Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2021

Experimental Measurement and Prediction of lonic Liquid lonisation Energies

Jake M. Seymour,! Ekaterina Gousseva,® Alex Large,* Coby J. Clarke,? Peter Licence,? Richard M.
Fogarty,® David A. Duncan,” Pilar Ferrer,* Federica Venturini,* Roger A. Bennett,! Robert G. Palgrave,®
Kevin R. J. Lovelock.!

! Department of Chemistry, University of Reading, Reading, RG6 6AD, UK
2 School of Chemistry, University of Nottingham, Nottingham, NG7 2RD, UK
3 Department of Materials, Imperial College London, SW7 2AZ, UK
4 Diamond Light Source, Didcot, Oxfordshire, 0X11 ODE, UK
> Department of Chemistry, University College London, UK
Contact E-mail: k.r.j.lovelock@reading.ac.uk

1. lonic Liquids Studied and Synthesis S2-S13
2. Data analysis. Synchrotron XPS: sample charging S14

3. Data analysis. Peak fitting core level XP spectra S$15-S17
4. Data analysis. Peak fitting valence level XP spectra S18

5. Data analysis. Charge referencing methods $19-S22
6. Data analysis. Obtaining Eg(ion HOFO) and Eg(ion onset) S23

7. Results. XPS: demonstrating purity $24-562
8. Results. RXPS data: Eg heat maps and traces S63-566
9. Results. Quantifying the effect of countercation on anion Eg and E; S67-569
10. Results. HOMO Identification and Ej(ion) values S$70-S72
11. Results. FWHM for HOMO Identification S73

12. Results. Predictions S74

13. References S75

S1


mailto:k.r.j.lovelock@reading.ac.uk

1. lonic Liquids Studied and Synthesis

Table S1 gives the ionic liquids (ILs) studied. All 60 ILs were liquid at room temperature, making XPS
experiments relatively straightforward, as no heating was required for any IL studied here. Compared
to the ILs studied in reference !, two new cation cores were studied here, [C,CiPyrr]* and [C,Py]*.
Furthermore, 20 new anions were studied, with a variety of properties/reasons to study.

o | vs[l3].

o Nine halozincate ILs with different ligands, different number of zinc atoms and different

countercation.

e Five transition metal complexes, four tetrahedral and one octahedral.

o [BF.] vs [PFel-.

e [PFg] vs [FAP].

e [PFg] vs [SbFe].

e Three main group-based anions: [SnCls]" vs [InCls] vs [SbFe].

e 12 ILs with post-transition centres in total.

e (Cation-anion combinations selected to potentially give the cation as the HOMO.

[C8C1|m]z[F6C|4], [C8C1Im]2[CoCI4], [C8C1|m]2[COBr4], [C8C1|m]2[CO(NTf2)4], [C3C1|m]2[NiC|4],
[CsC1lm]2[ZNn3Brs] and [CsCilm]a[ZnCl.Br;] were prepared using the following method. 1-Octyl-3-
methylimidazolium chloride, [CsC:Im]Cl, and 1-octyl-3-methylimidazolium bromide, [CsCiIm]Br, were
purchased from lolitec, and dried on a Schlenk line at <2 x 102 mbar at 70°C for 48 h before being
transferred to a LABstar (MBraun) glovebox with <0.5 ppm of O, and H,O. These viscous ILs were
gently heated to 40°C; next, 2-3 g of the appropriate IL was decanted into a series of 30 mL screw top
glass vials. The desired amount of metal salt (ESI Table S2 for metal salt sources, used as received)
was calculated and weighed into each vial, stirrer bars were added, and the temperature was raised
to 70°C. Masses are given in ESI Table S3. The vials were periodically handled to wash any solid
particles from the sides until clear solutions persisted (typically < 48 h). For both laboratory and
synchrotron measurements, the samples were mounted in air; exposure to air was limited to <10
minutes. For [CsCiim]2[ZnCl:Br;], 1-octyl-3-methylimidazolium bromide and zinc(ll) chloride were
used.
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Table S1. ILs investigated in this work.

IL no. Abbreviation Structure Name Synthesis
—| @
1 [CsCalm]CI N O N c:|—| 1-octyl-3—methylimidazolium chloride Ref. 1
- \/ \Can
—| (C]
2 [CsCilm]Br N" O \N Br—| 1-octyl-3—methylimidazolium bromide Ref. 1
N \Cus
—|®
3 [CeCalm]I N, O \N |—| 1-hexyl-3—methylimidazolium iodide Ref. 1
~ \/ CeHisz
o
4 [Pé,6,6,14]Cl l —| i tetradecyl(trihexyl)phosphonium chloride Ref. 1
"u”"
H13Ce/ \ CgHis
CSH13
Cistas |
5 [Ps,6,6,14]Br l _l i tetradecyl(trihexyl)phosphonium bromide Ref. 1
N
H13CG/ \ CeHis
CeH1s
=\ —1® -
6 [C4C1lm][SCN] N O N S—C=—N 1-butyl-3—-methylimidazolium thiocyanate Ref. 1
a4 \C4H9
=\ —1® -
7 [CsC1lm][SCN] N O N S—C—=N 1-octyl-3—methylimidazolium thiocyanate Ref.1
N \Cus
—| © —| ©
/ \ N N o . . .
8 [C4C1Im][N(CN),] 1-butyl-3—methylimidazolium dicyanamide Ref. 1
/N N
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[Ps,6,6,14][N(CN).]

[CsCalm][C(CN)s]

[C6C1Im][B(CN)4]

[CsCalm][BF4]

[Pe,6,6,14][NOs]

[C4C4lm][HSO4]
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H13Cs/ ‘geclj:ﬂ C|)
. 1° b o
e O N P
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tetradecyl(trihexyl)phosphonium dicyanamide

1-octyl-3—methylimidazolium
tricyanomethanide

1-hexyl-3—methylimidazolium tetracyanoborate

1-octyl-3—methylimidazolium tetrafluoroborate

tetradecyl(trihexyl)phosphonium nitrate

1-butyl-3—methylimidazolium hydrogensulfate

Ref.

Ref.

Ref.

Ref.

Ref.

Ref.
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21

22

[CsCaIm][HSO,]

[C4Colm][HSO4]

[Na,1,1,0][HSO4]

[Ng,1,1,0][HSO4]

[C4C1Im] [MeSO4]

[C4C1Im] [OCSO4]

[C2C1|m] [M8503]

[C4C1Im] [MEzPO4]

HeC4 CHj

T

HWCB CH3
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1-octyl-3—methylimidazolium hydrogensulfate

1-butyl-imidazolium hydrogensulfate

butyl(dimethyl)Jammonium hydrogensulfate

octyl(dimethyl)Jammonium hydrogensulfate

1-butyl-3—methylimidazolium methylsulfate

1-butyl-3—methylimidazolium octylsulfate

1-ethyl-3—methylimidazolium
methanesulfonate

1-butyl-3—methylimidazolium
dimethylphosphate

Ref.

Ref.

Ref.

Ref.

Ref.

Ref.

Ref.

Ref.




23
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28

29

[C4C1Im] [TfO]

[CgCllm] [TfO]

[N2,2,1,0][TfO]

[N20H,20H,204,1] [TfO]
or

[N@2on)3,1][TfO]

[C4CaIm][NTS;]

[C6Calm][NTf,]

[CeCilm][NTf,]

e <|>| T
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~ \/ CyHq O/ \
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— mE 0 o 1°
N O N F3C\” ”/CF3
S S
-~ \/ CgHi7 O/ \N/ \O

1-butyl-3—methylimidazolium
trifluoromethylsulfonate

1-octyl-3—methylimidazolium
trifluoromethylsulfonate

diethyl(methyl)Jammonium
trifluoromethylsulfonate

triethanol(methyl)ammonium triflate

1-butyl-3—methylimidazolium
bis[(trifluoromethane)sulfonyl]imide

1-hexyl-3—methylimidazolium
bis[(trifluoromethane)sulfonyllimide

1-octyl-3—methylimidazolium
bis[(trifluoromethane)sulfonyllimide

Ref.

Ref.

Ref.

Ref.

Ref.

Ref.

Ref.
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30

31

32

33

34

35

36

37

[C2Colm][NTf,]

[C4Colm][NTf;]

[Na,1,1,1][NTf;]

[N3,2,1,1][NTf;]

[Ng,s,81][NTf2]

[S2,2,1][NTf;]

[S2,2,2][NTf;]

[P6,6,6,14][NTf2]
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1—-ethyl-imidazolium
bis[(trifluoromethane)sulfonyl]imide

1-butyl-imidazolium
bis[(trifluoromethane)sulfonyl]imide

butyl(trimethyl)ammonium
bis[(trifluoromethane)sulfonyl]imide

propyl(ethyl)(dimethyl)ammonium
bis[(trifluoromethane)sulfonyl]limide

trioctyl(methyl)lammonium
bis[(trifluoromethane)sulfonyl]imide

diethyl(methyl)sulfonium
bis[(trifluoromethane)sulfonyl]limide

triethylsulfonium
bis[(trifluoromethane)sulfonyl]imide

hexadecyl(trihexyl)phosphonium
bis[(trifluoromethane)sulfonyl]imide

Ref.

Ref.

Ref.

Ref.

Ref.

Ref.

Ref.

