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Solvent effects on 2,6-dichloro-4-(2,4,6-triphenyl-pyridinium-1-yl)phenolate [E7(33) dye] and 7-
diethylamino-3,4-benzophenoxazine-2-one (Nile Red) in binary mixtures of organic solvents (ace-
tone, acetonitrile, propylene carbonate, methanol and ethane-1,2-diol) with 1,3-dialkyl imidazolium-
based ionic liquids were studied by UV-visible spectroscopy. Highly nonlinear behaviour of mixtures
of alcohols and ionic liquids was found. A preferential solvation model was applied to the data ob-
tained on solvatochromic shifts over the entire mixing range. It is fitting the data well for alcohol
mixtures and for other solvent mixtures with different ionic liquids.
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1. Introduction

Tonic liquids (IL) or molten salts at room tempera-
ture presently experience significant attention in many
areas of chemistry. There is competition to find a
proper niche for these materials, and also more insight
is needed. The most attractive property is the “tunabil-
ity” of the physical and chemical properties of ILs by
varying structure. There are several reviews available
on different aspects of ILs [1].

Both air- and water-stable ILs have begun to be used
as an alternative to conventional organic solvents. The
use of ionic ILs as solvents demands information about
their behaviour in the presence of other compounds in-
cluding organic solvents, water (given the very hygro-
scopic nature of ILs) or supercritical CO,, commonly
used for product extraction. In addition, the efficiency
of chemical processes (syntheses, extractions, separa-
tions) carried out in ILs can be increased in some cases,
when co-solvents are added, which can affect the phys-
ical properties of ILs considerably [2]. With conven-
tional methods it is not possible to measure the di-
electric constant of ILs. Complicated indirect measure-
ments like microwave dielectric spectroscopy must be
used [3]. The few data available on dielectric relax-
ation in mixtures of ILs with acetonitrile show non-
linear behaviour, which can be explained by different

interactions between solvent and IL depending on the
concentration of the latter [4].

Solvatochromic dyes as a kind of molecular probes
in some instances “sense” the solute environment in the
solution better than it is revealed in more macroscopic
parameters.

The best-known empirical scale of this kind
is the Er(30) scale based on the intramolecu-
lar charge-transfer energy (CT) m-m* absorption
band of 2,6-diphenyl-4-(2,4,6-triphenyl-pyridinium-1-
ylphenolate (1, Fig. 1) [5]. This compound, also
known as Reichardt’s betaine dye, exhibits one of the
largest observed solvatochromic ranges of known or-
ganic solvatochromic dyes.

In the study presented, a less basic version of
betaine dye, the dichloro-substituted betaine dye 2,6-
dichloro-4-(2,4,6-triphenyl-pyridinium-1-yl)phenolate
[2, Fig. 2, E7(33) dye], was also used. The molar
transition energy has been employed as a measure
of interaction of the dye molecules with the solvent
system. The following expression was used for the
calculations:

28591
= S (1)

max

Er(X)

where A% is the wavelength of the absorption band
maximum.
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A good linear relation between the E7 values of the
betaine dyes 1 and 2 is known and this indicates very
similar solute-solvent interactions [6].

Beside these two compounds, there are other dyes
exhibiting relatively large solvatochromic shifts, for
example Nile Red [3, Fig. 1, E7(NR) dye], which be-
longs to the class of vinyloguous carboxylic amides
and is more stable in acidic media. The relation be-
tween ET(NR) and E7(30) or ET(33) scales is not lin-
ear but provides a clear picture of the relative strengths
of the solvents [7].

Nile Red produces a bathochromic wavelength shift,
which is a contrast to the hypsochromic shift of
Reichardt’s dye. Recently Nile Red was used as a flu-
orescence probe to monitor the properties of compli-
cated mixed solvent systems, and changes in the orga-
nization of surfactants could be followed [8].

Room temperature molten salts are complex liquids
with an extended three-dimensional liquid structure
consisting only of ions, possibly influenced by interi-
onic hydrogen bonds, and it is not surprising that there
are not yet definitive answers on the question of their
polarity [9, 10].

