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S1 Solvatochromic data and physico-chemical proper-
ties of the ionic liquids

The Kamlet-Taft parameter 7* obtained by the solvatochromic probe Th were reported in
our previous work.5! Concerning the solvatochromic probe DENA, the 7* of [C,,mim|FAP
(n=2,4,6) and [C;mim|SCN were measured in this work.

Table S1: Kamlet-Taft 7* obtained by DENA in this work.

*

IL gDEN A A ™
1073
[cm]

[ComimFAP 24.51 408 0.96
[C4mim]SCN  23.87 419 1.15
[C4mim]FAP  24.45 409 0.96
[Comim]FAP  24.39 410 0.98

A correlation between the Kamlet-Taft 7*-values measured via DENA and BT is given

in Fig. S1.
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Figure S1: Correlation of the Kamlet-Taft 7*-values measured via DENA and BT.
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The influence of water on the 7*-value is not strong as visible in Fig. S2-S5 which is in

agreement with results from Baker et al.>?

0.7

BT measured in
0.6 - — [C4mim]NTf,_undried (544 nm)
— — - [C,mim]NTf,_dried (544 nm)

0.5

0.4

A(au.)

0.3 -

0.2

0.1

00 ! I ! I i I T I i I i I ! | ! 1
400 450 500 550 600 650 700 750 800
A (nm)
Figure S2: Absorption spectrum of BT in dried and undried [Cymim]NTf,.
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Figure S3: Absorption spectrum of BT in dried and undried [Cymim]FAP.
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Figure S4: Absorption spectrum of BT in dried and undried [Cymim]I.

0.4 4
BT measured in
[C,mim]N(CN),_undried (562 nm)
[C4mim]N(CN),_dried (561 nm)
0.3
3
& 02+
<
0.1
0.0

! I ! I i I ' I i I i I v T T 1
400 450 500 550 600 650 700 750 800
A (nm)

Figure S5: Absorption spectrum of BT in dried and undried [C4mim|N(CN)s.
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Table S2 and S3 summarize all Kamlet-Taft 7* values used for the analysis of this work.
The molar volume was evaluated from data of Ref. S3. The refractive indices of the IL can
be found in Ref. S3-S7. The NMR-data of 2Xe are taken from Ref. S8. The molecular po-
larizability volumes aqu stem from the calculations described in Section S3. The references
in the last column of Table S3 and S2 concern the Kamlet-Taft 7*-values obtained with the

solvatochromic probe DENA.

Table S2: Kamlet-Taft 7* values derived from three different probes (BT, Th and DENA)
as well as physical properties of the tetraalkylammonium-, tetraalkylphosphonium- and
tetraalkylsufonium-based ionic liquids.

3C1omN]|CF3C0O, 18.15 0.91
3C1omN|N(CN),  18.12 0.92
3C1omN]|NTf, 18.35 0.85

IL agg: THT Tth o Thexa Ve 1D §1%9Xe aqm  Ref.
o] (et [ppm]  [A7]
[3C6C14P]C1 18.08 0.93 0.93
[2ComS|NTH, 18.35 0.85 0.80 26.84
[3C4mN]N(CN),  17.89 0.99 0.99 259.1 32.31
[3CsmN]CF5CO,  18.02 0.95 0.93 30.59
[3C,mN|NTf, 18.38 0.84 0.87 434.8 39.06
[3C6mN]CF5CO,  18.08 0.93 41.97
[3CmN|N(CN), 1799 0.96 0.98 43.69
[3CemN|NTf, 0.90 529.1 50.44
[3CemN]I 17.83  1.01 42.77
[3CsmN]CF5CO,  18.22 0.89 0.86 476.2 50.37
[3CsmN]N(CN) 0.96 476.2 52.09
[3CsmN|NTf, 18.35 0.85 0.84 0.87  657.9 58.84  S9
[
[
[

S-5



Table S3: Kamlet-Taft 7* values derived from three different probes (BT, Th and DENA)
as well as physical properties of the imidazolium-based ionic liquids.