Ref.
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39

41

42

43

44

45

[C4C1Pyrr] [Nsz]

[C4Py][NTf;]

[CsPy][BFa]

[CaCilm][PFe]

[C2CaIm][FAP]

[CsCi1lm][SbFe]

[CeCalm][l5]
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1-butyl-1-methylpyrridinium
bis[(trifluoromethane)sulfonyl]imide

1-butylpyridinium
bis[(trifluoromethane)sulfonyl]imide

1-octylpyridinium tetrafluoroborate

1-butyl-3-methylimidazolium
hexafluorophosphate

1-ethyl-3-methylimidazolium

tris(pentafluoroethyl)trifluorophosphate ¢

1-octyl-3-methylimidazolium
hexafluoroantimonate

1-octyl-3-methylimidazolium triiodide

Ref. 2

Purchased
from lolitec

Ref. 3

Ref. 4

Purchased
from Sigma-
Aldrich

Ref. >

Ref. ®
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47
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50

51

[CsC1lm]2[ZnCly]
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bis(1-octyl-3-methylimidazolium)
tetrachlorozincate

bis(1-octyl-3-methylimidazolium)
hexachlorodizincate

bis(1-octyl-3-methylimidazolium)
decachlorotetrazincate °

bis(1-octyl-3-methylimidazolium)
dichlorodibromozincate

bis(1-octyl-3-methylimidazolium)
tetrabromozincate

bis(1-octyl-3-methylimidazolium)
hexabromodizincate

Ref. 7

Ref. 7

Ref. 7

This work

Ref. 7

Ref. 7
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52

53

54
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56
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[CsCi1lm]2[Zn3Brs]

[CsCilm]2[Zn4Brio]

[Ps,6,6,1412[ZNCl4]
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bis(1-octyl-3-methylimidazolium)
octabromotrizincate

bis(1-octyl-3-methylimidazolium)
decabromotetrazincate

hexadecyl(trihexyl)phosphonium
tetrachlorozincate

1-octyl-3-methylimidazolium tetrachloroindate

1-octyl-3-methylimidazolium trichlorostannate

bis(1-octyl-3-methylimidazolium)
tetrachloroferrate

bis(1-octyl-3-methylimidazolium)
tetrachlorocobaltate

This work

Ref. 7

Ref. 7

Ref. 8

Ref. 8

This work

This work
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P— —| @ Br\ e

58 [CsC1lm]2[CoBryg)] N N Zn Ty g,

Cl —l “

®
I\ N

59 [CgCilm]5[NiCl4] N N Ni"u,,”CI

Cl

=4

O o5=0, | & o
60 [C3C1|m]2[CO(NTf2)4] ) N Co.
e 0

CgHy7

\
3
>
|
o

2

F3CO,SN

bis(1-octyl-3-methylimidazolium)

This work
tetrabromocobaltate

bis(1-octyl-3-methylimidazolium)

. This work
tetrachloronickelate W

bis(1-octyl-3-methylimidazolium)
tetra(bis(trifluoromethylsulfonyl)imide)cobaltate  This work
[

a [FAP]- drawn as meridional isomer, although facial isomer also expected to be present in the IL°
b [Zn4Cl1p]? and [Zn4Brip]? drawn as linear, but ring could also be present
¢ [Co(NTf;)4]% drawn with two bidentate anions and two monodentate anions; other combinations are possible

Table S2. Metal salts used to make halometallate ILs

Salt Formula Purity Purchased from
iron(ll) chloride FeCly anhydrous, 99.5% VWR International Ltd.
cobalt(ll) chloride CoCl, 97% Sigma-Aldrich
cobalt(ll) bromide CoBr; 99% Sigma-Aldrich
cobalt(ll) bis[(trifluoromethane)sulfonyl]imide Co[(CF3S03)2N]> = Co[NTf,],  99.5% Solvionic

nickel(ll) chloride NiCl; 99.995% metals basis Fisher Scientific Ltd.
zinc(ll) chloride ZnCl; 99.999% metals basis Sigma-Aldrich

zinc(ll) bromide ZnBr; 99.999% metals basis Sigma-Aldrich
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Table S3. Techniques used for each IL in this work.

IL no. Abbreviation Variable hv XPS RAES/RXPS Lab-based XPS Published
1 [CsCilm]ClI Ref. 1 N 1sinref.? UCL (Kat)! and UCL (Theta Probe) Ref. !
2 [CsCilm]Br Imperial (Ka)! and UCL (Theta Probe) Ref. 1
3 [CeCalml]l uCL (Kot Ref. 1
4 [P6,6,6,14]C| UCL (KOL):l Ref.1
5 [Pe,6,6,14]Br UCL (Kau)t Ref. 1
6 [C4C1IM][SCN] Ref. N 1s; C1sinref.® UCL (Ka)? Ref. 1
7 [CgC1Im][SCN] Imperialt Ref. 1
8 [C4C1lm][N(CN)2] UCL (Ko)? Ref. 1
9 [P6,5,5,14][N(CN)2] UCL (KOL):l Ref. 1
10 [CsC1Im][C(CN)s] N 1s; C1sinref. ! UCL (Ka)! Ref. 1
11 [C6C1lm][B(CN)a] UCL (Ko)? Ref. 1
12 [CsCilm][BF4] N 1s on BO7 UCL (Ko)? Ref.1
13 [P61616114][N03] Ref. C 15,’ N 15; O1lsinref. ! UCL (KOL):l Ref. 1
14 [C4C1Im][HSO4] UCL (Kot Ref. 1
15 [CsC1Im][HSO4] UCL (Kot Ref. 1
16 [C4Colm][HSO,] UCL (Ko)? Ref. 1
17 [N4,1,1,0][HSO4] Ref. C1s;N1s;01sin ref.1 UCL (KOL):l Ref.1
18 [Ns,l,l,o][HSO4] UCL (KOL)1 Ref. 1
19 [C4C1Im][MeSO04] UCL (Kot Ref. 1
20 [C4C1IMm][OcSO4] UCL (Ko)? Ref. 1
21 [C2C1Im][MeSOs] UCL (Kay)t Ref. 1
22 [C4C1Im][Me2PO4] UCL (KOL)1 Ref. 1
23 [C4C1Im][TfO] UCL (Ko Ref. 1
24 [CsC1Im][TfO] UCL (Ko Ref. 1
25 [N2,2,1,0][TfO] Ref. C1s;N1s;01sinref. 1 UCL (Ko)? Ref. 1
26 [N20H,201,20,1][TfO] UCL (Ka)? Ref. !
27 [CaC1lm][NTF,] UCL (Kou)? Ref. 1
28 [CeC1lm][NTF,] UCL (Kou)? Ref. 1
29 [CeCaIm][NTf;] Ref. C1s;N1s;01sinref. 1 UCL (Kou)! and UCL (Theta Probe) Ref. 1
30 [C2Colm][NTS,] UCL (Ka)? Ref. 1
31 [CaColm][NTF,] UCL (Kou)? Ref. 1
32 [Na,1,1,1][NTf;] UCL (Ka)? Ref. 1
33 [N3,2,1,1][Nsz] UCL (KOL):l Ref. 1
34 [Nsysysyﬂ[Nsz] UCL (KOL):l Ref. 1
35 [Sng][Nsz] UCL (KOL)1 Ref. 1
36 [52,2,2][NTf2] UCL (KOL)1 Ref. 1
37 [Ps,6,6,14] [NTf>] UCL (Ka)? Ref. 1
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38
39
41
42
43
44
45
46
47
48
49
50
51
52
53
54
54
55
56
57
58
59
60

[C4C1Pyrr] [Nsz]
[C4PY]INTf]
[CsPyl[BFa]
[C4Calm][PFe]
[C2C1Im][FAP]
[C3C1|m] [SbFe]
[CsCalm][l5]
[CgCllm]z[ZnCL;]
[CgCllm]z[anCIe]
[CgCllm]z[ZmCIlo]
[C3C1|m]2[znclzBr2]
[CsCalm]2[ZnBry]
[CgCllm]z[anBre]
[CsCi1lm]2[Zn3Brs]
[CsCalm]2[Zn4Brio]
[Pé,6,6,14]2[ZnCl4]
[CgCllm][InCI4]
[CsC1lm][SNnCl3]
[CsCilm]2[FeCls]
[C3C1|m]2[COC|4]
[C3C1Im]2[CoBr4]
[CsC1lm],[NiCls]
[C8C1|m]2[C0(Nsz)4]

N 1s on BO7

N 1s on BO7

N 1 on BO7

N 1s on BO7

N 1s on BO7

N 1s on BO7
N 1s on 109
N 1s on BO7
N 1s on BO7

N 1s on BO7
C 1s on B0O7

Kratos Axis Ultra (Nottingham)
UCL (Kat)

Kratos Axis Ultra (Nottingham)
UCL (Ka)

Kratos Axis Ultra (Harwell)
Kratos Axis Ultra (Nottingham)
Kratos Axis Ultra (Nottingham)
UCL (Theta Probe)

UCL (Theta Probe)

UCL (Theta Probe)

UCL (Theta Probe)

UCL (Theta Probe)

UCL (Theta Probe)

UCL (Theta Probe)

UCL (Theta Probe)

UCL (Theta Probe)

UCL (Theta Probe)

UCL (Theta Probe)

UCL (Theta Probe)

UCL (Theta Probe)

UCL (Theta Probe)

UCL (Theta Probe)

UCL (Theta Probe)

Core levels in ref. 2. Valence levels in this work
This work
This work
This work
This work
Core levels in ref. 5. Valence levels in this work
Core levels in ref. 6. Valence levels in this work
This work
This work
This work
This work
This work
This work
This work
This work
This work
This work
This work
This work
This work
This work
This work
This work
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2. Data analysis. Synchrotron XPS: sample charging

In reference * we noted that the greater flux of synchrotrons, relative to lab XPS apparatus, can give
significant damage/charging. To overcome these challenges, we either used a static sample with
greatly reduced flux (109 and the BO7 T-pot sample holder, all ILs studied at the synchrotron apart from
one) or rastered the sample (the BO7 T-pot sample holder for one IL only, [CsCilm]2[Co(NTf,)4]). Both
of these strategies were successful.
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3. Data analysis. Peak fitting core level XP spectra

Peak fitting core level XP spectra is important for demonstrating purity (ESI Section 6), but for this work it is just as important for charge referencing. In ESI
Table S4, the core orbital used for charge referencing is given, along with any constraints used. The constraints used were all explained in the ESI of reference
1 apart from for [CsPy][BF4] which was explained in reference 3.