Carmichel and Seddon [11] made a series of mea-
surements on solvatochromic shifts of Nile Red (3) in
1-alkyl-3-methylimidazolium ILs and they concluded
that ILs are in the same polarity range as lower alco-
hols. A similar result was found by Fletcher et al. [12]
using Reichardt’s dye (1), whose calculated E7(30)
values indicate the polarity of 1-butyl-3-methylimidaz-
olium hexafluorophosphate ([C4MIm][PFg]) to be sim-
ilar to ethanol. From their measurements using Nile
Red (3), it was also concluded that the polarity of
the solvent in the immediate vicinity of the Nile Red
probe is similar to 90 wt% glycerol in water (a sol-
vent with viscosity similar to [C4MIm][PFg]). Alter-
ation of the anion ([PFg]~, [BF4]~, [TfO] ") has very
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Fig. 1. Chemical structures of
compounds 1-3.

little effect on the E7(NR) values, with the exception
of [C4MIm][Tf,N], which seems to be less polar than
[C4MIm][PF¢].

Baker et al. [13] used a multi-parameter approach
and emphasized that [C4MIm][PF¢] is a different sol-
vent with no peer among the traditional organic sol-
vents. They concluded as follows: while E7(30) and
Kamlet-Taft studies are suggestive of hydrogen bond
donor strengths akin to the short-chain alcohols, hy-
drogen bond acceptor abilities of the IL lay between
those of water and acetonitrile. Therefore, considering
the indications arising from Reichardt’ dye (1), 1,3-di-
alkylimidazolium salts seem to have a hydrogen bond
donor ability similar to that of short-chain alcohols but
a much lower nucleophilic character. The complexity
of the problem is confirmed when using other spec-
troscopic probes. Pyrene is one of the most widely
used neutral fluorescence probes. Contrary to the re-
sults obtained from probe studies with Reichardt’s dye
(1), the exited state of pyrene clearly indicates a com-
pletely different micro-environment [13]. Such a com-
plexity suggests for solvent-dependent processes the
use of a multi-parameter description with various sol-
vatochromic parameters as part of them. The most up-
to-date review on polarity measurements, based on sol-
vatochromic probes measured in pure ILs, is given by
Reichardt [14]. Despite the difficulties arising from the
use of UV/Vis spectrophotometric probes to determine
the IL polarity, these probes offer a versatile mean
to investigate the local micro-environments, dynamics,
and organization within ILs.

The study of the physico-chemical properties is
much more complex in mixed solvent systems than in
pure solvents. On the one hand, the solute can be pref-
erentially solvated by any of the solvents present in the
mixture; on the other, solvent-solvent interactions can
affect the solute-solvent interactions.
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The binary mixtures of ILs with molecular sol-
vents in principle should be better considered as so-
lutions of salts (or electrolytes) in organic solvents.
Once dissolved, it makes no difference whether the
salt was a liquid or a solid before dissolution. By anal-
ogy with the definition of solvatochromism, the term
“negative (positive) halochromism” for such a hyp-
sochromic (bathochromic) shift of the UV/Vis absorp-
tion band of a dissolved compound with increasing
ionophore concentration could be used [5]. It is clear
that this halochromism must be strongly dependent on
the molecular structure of the solvatochromic probe
used, because the probe molecules can interact in sol-
vents either selectively with the cation or the anion of
the added salt [15].

The polarity study reported here was undertaken
with emphasis on structural features such as the effects
of anion and cation choices. It is part of a larger project
aimed at a better understanding of the properties of ILs
and mixtures of ILs with organic solvents. The results
give insight into the fine-tuning of the properties of bi-
nary IL/solvent mixtures which, in turn, could assist a
better choice of ILs with specific properties for differ-
ent applications by the addition of co-solvents.

2. Solvation Model

The measured solvatochromic shift is strongly in-
fluenced by the indicator solvation microsphere, which
can differ considerably from that of the bulk in binary
solvent mixtures. One possible model for the preferen-
tial solvation based on the two-step solvent-exchange
equilibrium is that proposed by Skwierczynski and
Connors [16] and further extended and generalized by
Roses et al. [17]. Despite of electrolyte solutions it was
expected that mixtures of organic solvents with room
temperature molten salts can be treated analogously as
anormal binary solvent mixture, and the non-linear be-
haviour results from the preferential solvation of the
dye by one component of the mixture or other interac-
tions between the components of this mixture (indica-
tor + organic solvent + ionic liquid).

