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Summary 

 
In the first part, pyridine, piperidine and pyrrolidine were used as the building blocks for the 

synthesis of nitrile-functionalized ionic liquids. They are a promising class of compounds 

because of the presence of a strongly coordinating nitrile group. An important parameter 

determining the coordination behaviour of the nitrile function is the value of the partial 

negative charge on the nitrile nitrogen atom (NCN). In light of our study, one can easily 

formulate that by adjusting the alkyl spacer length between the nitrile group and nitrogen 

atom of the cationic core,  the partial negative charge on the nitrile functionality and the 

coordinating ability of  the nitrile group can be tuned according to the requirements. The 15N 

NMR spectroscopic studies and quantum chemical calculations were used to study the 

influence of the alkyl spacer length between the nitrile functionality and the cationic core on 

the negative charge of nitrile functionality (NCN). The thermal behaviour of the nitrile-

functionalized ionic liquids also depends mostly on the alkyl spacer length. The packing of 

cations and anions in the crystal structure and the interaction between cations and anions 

were investigated using single-crystal X-ray crystallography.  

 
In order to avoid the problems associated with the synthesis of hydrophilic ionic liquids, a 

new approach for their synthesis by anion exchange via the "phenolate platform" was 

investigated in the second part of the thesis. The synthesis of hydrophilic ionic liquids is 

mostly associated with low yield and high halide contamination. This new approach was 

found to be an effective method for the synthesis of hydrophilic ionic liquids with low halide 

content from easily available halide precursor ionic liquids. This method is applicable for 

most of the common cationic systems used for the synthesis of ionic liquids. The Volhard 

titration method indicated that halide impurities in the ionic liquids  were below 1100 ppm 

without performing any additional purification steps . Halide impurities in the ionic liquids 

were strongly dependent on the dryness of the starting materials and that of the solvents used. 

 
Because of the limited number of ionic liquids that can be used under strongly alkaline 

conditions, we dedicated our attention for the synthesis of ionic liquids which are compatible 

under basic conditions. The bis(2-ethylhexyl)aminium [BEDMA] cation was selected as the 

cationic core because of its low cost and the ability to minimize the possibility of Hofmann 

elimination. The Hofmann elimination is responsible for the degradation of quaternary 
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ammonium salts especially under the presence of  bases. The "phenolate platform" was 

modified into a halide free route for the synthesis of ionic liquids based on the [BEDMA] 

cation. A 1H NMR spectroscopic study revealed that these ionic liquids can withstand 

strongly alkaline conditions even at elevated temperature for a long time. The miscibility 

studies on the ionic liquids based on [BEDMA] cation showed that they are completely 

miscible with polar solvents and immiscible with non polar solvents. 
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Samenvatting 

 
In het eerste gedeelte van deze thesis werden pyridine, piperidine en pyrrolidine als 

bouwsteen gebruikt voor de synthese van nitrilgefunctionalizeerde ionische vloeistoffen. 

Deze laatste vormen een interessante klasse van verbindingen omwille van de aanwezigheid 

van een sterk coördinerende nitrilegroep. Een belangrijke factor die bepalend is voor het 

coördinatiegedrag van de nitrilfunctie is de waarde van de partieel negatieve lading op het 

nitrilstikstofatoom (NCN). Uit onze studie bleek dat, door een aanpassing van de lengte van 

het alkylstuk tussen de nitrilgroep en het stikstofatoom van de kationische kern van de 

ionische vloeistoffen, de partieel negatieve lading van de nitrilfunctionaliteit en het 

coördinerend vermogen van de nitrilegroep kan worden afgestemd op de gewenste grootte. 
15N NMR spectroscopische studies en kwantumchemische berekeningen werden gebruikt om 

de invloed van het alkylstuk tussen nitril en kationische kern na te gaan op de negatieve 

lading van de nitrilefunctionaliteit (NCN). Het thermisch gedrag van de 

nitrilgefunctionalizeerde ionische vloeistoffen hangt ook af van de lengte van de alkylketen. 

De pakking van de kationen en anionen in de kristalstructuur en de interactie tussen kationen 

en anionen werden onderzocht met behulp van eenkristal-X-stralenkristallografie.  

 
Om de problemen te vermijden die optreden bij de synthese van hydrofiele ionische 

vloeistoffen, werd in een tweede gedeelte van de thesis de synthese door anionuitwisseling 

via een "fenolaatplatform" bestudeerd. De synthese van hydrofiele ionische vloeistoffen heeft 

te kampen met lage opbrengsten en hoge halogenideverontreiniging. De nieuwe benadering 

via het “fenolaatplatform” bleek een effectieve methode voor de synthese van hydrofiele 

ionische vloeistoffen uitgaande van vlot toegankelijke halogenidevoorlopers. Deze methode 

is toepasbaar voor de meeste van de kationische systemen die gangbaar zijn voor de synthese 

van ionische vloeistoffen. De Volhard-titratiemethode gaf aan dat het gehalte aan halogenide-

onzuiverheden in de ionische vloeistoffen zich reeds onder de 1100 ppm bevond, zonder dat 

bijkomende zuiveringsstappen moesten worden uitgevoerd.  Het voorkomen van halogenide-

onzuiverheden in de ionische vloeistoffen was in belangrijke mate afhankelijk van het 

watergehalte van de gebruikte startmaterialen en solventen. 
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Omwille van het beperkte aantal ionische vloeistoffen dat kan worden gebruikt in sterk 

basische voorwaarden, werd in een volgende gedeelte van het onderzoek onze aandacht 

geschonken aan de synthese van ionische vloeistoffen die zouden moeten verenigbaar zijn 

met deze omstandigheden. Het bis(2-ethylhexyl)aminium-[BEDMA]-kation werd 

vooropgesteld als kationische kern omwille van de lage prijs en het vermogen om de 

mogelijkheid van Hofmann-eliminatie te minimaliseren. De Hofmann-eliminatie is 

verantwoordelijk voor de degradatie van kwaternaire ammoniumzouten, vooral in 

aanwezigheid van basen. Het "fenolaatplatform" werd aangepast tot een halogenidevrije route 

voor de synthese van ionische vloeistoffen gebaseerd op het [BEDMA]-kation. Een 1H NMR-

spectroscopische studie toonde aan dat deze ionische vloeistoffen gedurende geruime tijd 

bestand zijn tegen sterk basische voorwaarden. De mengbaarheidsstudies betreffende de 

ionische vloeistoffen gebaseerd op het [BEDMA]-kation toonden hun mengbaarheid aan met 

polaire solventen. Met apolaire solventen waren deze ionische vloeistoffen  niet mengbaar. 
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Scope and outline of the work 

 
Ionic liquids are a new class of solvents consisting entirely of ions. Contrary to the organic 

solvents, ionic liquids have a very large liquid range, very low vapour pressure, a large 

electrochemical window and a high electrical conductivity. They have potential applications 

both in academy and in industry. By the judicial selection of cations and anions, their 

physicochemical properties can be designed according to our requirement. Because of this 

designer property, the interest in ionic liquids is increasing exponentially. 

 
One of the problems of the ionic liquids with weakly coordinating anions such as 

bis(trifluoromethylsulfonyl)amide is their limited solubilizing ability for inorganic salts. This 

is a drawback for applications that require high concentrations of dissolved metal salts, e.g. 

the electrodeposition of metals. This problem can be overcome by the use of ionic liquids 

with strongly coordinating anions such as chloride, β-diketonate, etc. However, these ionic 

liquids often suffer from higher melting point and stability issues. Another possibility is to 

use functionalized ionic liquids, i.e. ionic liquids with functional, coordinating groups 

appended to the ionic liquid cation. Among the functionalised ionic liquids, nitrile-

functionalized ionic liquids have higher electrochemical stability. Nitrile-functionalized ionic 

liquids are of great importance because they also find applications as reaction media and 

ligands for catalytic reactions, electrolyte for lithium-batteries, dye sensitised solar cells, etc. 

 
One of the most difficult problems associated with the synthesis of ionic liquids (especially 

hydrophilic) is the complete removal of the halide impurities with the minimum loss of ionic 

liquids. These impurities are notorious in altering the physical properties of ionic liquids such 

as density and viscosity. Halide impurities in ionic liquids also cause detrimental effects 

when the ionic liquids are used as solvents for transition metal catalysed reactions. Hence, it 

is necessary to develop a method to prepare hydrophilic ionic liquids with low halide content 

without several purification steps and a reduction in the yield.  

 
Another problem associated with the ionic liquids is their incompatibility towards bases. The 

dialkylimidazolium ionic liquids are well known for their ability to form carbenes under 

alkaline condition. Hofmann degradation has a major role in making quaternary ammonium 

ionic liquids incompatible towards bases, especially at elevated temperature. 
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An approach to achieve hydrophilic ionic liquids with low halide content is to synthesize an 

ionic liquid precursor with minimum halide content which later can be converted to 

hydrophilic ionic liquids by simple ion exchange reactions. The base stability of ionic liquids 

can be improved by minimizing the possibility of Hofmann degradation by deshielding the β-

hydrogen in a quaternary ammonium salt.  

 
One aim of this work is to study the influence of the structure of the cation on the charge 

distribution of the nitrile group and on the thermal properties of nitrile-functionalized ionic 

liquids. We have chosen to develop 1-alkylpyridinium and N-alkyl-N-methylpiperidinium 

ionic liquids functionalised with nitrile group at the end of the alkyl chain with bromide or 

bis(trifluoromethylsulfonyl)imide anion. Structural modifications such as a change of alkyl 

spacer length between the nitrile groups and the heterocycle of the cationic core as well as 

introducing methyl or ethyl group on different position of the pyridine ring will be explored. 

We will also study the thermal properties of nitrile-functionalized pyrrolidinium and 

piperidinium ionic liquids with two nitrile groups appended to the nitrogen atom (Chapter 2). 

 
Another goal of this study is to contribute to ionic liquid chemistry through the development 

of a simple method for the synthesis of hydrophilic ionic liquids with low halide content 

starting from the readily available halide precursors ionic liquids. This could be possible by 

ion exchange reaction via the phenolate platform with various Brønsted acids. This new route 

would be a promising alternative for the synthesis of hydrophilic ionic liquids with low halide 

content (Chapter 3). 