Table S4. Experimental X-ray photoelectron spectroscopy (XPS) details on the charge correction applied for each ionic liquid, and any fitting constraints needed to fit the core orbital used for

charge referencing

IL no. Abbreviation

Charge
referencing
method used

Core orbital
used for charge
referencing

Fitting constraints used

Eg for core orbital
used for charge
referencing / eV

Rationale for choosing core orbital
used for charge referencing

Eg value shifted
for valence XP
spectrum / eV

1 [C3C1|m]cl

2 [C3C1|m] Br

3 [CeCalm]I

4 [P6,6,6,14]Cl

5 [Pe,6,6,14]Br

6 [C4C1Im][SCN]

7 [CsCaIm][SCN]

8 [C4C4Im][N(CN)2]
9 [Ps,6,6,14][N(CN)2]
10 [CsC1Im][C(CN)s]
11 [C6CIm][B(CN)a]
12 [C3C1|m][BF4]

13 [Pe,6,6,14][NOs]

14 [C4C1Im][HSO4]
15 [CsCaIm][HSO4]
16 [CaColm][HSO4]
17 [Na,1,1,0][HSO4]
18 [Ng,1,1,0][HSO4]
19 [C4C1Im][MeS04]
20 [CaC1Im][OcSO4]
21 [C2C1Im][MeS0s]
22 [C4C1|m][MEzPO4]
23 [C4C1Im][TFO]

24 [CsCalm][TO]

Caikyl 1s
Caikyl 1s
Ncation 15

Caikyl 1s

Caikyl 1s

Ncation 15
Caikyl 1s
Ncation 1s

Caikyl 1s

Caikyl 1s
Caikyl 1s
Caikyl 1s

Caikyl 1s

Ncation 1s
Caikyl 1s
Calkyl 1s
sanion 2p3/2
Caiky 1s
Ncation 1s
Caikyl 1s
Ncation 1s
Ncation 1s
Ncation 1s
Calkyl 1

1:4:7 for C%:Chetero:Calkyl

1:4:7 for C%:Chetero:Calkyl

None

4:28 for Chetero:Calkvl
FWHM(Chetero) = FWH M(Calkvl)
4:28 for Chetero:Calkyl
FWHM(Chetero) =FWH M(Calkvl)
None

1:4:7 for C%:Chetero:Calkyl

None

4:28 for Chetero:Calkyl
FWHM(Chetero) =FWH M(Calkvl)
1:4:7 for C%:Chetero:Calkyl

1:4:5 for C%:Chetero:Calkyl

1:4:7 for C%:Chetero:Calkyl

4:28 for Chetero:CaIkVI
FWHM(Chetero) =FWH M(Ca|kvl)
None

1:4:7 for C%:Chetero:Calkyl

1:4:3 for C%:Chetero:Calkyl

3:3 for Chetert):(:alkyl

3.7 for Chetero:(:alkyl

None

1:5:10 for C2:Chetero:Calkyi
None

None

None

1:4:7 for C2:Chetero:Calkyl

285.0
285.0
401.9

285.0

285.0

401.9
285.0
402.0

285.0

285.0
285.0
285.0

285.0

401.8
285.0
285.0
168.7
285.0
401.7
285.0
401.9
401.9
402.0
285.0

Long alkyl chain
Long alkyl chain
Ncation 1s for [C8C1|m]| 10

Long alkyl chain

Long alkyl chain

Neation 15 for [CgC1lm][SCN]
Long alkyl chain
Ncation 1s for [C8C1|m][N(CN)2] 1

Long alkyl chain

Long alkyl chain
Long alkyl chain
Long alkyl chain

Long alkyl chain

Ncation 1s for [C8C1|m][HSO4]

Long alkyl chain

Caikyl 1s for [C4aC1Im][HSO4]

Sanion 2P3/2 for [Ng 1,1,0][HSO4]

Long alkyl chain

Neation 18 for [C4C11m][OcSO4]

Long alkyl chain

Average Ncation 1s for [CsCiIm][A] 10
Average Ncation 1s for [CsCiIm][A] 10
Neation 1s for [CsC1Im][TfO]

Long alkyl chain

-0.23
0.09
0.05

-0.19

-0.42

0.10
-0.13
0.04

0.22

0.01
-0.24
-0.10

-0.10

-0.38
-0.39
-0.21
-0.28
0.11

-0.26
0.02

0.12

-0.17
-0.83
-0.46
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25 [N2,2,1,0][TfO] v Fanion 15 None 688.4 Fanion 1 for [CsC4Im][TfO] -0.49
26 [NZOH,ZOH,ZOH,l][TfO] \") Fanion 1s None 688.4 Fanion 1s for [C3C1|m][Tfo] -0.44
27 [C4C1Im][NTS] ii Ncation 1S None 402.1 Neation 1s for [CsC1Im][NTf,] 0.04
28 [C6CaIm][NTF,] ii Neation 15 None 402.1 Neation 1s for [CsCaIm][NTf,] 0.04
29 [CgCa1Im][NTf;] i Calkyl 1s 1:4:7 for C%:Chetero:Calkyl 285.0 Long alkyl chain 0.21
30 [C2Colm][NTS,] ii Fanion 1S None 688.8 Fanion 15 for [Ng g s 1][NTf;] -0.01
31 [C4Colm][NTf,] ii Fanion 1S None 688.8 Fanion 15 for [Ng g s 1] [NTf;] 0.07
32 [N4,1,1,1][NTf2] ii Fanion 1s None 688.8 Fanion 1s for [Ng_g,g,l][Nszl -0.30
33 [N3,2,1,1][Nsz] i Fanion 1s None 688.8 Fanion 1s for [Ng[g/g/ﬂ[Nsz] -0.07
34 [Ngs,81][NTf,] i Caikyl 1s 4:3:18 for Chetero:Cinter:Calkyl 285.0 Long alkyl chain 0.03
35 [52,2,1][NTf2] \") Fanign 1s None 688.8 Fanion 1s for [Ng_g_g_l][Nszl -0.36
36 [52,2,2][NTf2] \") Fanign 1s None 688.8 Fanion 1s for [Ng_g_g_l][Nszl -0.10
37 [P6,6,6,14][NT] i Caikyi 1s ‘Fl\/%/i;(/l)(rcihtt);k\x/HM (ol 285.0 Long alkyl chain 0.01
38 [C4C1Pyrr][NTf] ii Ncation 1S None 402.7 Necation 1s for [CsC1Pyrr][NTf,] -0.13
39 [C4PY][NTf,] ii CF3C 1s None 292.9 CF; C 1s for [CsPy][NTf,] -0.05
2.8:2.7:7 for Chetemicintericamw
. FWHM(Chetero) =FWH M(Cinter) .
41 [CsPy][BFa] i Calkyl 1s FWHM (Cat) = FWHM(Chetero) X 1.08 285.0 Long alkyl chain -0.01
(taken from reference 3)

42 [C4C1Im][PFe] ii Neation 15 None 402.1 Neation 1s for [CsC1Im][PFe] 0.33
43 [C2CaIm][FAP] ii CF3C1s None 293.14 Neation 1s for [CsC1Im][FAP] 11 1.01
44 [CsCilm][SbFe] i Caikyl 1s 1:4:7 for C%:Chetero:Calkyl 285.0 Long alkyl chain -0.41
45 [CsCalm]l5] i Calkyl 1s 1:4:7 for C%:Chetero:Calkyl 285.0 Long alkyl chain 0.39
46 [CgC1lm],[ZNnCl4) i Calkyl 1s 1:4:7 for C%:Chetero:Calkyl 285.0 Long alkyl chain 0.57
47 [CsC1lm],[Zn,Clg] i Calkyl 1s 1:4:7 for C%:Chetero:Calkyl 285.0 Long alkyl chain 0.28
48 [CsC1lm]2[ZN4Clyo] i Caikyl 1s 1:4:7 for C%:Chetero:Calkyl 285.0 Long alkyl chain 0.56
49 [CsCilm],[ZNnCl5Br5] i Calkyl 1s 1:4:7 for C%:Chetero:Calkyl 285.0 Long alkyl chain 0.44
50 [CgCi1lm]3[ZNnBry] i Calkyl 1s 1:4:7 for C%:Chetero:Calkyl 285.0 Long alkyl chain 0.53
51 [CgC1lm];[ZNn,Bre] i Calkyl 1s 1:4:7 for C%:Chetero:Calkyl 285.0 Long alkyl chain 0.60
52 [CsC1lm]2[ZNn3Brg] i Calkyl 1s 1:4:7 for C%:Chetero:Calkyl 285.0 Long alkyl chain 0.44
53 [CsC1lm]2[ZNn4Brig) i Calkyl 1s 1:4:7 for C%:Chetero:Calkyl 285.0 Long alkyl chain 0.67
54 [Pe,6.6,14]2[ZnCla] i Callyl 15 ﬁv%/i;j(rci:::))(::a;k\;:/HM (o) 285.0 Long alkyl chain 0.07
54 [CsCi1Im][InCl4] i Calkyl 1s 1:4:7 for C%:Chetero:Calkyl 285.0 Long alkyl chain 0.06
55 [CsC1lm][SnCI3] i Calkyl 1s 1:4:7 for C%:Chetero:Calkyl 285.0 Long alkyl chain 0.15
56 [CsCilm];[FeCls] i Calkyl 1s 1:4:7 for C%:Chetero:Calkyl 285.0 Long alkyl chain -0.09
57 [CgCi1lm],[CoCl4] i Calkyl 1s 1:4:7 for C%:Chetero:Calkyl 285.0 Long alkyl chain 0.38
58 [CgCi1lm];[CoBrg) i Calkyl 1s 1:4:7 for C%:Chetero:Calkyl 285.0 Long alkyl chain -1.47¢
59 [CsCilm],[NiClg] i Calkyl 1s 1:4:7 for C%:Chetero:Calkyl 285.0 Long alkyl chain 0.43
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60 [CgCi1lm];[Co(NTF,)4] i Calkyl 1s 1:4:7 for C%:Chetero:Calkyl 285.0 Long alkyl chain 0.16

9 [CgC1lm]2[CoBr4] was the only sample that was mounted on a non-conducting glass substrate; this different sample mounting explains the very different Eg shift value needed to charge
corrected the valence XP spectrum for [CsCi1lm];[CoBr4]
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4. Data analysis. Peak fitting valence level XP spectra

Peak fitting procedures were needed for non-resonant valence XP spectra recorded in the laboratory
at hv=1486.6 eV to obtain Eg(cation HOFO) and Eg(anion HOFO) values. In general, the only constraint
used was for the full width at half maximum (FWHM), which was generally constrained to be constant

for any components that were likely to be important for obtaining Eg(cation HOFO) and Eg(anion
HOFO) values.