The Er value of the binary solvent mixture is cal-
culated as a combination of the E7 values of two pure
solvents S and S, and the solvent S|, formed by the
interaction of solvents S and S;, in the sphere of sol-
vation of the indicator dye, according to

Er =x}Er| +X5Ers 4+ x5,Er12, ()
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where x?, xg, x?z are mole fractions of the solvents
S1, Sp, and Si;, respectively, present in the solvation
sphere of the solute.

In this model the relation of the E7 value of a bi-
nary mixture to the E7 value of two pure solvents, the
preferential solvation parameters, and the solvent com-
position can be described as follows:

~ y1(1=x)? +yAx* + BC(1 — x)x
 (1=x)2+A2+B(1 —x)x

Here,y=Er,y1 = Er1,y2 = Er2, C=E712, B= f1231,
A= fo.

There are two parameters describing the two-step
solvent-exchange equilibrium in this solvation model:
The preferential solvation parameters f,,; and fi;/;
measure the tendency of the solute to be solvated
by solvents S; and Si, with reference to solvent S;.
S5 represents a solvent complex formed by specific in-
teraction between solvent S| and solvent S,. The third
unknown parameter is E71, — related to the absorption
band maxima of the solvent S1, formed by interaction
of S| with S».

3

3. Experimental

The most popular IL systems are based on 1,3-
dialkylimidazolium cations with alkyl groups with
different chain length. In this study different 1-alk-
yl-3-methylimidazolium salts were used. The cations
had C4 and Cg alkyl chains [C,MIm]. The an-
ions were taken from a wide set of possibilities to
be the most used hexafluorophosphate [PFg]™ and
tetrafluoroborate [BF4]™; also less common anions
were used as bis(trifluoromethanesulfonyl)imide (F3C-
SO,),N~ (Tf,N), trifluoroacetate F3C-CO,~ (FAcO),
acetate CH3CO;~ (AcO), or heptafluorobutanoate
F3C-(CF,)3-CO, ™~ (FBuO).

The ILs used in this work were prepared following
the procedures published elsewhere [18]. Before use
all ILs were dried in vacuo and the measurements were
performed immediately after the sample was removed
from the vacuum.

Absorption spectra were recorded on a UV/Vis
Jasco V530 spectrometer equipped with a thermostated
cell holder at (20.0+0.1)°C between 190-1100 nm
with a spectral bandwidth of 2 nm. The maximum of
the adsorption band A%, was determined by built-in
software of the spectrometer, whose algorithm is based
on differentiation of smoothed signals, and are accu-
rate to £1 nm.
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Reichardt’s 2,6-Dichloro substituted Nile Red Table 1. The long-wavelength
dye (1) betaine dye 2 3) visible absorption band max-
Amax  Er(30) Amax Er(33) Amax  Er(NR) ima of three solvatochromic
(nm)  (kcal/mol) (nm) (keal/mol) (nm) (kcal/mol) ~ dyes and corresponding tran-
Acetonitrile 622 46.0 521 54.9 535 53.4 sition energies [Amax (=1 nm)
Acetone 675 42.4 560 511 532 53.7 and E7(30), E(33), Er(NR)
Propylene carbonate 619 46.2 517 55.3 543 527 (£0.2 keal/mol), respectively]
Methanol 515 55.5 441 64.8 553 517 measured in different solvents.
Ethane-1,2-diol 514 55.6 432 66.2 - -
[C4MIm][Tf,N] - - 454 63.0 - -
[CgMIm][PFg] 560 51.1 442 64.7 - -
[C4MIm][PF] 540 52.9 441 64.8 548 52.2
[C4MIm]FAc 570 50.2 444 64.4 - -
[C4MIm]Ac - - 480 59.6 - -
[C4MIm]FBc - - 480 59.6 - -
[C4MIm][BF,] 542 527 457 62.6 549 52.1

The dyes [Reichardt’s dye (1), dichloro betaine
dye 2 and Nile Red (3)] were used as they were ob-
tained from Merck (Darmstadt, Germany). The sol-
vents of spectroscopic grade high-purity were obtained
from Sigma-Aldrich (Steinheim, Germany) and used
without further purification. Repetitive measurements
showed that it is important to use freshly made mix-
tures from dried solvents. In some cases, it was not pos-
sible to observe the long-wavelength visible absorp-
tion maximum of 1, because the colour was bleached
out. This resulted from protonation of 1 at the phen-
olate oxygen atom because of acidic impurities in the
IL [18]. It was possible to restore the colour of the mix-
ture with a drop of triethylamine, but this complicated
the system and these results were not used.

