 0.9 2.2

Table S24: Relative energies and calculated atomic charges for all [Na210][TfO] conformers(SMD).
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Figure S42: Optimised Ion Pair(GP) conformers for [Ny110][HSO4].
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Conformer AG / AE / q(S) q(S) q(S)
kJ mol=t  kJmol™! (AIM) (ChelpG) (NBO)
Conf 3 0.0 0.0 3.5 1.4 2.5
Conf 5 0.0 1.8 3.5 1.4 2.5
Conf 4 1.9 5.8 3.5 1.4 2.5
Conf 6 6.0 10.4 3.5 1.4 2.5
Conf 7 6.5 10.9 3.5 1.4 2.5
Conf 2 65.0 62.3 3.5 1.4 24
Conf 8 66.3 64.4 3.5 1.4 24
Conf 1 77.0 77.6 3.5 14 24

Table S25: Relative energies and calculated atomic charges for all [N41109][HSO4] conformers(GP).

Conformer AG / AE / q(S) q(S) q(S)
kJ mol™'  kJ mol=* (AIM) (ChelpG) (NBO)

Conf 3 0.0 0.0 3.5 14 2.5

Conf 5 0.5 0.7 3.5 1.5 2.5

Conf 2 23.5 26.7 3.5 1.5 2.4

Conf 1 25.5 31.1 3.5 1.5 2.4

Table S26: Relative energies and calculated atomic charges for all [N4110][HSO4] conformers(SMD).
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Figure S43: Optimised Ion Pair(GP) conformers for [Sa0][NT1s].
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Conformer AG / AE / q(S) q(S) q(S)
kJ mol=*  kJ mol=t (AIM) (ChelpG) (NBO)
Bot-prop-flat-Trans-2 0.0 0.0 0.3/3.0 -0.2/09 0.8/2.1
Bot-aprop-flat-Trans 2.0 2.4 0.3/3.0 -0.1/0.9 0.8/2.1
Bot-prop-flat-Cis 2.8 4.1 0.3/3.0 -0.1/1.0 0.8/2.1
Bot-aprop-flat-Cis 5.0 5.7 0.3/3.0 -0.1/1.0 0.8/2.1
Bot-prop-flat-Trans 6.4 6.6 0.3/3.0 -0.1/1.1 0.8/2.2
Bot-prop-1down-Trans 11.1 12.3 0.3/3.0 -0.1/1.0 0.8/2.1
Bot-prop-1down-Cis-2 11.5 14.2 0.3/3.0 -0.1/0.9 0.8/2.1
Bot-spread-1down-Trans 12.2 114 0.3/3.0 -0.2/0.9 0.8/2.1
Top-aprop-flat-Cis 12.3 12.4 0.4/3.0 0.3/0.9 0.8/2.1
Top-spread-1down-Cis 14.1 11.9 0.4/3.0 0.0/1.0 0.9/2.1
Top-aprop-1down-Trans 15.6 12.3 0.4/3.0 0.1/1.0 0.9/2.1
Bot-prop-1down-Cis 16.4 16.3 0.3/3.0 -0.1/1.0 0.8/2.1
Top-prop-flat-Trans 16.8 18.2 0.4/3.0 0.1/09 0.9/2.1
Top-aprop-1ldown-Cis 17.8 14.6 0.4/3.0 0.1/1.0 0.9/2.1
Bot-aprop-1down-Cis 20.8 19.8 0.3/3.0 -0.1/0.9 0.8/2.1
Top-2down-Trans 21.9 19.4 0.4/3.0 0.1/1.0 0.9/2.1
Top-spread-1down-Trans 22.1 20.3 0.4/3.0 0.1/09 0.9/2.1
Top-2down-Cis 22.6 21.3 0.4/3.0 0.1/1.0 0.9/2.1
Top-aprop-flat-Trans 25.6 24.4 0.4/3.0 0.2/1.0 0.9/2.1
Bot-2down-Cis 26.0 23.1 0.3/3.0 -0.1/0.9 0.8/2.1
Top-prop-aflat-Cis 30.1 27.5 0.4/3.0 0.1/1.1 0.9/2.2
Bot-2down-Trans 34.1 30.5 0.3/3.0 -0.1/1.0 0.8/2.1
Top-3down-Cis 39.3 34.8 0.4/3.0 0.0/1.0 0.9/2.1

Table S27: Relative energies and calculated atomic charges for all [Sgao][NTf;] conformers(GP). The Cationic ¢(S) value
is on the left of the ”/”. The value of anionic q(S) is the average of the two anionic sulfur atoms.

Conformer AG / AE / q(S) q(S) q(S)
kJ mol=™'  kJ mol=* (AIM) (ChelpG) (NBO)
Bot-spread-1down-Trans 0.0 0.0 0.3/3.0 -0.1/1.0 0.8/2.1
Top-spread-1down-Cis 2.6 0.9 0.3/3.0 0.0/1.1 0.8/2.1
Top-aprop-1down-Trans 2.7 -0.4 0.3/3.0 0.0/1.0 0.8/2.1
Bot-prop-flat-Trans 3.6 3.4 0.3/3.0 -0.1/1.1 0.8/2.1
Bot-prop-flat-Trans-2 3.8 -3.2 0.3/3.0 -0.1/0.9 0.8/2.1
Bot-aprop-flat-Trans 4.8 0.0 0.3/3.0 -0.1/0.9 0.8/2.1
Bot-prop-flat-Cis 5.3 2.5 0.3/3.0 -0.1/1.0 0.8/2.1
Bot-prop-1down-Cis 5.4 4.8 0.3/3.0 -0.1/1.1 0.8/2.1
Top-aprop-1down-Cis 5.8 4.0 0.3/3.0 0.0/1.0 0.8/2.1
Bot-aprop-flat-Cis 6.2 5.4 0.3/3.0 -0.1/1.0 0.8/2.1
Top-aprop-flat-Cis 6.2 7.2 0.3/3.0 0.3/1.0 0.8/2.1
Top-prop-flat-Trans 6.3 0.4 0.3/3.0 0.2/1.0 0.8/2.1
Bot-prop-1down-Cis-2 6.5 7.2 0.3/3.0 0.0/09 0.8/2.1
Bot-prop-1down-Trans 7.3 0.6 0.3/3.0 -0.1/1.0 0.8/2.1
Top-aprop-flat-Trans 7.8 7.3 0.3/3.0 0.1/1.0 0.8/2.1
Top-prop-aflat-Cis 9.3 6.7 0.3/3.0 0.0/1.1 0.8/2.1
Top-2down-Trans 10.0 7.5 0.3/3.0  0.0/1.0 0.8/2.1
Top-2down-Cis 14.4 10.5 0.3/3.0 0.0/1.1 0.8/2.1
Bot-2down-Trans 15.8 10.1 0.3/3.0 -0.1/1.0 0.8/2.1
Bot-2down-Cis 17.4 14.9 0.3/3.0 -0.1/1.0 0.8/2.1
Top-3down-Cis 26.3 21.5 0.3/3.0 -0.1/1.0 0.8/2.1

Table S28: Relative energies and calculated atomic charges for all [Sago][NTfs] conformers(SMD). The Cationic q(S) value
is on the left of the ”/”. The value of anionic q(S) is the average of the two anionic sulfur atoms.