To fit the non-resonant valence XP spectra recorded at hv = 1486.6 eV for [CsCiim][SnCls],
[CsC1Im][INCl4] and halozincate dianions, full width at half maximum (FWHM) values for peaks due to
Sn 4d, In 4d and Zn 3d were used to obtain estimates of the FWHM for one valence state; the FWHM
values were ~1.0 eV.®2 This knowledge was then used to aid determination of the number of
components in the non-resonant valence XP spectra recorded at hv = 1486.6 eV, e.g. Figure S1 for
[CsCilm],[ZNnCls] and for [CsCilm];[FeCls]. Cation contributions were so small that they could be
ignored when fitting the non-resonant valence XP spectra recorded at hv = 1486.6 eV. Using this
approach, Eg(anion HOFO) was determined for each metal complex-containing IL, [C;Cilm][FAP] and
[C4C1Im][PF¢] (ESI Figure S9 to ESI Figure S31).

2@ . XPS Data
B [ | H HOMO component

Tl 1csCyimpznCl N . Total fit
[€:Cr Ikl d [ | 1 Background

-2

Normalised Intensity / 10
@D
1

8 . XPS Data

H HOMO component

. CamFeC) ; z Total fit
|| FCeC1Im];[FeCly] [ Y Background

-2

Normalised Intensity / 10
~
1

—T 1 1 1T 17T 17 1T 1T ™1
8 7 6 5 4 3 2 1 0
Electron Binding Energy, Eg / eV

Figure S1. Non-resonant laboratory valence XPS at hv = 1486.6 eV (including the HOMO fitted
component, the total fit and the background for the fitting) for: (a) [CsCiim]2[ZnCls] and (b)
[CsCilm];[FeCls]. All electron spectra were charge referenced using methods outlined in Section 2.5.

The FWHM for the fitted peak due to the HOMO for six ILs was ~0.9 eV, i.e. FWHM(total) ~0.9 eV. The
apparatus contribution (from the light source and the detector) was FWHM(apparatus) ~0.45 eV;!?
the contribution from HOMO core-hole lifetime was negligible (0 eV used here).’®* Using Equation 1
(ESI Section 10),'* > the sample contribution to the FWHM was estimated as 0.8 eV. This variability
in Eg(HOMO) and Ei(IL) is predicted to be applicable to all ILs studied here, and gives a guide to the
challenge of formally assigning the HOMO to either the cation or the anion for some ILs.
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5. Data analysis. Charge referencing methods

Charge referencing methods were needed for both non-resonant valence XP spectra recorded in the
laboratory at hv=1486.6 eV and resonant XP spectra recorded at the synchrotron. For non-resonant
valence XP spectra recorded in the laboratory, the peak used for each IL is given in Table S4, along
with the Eg shift used for each IL. Figure 5 in the manuscript gives a visual demonstration of charge
referencing using Eg(Caiyi 15) for [CsCilm]2[ZNnCls] and [P s,6,14]2[ZnCl4].

For synchrotron XPS, the method used for charge referencing resonant XP spectra was the same as
outlined in reference . Non-resonant valence XP spectra recorded in the lab at hv = 1486.6 eV that
had been charge referenced already were used as the starting point. Non-resonant valence XP spectra
recorded at the synchrotron just before/after the resonant valence XP spectrum was recorded were
then used to determine the Eg shift required to successfully charge reference the resonant valence XP
spectrum in question. The Eg shift was determined by a visual comparison of the non-resonant valence
XP spectrum recorded in the lab at hv = 1486.6 eV and the non-resonant valence XP spectrum
recorded at the synchrotron; the visual comparison is given in ESI Figure S2 to Figure S4. The
synchrotron non-resonant XP spectra recorded to demonstrate IL purity were charge referenced by
shifting to match the laboratory non-resonant XP spectra that had already been charge referenced.
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Figure S2. Non-resonant XP spectra recorded on laboratory—based XPS recorded at hv=1486.6 eV (charge referenced using
data in Table S4) and synchrotron—based XPS (charge referenced by visually matching to the laboratory—based XP spectrum)
for: (a) [CsCilm][BF4], (b) [C.Cilm][FAP], (c) [C4Py][NTf,], (d) [CsCilm]2[Co(NTf,)s]. The Eg shift determined for the
synchrotron—based XPS for each IL was used to charge reference resonant XP spectra.
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Figure S3. Non-resonant XP spectra recorded on laboratory—based XPS recorded at hv=1486.6 eV (charge referenced using
data in Table S4) and synchrotron—based XPS (charge referenced by visually matching to the laboratory—based XP spectrum)
for: (a) [CgCllm]z[ZnCI4], (b) [C3C1|m]z[zn4cllo], (C) [C3C1|m]z[zn43r10], (d) [CgCllm][InCI4], (e) [CgCllm]z[Snclg]. The Eg shift
determined for the synchrotron—based XPS for each IL was used to charge reference resonant XP spectra.
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Figure S4. Non-resonant XP spectra recorded on laboratory—based XPS recorded at hv=1486.6 eV (charge referenced using
data in Table S4) and synchrotron—based XPS (charge referenced by visually matching to the laboratory—based XP spectrum)
for: (a) [CsCilm]2[FeCls], (b) [CsC1lm]2[CoCla], (c) [CsC1lm]2[NiCls]. The Eg shift determined for the synchrotron—based XPS for
each IL was used to charge reference resonant XP spectra.

S22



6. Data analysis. Obtaining Eg(ion HOFO) and Eg(ion onset)
6.1. Obtaining Eg(ion HOFO)

Our Eg(ion HOFO) values reported here are designed to capture the peak Eg of the lowest Eg anionic
and cation contributions. The ideal XP spectrum for obtaining Eg(ion HOFO) is one that gives a readily
fitted peak for the lowest Eg (anionic or cation) contribution, e.g. determining Eg(anion HOFO) for
[CACilm][SCN]. Furthermore, fitting models have been developed for valence XPS of ILs, as explained
in ESI Section 4. For determining some Eg(ion HOFQO) values, no readily fitted peak occurred.
Therefore, a combination of different data sources was used to estimate a peak Eg; thus, Es(ion HOFO)
was obtained, e.g. Es(anion HOFO) for [N4,11,0][HSO4] was determined using a combination of variable
hvXPS and RAES data. This process of estimating a peak Eg can be challenging for XP spectra that gave
a broad feature for the lowest Eg contribution; such features could be potentially be fitted with more
than one peak. For such situations, the error given with the value was larger reflecting the greater
challenge obtaining Es(ion HOFO) values for such features.

A general observation is that the lowest Eg anionic feature in XP spectra was far more likely to be a
sharp peak than the lowest Eg cationic feature in XP spectra. For example, for [C4CiIm][SCN] and
[CsCilm]Cl the lowest Eg anionic feature in XP spectra gave a single, relatively intense near-Gaussian
shaped peak, whereas the lowest Eg cationic feature in XP spectra for both ILs was a relatively broad
feature. This finding was likely the result of a combination of two factors: (i) for anions such as [SCN]
and CI it is expected that multiple MOs of very similar Eg contribute to the lowest Eg anionic feature,
giving rise to a relatively intense peak, (ii) the anions are in general structurally simpler than cations
with fewer different atoms potentially contributing to the MOs, meaning that cations have a number
of MOs at relatively similar Eg values.

6.2. Obtaining Eg(ion onset)

Eg(ion onset) values represent the experimental HOMO energy. Eg(ion onset) was determined by
fitting a linear curve to the lowest Ez component in a valence XP spectrum. The x-intercept of this
curve is equal to Eg(ion onset). The fitting Es range was chosen by the user to give a good visual fit to
the XP spectrum. IAll reported Eg(ion onset) values were determined from charge-referenced lab—
based valence XP spectra.
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7. Results. XPS: demonstrating purity

Purity for 37 ILs included in our analysis here has already been demonstrated in reference 1. Three of
these ILs were studied on the Theta Probe XPS apparatus in addition to the Ko. XPS apparatus used
previously; these ILs are presented in ESI Figure S5 to Figure S7. Furthermore, data for [C¢Cilm]l and
[CsCilm][BF4] presented in reference  was re-used with the valence XP spectrum fitted (ESI Figure S8
and ESI Figure S9).