The unknown parameters that minimize the squared
residuals of Er values in the preferential solvation
model for each binary solvent system studied were cal-
culated by non-linear regression. The calculations were
done in MS Excel with function Solver, which uses a
generalized reduced gradient (GRG2) non-linear opti-
mization code developed by Frontline Systems, USA.

4. Results and Discussion

At first the UV/Vis absorption spectra of betaine
dyes were measured in different solvents and ILs. Ta-
ble 1 tabulates the wavelengths A2 (in nm) of the
long wavelength visible absorption bands and cor-
responding transition energies E7(X) (in kcal/mol)
for the different dyes (with concentration approxi-
mately 2 mmol/L of dye) and some solvents. While the
data on 1 are comparable with data from the literature,
the data on 2 are new.

Nile Red (3) was used for comparison to show how
dyes with different properties can behave.

The E7(X) values of the binary solvent mixtures or
salt solutions as considered in this study are not related
to their composition in a simple linear manner. They
are non-ideal mixtures. The same conclusion concern-
ing the aqueous tetra-n-butylammonium bromide solu-
tions measured by E7(30) betaine dye and E7(8) be-
taine dye has been drawn by Herodes at al. [19]; they
observed a sharp decrease of dye-sensed water polarity
under adding of even small amounts of salt.

In Figs. 2 and 3 one can see the different influence
of cations and anions of the IL on the solvatochromic
shift of dye in IL mixtures with acetonitrile. In both
figures it is seen that a hypsochromic shift of the CT
band occurs. In case of acetonitrile this study shows a
purely negative halochromism for betaine dye with in-
creasing concentration of the alkylimidazolium salts.
Already a small amount of added IL gives a substan-
tial change, which reaches almost the value of the pure
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Fig. 2. Solvatochromic shift of the dichloro betaine dye 2
dissolved in mixtures of acetonitrile with ionic liquids with
the same anion ([PFg] ™) but with a different cation (C4 and

Cg alkyl chains at imidazolium cation).
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Solvent yi= p= A= B— C— sp* > Table 2. Parameters of a solva-
system En En fan fon Ero tion model derived from exper-

imental data.

1 [CgMIm][PF¢] and acetonitrile 549 647 485 212 657 32 12

2 [C4MIm][PF¢] and acetonitrile 549 648 188 256 644 22 13

3 [C4MIm][PF¢] and methanol 64.8 648 249 133 68.1 0.7 17

4  [C4MIm][BF4] and methanol 64.8 62.6 112 51.7 689 2.0 20 2 SD, standard deviation of regres-

5  [C4MIm][PF¢] and propylene carbonate  55.3  64.8 0.1 0.8 80.7 0.6 9 sion.

6  [C4MIm][PF¢] and acetone 51.1 64.8 206 100 594 3.6 18 b 52, number of data points.

7  [C4MIm][PF¢] and ethane-1,2-diol 66.2 64.8 17.7 80,7 68.0 0.3 18 ¢ Nile Red was used as a solva-

8  [C4MIm][PF¢] and methanol® 51.7 522 43.8 132 501 04 17  tochromic dye.
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Fig. 3. Solvatochromic shift of the dichloro betaine dye 2
dissolved in mixtures of acetonitrile with [C4MIm]* ionic
liquids with different anions (FAcO, fluoroacetate; AcO, ac-
etate; FBuO, fluorobutanoate).

IL at 0.2 mole fraction of the IL. The further change
is small and almost linear. One cannot see by eye the
differences in case of different lengths of the alkyl
chain at the cation, but a difference is seen in the pa-
rameter A = f5,; (Fig. 1). [Lines are calculated from
(3) using the parameters from Table 2.] The negative
halochromism of betaine dye mainly stems from spe-
cific dye (charged oxygen atom)/cation interactions,
reflecting salt-induced perturbations in the molecular-
microscopic environment of the phenolate part of the
betaine dye [20]. Longer chains at the cation result in
weaker interaction between dye and cation. Surpris-
ingly, the anion of the salt has a larger influence on
the solvatochromic shift; such difference is also seen in
case of mixtures of IL with different solvents. It con-
firms the complex influence of anions and cations on
the halochromism of betaine dye dissolved in alkyl-
imidazolium-based ILs.