 
Another objective of this study is to synthesize a new class of highly base stable ionic liquids 

without halide impurities. We have chosen to develop ionic liquids based on bis(2-

ethylhexyl) amine, because this is a cheap starting material with the potential to resist 

Hofmann elimination due to the presence of ethyl substituents in the 2-position. The 1H NMR 

spectroscopy will be an effective tool for studying the stability of the bis(2-

ethylhexyl)aminium ionic liquids under strongly alkaline conditions (Chapter 4). 
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Chapter 1. Ionic liquids 
 

1.1 Introduction 
 

Ionic liquids (ILs) have been described as molten salts that are entirely ionic in nature, 

comprising both cationic and anionic species and having a melting point below 100 ° C.1 If 

they are liquid at room temperature then they are termed as room temperature ionic liquids 

(RTILs). The choice of cations and anions has a large influence on their properties. Usually, 

ionic liquids consist of a large organic cation and an organic or inorganic anion. The 

structural modification of ionic liquids can be made either to the anion, cation, or to the 

substituents on the cation or anion, so that an almost limitless number of ionic liquids are 

possible. Hence, by changing the cation or anion of ionic liquids, their physical properties can 

be modified according to the requirements of a process. These properties include melting 

point, density, viscosity, solubility, hydrophobicity etc. Ionic liquids have a special place in 

the current scientific literature due to their special properties, which distinguish ionic liquids 

from conventional organic solvents. These are very low vapour pressure, wide liquid range, 

large electrochemical window, low flammability etc. Some commonly used ionic liquid 

systems are presented in Figure 1.1 

 

N N R

N

R

N-alkylpyridinium 1-alkyl -3-methyl imidazolium

N

R

R R

R

tetraalkylammonium

N
Me R

N-methylpiperidinium

P

R

R R

R

tetraalkylphosphonium

PF6

hexafluorophosphate

BF4

tetrafluoroborate

NO3

nitrate

(CF3SO2)2N

bis(trifluoromethanesulfonyl)imide

CH3SO3

mesylate

CF3SO3

triflate  

Figure 1.1. Some commonly used ionic liquid systems: cations and anions 
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1.2. History of ionic liquids 
 

Ionic liquids have been known for a long time. They made their first appearance in the 

scientific literature in 1914 by the report about the physical properties of [EtNH3][NO3], 

which has a melting point of 12 °C.2,3,1 However their extensive use as solvents in chemical 

processes for synthesis 4-6, separation processes7-9and catalysis10-13 has recently become 

significant. Aluminium chloride based molten salts were used for high temperature 

electroplating during the 1940s. In 1951 Hurley et al. reported the synthesis of an ionic liquid 

by warming a mixture of 1-ethylpyridinium chloride with aluminium chloride for low-

temperature electroplating of aluminium.14,15 In the 1970s and 1980s, a thorough 

investigation on organic chloride–aluminium chloride ambient temperature ionic liquids was 

carried out by Robinson  et al.16,17 and  Hussey et al.18-20 In the 1970s, Wilkes et al. 

developed electrolytes with lower melting temperature to tackle the temperature related 

problems associated with the molten salt electrolytes.21 In 1983, Hussey wrote the first major 

review on room temperature ionic liquids.22 In the mid 1980s, low melting point ionic liquids 

were used as solvents for organic synthesis.23,24 Following their work, ionic liquids became 

one of the most important classes of solvent systems. Initially, the applications of aluminium 

chloride based ionic liquids were limited, because of their highly hygroscopic nature. 

Moreover, they were not inert towards various organic compounds.25 The first report on air 

and water stable ionic liquids based on the 1-ethyl-3-methylimidazolium cation and different 

anions such as tetrafluoroborate and hexafluorophosphate appeared in 1992.26 After this 

report, the number of air and water stable ionic liquids started to increase rapidly. In 1998, a 

new class of ionic liquids called “functionalised ionic liquids” were prepared by Davis and 

co-workers27, based on cations derived from the antifungal drug miconazole (Figure 1.2).  

Cl Cl

O

Cl

Cl

N

N

R
PF6

 
 

Figure 1.2. First “task specific ionic liquid” based on the miconazole cation.27 
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Functionalised ionic liquids may be defined as ionic liquids in which a functional group is 

covalently attached either to the cation or to the anion or even to both. The advantage of 

introducing a functional group into ionic liquids is the fine-tuning of their properties for a 

particular application. The introduction of the functional group definitely alters their solvent 

parameters compared to the analogue bearing simple hydrocarbons. These parameters are 

dipolarity, H-bond acidity, basicity, polarizability etc. A second rationale for the inclusion of 

a functional group is to imbue the salt with a capacity to covalently bind to or catalytically 

activate a dissolved substrate.28  

 
Nowadays, the field of ionic liquids is one of the most popular areas of research both in 

academia and industry.29 In the last decade, over 8000 papers have been published on this 

subject. It was reported that over one million (106) ionic liquids can be prepared by the 

simple combination of different cations and anions.30 Currently, only about 300 ionic liquids 

have been commercialised. In the light of the above facts, one can imagine the opportunities 

still to be uncovered in ionic liquids. 

 

1.3 Characteristics of ionic liquids 
 

1.3.1 Melting point 

 

Ionic liquids are commonly defined as salts with a melting point below 100 °C. The structure 

of ionic liquids has an impact on their physical properties. Both cations and anions contribute 

to the melting point of ionic liquids. Large organic cations with less symmetry will lower the 

melting point because they disturb the efficient packing of ions in the crystal lattice.31-33 This 

can be observed in the melting point diagram of the ionic liquids based on 1,3-

dialkylimidazolium cations with different alkyl chain lengths and hexafluorophosphate as the 

anion (Figure 1.2).34,35 The melting point decreases when the size and asymmetry of the 

cation increases up to a certain point. After that, an increase in the alkyl chain length 

increases the melting point. 
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Figure 1.3. Melting point phase diagram for (a) [Rmim][PF6] ionic liquids as a function of 
alkyl chain length n showing the melting transitions from crystalline (closed square) and 
glassy (open square) materials.35 
 

MacFarlane et al. showed the effect of symmetry on the melting points of ionic liquids 

derived from ammonium and pyrrolidinium cations (Table 1.1).36 If the substitution on the 

cation makes it more symmetric, the ionic liquids formed will tend to be solid at room 

temperature. If the substitution renders the cation asymmetric, the ionic liquids will be liquid 

at room temperature.  

 
Table 1.1. Melting points of selected ammonium and pyrrolidinium bis(triflimide) ionic 
liquids.33  
 

Structure Melting point (Tm °C) 

[N1111][Tf2N ] 133 

[N1124][Tf2N ] -8 

[C1mpyr] [Tf2N ] 132 

[C4mpyr] [Tf2N ] -18 

 

Similar effects can also be observed in phosphonium ionic liquids (Figure 1.4). In the series 

of [P666n][PF6] ionic liquids, the highest melting point was observed for those with a highly 

symmetric [P6666]
+ cation (C6H13)4P

+). The melting point decreased when any of the chains 

got longer or shorter. 
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Figure 1.4. Melting points of [P666n] [PF6] as a function of n.29 

 
The effect of anions on the melting point is more difficult to rationalize. Anions with large 

charge delocalization will reduce the Coulombic force of attraction between the ions and 

result in a lower melting point.  The presence of hydrogen bonding in the lattice is a major 

factor in increasing the melting point. Ionic liquids with strongly coordinating anions such as 

halides have higher melting points than their tetrafluoroborate or hexafluorophosphate 

analogues because of the formers ability to form hydrogen bonding.37,38 

 
1.3.2 Density 

 

Density is one of the most often measured properties of ionic liquids. In general, ionic liquids 

are denser than water. The molar mass of the anions has a significant effect on the density of 

the ionic liquids. For instance, the pyrrolidinium ionic liquids with 

bis(methanesulfonyl)amide [Ms2N] anion have lower density than the 

bis(trifluoromethanesulfonyl)amide [Tf2N] anion.39 This is in agreement with the fact that the 

molecular volume of these anions is similar but the mass of fluorine is higher. The densities 

of ionic liquids decrease with the increase in the length of the alkyl chains in the cations 

(Figure 1.5).40-42  
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Figure 1.5. Density of [Cnmim][BF4] (n = 2- 10) vs temperature. 43 

 
The bulkiness of the longer alkyl chains prevents them from efficient close packing leading to 

a decrease in the density, whereas the shorter ones packs more effectively. Earlier, it has been 

reported that generally the density of ionic liquids is higher than that of water. However 

Wilkes et al. reported that the density of some of the phosphonium based ionic liquids with 

different anions is lower than water (Figure 1.6).44 This also shows the effect of anions on the 

density of ionic liquids.  

 

 

Figure 1.6. Densities of [P666 14] RTILs with anions: (a) NTf2, (b) [Co(NCSe)4], (c) 
bis-dicarbollylcobalt(III) (CoCB), (d) [Co(NCS)4], (e) dithiomaleonitrile (dtmn), (f) 
methylxanthate (xan), and (g) dicyanamide [N(CN)2].

44 
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Rogers and co-workers reported that for both hydrophobic and hydrophilic ionic liquids, an 

increase in the water content would decrease their density.45 Seddon et al. reported that the 

halide impurities in the ionic liquids lead to a decrease of their density as shown in Figure 

1.7.46 

 

 

Figure 1.7. Density of [C4mim][BF4] at 30 °C vs molal concentration of chloride (mol/kg) 
added as [C4mim][Cl].47  
 

1.3.3 Viscosity 

 

The understanding about the viscosity of ionic liquids is of prime importance because this 

plays a major role in stirring, mixing and pumping operations. Furthermore, viscosity also 

affects other transport properties such as diffusion. In general, viscosities of ionic liquids are 

higher than water and common organic solvents, ranging from 20 cP to 30000 cP.40,48 The 

choice of cations and anions has a strong influence on the viscosity of ionic liquids. Toduka 

et al. studied the effect of alkyl chain length and the nature of the anion on the viscosity of 

imidazolium based ionic liquids.49,50 The symmetry of the anion and its ability to form 

hydrogen bonds will influence the viscosity of ionic liquids. The fluorinated anions such as 

[BF4]¯and [PF6]¯ form viscous ionic liquids because of the formation of complexes with 

hydrogen bonding donors.51 The viscosity of ionic liquids also depends on the alkyl chain 

length of the cations. The viscosity of the [Cnmim] [BF4] series with increasing temperature 

is shown in Figure 1.8. Alkyl groups with modest chain lengths will lower the viscosity. 