Purity for 23 new ILs is demonstrated here (Figure S10 to Figure S32). For the laboratory XPS, there
was a very small N 1s peak due to radiation damage for [C4C1Im][PF¢] (ESI Figure S13c), and very small
peaks due to silicon-based contamination (small O 1s, Si 2s and Si 2p peaks observed in survey scan,
ESI Figure S13a). Also, there was a very small N 1s peak due to radiation damage for [C,CiIm][FAP]
(ESI Figure S14c), and very small peaks due to silicon-based contamination (small O 1s, Si 2s and Si 2p
peaks observed in survey scan, ESI Figure S14a). For the synchrotron XPS, there was a very small N 1s
peak due to radiation damage for [CsCiIm],[FeCls] (ESI Figure S40a) and [CsCilm],[CoCls] (ESI Figure
S41a). For the synchrotron data, these non-resonant XP spectra were recorded at hv = 700 eV for
static samples. The flux at hv = 700 eV was significantly larger than at the hv where resonant XP
spectra were recorded (hv~ 400 eV); therefore, the non-resonant XP spectra were more likely to show
radiation damage than the resonant XP spectra.

524



C1s a
9 2
5 N 1s
8 -
o, _|cItmm Cl2p
@ CKLL Cl2s
0 — =
T I T T T T T I T I T I T T
1200 1000 800 600 400 200 0
Electron Binding Energy, Eg / eV
©| ‘°)
- 12 - -
o ] c } 56—
[ L] c
S hetero . =1
3 T - Calky\ 3 T Neation
N‘O_ 6 N‘9 |
» - % 3
C 3
| ., i ke
r 1 T "1 1T 1T "1 - "1 r r 1 17 1T 11T & 71T 71
296 294 292 290 288 286 284 282 410 408 406 404 402 400 398 396
Electron Binding Energy, Ez / eV Electron Binding Energy, Eg/ eV
4 —

(d)

-1

S/10° counts s

204 202 200 198 196 194
Electron Binding Energy, Eg / eV

9
Toqg 4
ree
10 - ™,
LLh 'h.'l:;-'.r

- ’ e
1 r 1 1 1T T °© 1
1320 1316 1312 1308 1304 1300 1296

Electron Binding Energy, Eg / eV

0

1
1

$/10" counts s

[o:]
|

L9
1
1

"
-,

24 22 20 18 16 14 12 10 8 6 4 2 0
Electron Binding Energy, Eg / eV

Figure S5. (a) Survey, (b-d) core, (e) Auger and (f) valence XP spectra for [CsC1Im]Cl recorded on laboratory—based XPS
apparatus at hv=1486.6 eV. All XP spectra were charge referenced using method 1 outlined in Section 2.5.
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Figure S6. (a) Survey, (b-d) core and (e) valence XP spectra for [CsC1lm]Br recorded on laboratory—based XPS apparatus at
hv=1486.6 eV. All XP spectra were charge referenced using method i outlined in Section 2.5.
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was principally from the [CgCilm]* cation.
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Figure $10. (a) Survey, (b-f) core and (g) valence XP spectra for [C4C1Pyrr][NTf,] recorded on laboratory—based XPS apparatus
at hv=1486.6 eV. All XP spectra were charge referenced using method ii outlined in Section 2.5.
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Figure S11. (a) Survey, (b-f) core and (g) valence XP spectra for [C4Py][NTf,] recorded on laboratory—based XPS apparatus at
hv=1486.6 eV. All XP spectra were charge referenced using method ii outlined in Section 2.5.
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Figure S12. (a) Survey, (b-f) core and (g) valence XP spectra for [CsPy][BF4] recorded on laboratory—based XPS apparatus at
hv=1486.6 eV. All XP spectra were charge referenced using method i outlined in Section 2.5. The component labelled red
was principally from the [CsPy]* cation.
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Figure S18. (a) Survey, (b-e) core, (f-g) Auger and (h) valence XP spectra for [CsCi1lm]2[Zn,Clg] recorded on laboratory—based
XPS apparatus at hv=1486.6 eV. All XP spectra were charge referenced using method i outlined in Section 2.5.
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Figure $19. (a) Survey, (b-e) core, (f-g) Auger and (h) valence XP spectra for [CsC1lm]2[Zn4Clio] recorded on laboratory—based
XPS apparatus at hv=1486.6 eV. All XP spectra were charge referenced using method i outlined in Section 2.5.
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Figure S20. (a) Survey, (b-f) core, (g) Auger and (h) valence XP spectra for [CsC1lm],[ZnCl;Br;] recorded on laboratory—based
XPS apparatus at hv=1486.6 eV. All XP spectra were charge referenced using method i outlined in Section 2.5.
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Figure S21. (a) Survey, (b-e) core, (f) Auger and (g) valence XP spectra for [CsC1lm]2[ZnBrs] recorded on laboratory—based
XPS apparatus at hv=1486.6 eV. All XP spectra were charge referenced using method i outlined in Section 2.5.
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Figure S22. (a) Survey, (b-e) core, (f) Auger and (g) valence XP spectra for [CsCiIm]2[Zn;Bre] recorded on laboratory—based
XPS apparatus at hv=1486.6 eV. All XP spectra were charge referenced using method i outlined in Section 2.5.
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Figure S23. (a) Survey, (b-e) core, (f) Auger and (g) valence XP spectra for [CsCiIm]2[Zn3Brs] recorded on laboratory—based
XPS apparatus at hv=1486.6 eV. All XP spectra were charge referenced using method i outlined in Section 2.5.
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Figure S24. (a) Survey, (b-e) core, (f) Auger and (g) valence XP spectra for [CsCi1lm];[Zn4Brio] recorded on laboratory—based
XPS apparatus at hv=1486.6 eV. All XP spectra were charge referenced using method i outlined in Section 2.5.
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Figure S25. (a) Survey, (b-e) core, (f-g) Auger and (h) valence XP spectra for [Pg,6,6,14]2[ZnCls] recorded on laboratory—based

XPS apparatus at hv=1486.6 eV. All XP spectra were charge referenced using method i outlined in Section 2.5.
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Figure S26. (a) Survey, (b-f) core, (g) Auger and (h) valence XP spectra for [CsCilm][InCl4] recorded on laboratory—based XPS
apparatus at hv=1486.6 eV. All XP spectra were charge referenced using method i outlined in Section 2.5.
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Figure S27. (a) Survey, (b-f) core, (g) Auger and (h) valence XP spectra for [CsC1Im][SnCls] recorded on laboratory—based XPS
apparatus at hv=1486.6 eV. All XP spectra were charge referenced using method i outlined in Section 2.5.
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Figure S28. (a) Survey, (b-e) core, (f-g) Auger and (h) valence XP spectra for [CsCilm];[FeCl4] recorded on laboratory—based
XPS apparatus at hv=1486.6 eV. All XP spectra were charge referenced using method i outlined in Section 2.5.
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Figure S29. (a) Survey, (b-e) core, (f-g) Auger and (h) valence XP spectra for [CsC1Im]2[CoCls] recorded on laboratory—based
XPS apparatus at hv=1486.6 eV. All XP spectra were charge referenced using method i outlined in Section 2.5.

549



C1s a
ﬁ‘UJ
2
= N1s Brdp  Brad
8 Co2p
vo 2_
‘U‘J _M
CKLL Co LMM
0 T T T T T T T T T T T T T T
1200 1000 800 600 400 200 0
Electron Binding Energy, Eg / eV
i I s ‘°)
"o 2] "012 -
«2 i
[ c
r”C) NO
= - < 8-
(] (%)
i s TR AN
r 1 1 11T " 1T 1 "1
410 408 406 404 402 400 398 396
Electron Binding Energy, Eg/ eV
L}
©
- ) 8 —
o o . 2P -
S s . -
8 8 W
o o~ Crali |
= S g{um
* »
Ll
FrT 1T T T T T T T "T "T "1 0117
808 804 800 796 792 788 784 780 776 772
Electron Binding Energy, Eg / eV Electron Binding Energy, Eg / eV
18 = M
FIl-fJ
1)
=
>
Q
o
o~
=}
~16 —
%)
Co LMM

Tttt Tttt
736 732 728 724 720 718 712 708 704 700
Electron Binding Energy, Eg / eV

oy
" (g)

-1
1

IS
|

2.

S/10° counts s
3

24 22 20 18 16 14 12 10
Electron Binding Energy, Eg / eV

Figure $S30. (a) Survey, (b-e) core, (f) Auger and (g) valence XP spectra for [CsC1Im]2[CoBry4] recorded on laboratory—based
XPS apparatus at hv=1486.6 eV. All XP spectra were charge referenced using method i outlined in Section 2.5.
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XPS apparatus at hv=1486.6 eV. All XP spectra were charge referenced using method i outlined in Section 2.5.
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Figure S32. (a) Survey, (b-g) core and (h) valence XP spectra for [CsC1im]2[Co(NTf,)4] recorded on laboratory—based XPS
apparatus at hv=1486.6 eV. All XP spectra were charge referenced using method i outlined in Section 2.5.
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Figure S33. (a-c) core and (d) valence XP spectra for [C4Py][NTf;] recorded on laboratory—based apparatus (at hv = 1486.6

eV) and synchrotron-based XPS apparatus. All electron spectra were charge referenced using procedures outlined in ESI
Section 5.
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Figure S34. (a) core and (b) valence XP spectra for [C,C1Im][FAP] recorded on laboratory—based apparatus (at hv = 1486.6
eV) and synchrotron-based XPS apparatus. All electron spectra were charge referenced using procedures outlined in ESI
Section 5.
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Figure S$35. (a) core and (b) valence XP spectra for [CsC1Im],[ZnCl,] recorded on laboratory—based apparatus (at hv=1486.6

eV) and synchrotron-based XPS apparatus. All electron spectra were charge referenced using procedures outlined in ESI
Section 5.
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Figure S36. (a) core and (b) valence XP spectra for [CgC1Im],[Zn4Clio] recorded on laboratory—based apparatus (at hv=1486.6
eV) and synchrotron-based XPS apparatus. All electron spectra were charge referenced using procedures outlined in ESI
Section 5.
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Figure S37. (a-b) core and (c) valence XP spectra for [CsCilm]2[Zn4Brio] recorded on laboratory—based apparatus (at hv =