In case of mixtures with methanol, the polarity
of which is similar to the pure IL polarity as esti-
mated with betaine dye, one observes a different pic-
ture (Fig. 4). Already the addition of small amounts

Fig. 4. Solvatochromic shift of the dichloro betaine dye 2 dis-
solved in mixtures of methanol with [C4MIm]™ ionic liquids
with different anions ([Tf,N]~, [PFg]~ and [BF4]7).

of ILs causes a substantial shift of the CT absorp-
tion maximum towards higher energies; a maximum
is reached at an IL content of 0.05-0.06 mole frac-
tions. After that, an almost linear positive halochromic
shift with increasing IL concentration takes place.
Fletcher and Pandey [21] when they studied mix-
tures of [C4MIm][PFg¢] with ethanol, explained this be-
haviour with the altered properties of the solution due
to solvent-solvent interactions and a change of the hy-
drogen bond donor ability of the binary solvent mix-
ture. This is completely different from the behaviour
of mixtures of tetramethylammonium salts with alco-
hols, where a steady increase of the E7(30) value of
the medium can be found if more salt is added to the
alcohol [22].

Figure 5 summarizes the halochromic behaviour of
[C4MIm][PF¢] dissolved in different solvents. The in-
fluence of the solvent’s nature is clearly seen. Big dif-
ferences are found between solutions of alcohol and
other organic solvents. A drastic example is the mix-
ture with ethane-1,2-diol (Fig. 6) in the range where
both liquids are miscible with each other. Adding a
small amount of [C4MIm][PF¢] causes a large nega-
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Fig. 5. Solvatochromic shift of the dichloro betaine dye 2
dissolved in mixtures of organic solvents (AcO, ace-
tone; ACN, acetonitrile; PC, propylene carbonate;
MeOH, methanol) with ionic liquid [C4MIm][PF¢].
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Fig. 6. Solvatochromic shift of the dichloro betaine dye 2
dissolved in mixtures of alcohols (MeOH, methanol;
EG, ethane-1,2-diol) with ionic liquid [C4MIm][PFg].

tive halochromic shift, and in the opposite case, with
small amounts of ethane-1,2-diol in the IL, a posi-
tive halochromic shift is observed. A very similar be-
haviour of the solvatochromic shift of Reichardt’s dye
was obtained in case of [C4MIm][PF¢] addition to a
water and ethanol mixture in the range of miscibility
with the IL by Fletcher and Pandey [23]. In other work
on binary IL/H,O mixtures [24], this was explained by
salt dissolution at first and then hydration of ions at
higher concentrations of IL. On dissolution of ILs into
H,O at infinite dilution, IL ion pairs break away from
their pure environment and settle in the water environ-
ment as hydrated ions. As the concentration of the IL
increases, the IL cations and anions begin to interact
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with each other, either directly or in a water mediated
manner (e. g. to generate solvent-separated ion pairs).
Probably, in this study with the mixture of IL with
methanol the situation is similar because of the hy-
drogen bond interactions which exist also in methanol.
The effect of different anions is clearly seen; on Fig. 4
which indicates a separate influence of the ionic parts
of the IL on the solvation. This separate influence is
confirmed by findings of Crosthwaite et al. [25], where
the liquid phase behaviour of imidazolium-based ILs
with alcohols was found to be influenced very much
by the length of the alkyl chain in the IL cation and the
origin of the anion as well as by the alkyl chain length
of the alcohol.

In case of ILs there seems to be more than just a
gradual displacement of the solvent molecules by the
solvated cation in the micro-environment of the active
moiety of the dye. One can speak here about synergis-
tic solvent effects, as it was proposed for binary solvent
mixtures by Herodes et al. [26]. The behaviour of syn-
ergistic binary solvent systems can be explained by the
formation of solvent/solvent complexes, which creates
a third, new, polar solvent, or by the cooperative solva-
tion of the dye solute by the two pure co-solvents, as
the preferential solvation model proposes. This is prob-
ably more complicated in case of salts because of the
different behaviour of anions and cations [27]. The dye
is sensing then the changes in the solvent structure [or
solvent-salt (IL) interaction] under changing the com-
position of mixture.