Longer alkyl chains will increase the viscosity because of the increase in the van der Waals 
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forces between the cations, which in turn increase the energy needed for the molecular 

motions.  

 

 

Figure 1.8. Viscosities of [Cnmim][BF4] (n = 2 to n = 14) vs temperature.42 
 
As in the case of density, the impurities also play a key role in the determination of the 

viscosity of ionic liquids. Marsh et al. studied the effect of impurities on the measured 

physicochemical properties of ionic liquids.40 Seddon and co-workers performed a detailed 

investigation about the influence of halides and water on the physicochemical properties of 

ionic liquids.47 As can be seen in the Table 1.2 and Figure 1.9, a low concentration of halide 

(chloride) can raise the viscosity. 

 
Table 1.2. Comparison of viscosities of chloride contaminated ionic liquids and low chloride 
content batches of ionic liquids at 20 °C.46 
 

Ionic liquid [Cl]/mol kg -1 η/mPa S 
 

[C2mim][BF4] 0.01 
1.8 

 

66.5 
92.4 

[C4mim][BF4] 0.01 
0.5 

 

154 
201 

[C4mim][NO3] 0.02 
1.7 

 

67 
222.7 

[C8mim][NO3] 0.01 
2.2 

1238 
8465 
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Figure 1.9. Viscosity at 20 °C for [C4mim][BF4] vs molal concentration of chloride (mol/kg) 
added as [C4mim][Cl].47 
 
The viscosity of ionic liquids is found to be very high, which will affect its applications. This 

drawback can be overcome by adding some organic solvents which reduces their viscosity 

dramatically (Figure 1.10).47 

 

 

Figure 1.10. Viscosity at 20 °C of co-solvents-[C4mim][BF4] mixtures vs mole fraction of 
co-solvent. 37 

 

1.3.4 Thermal stability 

Many ionic liquids are reported to be resistant to thermal decomposition and thus suitable for 

high temperature applications.52,53 The thermal stability of ionic liquids is directly linked to 

the nature of the anions. Ionic liquids containing more nucleophilic and coordinating anions 

such as halides decompose at lower temperature. Ionic liquids with poor proton abstracting 
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anions such as bis(trifluoromethylsulfonyl)amide are more stable to high-temperature 

decomposition.35,54-57 The decomposition temperature of ionic liquids also depends on the 

type of cations. Most studies have been performed on imidazolium–bases ionic liquids.58 

They are thermally more stable than pyridinium50,59 and tetraalkyl ammonium-based ionic 

liquids.58,60 The methyl substitution on the C(2) position of the imidazolium cation increases 

the thermal stability due to the replacement of the acidic hydrogen.56,61-63 It was also reported 

that the chain length of the alkyl group on the cation has not much influence on the thermal 

stability of the ionic liquids.49 Ammonium-based ionic liquids have lower stability compared 

to imidazolium-based ionic liquids, whereas the thermal stability of phosphonium based ionic 

liquids is better than of the ammonium-based ionic liquids.60,61 Two important thermal 

decomposition mechanisms of ionic liquids are Hofmann elimination and reverse 

Menschutkin reaction. A schematic representation of Hofmann elimination is given in the 

Scheme 1.1 

 

N R

R

RH H

H
HO

H

H

H

H

+ N

R2

R1 R3 + H2O

 

Scheme 1.1. Schematic representation of Hofmann elimination. 
 
A quaternary ammonium salt with a β- hydrogen atom will undergo Hofmann elimination in 

the presence of a base at elevated temperature. It has been reported that the imidazolium 

cations with strongly nucleophilic anions, such as halides, decomposes by dealkylation of the 

cation via an SN2 reaction of the easiest accessible alkyl group.57,58,64-67(Scheme 1.2).  

 

N N

X

H3C X N N
+

 

Scheme 1.2. Thermal decomposition of  [C4mim][X]. 51 

 
Wilkes et al. reported that imidazolium based ionic liquids are stable up to 450 °C.68 

However most of the ionic liquids can tolerate such a high temperature only for a short time. 

Most of the investigations overestimate the thermal stability of ionic liquids because the 

values are obtained by thermogravimetric analysis. Since the heat transfer in ionic liquids is 

slow, the sample temperature lags behind the measured temperature by between 75 and 150 

°C, at the high heating rates (between 10 and 20 °C/min) that are used. Under these 



11 
 

conditions, the decomposition reaction does not reach equilibrium before the end of the 

experiment. More accurate data require isothermal conditions. 

 
1.3.5 Surface Tension 

 

The surface tension values (33.8 mNm –1 for [C8mim][Cl], 49.8 mNm –1 for[C4mim][PF6])
69 

of ionic liquids were found to be well above that of conventional organic solvents such as 

methanol (22.07 mNm –1), acetone (23.5 mNm –1) and those of n-alkanes70-72(pentane : 16.0 

mNm –1, dodecane : 25.6 mNm –1, but lower than that of water (71.98. mNm –1 ). Freire et al. 

studied the effect of cations, anions, water and temperature on the surface tension of ionic 

liquids.69 They reported that both the cations and anions have an influence on the surface 

tension. In imidazolium ionic liquids, the increase in the cation alkyl chain length reduces the 

surface tension values. An increase in the size of the anion leads to a decrease in the surface 

tension. This may be due to the fact that an increase of the anion size and the increase of the 

diffuse nature of the anion negative charge leads to a more delocalized charge and therefore 

to a decrease on the ability to form hydrogen bonds.73 The water content in the ionic liquids 

has little or no influence on the surface tension values (Figure 1.11). 

 

 

Figure 1.11. Surface tension dependency of [C8mim][PF6] with water content.52 
 

As the temperature increases, the surface tension decreases linearly (Figure 1.12).74 
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Figure 1.12. Surface tension as a function of temperature for different ionic liquids.74 
 
1.3.6 Conductivity  

 
The conductivity of ionic liquids is of vital importance for their applications in electro-chemistry. 

A large conductivity was expected for ionic liquids because they consist entirely of charge carrier 

ions. However the conductivity of ionic liquids was found to be relatively low at room 

temperature.41 The conductivity of any solution depends on the number of charge carriers and 

their mobility. The large constituent ions of the ionic liquids reduce the ion mobility which in turn 

reduce the conductivity.75 The conductivity of ionic liquids is comparable to those of organic 

solvents with added inorganic salt (Table 1.3).76 
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Table 1.3. Comparison of viscosity and conductivity for a representative selection of 
molecular solvents and non-haloaluminate RTILs. 76 
 

Solvent Viscosity 
(mPs) 

Conductivity 
(mΩcm-1) 

N,N-Dimethylformamide 0.794 4.0 a 

Acetonitrile 0.345 7.6 a 

Ethanol 1.074 0.6a 

Dimethylsulfoxide 1.987 2.7a 

[C2mim][N(Tf)2] 28 8.4 

[C4mim][N(Tf)2] 44 3.9 

[C2mim][BF4] 43 13 

[C4mim][PF6] 275 1.5 

[N6222][N(Tf)2] 167 0.67 

[N6444][N(Tf)2]  595 0.16 

[Py13][N(Tf)2]  63 1.4 

[Py14][N(Tf)2 ] 85 2.2 

 
a) Conductivity for organic solvent containing 0.1M tetrabutylammonium perchlorate at 22 
°C 
 
Although the conductivity of ionic liquids is not much higher than the conventional non-

aqueous solvents, ionic liquids do offer the advantage that this property is intrinsic to the pure 

ionic liquids and thus the addition of any separate salt is avoided. The conductivity of ionic 

liquids having the same anions with different cations is found to decrease in the order 1-

alkyl-3-methylimidazolium> N,N-dialkylpyrrolidinium > tetraalkylammonium. This can be 

explained by the decrease in the planarity of the cation. The flat imidazolium cation has a 

higher conductivity than the tetrahedral tetraalkylammonium cation. The pyrrolidinium based 

ionic liquids, adopting an intermediate geometry, have an intermediate conductivity.77 An 

increase in temperature will lead to an increase in the conductivity of ionic liquids.78 
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1.3.7 Electrochemical window 

 

The electrochemical window of ionic liquids plays a key role in their electrochemical 

applications. The electrochemical window is the electrochemical potential range over which 

the electrolyte is neither reduced nor oxidized at an electrode. This value is an indication of 

the electrochemical stability of a solvent. Only a limited number of metals can be 

electrodeposited in water because of its small electrochemical window (1.2 V). Ionic liquids 

in general have a higher electrochemical window (4.5 V to 6V).77,77,79-84 The cathodic 

potential limit of the ionic liquids varied depends on the cation,  and 1-alkyl-3-methyl 

imidazolium cations are less stable than the tetraalkylammonium or N,N-dialkylpyrrolidinium 

cations. This can be explained by the presence of an acidic hydrogen at C(2) position of the 

imidazolium ring. An alkylation of this position will result in an ionic liquid with an enlarged 

cathodic window.54 

 
The impurities in ionic liquids have a large influence on their electrochemical window. The 

halide ions in the ionic liquids are more easily oxidized than the fluorine containing anions of 

the ionic liquids. Hence a reduced anodic potential limit will be observed if the ionic liquids 

contain significant amount of halide impurities.41 The water in the ionic liquids can affect 

both the cathodic and anodic limits because water can be both reduced and oxidized in both 

electrodes and a reduced anodic and cathodic potential was observed upon the addition of 3% 

water to several ionic liquids (Figure 1.13). 79 Moreover,  water can react with the anions of 

the ionic liquids to form products that are electroactive in the electrochemical potential 

window of ionic liquids. This is described in the case of chloroaluminate ionic liquids in 

which water will react to produce electroactive proton-containing species (HCl and 

[HCl2]¯).85,86 Water is also notorious in reacting with commonly used [BF4] ¯ or [PF6]¯ anion 

in ionic liquids to form HF.45,87 
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Figure 1.13. Cyclic voltammograms recorded in neat [C4mim][BF4] at 50µm Pt disc 
electrode, (A) under dry conditions and (B) with a water content of approximately 3% in the 
ionic liquid (scan rate 100 mV s-1).79 
 
1.3.8 Activity coefficients in ionic liquids 

 
For ionic liquids to be used effectively as solvents, it is essential to know how they interact 

with different solutes. A quantitative measure of this property is given by the activity 

coefficient, γi, which describes the degree of nonideality for a species i in a mixture. The 

infinite dilution activity coefficient, γi
∞, is especially important because it describes the 

extreme case in which only solute-solvent interactions contribute to non-ideality. Activity 

coefficients at infinite dilution γi
∞ are important properties, which are used in particular for 

the selection of selective solvents and for the reliable design of thermal separation processes. 

