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Introduction 

Room-temperature ionic liquids (RTILs) have recently gained increased interest as 

potential “green” replacements for volatile organic solvents (VOCs) due to their unique 

properties.1 These compounds are typically composed of organic cations with organic or 

inorganic anions and have negligible vapor pressure and a wide liquid range (i.e., over 

300 K).1 To increase the efficiency of a process (e.g., separation, extraction, synthesis, 

etc.), one would like to “tune” a solvent or solvent mixture by addition of cosolvents. It 

is beneficial in many ways to understand how added cosolvents (or impurities) affect the 

physicochemical properties of RTILs. When an ionic liquid can be mixed with other green 

solvents such as water and alcohols, their physicochemical properties will be tunable, and 

one can prepare mixtures of solvents with suitable physicochemical properties and a 

lower fraction of RTILs. 

In the present work, to demonstrate the influence of the solvent composition on four 

solvatochromic parameters (E N, normalized solvent polarity parameter; n*, 

dipolarity/polarizability; þ, hydrogen-bond acceptor basicity; a, hydrogen-bond donor 

acidity), they have been determined for binary mixtures of methanol, chloroform, and 

dimethylsulfoxide with [EMIM][EtSO4] at 25 °C over the whole range of mole fractions. 

 

 
Experimental 

 
An ethanolic solution of the indicators were prepared and stored in a dark glass at ~ 4 

°
C. The mixture of 1-ethyl-3-methylimidazolium ethylsulfate with molecular solvents 

(methanol, chloroform, and dimethylsulfoxide) at different compositions was 

gravimetrically prepared (±0.1 mg) for each binary solvent mixture separately and was 

transferred into the quartz cuvette. Final probe concentrations were 0.5-4 × 10-4 mol dm- 
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3
. UV-vis absorption spectra of the solutions were recorded in the ranges Z= 250-400 nm 

(for 4-nitroanisole), 300-450 nm (for 4-nitroaniline), and 420-600 nm (for Reichardt’s 

betaine dye), using a uv-visible spectrophotometer. The temperature was maintained at 

25±0.1 °C, and all measurements were made in triplicate and averaged. The ET(30), n*, 

þ, and a parameters were calculated from the wavelength of maximum absorption 

according to the procedure reported in elsewhere.2 

 
 

Results and discussion 

 
The values of solvatochromic parameters (E N, n*, a, and þ ) have been determined 

for binary mixtures of methanol, chloroform, and dimethylsulfoxide with [EMIM]EtSO4 

at 25 °C over the whole range of mole fractions. For solutions of the IT with methanol the 

plot for the solvatochromic parameters versus cosolvent mole fractions is presented in 

Figures 1. 
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Figure 1. Solvatochromic parameters (E N (◆), v*(■), þ(K), and a(×)) for binary mixtures of [EMIM]EtSO4 

with methanol (XIL is the mole fraction of [emim]EtSO4). 

 
 
 

Methanol/[EMIM][EtSO4] System: 

 
It is clear that by addition of [EMIM][EtSO4] to methanol, the n* value increases 

rapidly and finally decreases to its corresponding value in neat [EMIM][EtSO4] through 

a maximum at xIL=0.65. The n* parameter is derived from the change in the energy 

corresponding to the maximum absorption of the dye induced by the local electric field 

generated by the solvent. It is not surprising that n* is greatly affected by the increasing 

dye-ion solute-solvent interactions when the mole fraction of the ionic liquid increases. 

A positive deviation from ideality is demonstrated by this parameter. Ideal mixtures have 

a linear relationship between the solvatochromic parameter and the solvent 
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composition when the solvatochromic probe is equally solvated by the two constituents 

of the solvent mixture.2 Then, it can be concluded that the probe is not equally solvated 

by the two components of the binary solvent mixture and therefore a “preferential 

solvation” of the probe is confirmed. Preferential solvation arises whenever the bulk mole 

fraction solvent composition differs from the solvation microsphere.2 The hydrogen-bond 

basicity of RTILs is mainly dominated by nature of the anion. The anion of 

[EMIM][EtSO4] is known to have a compact structure possessing weaker bacisity in 

comparison to methanol. The a parameter of the RTILs is largely affected by the nature 

of the cation, but there is also a smaller anion effect.6 The a value for [EMIM][EtSO4] is 

moderately high but is lower than that for methanol. It has been known that all three 

imidazolium ring hydrogen atoms are acidic and the acidity is decreased when the 2- 

position of the ring is substituted by a methyl group.2 A careful examination of the a 

values clearly shows a moderate increase in hydrogen-bond donor ability as very small 

amounts of [EMIM][EtSO4] are added, followed by a gradual decrease as more 

[EMIM][EtSO4] is added to methanol. The normalized polarity parameter E N of 

[EMIM][EtSO4] is lower than that of the methanol. When small quantities of the ionic 

liquid are added, the E N parameter increases and then decreases smoothly to the value of 

pure RTIL. A synergism is observed for this parameter. This behavior is attributed to a 

hydrogen-bonding interaction between the RTIL and the methanol to give a hydrogen- 

bonded complex in the media, which is more polar and a better HBD than the two 

constituents of the mixture.2 

Chloroform/[EMIM][EtSO4] System: 

 
The behavior of the solvatochromic probes dissolved in chloroform/ [EMISE] 

mixtures is different from the alcoholic mixture. The normalized polarity parameter of 

chloroform is lower than that of [EMIM][EtSO4] ( the values are 259 and 0.688, 

respectively). The E N parameter increases rapidly with increasing mole fraction of 

[EMIM][EtSO4] and then gradually reaches to its value in neat [EMIM][EtSO4]. It 

produces a positive deviation from ideality. The a, þ and n* parameters for chloroform 

are also lower than those of [EMIM][EtSO4]. It is clear that as [EMIM][EtSO4] is added 

to chloroform, the n*, þ and a parameters increase to their values in neat [EMIM][EtSO4] 

with positive deviation from ideality (XIL<0.82). 

DMSO/[EMIM][EtSO4] System: 

 
There is no very difference between the DMSO/[EMIM][EtSO4] and 
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chloroform/[EMIM][EtSO4] mixtures. Similar to chloroform/ 

[EMIM][EtSO4], when [EMIM][EtSO4] is added to DMSO, the n* value 

increases and gradually reaches a maximum at xIL=0.8 and then decreases to 

its value in neat [EMIM][EtSO4]. This parameter induces a positive deviation 

from ideality because of preferential solvation. During the addition of 

[EMIM][EtSO4] to DMSO, the E N and a parameters increases rapidly with 

increasing mole fraction of [EMIM][EtSO4] and then gradually reaches its 

value in neat [EMIM][EtSO4] with positive deviation from ideality. When 

small quantities of the ionic liquid are added, the þ parameter increases 

smoothly and gradually reaches a minimum at xIL=0.8 and then increases to 

its value in neat [EMIM][EtSO4]. 
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