Nile Red exhibiting a positive solvatochromism
(bathochromic band shift with increasing solvent po-
larity) was used in mixtures of the IL [C4MIm][PFg]

54

—0— AcO

53.5 £, == PC
- L9 A ACN
g Sfao
3 oy A8 ~v- MeOH
< 525 ¢ u
T
Z

515 |

51

x(IL)
Fig. 7. Solvatochromic shift of the dye Nile Red (3)

in mixture with [C4MIm][PFg] in different solvents
(AcO, acetone; PC, propylene carbonate; ACN, acetonitrile;
MeOH, methanol).
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with organic solvents. As shown in Fig. 7, one can
notice a similar nonlinearity but in opposite direction
as compared with betaine dyes. The addition of small
amounts of ILs causes a substantial shift of the CT ab-
sorption maximum towards lower energies, and a mini-
mum is reached at an IL content of 0.14 mole fractions.
Considering the results of using modified Nile Red to
monitor the aggregation behaviour and micelle forma-
tion of ILs in aqueous solution, where Miskolezy et
al. [28] found that 1-butyl-3-methylimidazolium octyl
sulfate can act as a surfactant above 0.031 M critical
micelle concentration, indicates the possibility of ag-
gregation of imidazolium-based molten salts in organic
solvents. In Consorti et al. [29] work the 'H NMR
spectroscopy, conductivity, and microcalorimetry re-
sults on 1,3-dialkylimidazolium salts in acetonitrile
and chloroform were interpreted very well in frame
with supramolecular aggregates in solutions. In so-
lution the supramolecular structural organization of
pure molten salt is maintained to a great extent, at
least in solvents of low dielectric constant, indicating
that mixtures of imidazolium-based molten salts with
other solvents can be considered also as nanostructured
materials.

The use of the proposed solvation model gives rela-
tively good fits in both cases, i. e., for mixtures of ILs
with methanol and with other organic solvents. The
fit parameters are given in Table 2. The parameters
show the tendency of ILs to solvate the betaine dye
to a greater extent than the organic solvents, as well as
solvent/solvent complexes better than the organic sol-
vent — parameters fp/; and fia/q, respectively, in all
cases are much bigger than 1. There is no difference
for methanol and acetonitrile or acetone. The situation
with ethane-1,2-diol (entry 7) is different because there
is a miscibility cap in the graph and thus the data are
not really comparable.

One exception is propylene carbonate (PC) (en-
try 5), when the dye is preferentially solvated by PC

[1] T. Welton, Chem. Rev. 99, 2071 (1999); H. Olivier,
J. Mol. Cat. A: Chem. 146, 85 (1999); M.J. Earle
and K. R. Seddon, Pure Appl. Chem. 72, 1391 (2000);
P. Wasserscheid and W. Keim, Angew. Chem. Int. Ed.
39, 3772 (2000); J.F. Brennecke and E.J. Maginn,
AIChE J. 47, 2384 (2001); R. A. Sheldon, R. M. Lau,
M.J. Sorgedrager, F. van Rantwijk, and K.R. Sed-
don, Green Chem. 4, 147 (2002); H. Olivier-Bourbigou
and L. Magna, J. Mol. Cat. A: Chem. 182-183, 419
(2002); J. Dupont, R. F. de Souza, and P. A. Z. Suarez,
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as compared with the IL and bound complex (/3,1 < 1
and fi2/; is relatively small), which needs further care-
ful study.

The relatively small error of regression shows
that the preferential solvation model of Connors and
Roses can be applied to describe the experimental
results of binary mixtures of ILs with organic sol-
vents, but it needs more systematic work with different
ILs (different imidazolium-based cations and different
anions).

5. Conclusions

Binary mixtures of ILs with molecular solvents in
principle should be better considered as solutions of
salts (or electrolytes) in organic solvents, and the term
“negative (positive) halochromism” for such a hyp-
sochromic (bathochromic) shift of the UV/Vis absorp-
tion band of a dissolved compound with increasing salt
concentration should be used. In binary solvent sys-
tems with participation of ILs, trends of halochromism
when changing the concentration of IL are compli-
cated because the probe dyes interact selectively with
the cation/anion of an added salt and the extent of
which is probe-dependent. Therefore, the determina-
tion of a kind of “absolute polarity” of binary sys-
tems by means of different solvatochromic probe dyes
seems to be principally not possible. But these dyes
show the strong interaction between ILs and organic
solvents in their binary mixture, which is influenced
very much by the origin of the solvent.
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