1486.6 eV) and synchrotron-based XPS apparatus. All electron spectra were charge referenced using procedures outlined in
ESI Section 5.
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Figure $38. (a-c) core and (d) valence XP spectra for [CsC1Im][InCl,] recorded on laboratory—based apparatus (at hv=1486.6
eV) and synchrotron-based XPS apparatus. All electron spectra were charge referenced using procedures outlined in ESI
Section 5.
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Figure S40. (a-c) core and (d) valence XP spectra for [CsC;Im];[FeCls] recorded on laboratory—based apparatus (at hv=1486.6

eV) and synchrotron-based XPS apparatus. All electron spectra were charge referenced using procedures outlined in ESI
Section 5.
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Figure S41. (a-c) core and (d) valence XP spectra for [CsC1Im];[CoCls] recorded on laboratory—based apparatus (at hv=1486.6

eV) and synchrotron-based XPS apparatus. All electron spectra were charge referenced using procedures outlined in ESI
Section 5.
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Figure S42. (a) core and (b) valence XP spectra for [CsC1Im]3[NiCls] recorded on laboratory—based apparatus (at hv=1486.6
eV) and synchrotron-based XPS apparatus. All electron spectra were charge referenced using procedures outlined in ESI
Section 5.
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Figure S43. (a-b) core and (d) valence XP spectra for [CgC1lm],[Co(NTf,),] recorded on laboratory—based apparatus (at hv=
1486.6 eV) and synchrotron-based XPS apparatus. All electron spectra were charge referenced using procedures outlined in
ESI Section 5.
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Figure S44. RXPS N 1s edge data for [CsC1im][SnCls]. (a) Heat map of hv against Eg for the N 1s edge
(produced by combining individual electron spectra taken at varying hvaround N 1s edge). This plot
represents the raw data, with no subtraction performed. (b) Partial electron yield NEXAFS spectrum
for the N 1s edge. (c) Non-resonant valence XP spectrum above the N 1s absorption edge (hv = 404.0
eV) and resonant valence XP spectrum (i.e. RXPS trace) at the N 1s absorption edge (hv = 401.8 eV).
(d) Heat map of hv against Eg for the N 1s edge (produced by combining individual electron spectra
taken at varying hvaround N 1s edge). (e) Subtracted Ncation resonant Auger electron spectrum (hv=
401.8 eV). The heat map in (d) and the RXPS trace in (e) were produced by subtraction of non-resonant
XP contributions. All electron spectra were charge referenced as explained in ESI Section 5.
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Figure S45. RXPS C 1s edge data for [CsCiIm],[Co(NTf;)s]. (a) Heat map of hvagainst Eg for the C 1s
edge (produced by combining individual electron spectra taken at varying hvaround C 1s edge). This
plot represents the raw data, with no subtraction performed. (b) Partial electron yield NEXAFS
spectrum for the C 1s edge. (c) Non-resonant valence XP spectrum below the C 1s absorption edge
(hv =284.50 eV) and resonant valence XP spectrum (i.e. RXPS trace) at the C 1s absorption edge (hv
= 285.45 eV). (d) Heat map of hv against Eg for the C 1s edge (produced by combining individual
electron spectra taken at varying hvaround C 1s edge). (e) Subtracted Ccation resonant Auger electron
spectrum (hv=285.45 eV). The heat map in (d) and the RXPS trace in (e) were produced by subtraction
of non-resonant XP contributions. All electron spectra were charge referenced as explained in ESI
Section 5.
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Figure S46. RXPS N 1s edge data for [C4Py][NTf;]. (a) Heat map of hv against Eg for the N 1s edge
(produced by combining individual electron spectra taken at varying hvaround N 1s edge). This plot
represents the raw data, with no subtraction performed. (b) Partial electron yield NEXAFS spectrum
for the N 1s edge. All electron spectra were charge referenced as explained in ESI Section 5.

The Ceation RXPS feature for [CsCilm];[Co(NTf,)s] recorded at hv = 285.45 eV, which was from the
imidazolium carbon and not from the CFs carbon,’ *® showed a feature at 4 eV < Ezg < 7 eV. The Es
separation between the Ncation RXPS feature for [CsC1Im][NTf2] (Nanion did not give an RXPS feature for
[NTf2])* and the Ceation RXPS feature for [CsCilm]2[Co(NTF)a], AEs(imidazolium RXPS) = Eg(Ncation RXPS)
- Eg(Ceation RXPS), was ~0.9 eV (ESI Figure S47). The ILs [CsCiIm][NTf;] and [CsCilm]2[Co(NTf,)s] gave
very similar Eg(Ncation 15) values (within 0.1 eV, Table 1), so a comparison of Neation RXPS and Ceation RXPS
for these two ILs is valid. Overall, the Ccation RXPS feature matched to the imidazolium cation HOFO,
whereas the Ncation RXPS feature matched to an imidazolium cation OFO at Eg ~0.9 eV larger than the
imidazolium cation HOFO. Furthermore, the imidazolium cation HOFO had a very strong contribution
from the ring carbon atoms and a relatively weak contribution from the ring nitrogen atoms.
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Figure S47. Subtracted RXP spectra for Ncation for [CsC1Im][NTf,] and Ceation for [CsCilm]2[Co(NTF,)4] (h v
= 285.45 eV). These RXPS traces were produced by subtraction of resonant XP spectrum minus non-
resonant XP spectrum using the procedure outlined in reference . All electron spectra were charge
referenced using procedures outlined in Section 2.5.

For [C4Py][NTf;] a broad feature due to resonant enhancement was observed at hv~ 401 eV and 4 eV
< Eg(Ncation RXPS) < 7.5 eV (Figure 3a). hv~401 eV corresponded to absorption from the Ncation 1S core
state to pyridinium ring ©* unoccupied valence state(s) (ESI Figure S46). The feature at 4 eV < Eg(Ncation
RXPS) < 7.5 eV was from participator Auger transitions involving valence states with good overlap with
the Ncation 15 core hole. Consequently, for [C4Py]*-based ILs, valence states at 4 eV < Eg(Ncation RXPS) <
7.5 eV had strong contributions from Ncation in the pyridinium ring, i.e. from Neation 2p-based AOs. For
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non-resonant laboratory valence XPS at hv = 1486.6 eV for [CsPy][BF.], a feature due to cationic
valence states at 4 eV < Ez < 6.5 eV was observed (Figure 2c). Therefore, for [C,Py][A] charge

referenced to Eg(Caiyi 1s) = 285.0 eV, Eg(cation HOFO) = 5.3 + 0.6 eV, independent of the identity of
the anion [A].

= [C,C,IMIFAP]

= [C,C,ImIISCN]
[CoC,ImIC

mm [CgCIm][BF,]

== [C,C,Im][SnCly]

mm [C;C;Im],[ZnCly]

[CoCyIm][Zn,Clyg]

2

Normailsed Intensity / 10

24 22 20 18 16 14 12 10 8 6 4
Electron Binding Energy, Eg / eV

ESI Figure S48. Subtracted RXP spectra for Netion for seven [C,CiIm][A] ILs. These RXPS traces were
produced by subtraction of resonant XP spectrum minus non-resonant XP spectrum using the

procedure outlined in reference 1. All electron spectra were charge referenced using procedures

outlined in Section 2.4. [CsCilm][NTf;] was not included in this Figure due to spectator Auger
contributions from Nanion.
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9. Results. Quantifying the effect of countercation on anion Eg and E;

ta)

[P i 141C]
== [C4C4Im]CI
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Electron Binding Energy, Eg / eV

k)

-1

- [Pe‘e‘ienq]C'
s [CoCymICH

Normalised Intensity / 10

24 22 20 18 16 14 12 10 8 6 4 2 0
Electron Binding Energy, Eg / eV

ESI Figure S49. Non-resonant laboratory XPS at hv = 1486.6 eV for [CsC:Im]Cl and [Pse6,14]Cl: (a)
valence charge referenced to Eg(Caiy 1s) = 285.00 eV (i.e. using procedure 1 outlined in Section 2.4),

(b) valence charge referenced to Es(Cl 2ps32) = 198.16 eV (i.e. using procedure 5 outlined in Section
2.4).
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ESI Figure S50. Non-resonant laboratory XPS at hv = 1486.6 eV for [CsCilm]Br and [Peg,14]Br: (a)
valence charge referenced to Eg(Caiy 1s) = 285.00 eV (i.e. using procedure 1 outlined in Section 2.4),
(b) valence charge referenced to Eg(Br 3ds2) =67.41 eV (i.e. using procedure 5 outlined in Section 2.4).
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ESI Figure S51. Non-resonant laboratory XPS at hv = 1486.6 eV for [CsCilm][N(CN):] and
[Pe6,614][N(CN)2]: (a) valence charge referenced to Eg(Caikyi 1s) = 285.00 eV (i.e. using procedure 1
outlined in Section 2.4), (b) valence charge referenced to Eg(Nterminai 15) = 398.36 eV (i.e. using
procedure 5 outlined in Section 2.4).
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ESI Figure S52. Non-resonant laboratory XPS at hv=1486.6 eV for [CsC1Im][NTf,] and [Pe,6,6,14] [NTf]:
(a) valence charge referenced to Eg(Caiy 1s) = 285.00 eV (i.e. using procedure 1 outlined in Section

2.4), (b) valence charge referenced to Eg(Nanion 1s) = 399.46 eV (i.e. using procedure 5 outlined in
Section 2.4).
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10. Results. HOMO Identification and E;(ion) values