IL 17]3_T3 TBT TTh  TDENA V”; np 01%9Xe agm  Ref.
Tor] (2] [ppm]  [A?)
[Cgmlm]FAP 18,76 0.72 0.71 096 325.7 134.1  28.30
[C4mim]Cl 1745 1.12 1.13 1.10 160.8 212.8 20.07 S10
[C4m1m] 17.67 1.05 1.06 0.89 188.7 193.8 22.45 S11
[C4mim]CH3SO3 17.76 1.02 1.04 1.02 188.0 1.477 23.73 S12
[C4mim]OctylSO3 1825 0.88 096 0.89 326.8 1.471 1719 37.02 S13
[Cymim]I 1742 1.13 1.13 178.6 1.572 250.7 22.88
[C4m1m]CH30803 17.83 1.01 1.05 1.00 207.5 24.08 S11
[C4mim]|CF3CO, 18.25 0.88 0.90 0.99 218.8 1.442 22.08 Sl14
[C4mim]SCN 1748 1.11 1.06 1.15 184.5 218.0 23.89
[C4mim]|N(CN), 17.83 1.01 098 1.13 193.8 1.509 203.2 23.80 S15
[C4mim]CF3S03 18.22 0.89 0.90 1.01 220.8 1.437 1719 23.66 S16
[C4m1m]BF4 17.99 0.96 0.96 1.05 188.3 1.422 181.6 19.11 S16
[C4mim]C(CN)j3 17.86 1.00 0.94 203.9 26.74
[C4mim]PFg 18.08 0.93 090 1.03 2083 1.409 173.5 20.69 S16
[C4ymim]NTfy 1835 0.85 0.83 0.98 291.5 1.427 158.2 30.55 S16
[Cymim]|FAP 18.69 0.74 0.78 0.96 3584 1.379 32.11
[C4mim]NO3 1.04 173.9 1.498 20.75
[C4mim]|NO, 1.05 1.509 20.27
[C4m1m]ClO4 0.98 190.5 1.473 21.95
[Cemim]Cl 17.61 1.07 1.06 1.06 1949 1.515 206.6 23.87 Sl15
[Cﬁmlm] 17.61 1.07 1.09 1.09 201.2 1.533 217.3 25.19 S15
[Cemim]|N(CN), 1.00 224.2 1.503 27.60
[Cmnlm]CF;;SOg 18.18 0.90 0.92 0.98 255.1 1.441 27.46 S17
[Cemim|BFy 0.96 221.7 1.432 22.91
[Cemim]|PFg 0.93 240.4 1417 1777 24.49
[Cemim]|NTfy 18.35 0.85 0.86 0.98 326.8 1.430 162.1 34.35 S17
[Cemim|FAP 18.59 0.78 0.80 0.98 393.7 1.382 35.91
[Cﬁmlm]NO?) 1.01 205.3 1.493 24.55
[Cgmim]|Cl 17.83 1.01 1.03 228.3 1.505 201.1 27.65
[Csmim]|Br 17.76  1.02 1.04 235.3 1.523 28.97
[Cgmlm] 1.07 228.3 221.9  30.46
[Csmim]N(CN)q 0.97 257.7 1.499 31.38
[CngHH]CFgSOg 0.90 301.2 1.443 31.24
[Csmim|BFy 0.93 255.1 1.433 26.69
[Cgmlm]PFG 0.92 304.0 1.424 179.9 28.27
[Csmim]NTfy 0.86 371.7 1433 165.3 38.13
[C1omim]Cl 18.08 0.93 0.97 263.2 1.501 195.0 31.44
[C1omim|Br 17.95 0.97 1.00 268.8 1.515 32.76
[C1omim]N(CN)q 0.96 288.2 1.495 35.17
[C1omim]|BFy 0.90 289.9 30.48
[C1omim]PFg 0.89 181.5  32.06
[C1omim|NTfy 0.86 395.3 1436 168.4 41.92
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S2 Results for BT

As already mentioned in the main article, the fit results using the solvatochromic probe BT
are similiar to those obtained by Th. They are summarized in Table S4. As the number
of data points is significantly lower compared to Th, the Akaike and Bayesian Information
criterion values are different and may only be used to compare correlations of physical prop-

erties with 7* measured by BT.