 
There are many reports regarding the measurement of activity coefficient at infinite dilution 

in ionic liquids.88-92 Krummen et al.93
 measured the γi

∞ of the alkanes pentane, hexane and 

heptane in the ionic liquid [C2mim][Tf2N] and reported that γi
∞ increases with the chain 

length; i.e. the solubility of the alkanes in the ionic liquid decreases form n-pentane to n-

heptane (Figure 1.14. ). 
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Figure 1.14. Experimental activity coefficients at infinite dilution ln(γi
∞) for three alkanes in 

the solvent [C2mim][Tf2N] as a function of inverse temperature:(♦) n-pentane; (■) n-hexane; 
(▲) n-heptane. 93 

 

A comparison of γi
∞ values for n-hexane as a function of the inverse temperature in four 

different imidazolium based ionic liquids is shown in Figure 1.15. It can be seen that the 

structure and the length of the alkyl chain at the imidazolium ring have an essential influence 

on the γi
∞ values. The γi

∞  values diminish with increasing length of the alkyl chain. 

Furthermore, the variation of the counter ion (Tf2N
- to C2H5OSO3

-) results in an increase of 

the γi
∞  values. By the variation of the cation and the anion of the ionic liquid, the solubilities 

of the solutes can be influenced. Ketones show small γi
∞  values in imidazolium ionic liquids, 

indicating a strong interaction between these ionic liquids and ketones. 

 

 
 

Figure 1.15. Experimental activity coefficients at infinite dilution ln (γi
∞) for n-hexane in 

different ionic liquids as a function of inverse temperature: (♦) 
[C4mim][Tf2N];(■)[C2imim][Tf2N]-; (▲) [C1mim][Tf2N]; (●) [C2mim][C2H5OSO3].

93 
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Values of γi
∞ for benzene and alkylbenzynes are distinctly lower in comparison with those of 

alkanes and alkenes indicating a favourable interaction between the aromatic solutes and the 

ionic liquids. Heintz et al.90 measured the γi
∞  values of different solutes such as alkanes, 

alkenes and aromatic compounds in pyridinium-based ionic liquids. The same trend was 

observed as in the case of the imidazolium-based ionic liquids. Nebig et al.92 measured the 

infinite dilution activity coefficient of different alkenes in pyrrolidinium-based ionic liquids 

with [Tf2N] anions. They also reported that the γi
∞ value greatly depends on the alkyl chain 

length of the pyrrolidinium cation. 

 

1.3.9 Toxicity and bio-degradability of ionic liquids 

 

Ionic liquids enjoy a ‘green’ image primarily because of their negligible vapour pressure. It 

should be noted that only this property does not suffices to make ionic liquids green. An ideal 

green solvent should also be non-toxic and not persist in the environment. Although ionic 

liquids can minimize the risk of air pollution due to their negligible vapour pressure, they do 

have significant solubility in water.94,95 As a result, this is the most likely the medium through 

which ionic liquids could be released into the environment. Hence aqueous toxicology 

investigations are the most important topic concerning ionic liquids environmental safety.96 

The properties, high chemical stability, thermal stability and non-volatility, which make them 

important candidates for the industrial applications, cause problems with their degradation 

and environmental persistence. Many reports question the greenness of the ionic liquids. 

Richard and co- workers reported that ionic liquids containing [PF6]
− and [BF4]

− as anions 

undergo hydrolysis in presence of water to form HF.97 Early studies suggested that quaternary 

ammonium and pyridinium compounds have significant toxic effects on a variety of bacteria 

and fungi.98,99 Bernot et al. carried out the toxicity study of imidazolium and pyridinium ionic 

liquids using fresh water snails.100 The toxicity was tested by the LC 50 method. They 

observed that the alkyl chain length has a strong influence on the toxicity of the ionic liquids 

irrespective of the cations. The ionic liquids with a longer carbon chain (C8) were found to be 

more toxic than the alkyl chains with C4 and C6 (Figure 1.16).101 
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Figure 1.16. Acute toxicity values for imidazolium and pyridinium bromide ionic liquids at 
5, 10 and 15 minutes, expressed as average log EC-50 in ppm.101 
 

These observations are basically the same as those in the previous reports.102-105 This is likely 

explained by the lipophilic nature of ionic liquids containing longer alkyl chains. Ionic liquids 

with longer alkyl chains are more lipophilic than those with shorter chains. Ionic liquids 

having longer alkyl chains have a tendency to be incorporated into the phospholipid bilayers 

of biological membranes. Hence the increased toxicity of longer alkyl chain ionic liquids is 

due to the enhanced membrane permeability altering the physical properties of the lipid 

bilayer.105-107 It is well known that the modification of anions lead to a change in physical and 

chemical properties of ionic liquids.108 However, no clear increase in the toxicity caused by 

the anions could be observed and the toxicity seemed to be determined mainly by the cationic 

components.102,105,109-111 

 
The higher thermal and chemical stability of ionic liquids raise the questions about their 

potential to accumulate in the environment. When ionic liquids use in industrial scale, their 

disposal becomes an issue. As the industrial applications of ionic liquids are increasing, a 

better understanding about their biodegradability is of paramount interest. Wells et al. 

investigated the biodegradability of ionic liquids with imidazolium, pyridinium, 

phosphonium and ammonium cations by Biological Oxygen Demand (BOD)112. They 

reported that none of the ionic liquids showed any sign of biodegradation by the BOD 

method. Gathergood et al. tested the biodegradation of  [C4mim][PF6] using a closed bottle 
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test. They also have not observed any sign of degradation. 113 In the light of the above results, 

we can conclude that commonly used ionic liquids are not readily biodegradable. However 

biodegradable ionic liquids can be prepared by the careful structural modifications. The main 

factors which are important in the design of biodegradable compounds are the presence of 

potential sites of enzymatic hydrolysis (for example, esters and amides), the introduction of 

oxygen in the form of hydroxyl, aldehyde or carboxylic group and the presence of phenyl 

rings, which represent possible sites for attack by oxygenases.114-116 All of these features are 

not generally suitable for ionic liquids. The introduction of oxygen containing functional 

groups such as hydroxyl, aldehyde or carboxylic groups may limit their use as reaction 

media. Incorporation of phenyl groups will increase the melting point.117 In an analogous 

approach to that used to prepare biodegradable detergents, Gathergood et al. prepared and 

evaluated the biodegradability of dialkylimidazolium ionic liquids that contained 

metabolisable side chain moieties such as ester groups and amide groups.113,118 They reported 

that incorporation of an ester group in the side chain of the imidazolium cation increased the 

biodegradability (Figure 1.17). 

 
Figure 1.17. Biodegradation of 3-methyl-1-(alkyloxycarbonylmethyl)imidazolium bromides 
as a function of the number of carbon atoms of the alkyl chain.113 

 
This improved biodegradation is due to the enzymatic cleavage of the ester bond. Gatherhood 

et al. reported that the imidazolium ionic liquids with simple alkyl chains and ionic liquids 

with amide groups in the side chain showed poor to negligible biodegradation as measured by 
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the Closed Bottle Test.119 They also investigated the effect of anions on the biodegradability 

of imidazolium ionic liquids bearing an ester group in the side chain. It was found that the 

combination of an ester group and the octylsulfate anion resulted in readily biodegradable 

ionic liquids.118 Petkovic et al. studied the biodegradability of ionic liquids composed of 

cholinium cations and alkanoate anions using filamentous fungi as model organisms and 

reported that those ionic liquids showed distinct biodegradability.120 Pyridinium ionic liquids 

bearing an ester group in the 1- and 3- position showed excellent biodegradation where as 

those bearing linear alkyl chains are poorly degradable.121 The properties of phosphonium 

ionic liquids with linear alkyl chains were evaluated and thus it was found that they showed 

almost no tendency towards biodegradation.112 Atefi et al. evaluated phosphonium ionic 

liquids containing tricyclohexylphosphine based cations with various ester side chains by the 

CO2 head space test.122 All of those ionic liquids showed modest to poor biodegradation.  

 

1.3.10 Miscibility with water 

 

The water miscibility of ionic liquids primarily depends on the nature of the anion. At room 

temperature, ionic liquids based on [PF6] ־  and [Tf2N] ־  anions are insoluble in water. Ionic 

liquids based on anions such as nitrate, acetate, halides etc are fully miscible with water. The 

water solubility of ionic liquids based on [BF4]־ and [CF3SO3]־ anions depend on the alkyl 

chain length on the cation. For instance [C2mim][BF4] and [C4mim][BF4] are fully water 

miscible. However [Cnmim][BF4] ionic liquids with alkyl chain length higher than four (n 

>4) are immiscible with water. There is a common belief that ionic liquids based on [PF6] ־   

and [Tf2N] ־   are hygroscopic. However this is not in agreement with the literature results 

(Figure 1.18). 47 
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Figure 1.18. Water content on saturation at ambient temperature (ca. 22 °C) for 
[Cnmim][PF6] (n = 4 to n = 8) (white) and for [Cnmim][BF4] (n = 6 to n = 10) (gray).47 

 

The figure shows the water saturation of hydrophobic ionic liquids [C4-8mim][PF6] and  [C6-

10mim][BF4] as a function of alkyl chain length and the anion. From the figure it is clear that 

[PF6] ־  based ionic liquids dissolve less water in comparison to the [BF4]־based ionic liquids 

and the water intake decreases as a the chain length of the alkyl group increases. Seddon et 

al. reported that the so-called hydrophobic ionic liquids are in fact hygroscopic.47 They 

measured the extent of hygroscopicity of different ionic liquids such as [C8mim][Cl], 

[C8mim][NO3], [C4mim][BF4] and [C4mim][PF6] by stirring these ionic liquids at ambient 

conditions as a function of time (Figure 1.19) 

 

 
Figure 1.19. Absorption of water from atmospheric air at ambient temperature and moisture, 
with constant stirring as a function of time of exposure. (∆) corresponds to [C8mim][NO3], 
(*) to [C8mim][Cl], (o) to [C4mim][BF4] and (□) to [C4mim][PF6].