Table S5. Eg(cation HOFO), Eg(anion HOFO), HOFO identities, Eg difference between the respective ion onset Eg values, AEg(ion onset) = Eg(cation onset) — Eg(anion onset), Eg difference between

the respective ion HOFO Ejp values, AEg(ion HOFO) = Eg(cation HOFO) — Eg(anion HOFO) and HOMO identity. Entries are listed by AEg(ion HOFO) @

lonic Liquid Eg(cation HOFO)  Eg(cation onset)  Cation HOFO Eg(anion HOFO)  Eg(anion onset)  Anion HOFO AEg(ion HOFO) /  AEg(ion onset) HOMO
/ eV / eV contribution / eV / eV contribution eV / eV identify
[CeC1lm],[FeCls] 4.8+0.4 3.7+0.3 N2p+C2p 1.4+0.3 0.7+0.2 Cl3p + Fe 3d 34105 3.0£0.4 Anion
[CeCalmll 48+0.4 3.7+0.3 N2p+C2p 26%0.1 1.7 £0.2 I5p 22104 20+04 Anion
[CsC1Im]2[CoBr4] 4.8+0.4 3.7+0.3 N2p+C2p 2.7+0.3 1.7+0.2 Br 4p + Co 3d 2.1£0.5 20+0.4 Anion
[Ps,6,6,14]Br 5.0+0.4 Unknown C2p 29+0.1 1.8+0.2 Br 4p 21+04 Unknown Anion
[Na,1,1,0][HSO4] 6.5+1.0 Unknown C2p 45+0.4 3.1+0.3 0 2p 20+1.4 Unknown Anion
[CsCaIm][C(CN)3] 4.8+0.4 3.7+0.3 N2p+C2p 2.8+0.2 1.8+0.2 N 2p 2.0+05 1.9+0.4 Anion
[CsCaIm]2[CoCla] 4.8+0.4 3.7+0.3 N2p+C2p 2.9+0.3 1.9+0.2 Cl3p+Co3d 1.9+0.5 1.8+0.4 Anion
[C4C1IM][SCN] 48+0.4 3.7+0.3 N2p+C2p 29+0.1 1.9+0.2 N2p+S3p 19+04 1.8+0.4 Anion
[CsCaIm][SCN] 48+0.4 3.7+0.3 N2p+C2p 29+0.1 1.9+0.2 N2p+S3p 19+04 1.8+0.4 Anion
[CsCaim][l3] 4.8+0.4 3.7+0.3 N2p+C2p 2.9+0.3 1.8+0.2 I5p 1.9+0.5 1.9+0.4 Anion
[Pé6,6,6,14]Cl 5.0£0.4 Unknown C2p 3.1+0.1 2.2+0.2 Cl3p 1.9+04 Unknown Anion
[P6,6,6,1a][N(CN),] 5.0£0.4 Unknown C2p 3.2+0.4 2.0+0.3 N 2p and/or C 2p 1.8+0.6 Unknown Anion
[CsCaIm][SnCl5] 48+0.4 3.7+0.3 N2p+C2p 3.1+0.2 2.1+0.2 Sn5s+Sn5p+Cl3p 1.7+04 1.6+04 Anion
[CsCalm]Br 48+0.4 3.7+0.3 N2p+C2p 3.1+0.1 2.1+0.2 Br 4p 1.7+04 1.6+04 Anion
[Ns,1,1,0][HSO4] 6.0£1.0 Unknown C2p 45+0.4 3.5+0.3 02p 15+1.1 Unknown Anion
[CsC1Im];[NiCl4] 4.8+0.4 3.7+0.3 N2p+C2p 3.3+0.3 2.2+0.2 Cl3p + Ni3d 1.5+0.5 1504 Anion
[P6,6,6,14][NO3] 5.0+0.4 Unknown C2p 3.5+0.4 23+0.3 O2p 1.5+0.6 Unknown Anion
[C4C1Pyrr][NTF,] 6.5+1.0 Unknown C2p 5.0+0.4 40+0.3 0 2p/N 2p 1.5+1.1 Unknown Anion
[CsC1lm],[ZNBry] 4.8+0.4 3.7+0.3 N2p+C2p 3.5+0.3 2.7+0.2 Br 4p 1.3+0.5 1.0+x04 Anion
[C4CIm][N(CN)2] 4.8+0.4 3.7+0.3 N2p+C2p 35+0.4 2.4+0.3 N 2p and/or C 2p 13106 1.3+0.4 Anion
[CsCalm]CI 4.8+0.4 3.7+0.3 N2p+C2p 3.5+0.1 2.6+0.2 Cl3p 1.3+04 1.1+04 Anion
[Pé6,6,6,14]2[ZnCl4] 5.0+0.4 Unknown C2p 3.8+0.3 29+0.2 Cl3p 1.2+0.5 Unknown Anion
[CsC1lm]2[ZNnCl3Br] 48+0.4 3.7+0.3 N2p+C2p 3.6+0.3 2.8+0.2 Br4p 1.2+0.5 0.9+0.4 Anion
[S2,2,2][NTf;] 6.0+0.4 Unknown S3p 5.0+0.4 42+03 0 2p/N 2p 1.0+ 0.6 Unknown Anion
[S2,2,1][NTf;] 6.0+0.4 Unknown S3p 5.0+0.4 43+0.3 0 2p/N 2p 1.0+ 0.6 Unknown Anion
[CsCilm],[ZNn,Bre] 48+0.4 3.7+0.3 N2p+C2p 3.8+0.3 3.0+0.2 Br4p 1.0+ 0.5 0.7+0.4 Anion
[CsCi1lm],[ZNnCl4] 4.8+0.4 3.7+03 N2p+C2p 4.1+0.3 33+0.2 Cl3p 0.7+0.5 04+04 Anion
[CeC1lm],[ZN3Brg] 4.8+0.4 3.7+0.3 N2p+C2p 4.1+0.3 3.2+0.2 Br 4p 0.7+0.5 05+0.4 Anion
[CsC1lm]2[ZNn4Brig] 48+0.4 3.7+0.3 N2p+C2p 4.2+0.3 3.3+0.2 Br 4p 0.6+0.5 04+0.4 Anion
[CeC1lM],[ZN,Cle) 4.8+0.4 3.7+0.3 N2p+C2p 4.4+0.3 3.7+0.2 Cl3p 0.4+0.5 0.0+0.4 Anion
[C4C1lm][HSO4] 4.8+0.4 3.7+0.3 N2p+C2p 45+04 32+03 02p 0.3+0.6 0.5+0.4 Anion
[CgCalm][HSO4] 4.8+0.4 3.7+0.3 N2p+C2p 45+04 32+03 02p 0.3+0.6 0.5+0.4 Anion
[C4Colm][HSO4] 4.8+0.4 3.7+0.3 N2p+C2p 45104 34103 0 2p 0.3+0.6 03+0.4 Anion
[C4C1Im][MeSO4) 4.8+0.4 3.7+0.3 N2p+C2p 45104 3.1+0.3 0 2p 0.3+0.6 0.6+0.4 Anion
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[C4C1lm][OcSO4] 48+0.4 3.7+03 N2p+C2p 45+0.4 3.1+03 0 2p 0.3+0.6 0.6+0.4 Anion

[C2C1Im][MeSOs] 4.8+0.4 3.7+0.3 N 2p+C2p 4.5+0.4 3.0£0.3 02p 0.3%0.6 0.7+0.4 Anion
[C4C1lm][Me;PO4] 4.8+0.4 3.7+0.3 N 2p+C2p 4.5+0.4 3.2+0.3 02p 0.3%0.6 0.5+0.4 Anion
[N2,2,1,0][TfO] Unknown Unknown Not identified 5.0+0.4 3.7+0.3 02p Not determined  Unknown Anion
[Na,1,2,1][NTf2] Unknown Unknown Not identified 5.0+0.4 40+0.3 0 2p/N 2p Not determined  Unknown Anion
[N32,1,1][NTf;] Unknown Unknown Not identified 5.0+0.4 3.9+0.3 0 2p/N 2p Not determined  Unknown Anion
[C4PY][NTS,] 5.30.6 43+04 N2p+C2p 5.0+0.4 3.9+0.3 0 2p/N 2p 0.3+0.6 -0.2+04 Cation/Anion
[Ps,6,6,14] [NTT2] 5.0+0.4 Unknown C2p 48+0.4 3.6%0.3 0 2p/N 2p 0.2+0.6 Unknown Cation/Anion
[Ng,s,81][NTf,] 5004 Unknown C2p 5004 3.8+0.3 0 2p/N 2p 0.0+0.6 Unknown Cation/Anion
[C4C1Im][TFO] 48+0.4 3.7+0.3 N2p+C2p 5004 3.6+0.3 0 2p -0.2+£0.6 0.1+04 Cation/Anion
[CsC1lm][TfO] 4.8+0.4 3.7+0.3 N 2p +C2p 5.0%0.4 3.7+0.3 02p -0.2%0.6 0.0+0.4 Cation/Anion
[CaCalm][NTF,] 4.8+0.4 3.7+0.3 N 2p +C2p 5.0%0.4 3.8+0.3 0 2p/N 2p -0.2%0.6 -0.1+0.4 Cation/Anion
[CeCaIm][NTHS,] 48+0.4 3.7+0.3 N2p+C2p 5004 3.8+0.3 0 2p/N 2p -0.2+£0.6 -0.1+04 Cation/Anion
[CsCaIm][NTS,] 48+0.4 3.7+0.3 N2p+C2p 5004 3.8+0.3 0 2p/N 2p -0.2+£0.6 -0.1+04 Cation/Anion
[C2Colm][NTF,] 4.8+0.4 3.7+0.3 N 2p +C2p 5.0%0.4 3.9+0.3 0 2p/N 2p -0.2%0.6 -0.2+0.4 Cation/Anion
[CaColm][NTF,] 4.8+0.4 3.7+0.3 N 2p +C2p 5.0%0.4 3.9+0.3 0 2p/N 2p -0.2%0.6 -0.2+0.4 Cation/Anion
[CsCilm]2[Co(NTF,)s] 4.8 +0.4 3.7+0.3 N 2p +C2p 5.0%0.4 3.7+0.3 Co 3d/0 2p/N 2p -0.2%0.6 0.0+0.4 Cation/Anion
[N20H,20H,201,1][TFO] 48+0.4 3.6+0.3 0 2p 5004 3.6+0.3 0 2p -0.2+£0.6 0.0+0.4 Cation/Anion
[CsC1lm];[Zn4Clag) 48+0.4 3.7+0.3 N2p+C2p 5.0+0.3 4.0%+0.2 Cl3p -0.2+0.5 -0.3+04 Cation/Anion
[CsCalm][INCla] 48+0.4 3.7+0.3 N2p+C2p 5.2+0.3 4.5+0.2 Cl3p -0.4%0.5 -0.8+0.4 Cation
[CeC1lm][B(CN)4] 48+0.4 3.7+0.3 N2p+C2p 6.6+0.6 53+0.3 N 2p and/or C 2p -1.8+0.7 -1.6+0.4 Cation
[CsPy][BF4] 5.3+0.6 43+04 N2p+C2p 7.6 0.6 6.4+0.4 F2p -23+0.7 -2.1+0.6 Cation
[CsCalm][BF4] 4.8+0.4 3.7+03 N2p+C2p 7.8+0.6 6.4+0.4 F2p -3.0+0.7 -2.7+0.6 Cation
[CaC1lm][PFe] 48+0.4 3.7+0.3 N2p+C2p 8.0%0.6 7.0+0.4 F2p -3.2+0.7 -3.3+0.6 Cation
[C2C1lm][FAP] 48+0.4 3.7+0.3 N2p+C2p 8.6+0.6 7.2+0.4 F2p -3.8+0.7 -3.5+0.6 Cation
[CsC1lm][SbFe] 48+0.4 3.7+0.3 N2p+C2p 8.9+0.6 7.6+0.4 F2p -4.1+0.7 -3.9+0.6 Cation