Table S4: Fit results using the solvatochromic probe BT. For the vertical oxidation potential
AFE, only Cymim based ILs were considered.

7 =f(.) #IL R* AIC BIC

S X e 17 0.89

1/V,, 28 059 -62.4 -59.4
Vi 28 0.37 -50.4 -47.4
1V, Vie 28 0.66 -64.7 -61.1
A 19 033 -33.8 -32.6
1/A,, 19 027 -32.0 -30.8
& 34 0.16 -57.9 -54.1
A/ Vi 19 081 -55.4 -54.1
Voo /A 19 078 -54.8 -53.6
np 19 079 -55.4 -54.2
AE, 9 061 433 39.1

In Fig. S6 the Kamlet-Taft 7*-values measured by BT are depicted for the imidazolium
based ionic liquids. This corresponds to the Fig. 5a in the main article. The dotted lines are
the very same (orange: Cymim based ILs, gray: Cgmim based ILs) as in the main article and
obviously are also valid for the results obtained by BT. This demonstrates that 7*-values
gained from the two solvatochromic probes BT and Th have a general meaning and do not

depend on the structure of the probe.
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Figure S6: Kamlet-Taft 7*-values obtained by BT as a function of the inverse molar volume
(which corresponds to the molar concentration.)
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S3 Quantum-chemical calculations

The molecular polarizability volume & and the dipole moment |/i| of the ions were derived
from RI-MP2 based calculations described in the methods section 3.3. As the ions are charged
species, their molecular dipole moment is computed with respect to the center-of-mass of
the corresponding ion. Both properties, @ and |/i| are given in Table S5. Additionally, the

vertical oxidation potential AFEy of some anions taken from Ref. S18 is stated.

Table S5: Molecular polarizability volumes &, molecular dipole moment with respect to

center-of-mass |ji| and the vertical oxidation potential®!® of the ionic liquid ions.
Ion a |l AEy
(A% D] [V]
Cl~ 4.53 1.99
Ac™ 6.91 414 1.48
CH3SO; 819 441
I~ 7.33

CH3080; 854  4.33
CF3CO; 654  5.19
SCN— 835 154 222
N(CN); 826 095 286
CFsS0; 812 433 531

BF; 3.57 6.35
C(CN); 112 2.78
PF; 5.15 8.57
NTf, 15.01 0.28 6.12
FAP~ 16.57  2.28

NOj3 5.21 2.74
NO, 473 077

ClO; 6.41 4.36

Cymim™ 15.54 5.55
Cemim™ 19.34 10.31
Cgmim™ 23.12 15.52
Ciomim™ 26.90 20.98

Although AFEy characterizes the oxidation potential of the anion and consequently the
extreme case of completely removing the electron, we do not find a correlation between AFEy

and the molecular polarizability volume as shown in Fig. S7.
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Figure S7: Molecular polarizability volume as a function of the vertical oxidation potential.

The molecular polarizability volume of the ionic liquid is simply the sum of the a of the
cation and the anion. These values are given in Table S2 and S3. Please note that these
values are calculated in gas phase of single ions. Nevertheless, they show a strong linear
correlation with the experimental molar volume V;,, of Table S2 and S3 as shown in Figure 2
of the main article. The correlation has a R? of 0.91. This finding demonstrates that spatial
heterogeneities which might be present in the ionic liquids play only a marginal role for the

discussion on polarizability and polarity in this work.
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S4 Taylor series of the Lorentz-Lorenz function
The Lorentz-Lorenz function is a function of the refractive index np and reads:

2
= = — ]_

It is also the ratio between the molar refractivity A,, and molar volume V,,. This function
can be approximated by a linear function obtained from a Taylor series at the expansion
point (np)=1.468:

frr(np) ~ 0.278 + 0.51(np — 1.468) (2)

The experimental data in Tables S3 and S2 correspond to the black triangles in Fig. S8.
All these triangles are very close to the Taylor series in Eq. (2) plotted as dotted line. This
indicates that the ratio in Eq. (1) is a linear function of the refractive index in the observed

regime.
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Figure S8: Experimental Lorentz-Lorenz function. The dotted line represents the Taylor
series approximation in Eq. (2).
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