47 
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Although the fully water-miscible chloride and nitrate ionic liquids absorb much more water 

than corresponding hexafluorophosphate, an uptake of 1% w/w (0.16 mole fraction of water) 

over three hours is significant. Hence care must be taken when an ionic liquid is used as a 

solvent for moisture sensitive reactions and efficient drying and anhydrous conditions have to 

be ensured.  

 
1.3.11 Flammability of ionic liquids 

 

Ionic liquids are considered as green solvents because of their nonflammability. This is 

considered as a safety advantage over volatile organic compounds (VOCs). However, 

Smiglak et al. questioned the nonflammability of ionic liquids.123 They reported that a large 

number of ionic liquids are combustible due to their positive heats of formation. They tested 

the flammability of twenty ionic liquids based on protonated imidazolium nitrates and 

picrates, protonated C-nitro-substituted imidazolium nitrates and picrates, 1-butyl-3-

methylimidazolium azolates, 2-hydroxyethylhydrazinium nitrate and commercially available 

trihexyltetradecylphosphonium chloride([P66614][Cl]). The combustibility was determined by 

heating 40 mg of each sample by a small flame torch no longer than 5-7 seconds in a small 

aluminum pan. All of the tested ionic liquids ignite under these conditions. The ignition test 

of protonated [1-Bu- 3H –im][NO3] is shown in Figure 1.20. The rate of combustion depends 

on the nitrogen and oxygen content. While some of the ionic liquids burned for a short period 

of time and went out, others, after first ignition, burned quickly to complete or nearly 

complete combustion. The most rapid combustion was recorded for the [C4mim][4,5-diNO2-

imidazolate]. In the literature, there are many publications which describe the design of ionic 

liquids as energetic materials.124-128 Those ionic liquids were prepared by the incorporation of 

energetic functionalities such as NO2, CN, N3 etc. 

 

 

Figure 1.20. Ignition test of protonated [1-Bu- 3H –im][NO3].
123 
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1.3.12 Vapour Pressure 

 

Ionic liquids are entirely composed of ions, so they are considered as substances with low or 

negligible vapour pressure even at high temperature. Because of this property, ionic liquids 

cannot escape into the atmosphere, unlike other conventional organic solvents. Therefore, the 

impact on the environment is minimal. Another advantage is that volatile products can be 

isolated from ionic liquids by distillation. However it should be noted that, negligibly small 

vapour pressure is not equal to zero vapour pressure. Earle et al. reported that many ionic 

liquids which are considered as non volatile (e.g. [Cnmim][NTf2]) can be distilled without 

decomposition at high temperature (300 °C) and low pressure (0.1 mbar).129 

 

1.4 Ionic liquids Synthesis 
 
Most of the researchers employ similar basic chemistry for the syntheses of ionic liquids. 

Ionic liquids synthesis consist of two stages; the formation of the desired cation and an anion 

exchange, where necessary, to form the desired product. The cations may be prepared either 

by protonation with a free acid or by quaternization reaction of a Lewis base (an amine, 

phosphine or sulfide) with a haloalkane (Scheme 1.3).  

 

Nu

HX

Nu-H XNu-R X

R-X

 

Scheme 1.3. Synthesis of halide precursor ionic liquid. 
 
The alkylation process has many advantages, it is simple to carry out, wide ranges of 

haloalkanes are available and it is irreversible in the normal temperature range.  Alkylation 

reactions can be carried out with chloroalkanes, bromoalkanes and iodoalkanes. The 

reactivity of the haloalkanes decreases in the order I > Br > Cl. 
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NN + R-X

R= alkyl
X= halide

NN R
X

1-alkyl-3-methylimidazolium
halide precursor

Metathesis

MY HY

M = group I metal or Ag
Y = atom other than X

NN R

Y

+ MX
NN R

Y

+ HX

Ionic liquids insoluble
in aqueous phase

Ionic liquids soluble
in aqueous phase

Ionic liquids soluble
in aqueous phase

Removal of water under
vacuum, addition of CHCl3,
repeated cooling and filtration

Phase separation,
extraction of MX
and HX with water

Repeated addition and 
removal of water/ HX
under vacuum  

Figure 1.21. Commonly used synthesis and work-up procedures for the preparation of 
hydrophobic and hydrophilic ionic liquids. 47 
 
Generally the quaternization reaction is performed in a simple round-bottom flask/reflux 

condenser experimental set-up under inert atmosphere in order to ensure a colourless product. 

To ensure high purity of the halide salt, recrystallisation from a mixture of dry acetonitrile 

and ethyl ethanoate is necessary. In the case of salts that are not solids, the ionic liquids are 

washed as well as possible with an immiscible solvent such as diethyl ether, 1,1,1-

trichloroethane etc. The quaternization can also be performed under microwave conditions.130 

The greatest advantages associated with the microwave-assisted synthesis of ionic liquids are 

(i) the reduced energy consumption due to the reduced reaction time and (ii) the use of low 

haloalkane excess.131 The syntheses can also be performed in solvent free conditions and 

different microwave reactors can be used to scale up the reaction. The reaction is also 100% 

atom efficient. All these advantages indicate that the microwave-assisted synthesis of ionic 

liquids is greener compared to the conventional synthesis.132 The lack of energy efficiency 

data for synthesis, the high cost of microwave reactors compared to traditional synthetic 



25 
 

apparatus and discoloration of ionic liquids for a temperature above 75 °C are the 

disadvantages associated with the microwave-assisted synthesis of ionic liquids.132 

 
Applied to imidazoles, after the preparation of the pure halide salt, it may be exchanged with 

the anion of a group 1 metal or silver(I) salt, MY or it is treated with an acid HY (Figure 

1.21). Both methods are carried out in water at room temperature, although some organic 

solvents can also be used.54 Depending on the nature of the anions, the resulting ionic liquids 

are either hydrophobic or hydrophilic. In the former case (e.g. if the anion is [PF6]¯ or 

[Tf2N]¯) washing with water is performed to remove the excess of halide (MX or HX) or any 

unreacted starting materials. In the case of hydrophilic ionic liquids, the work-up involves the 

removal of the water under reduced pressure, addition of a suitable organic solvent and 

repeated cooling to 5 °C to precipitate MX, followed by several filtration steps. The work-up 

of the hydrophilic ionic liquids prepared by treatment with acid includes repeated addition of 

water and removal of water/HX under reduced pressure and elevated temperature.47 The 

anion exchange reaction of the quaternary halide salt (Q+X−) can also be carried out with a 

Lewis acid MXn. This will result in the formation of more than one anion species depending 

on the relative proportions of Q+X− and MXn. Ionic liquids thus formed may be neutral, 

acidic or basic depending on the equilibrium of the reaction. This can be illustrated by the 

reaction of [C2mim] Cl and AlCl3 (Equation 1-3). 

 

[C2mim]+ Cl  +  AlCl3 [C2mim] +[AlCl4]

[C2mim]+
[AlCl4] AlCl3+ [C2mim] +[Al2Cl7]

[C2mim]+[Al2Cl7] AlCl3+ [C2mim]+ [Al3Cl10]

(1)

(2)

(3)
 

 
If [C2mim][Cl] is present in molar excess over AlCl3, the ionic liquids formed will be basic 

(eq 1). When AlCl3 present in molar excess over [C2mim][Cl], the ionic liquid formed will be 

acidic in nature (eq. 2 and 3). Other Lewis acids such as BCl3,
133 CuCl,134 and SnCl2 

135 can 

also be used for the synthesis of ionic liquids. Lewis acid based ionic liquids are prepared by 

mixing of the halide salt and the Lewis acid. Since the reaction is highly exothermic, slow 

addition of one reagent to the another is recommended in order to avoid the overheating of 

the reaction mixture and the decomposition or discolouration of the ionic liquids formed. The 
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ion exchange reaction was carried out in a dry box because of the hygroscopic nature of the 

starting materials and the final ionic liquid. 

 

1.5 Halide free synthesis of ionic liquids 
 

Ultra pure ionic liquids are not necessary for all applications. However it was reported that 

water, halides or other impurities have a significant influence on the rate and/or selectivity of 

reactions carried out in ionic liquids and their physical properties.94,136-145 To achieve 

ultrapure ionic liquids, the focus should be on new synthetic routes that ensure contaminant 

free ionic liquids. The most promising route is to synthesize a precursor anion-platform that 

can be used for the further metathesis reaction leaving no by-products or even traces of the 

starting materials. There are only a limited number of reports regarding the halide-free 

synthesis of ionic liquids based on imidazolium or other cations. The most commonly known 

reports are replacements for haloalkyl alkylating agents with dialkyl sulfates55,146 and dialkyl 

carbonates (Scheme 1.4).147,148 These halide free salts are then used as the precursors for the 

ion exchange reaction leading to the formation of by-product free ionic liquids or with easily 

removable (volatile) side products. 
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O
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Scheme 1.4. Synthesis of ionic liquids via the methyl carbonate route. 148 
 
Ohno and co-workers reported an alternative route for the halide free synthesis of ionic 

liquids. Hydroxide derivatives of ionic liquids were prepared by ion exchange column and 

later they were converted to the desired ionic liquid by reaction with acids.149,150 Smiglak et 

al. 151and Tommasi and co-workers152 reported the use of dialkyl imidazolium-2-carboxylates 

as the precursor for the by-product free synthesis of ionic liquids via decarboxylation reaction 

in the presence of protic acids (Scheme 1.5). Dialkyl imidazolium-2-carboxylates can be 

prepared either by the reaction of 1-alkyl imidazole with dimethyl carbonate 153 or by the 

reaction of 1,3-dialkylimidazolium chloride with a CO2 /Na2CO3 system at high 

temperature.152  
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Scheme 1.5. Synthesis of ionic liquids via decarboxylation reaction of dialkyl imidazolium-2-
carboxylates. 145 
 
Bridges et al. showed the ability of the [HCO3]

− based ionic liquid intermediates for the 

synthesis of ultrapure ionic liquids by treatment with any protic acid stronger than 

[HCO3]
−.154 The only by-products are CO2 and H2O. In a patent literature Kalb et al. reported 

the use of [HCO3]
− based ionic liquids for the halide free synthesis of ionic liquids by 

titration with Brønsted acids.155  

 
Seddon et al. reported that halide free ionic liquids based on imidazolium cations can be 

prepared from their carbenes.156 To achieve this, the chloride precursor is heated in a 

Kugelrohr apparatus in the presence of a base such as potassium t-butoxide, yielding 

potassium chloride, t-butanol and the carbene, which is isolated by distillation (Figure 1.22). 