2 The HOMO identity assignments for [N3,2,1,0][TfO], [Na,1,1,1][NTf2] and [N3,1,1][NTf.] were based upon a combination of Eg(anion HOFO) for these ILs and Eg(cation HOFO) for [Na,1,1,0][HSO4]
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Table S6. Eg(anion HOFO) and Ej(anion) for a range of anions in [C,Ci1Im][A] ILs

Anion Eg(anion HOFO) / eV Ei(anion)? / eV
[FeCly]> 1.4+0.3 6.0+0.3
I 26+0.1 7.2+0.2
[CoBra]> 2.7+0.3 7.3+0.3
[C(CN)s]) 2.8+0.2 7.4+02
[SCNJ- 2.9+0.1 7.5+0.2
1] 2.9+0.3 7.5+0.3
[CoCla]?> 2.9+0.3 7.5+0.3
[SnCls]- 3.1+0.2 7.7+02
Br- 3.1+0.1 7.7+0.2
[NiCla]2 33+0.3 7.9+0.3
[N(CN),] 3.5+04 8.1+0.4
Cl 3.5+0.1 8.1+0.2
[ZnBra)* 3.5+0.3 8.1+0.3
[ZnCl,Br,]* 3.6+0.3 8.2+0.3
[NOs]® 3.8+0.5 8.4 +0.4
[ZnyBre]? 3.8+0.3 8.4+0.3
[ZnCl4)% 41+0.3 8.7+0.3
[ZnsBrs]? 41+03 8.7+0.3
[ZnaBrio]* 42+03 8.8+0.3
[Zn,Clg]> 4.4+03 9.0%0.3
[HSO.] 45104 9.1+0.4
[Me,PO4] 45104 9.1+0.4
[MeSOs]- 4.5+0.4 9.1+0.4
[MeSOa]" 4.5+0.4 9.1+0.4
[OcSO4]- 45+04 9.1+0.4
[ZnsClg]2 47+03 9.3+0.3
[TfO]- 5.0+0.4 9.6 +0.4
[Co(NTf2)a]? 5.0+0.4 9.6 +0.4
INTF,]- 5.0+ 0.4 9.6 £0.4
[ZnaClio]* 5003 9.6+0.3
[InCl4]- 52+0.3 9.8+0.3
[B(CN)a] 6.6+0.6 11.240.6
[BF] 7.8+06 12.440.6
[PFe] 8.0+0.6 12.6+0.6
[FAP]- 8.6+0.6 13.2£0.6
[SbFe]" 8.9+0.6 13.5+ 0.6

a9 For E;(anion) the work function was 4.58 eV17-21

b For [NO3] the value was Eg(anion HOFO,pred.), estimated using Eg(anion HOFO) measured for [Pge6,14][NO3] and other
Eg(anion HOFO) values for [Pe ,6,14][A] and [CsCalm][A]

¢ For [Zn3Clg]? the value was Eg(anion HOFO,pred.) not Eg(anion HOFQ), estimated using Eg(anion HOFO) for other halozincate
dianions

Table S7. Eg(cation HOFO) and Ej(cation) for a range of cations

Cation Eg(cation HOFOQ) / eV Ei(cation)? / eV
[C,CaIm]* 4.8+0.4 9.4+0.4
[CaCalm]* 48+0.4 9.4+0.4
[CeCalm]* 4.8+0.4 9.4+0.4
[CsCalm]* 4.8+0.4 9.4+0.4
[C.Colm]* 48+0.4 9.4+0.4
[CaColm]* 48+0.4 9.4+0.4
[N@or3]* 4.8+0.4 9.4+0.4
[Pe,6,614]" 5.0+04 9.6+0.4
[Ngss1]* 5.0+ 0.4 9.6+ 0.4
[CaPy]* 53+0.6 9.9+0.6
[CsPy]* 53+0.6 9.9+0.6
[S221]" 6.0+0.4 10.6+ 0.4
[S2.2,2]* 6.0+0.4 10.6+ 0.4
[Na,1,1,0]* 6.5+1.0 11.1+1.0
[N8,1,1,0]+ 6.5+1.0 11.1+1.0

9 For Ej(cation) the work function was 4.58 eV17-21
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11. Results. FWHM for HOMO Identification

The FWHM for the peak due to the HOMO for [SCN]’, CI;, I and [C(CN)s]" ranged from 0.75 eV to 1.02
eV. ILs with these anions were chosen as they all gave peaks due to the HOMO that could be readily
fitted (Br was not included due to the influence of spin-orbit coupling, which was too small to be
important for Cl" and large enough in | to be accounted for when fitting). Therefore, a total FWHM
value of 0.9 eV was used to estimate the experimental contribution to the FWHM. The equation used
to estimate the sample contribution to the FWHM was: % 1°

[FWHM(total)]? = [FWHM(apparatus)]? + [FWHM(lifetime)]? + FWHM(sample)]? (Equation 1)
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12. Results. Predictions

Table S8. Predictions for [C,C1lm][A] ILs of Eg(cation HOFO) and Ei(cation) using Eg(cation HOFO) = Eg(Ncation 15) - 397.1 eV
and Ej(cation) = Eg(cation HOFO) + 4.58 eV. The error in Eg(Ncation 1s) is 0.1 eV, and the errors in Eg(cation HOFO,pred.) and
Ei(cation,pred.) are both £0.2 eV

lonic Liquid Eg(Ncation 15) / €V Eg(cation HOFO,pred.) / eV Ej(cation,pred.) / eV
[CsCaim]Cl 401.7 4.6 9.2
[C4C1Im][OcSO4] 401.7 4.6 9.2
[CsC1lm]Br 401.7 4.6 9.2
[CaC1lm][HSO4] 401.8 47 9.3
[CsC1lm][HSO4] 401.8 47 9.3
[Cgcllm]z[NiC|4] 401.8 4.7 9.3
[CgCllm]z[CoC|4] 401.8 4.7 9.3
[CsC1lm]s[FeCla] 401.8 47 9.3
[CsC1lm]2[ZnCla] 401.8 47 9.3
[CsC1lm]2[ZnCl,Br] 401.8 47 9.3
[CeCalm]l 401.9 4.8 9.3
[CsC1lm]2[ZnBra] 401.9 4.8 9.4
[C4C1Im][SCN] 401.9 4.8 9.4
[CsC1Im][SCN] 401.9 4.8 9.4
[CsC1lm]5[CoBra] 401.9 4.8 9.4
[C4C1Im][TFO] 402.0 4.9 9.4
[CsCqlm][TFO] 402.0 49 9.4
[CgC1lm]2[ZNn,Bre] 402.0 49 9.4
[CsC1lm]2[Zn2Cle] 402.0 4.9 9.4
[CsC1Im][BFa] 402.0 4.9 9.5
[CsCaim][SNnCls] 402.0 4.9 9.5
[C4C1Im][N(CN)-] 402.0 49 9.5
[C3C1|m]z[zn33rg] 402.0 4.9 9.5
[CsC1lm]2[Zn4Brio] 402.1 5.0 9.5
[CgCllm]z[ZmCIm] 402.1 5.0 9.5
[CeCaIm][B(CN)4] 402.1 5.0 9.5
[CsC1Im][C(CN)s] 402.1 5.0 9.5
[CaC1Im][NTF,] 402.1 5.0 9.6
[CeC1Im][NTF,] 402.1 5.0 9.6
[CsC1Im][NTf,] 402.1 5.0 9.6
[C4C1lm][PFe] 402.1 5.0 9.6
[CsCalm][l3] 402.1 5.0 9.6
[CsC1lm][SbFs] 402.1 5.0 9.6
[CsC1im][INCla] 402.2 5.1 9.7
[C3C1|m]z[C0(NTf2)4] 402.2 5.1 9.7
[C,C1Im][FAP] 402.3 5.2 9.8
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