The addition of acids to the carbene yields halide free ionic liquids (Figure 1.23). 

 

 

 
Figure 1.22. Kugelrohr apparatus for the preparation of a typical carbene. 150 
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NN
C4H9..

+ CH3CO2H + ROH + HPF6 + HOTf

[C4mim][CH3COO] [C4mim][RO]
[C4mim][PF6] [C4mim][OTf]  

Figure 1.23. Ionic liquids prepared by the carbene method. 150 
 

1.6 Purification of ionic liquids 
 

Even though a large number of methods are available for the purification of conventional 

materials, the purification of ionic liquids is a difficult task. In order to obtain high purity 

ionic liquids, it is recommended to use rigorously purified starting materials and if possible to 

apply synthetic procedures that either generate by-products as low in amount as possible or 

allow their easy separation from the ionic liquids formed. All the starting materials should be 

distilled prior to use. The haloalkanes should first be washed with portions of concentrated 

sulphuric acid until no further colour is removed into the acid layer and then be neutralized 

with a NaHCO3 solution and deionized water, and finally distilled before use. Sublimation of 

AlCl3 prior to use will help to obtain colorless ionic liquids based on AlCl3. The presence of 

oxide impurities in AlCl3 based ionic liquids can be removed by bubbling phosgene.157 

Highly toxic phosgene can be replaced with less toxic triphosgene for the removal of oxide 

impurities from haloaluminate ionic liquids.158 The purification method for the hydrophilic 

and hydrophobic ionic liquids formed after the metathesis reaction with the halide salts was 

already mentioned in Section 1.4. 

 
Colorlessness is the primary quality criteria for ionic liquids. However most of the ionic 

liquids have a yellow, orange or somewhat brownish color. The amount of impurities causing 

this color is usually unidentifiable159 and undetectable by 1H NMR spectroscopy  or CHN 

elemental analysis. The precise origin of these impurities is not identified till date and it 

seems that they arise from unwanted side reactions involving oligomerization or 

polymerization of small amount of free amines or from the impurities in the haloalkanes. 
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While in most cases it is possible to obtain colorless materials, certain anions (iodides, 

thiocyanates, dicyanamides) make it practically impossible to obtain colorless ionic liquids. 

In many cases the discoloration may not be of any significance. This is not the case when 

ionic liquids are used for spectroscopic or photochemical investigations. The color of ionic 

liquids can be minimized by purifying the starting materials as mentioned earlier. If the liquid 

remain colored even after taking these precautions, it has been reported that ionic liquids can 

be decolorized and hence purified using sorbents like activated charcoal, alumina or silica.159-

161  

 

1.7 Potential applications of ionic liquids 
 
Room temperature ionic liquids have recently been investigated for a wide range of potential 

applications such as catalytic synthesis,162-165 coordination chemistry,166 

analyticalchemistry,167polymermaterials,168fluorinechemistry,169nanotechnology,170electrolyte

s for dye-sensitized solar cell,171-173 lithium-batteries 174-176 etc. The number of publications 

with the term “ionic liquid” or “ionic liquids” in the scientific literature was below twenty 

until 1998, but this number increased to about 8000 in 2011. 

 
This shows the huge potential of ionic liquids applications in different areas. The 

developments of ionic liquids are still mostly in the research phase because the real interest in 

the ionic liquids was generated only after the 1990s. However ionic liquids find many 

applications in chemical industry.29 The most successful example of an industrial process 

using an ionic liquid is the BASIL process (Biphasic Acid Scavenging utilising Ionic 

Liquids).29 The BASIL process is a general solution for all kind of acid scavenging problems. 

This process is used in a plant producing alkoxyphenylphosphines, a generic photoinitiator 

precursor synthesized by the reaction of dichlorophenylphosphine with ethanol. The side 

product of the reaction was HCl, which should be removed to avoid the unwanted side 

reactions. In the original process, triethylamine was used to scavenge the acid formed during 

the course of the reaction. The waste by-product, triethylammonium chloride formed made it 

difficult to handle the reaction mixture because of its high viscosity. In order to avoid this 

problem, nowadays BASF is using 1-methylimidazole as the acid scavenger, which resulted 

in the formation of 1-methylimidazolium chloride (mp: 75 °C) (Figure 1.24). 
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Figure 1.24. Schematic representation of BASIL process. 29 
 
After the reaction, two phases are formed which can easily be separated. The upper phase is 

the pure product and the lower phase is the pure ionic liquid. The ionic liquid formed can be 

reused after deprotonation. The BASIL process uses a much smaller reactor than the earlier 

process and the space–time yield for the formation of the product was increased from 8 kg m-

3h–1 to 690, 000 kg m-3h–1. The yield also increased from 50% to 98 %. An overview of 

different pilot plants and industrial scale applications of ionic liquids is shown in Table 1.4. 
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Table1.4. Overview of industrial applications of ionic liquids (commercial/pilot plants).171 

 

Company Process Ionic liquid is acting as Statu 

BASF BASILTM (Biphasic Acid Scavenging 
utilizing Ionic Liquids) 

Auxilary Commercial 

Eastman Chemical Production of 2,5-dihydrofuran Catalyst ([P888 18][I]) Commercial 

BASF Chlorination Solvent Commercial 

Eli Lilly Cleavage of ethers Catalyst/reagent (Pyridinium hydrochloride,[pyH][Cl]) Pilot 

Degussa Hydrosilylation Solvent Pilot 

Arkema Fluorination Solvent Pilot 

IFP(Axens) Olefin dimerization (Dimerosol process) Solvent (Chloroaluminate(III) Ionic liquids) Pilot 

Chevron Philips Olefin oligomerization Catalyst Pilot 

BASF Extractive distillation (Breaking water-
ethanol and water-tetrahydrofuran 
azeotropes) 

Extractant Pilot 

University of Twente Extraction Extractant Pilot 

Scionix Electroplating (Cr) Electrolyte (Choline-chromium(III) derived Ionic 
liquids) 

Pilot 
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Degusa Compatibilizer Performance additive Commercial 

Iolitec Cleaning fluid Performance additive Commercial 

Air Products Storage of gases (phosphine (PH3), arsine 
(AsH3) and boron trifluoride (BF3)) 

Liquid support ([bmim][Cu2Cl3] for PH3 and 
[bmim][BF4] for BF3) 

Pilot 

Linde Gas compression Liquid piston Pilot 

Central Glass company Sonogashira coupling reaction (to produce 
pharmaceutical intermediates) 

Catalyst ([P 444 16][Br] / tetraalkylphosphonium cation 
based ionic liquids) 

Commercial 

SASOL Metathesis and Olefin trimerisation Solvent ([Cndmim][NTf2]) Pilot 

Petro China Alkylation Catalyst (Aluminium(III) chloride based Ionic liquids) Pilot 

BP Aromatic alkylation Catalyst (Chloroaluminate Ionic liquids) Confidential 

BP Ethylbenzene production Catalyst ([Cnmim]Cl-AlCl3 (n = 2, 4 or 8)) Confidential 
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1.8 Challenges with ionic liquids 
 

Ionic liquids have a huge potential to revolutionize the industrial processes by making use of 

their unique properties. However there are some main issues which have to be addressed soon 

to make it quicker for their implementation in the industry.29 Still there is a lack of reliable 

physical data because of the inadequate purity specification methods.47 The viscosity of 

second generation ionic liquids ranges from 20 to 2000cP, which appears to be high from an 

engineering point of view.46 The second-generation ionic liquids are usually air and water 

stable and can be handled without the help of the glove box. Attempts should be made to 

lower the viscosity of ionic liquids for their practical use in industry. The lack of 

comprehensive toxicological and eco-toxicological data about the ionic liquids is another area 

of concern. The question of how ionic liquids are to be disposed off has not been fully 

addressed. Although a large number of ionic liquids are commercially available, a lot of ionic 

liquids are made on laboratory scale and their price appears to be higher in comparison to the 

conventional organic solvents. 
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Chapter 2*. Nitrile-functionalized pyridinium, pyrrolidinium and 

piperidinium ionic liquids 
 

2.1 Introduction 
 
Most of the ionic liquids contain 1-alkyl-3-methylimidazolium, 1-alkylpyridinium, N-alkyl-N-

pyrrolidinium, quaternary ammonium or a quaternary phosphonium group as the cations. Typical 

anions are chloride, bromide, acetate, diethylphosphate, triflate, dicyanamide, tetrafluoroborate, 

hexafluorophosphate and the very important bis(trifluoromethylsulfonyl)imide (= bistriflimide) 

ion. However, a disadvantage of ionic liquids with weakly coordinating anions such as the 

bis(trifluoromethylsulfonyl)imide is their limited solubilizing ability for inorganic salts. This is a 

drawback for applications that require high concentrations of dissolved metal salts, e.g. the 

electrodeposition of reactive metals. A solution to this problem is to use ionic liquids with 

strongly coordinating anions, for instance chloride ions, but these ionic liquids have typically 

high melting points or there are stability issues as in the case of ionic liquids with β-diketonate 

anions.1 Another possibility is to use functionalized ionic liquids, i.e. ionic liquids with 

functional, coordinating groups appended to the ionic liquid cation. A commonly used name for 

this type of ionic liquids is "task-specific ionic liquids",2,3 but we prefer the term "functionalized 

ionic liquids". An example of such a functionalized ionic liquid is an imidazolium salt 

incorporating a thiourea moiety, which has been used for the extraction of mercury(II) and 

cadmium(II) from an aqueous phase.4 Functionalized ionic liquids with appended tertiary 

phosphine groups have been used to immobilize rhodium(I) organometallic catalysts in 

[C4mim][PF6].
5,6 During the last four years, we have developed ionic liquids functionalized with 

a carboxylic acid group.7,8,9,10 These ionic liquids are remarkable in their ability to dissolve large 

amounts of metal oxides or hydroxides, but they have unfortunately a poor stability against 

electrochemical reduction, limiting their interest as solvents for electrodeposition of metals. 

Functionalized ionic liquids with a higher electrochemical stability are those containing a nitrile 

group.  

* This chapter is based on the article, K. C. Lethesh, K. Van Hecke, L. Van Meervelt, P. Nockemann, B. Kirchner, 

S. Zahn, T. N. Parac-Vogt, W. Dehaen, and K. Binnemans, J.Phys.Chem.B, 2011, 115, 8424.. My 
contribution is the synthesis and characterization of all the 50 nitrile-functionalized ionic liquids described in the 
paper.  
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Nitrile-functionalized ionic liquids were first introduced by Dyson and coworkers.11 The nitrile 

function is in general appended to the cationic core via an alkyl spacer, 12,13,14,15,16,17  although 

Hardacre et al. prepared ionic liquids with the nitrile group directly bonded to the heterocyclic 

ring of the cation.18,19,20 Nitrile-functionalized methimazole-based ionic liquids have been used 

for the extraction of Ag+ ions.21 Ionic liquids with nitrile-functionalized anions have also been 

described.22,23 The dicyanamide anion is a well-known anion for obtaining low-viscous ionic 

liquids.24 Recently we have reported on nitrile-functionalized pyrrolidinium ionic liquids, and we 

have found that the coordination chemistry of cobalt(II) in these ionic liquids strongly depends 

on the length of the alkyl spacer between the nitrile group and the nitrogen atom of the 

pyrrolidinium cation.25 An important parameter determining the coordinating behavior of the 

nitrile function is the value of the partial negative charge on the nitrile nitrogen atom. 

 
In order to investigate the influence of the structure of the ionic liquid cation on the charge 

distribution of the nitrile group and on the thermal properties, we synthesized a series of 50 

nitrile-functionalized pyridinium, pyrrolidinium and  piperidinium ionic liquids with bromide 

and bis(trifluoromethylsulfonyl)imide anions. Pyrrolidinium and piperidinium ionic liquids with 

two nitrile functions attached to the heterocyclic core have been prepared as well. It should be 

noted that the piperidinium ring can be considered as the saturated analogue of the pyridinium 

ring. An overview of the cations considered in this study is given in Figure 2.1. The naming of 

the actual ionic liquids is a combination of the cation number and the bromide (Br) or 

bis(trifluoromethylsulfonyl)imide (Tf2N) anion, for instance 1-Br or 1-Tf2N. The crystal 

structure of several of the pyridinium ionic liquids has been determined in order to determine the 

cation-anion interactions in these functionalized ionic liquids. The charge distribution in the 

cation has been determined by density functional theory (DFT) calculations and was 

experimentally verified via the chemical shift of the nitrile group in the 15N NMR spectra. 

 

2. 2 Results and discussion 

2.2.1 Synthesis and characterization of compounds. The bromide salts were prepared by 

quaternization of the nitrogen atom of the heterocycle with the corresponding ω-

bromoalkanenitrile. The bis(trifluoromethylsulfonyl)imide salts were obtained from the 
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corresponding bromide salts by a metathesis reaction with lithium 

bis(trifluoromethylsulfonyl)imide in water. Because the bromide ionic liquids are totally 

miscible with water and the bis(trifluoromethylsulfonyl)imide ionic liquids are immiscible, phase 

separation occurs during the metathesis reaction.  The bis(trifluoromethylsulfonyl)imide ionic 

liquids  were washed with plenty of water until the AgNO3 test was negative for the washing 

water. By drying of the ionic liquids in high vacuum (10-2 to 10-3 mbar) for several hours at 75 

°C, the water content could be reduced to less than about 75 ppm (determined by coulometric 

Karl Fischer titration). The compounds were characterized by 1H and 13C NMR spectroscopy, 

CHN analysis and electrospray ionization mass spectrometry (ESI-MS). For the compounds that 

were solid at room temperature, the melting point and the onset temperature of thermal 

decomposition was measured (Table 2.1). 

 
For the compounds that were liquid at room temperature, the viscosity, density, water content 

and onset temperature of thermal decomposition was determined (Table 2.2). The melting points 

of the bromide salts strongly depend on the alkyl spacer length between the cationic core and the 

nitrile function. On the other hand, the salts with only one CH2 group in the spacer have high 

melting points (above 150 °C), the melting point decreases with increasing spacer lengths, so that 

compounds with a (CH2)5 or longer spacer are highly viscous liquids at room temperature.  The 

presence of methyl or ethyl groups at different positions of the pyridinium ring are less efficient 

for lowering the melting point than a longer alkyl spacer. The bis(trifluoromethylsulfonyl)imide 

salts are liquid at room temperature, or they are low-melting solids. The room-temperature ionic 

liquids are quite viscous, with viscosities ranging between 150 cP and 580 cP at 19 °C. The 

pyrrolidinium and piperidinium bromide salts are high-melting solids, with melting points 

between 135 and 200 °C. The corresponding bis(trifluoromethylsulfonyl)imide salts are low-

melting solids or highly-viscous liquids at room temperature. 
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Figure 2.1. Overview of the nitrile-functionalized cations. 
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Table 2.1. Melting points (Tm) and Decomposition temperature (Td) of ionic liquids. 
 

Compound a Tm (°C) Td (°C) 
 

1-Br 160 210 
2-Br 145 230 
3-Br 83 255 
6-Br 193 205 
7-Br 183 220 
8-Br 194 215 
9-Br 160 220 
10-Br 124 260 
12-Br 139 250 
13-Br 142 260 
17-Br 120 220 
18-Br 173 205 
19-Br 152 260 
21-Br 182 200 
22-Br 192 220 
23-Br 137 280 
24-Br 142 205 
25-Br 199 320 
1-Tf2N 44 390 
8-Tf2N 51 400 

17-Tf2N 48 380 
24-Tf2N 58 415 
25-Tf2N 62 415 

 
a) Compounds not listed in this table are room-temperature ionic liquids. Their physicochemical 
properties are given in Table 2.2. 
. 
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Table 2.2. Physicochemical properties of room-temperature nitrile–functionalized ionic liquids. 
 

Compound a Td 
(°C) b 

Viscosity 
(cP) c 

ρ 
(g cm –3) d 

Water 
Content (ppm) e 

4-Br 245 ---ƒ n.d n.d 
5-Br 240 ---ƒ n.d n.d 

11-Br 270 ---ƒ n.d n.d 
14-Br 265 ---ƒ n.d n.d 
15-Br 265 ---ƒ n.d n.d 
16-Br 255 ---ƒ n.d n.d 
20-Br 250 ---ƒ n.d n.d 
2-Tf2N 250 326 1.50 60 
3-Tf2N 360 363 1.54 55 
4-Tf2N 415 150 1.45 73 
5-Tf2N 410 320 1.33 45 
6-Tf2N 415 280 1.56 30 
7-Tf2N 390 164 1.61 40 
9-Tf2N 405 578 1.53 40 
10-Tf2N 410 325 1.49 50 
11-Tf2N 420 168 1.43 29 
12-Tf2N 430 308 1.50 70 
13-Tf2N 420 165 1.43 90 
14-Tf2N 440 180 1.37 40 
15-Tf2N 430 167 1.40 80 
16-Tf2N 420 197 1.45 61 
19-Tf2N 425 297 1.45 30 
20-Tf2N 430 157 1.48 58 
21-Tf2N 425 567 1.55 83 
22-Tf2N 420 481 1.53 67 
23-Tf2N 410 408 1.46 50 

 
a) The compounds not listed in this table are solid at room temperature; b) Onset thermal 
decomposition determined by DSC, b) The viscosities have been measured at 19 °C, d) Mass 
density measured at 19 °C, e) The water content was measured by coulometric Karl Fischer 
titration, ƒ) The compounds were obtained as very viscous liquids. n.d) not determined 
 

2.2.2 Crystal structures. Although most of the nitrile-functionalized ionic liquids with 

bis(trifluoromethylsulfonyl)imide ionic liquids were obtained as viscous liquids at room 

temperature, some of the compounds showed a tendency to crystallize upon standing in a freezer. 

For seven compounds (1-Tf2N, 3-Tf2N, 8-Tf2N, 11-Tf2N, 13-Tf2N, 17-Tf2N, 18-Tf2N), single 

crystals suitable for X-ray diffraction studies could be obtained. The crystal structures of these 
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complexes give insight into the packing of cations and anions in the crystal structure and give 

information on the interactions between cation and anions. The crystallographic data are 

summarized in Table 2.3 & 2.4 

 
Table 2.3. Crystallographic data of ionic liquids 1-Tf2N, 3-Tf2N, 8-Tf2N, 11-Tf2N. 
 
 1-Tf2N 3-Tf2N 8-Tf2N 11-Tf2N 

 
Molecular formula 

 
C9H7F6N3O4S2 C11H11F6N3O4S2 C10H9F6N3O4S2 

 
C12H13F6N3O4S2 

M (gmol-1) 399.32 427.37 413.34 441.39 
Crystaldimensions (mm3) 0.4 × 0.3 × 0.3 0.4 × 0.3 × 0.25 0.25 × 0.25 × 0.2 0.4 × 0.35 × 0.2 
Crystal system triclinic monoclinic monoclinic monoclinic 
Space group P-1 (No. 2) P21/n (No. 14) P21/n (No. 14) P21/n (No. 14) 
a (Å) 8.1408(1) 11.2891(2) 12.687(4) 11.5159(6) 
b (Å) 8.7005(1) 12.2491(2) 8.186(3) 12.2778(6) 
c (Å) 10.5820(2) 12.4087(2) 15.537(6) 12.5068(6) 
α (º) 80.863(1)    
β (º) 76.270(1) 97.027(1) 106.36(2) 96.726(2) 
γ (º) 81.141(1)    
V (Å3) 713.55(2) 1703.00(5) 1548(1) 1626.5(8) 
Z 2 4 4 4 
ρcalc (gcm-3) 1.859 1.667 1.773 1.669 
2θmax (°) 140.1 133.2 143.0 142.6 
F(000) 400 864 832 896 
Measured reflections 14976 14505 25000 17312 
Unique reflections 2608 2957 2981 3352 
Obs. reflections (I > 2σ(I)) 2588 2847 2655 3231 
Parameters refined 218 235 227 253 
R1 0.0283 0.0282 0.0366 0.0300 
wR2 0.0750 0.0721 0.0838 0.0755 
R1 (all data) 0.0285 0.0293 0.0422 0.0311 
wR2 (all data) 0.0752 0.0730 0.0872 0.0764 
S 1.089 1.051 1.046 1.092 
µ (mm-1) 4.338 3.678 4.022 3.587 
CCDC-entry CCDC-824765 CCDC-824766 CCDC-824767 CCDC-824769 
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Table 2.4. Crystallographic data of ionic liquids 13-Tf2N, 17-Tf2N, 18-Tf2N. 
 
 13-Tf2N 17-Tf2N 18-Tf2N 

    

Molecular formula C11H11F6N3O4S2 C11H11F6N3O4S2 C11H11F6N3O4S2 
M (gmol-1) 427.37 427.37 427.37 
Crystal dimensions (mm3) 0.4 × 0.3 × 0.25 0.3 × 0.15 × 0.1 0.3 × 0.1 × 0.05 
Crystal system triclinic monoclinic triclinic 
Space group P-1 (No. 2) P21/c (No. 14), P-1 (No. 2) 
a (Å) 8.2118(8) 8.255(3) 8.1340(6) 
b (Å) 8.6844(7) 13.880(3) 12.4922(9) 
c (Å) 12.621(1) 14.205(4) 17.291(1) 
α (º) 98.692(5)  72.707(4) 
β (º) 104.289(6) 92.16(2) 80.807(5) 
γ (º) 104.167(5)  80.637(4) 
V (Å3) 824.0(1) 1626.5(8) 1643.6(2) 
Z 2 4 4 
ρcalc (gcm-3) 1.723 1.745 1.727 
2θmax (°) 143.0 133.2 133.2 
F(000) 432 864 864 
Measured reflections 10750 15061 26387 
Unique reflections 3042 2849 5697 
Obs. reflections (I > 2σ(I)) 2610 2676 4549 
Parameters refined 237 236 471 
R1 0.0382 0.0291 0.0527 
wR2 0.0941 0.0741 0.1228 
R1 (all data) 0.0451 0.0310 0.0675 
wR2 (all data) 0.0993 0.0763 0.1328 
S 1.076 1.066 1.037 
µ (mm-1) 3.801 3.851 3.811 
CCDC-entry CCDC-824768 CCDC-824771 CCDC-824770 

 

In the crystal structure of compound 1-Tf2N one pyridinium cation and one 

bis(trifluoromethylsulfonyl)imide anion are found in the asymmetric unit. The nitrile-

functionalized alkyl chain is almost perfectly planar with the pyridinium ring. (3.1° between the 

best planes). Two symmetry equivalent (inversion centre) pyridinium cations are contacting each 

other: their nitrile moieties are each pointing towards a C-H hydrogen atom of the symmetry 

equivalent pyridine ring (C-H···N distance of 2.67 Å), hence forming pyridinium dimers (Figure 

2.2). X-Y···π interactions are found in the packing between the pyridine ring and two sulfonyl 

oxygen atoms of the bis(trifluoromethylsulfonyl)imide anion (both distances of 3.12 Å between 

the O-atom and the pyridine ring centroid). The bis(trifluoromethylsulfonyl)imide sulfonyl 

oxygen, CF3 fluorine and nitrogen atoms, are involved in several C-H···O, C-H···N and C-H···F 
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interactions between the pyridinium cation and the bis(trifluoromethylsulfonyl)imide anion. In 

total, seven hydrogen contacts are observed with distances ranging from 2.43 to 2.62 Å (Figure 

2.3). Structures containing the same pyridinium cation were not found in the CSD.26 However, 

structures with similar pyridinium cations have been reported, containing short alkyl chains of 

one carbon atom and a COOH, CH3, COH, CONH2 or CSeH group.27,28,29,30,31,32,33,34,35,36 In these 

structures, interactions have also been observed between the C-H pyridinium ring atoms and the 

respective anions, together with additional interactions between the functionalizing groups and 

the respective anions. 

 

 

Figure 2.2. Packing in the crystal structure of compound 1-Tf2N. 
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Figure 2.3. Close contacts in the crystal structure of compound 1-Tf2N. 

The asymmetric unit of compound 3-Tf2N contains one pyridinium cation and one 

bis(trifluoromethylsulfonyl)imide anion. The nitrile-functionalized alkyl chain is almost 

perpendicular with respect to the pyridine ring (76.0° between the best planes through the 

respective atoms) and the nitrile moiety lies in the same plane as the alkyl chain (12.5°). X-Y···π 

interactions are found in the packing between the nitrile and the pyridine ring (distance of 3.37 Å 

between the nitrile N-atom and the ring centroid) and for a sulfonyl O-atom of the anion and the 

pyridine ring (distance of 3.35 Å). C-H···O, C-H···N and C-H···F interactions are observed 

between the pyridinium cation and the bis(trifluoromethylsulfonyl)imide anion. In fact, eight 

hydrogen contacts (< 3 Å), which originate from four different cations are observed and range 

between 2.47 and 2.73 Å (Figure 2.4). Such interactions between the C-H hydrogen atoms of the 

pyridinium cation and the anion have also been reported for structures of the same pyridinium 

cation, but with Cl- and [PdCl4]
2- anions.37 Furthermore, structures with similar pyridinium cores 

have been reported, containing alkyl chains with the same number of carbon atoms, but with an 
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end-standing methyl group, and show similar interactions between the C-H pyridine hydrogen 

atoms and the chloride38 and bromide39 anions, respectively. 

 
 

Figure 2.4. Close contacts in the crystal structure of compound 3-Tf2N. 
 
The asymmetric unit of 8-Tf2N consists of one pyridinium cation and one 

bis(trifluoromethylsulfonyl)imide anion. Considering the pyridinium cation, the nitrile-

functionalized alkyl is almost planar with the pyridine ring (2.3° between the best planes through 

the respective atoms). The nitrile group is pointing towards a C-H pyridine ring hydrogen atom 

(2.58 Å), linking the pyridinium cations together in chains, parallel with (010), running in the 

[101] direction (Figure 2.5). Three of the bis(trifluoromethylsulfonyl)imide sulfonyl oxygen 

atoms are contacting the C-H hydrogen atoms of the methyl group, the nitrile-functionalized 

chain, as well as the pyridine ring, of several pyridinium cations. In total, ten C-H···O/F contacts 

(in the range of 2.39-2.69 Å) are involved in interactions between the 

bis(trifluoromethylsulfonyl)imide anion and four pyridinium cations (Figure 2.6). A structure 

with a similar pyridinium cation has been reported, containing a short hydroxymethyl chain, a 

propionic acid chain and a bromide as the anion.40 The molecules are linked by bromide ions to 
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form two intermolecular hydrogen bonds COOH···Br···HO yielding chains. An additional 

contact between the bromide and an alkyl chain C-H hydrogen atom exists. 

 

Figure 2.5. Packing in the crystal structure of compound 8-Tf2N. 
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Figure 2.6. Close contacts in the crystal structure of compound 8-Tf2N. 
 
The asymmetric unit of 11-Tf2N consists of one pyridinium cation and one 

bis(trifluoromethylsulfonyl)imide anion. The molecular arrangement and packing environment is 

very similar to that of 3-Tf2N, as the ring structure of 11-Tf2N only differs in carrying an extra 

methyl group. The nitrile-functionalized alkyl chain is staggered and almost perpendicular with 

respect to the pyridine ring (82.3° between planes through the respective atoms). X-Y···π 

interactions are found in the packing between the nitrile group and the pyridine ring (distance of 

3.39 Å between the nitrile nitrogen atom and the ring centroid) and for a sulfonyl oxygen atom of 

the anion and the pyridine ring (distance of 3.36 Å). C-H···O, C-H···N and C-H···F interactions 

are observed between the pyridinium cation and the bis(trifluoromethylsulfonyl)imide sulfonyl 

oxygen and nitrogen atoms. In fact, nine hydrogen contacts, which originate from three different 

cations are observed and range between 2.52 and 2.70 Å, including an additional contact with the 

extra methyl group on the cation (Figure 2.7) 
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Figure 2.7. Close contacts in the crystal structure of compound 11-Tf2N. 
 
The asymmetric unit of 13-Tf2N contains one pyridinium cation and one 

bis(trifluoromethylsulfonyl)imide anion. The pyridinium ligand differs from the one in 8-Tf2N 

by an extra methyl group in the meta-position. The nitrile function makes contact with a C-H 

pyridine ring and a methyl hydrogen atom (2.66 Å and 2.71 Å, respectively), in this way building 

up chains of pyridinium cations, parallel with (100), in the [010] direction (Figure 2.8). X-Y···π 

interactions are observed in the crystal packing, between one bis(trifluoromethylsulfonyl)imide 

CF3 fluorine and one sulfonyl oxygen atom, and a pyridine ring (C-F···centroid S-O···centroid 

distance of 3.42 Å and 3.53 Å, respectively). The contacts between the pyridinium cation and the 

bis(trifluoromethylsulfonyl)imide anion resembles the observed contacts in 8-Tf2N: four contacts 

with the nitrile-functionalized, one contact with the C-H pyridine ring and one contact with the 

meta-methyl (Figure 2.9). No contacts are observed with the ortho-methyl group. 
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Figure 2.8. Packing in the crystal structure of compound 13-Tf2N. 

 

Figure 2.9. Close contacts in the crystal structure of compound 13-Tf2N. 
 
The asymmetric unit of 18-Tf2N contains two pyridinium cations, each with a 

bis(trifluoromethylsulfonyl)imide counter anion. For both pyridinium cations, both the nitrile-

functionalized alkyl chains (0.8°, 5.1°) and alkyl chains (0.8°, 3.4°) are almost planar with the 
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pyridine ring.  The nitrile group of the first pyridinium cation contacts a C-H hydrogen atom of 

the second pyridinium cation (C-H···N distance of 2.64 Å). The nitrile group of this second 

pyridinium cation contacts a C-H hydrogen atom of a symmetry equivalent molecule of the first 

pyridinium cation (C-H···N distance of 2.67 Å), in this way building up a tetrameric 

arrangement of pyridinium cations (Figure 2.10). An X-Y···π interaction is found in the packing 

between a bis(trifluoromethylsulfonyl)imide fluorine atom and a pyridine ring (distance of 3.19 

Å between the fluorine atom and the pyridine ring centroid). Considering the first 

bis(trifluoromethylsulfonyl)imide anion, one of the sulfonyl oxygen atoms is contacting a C-H 

hydrogen atom of a pyridine ring. Two other sulfonyl oxygen atoms and the nitrogen atom make 

hydrogen contacts with C-H hydrogen atoms of the nitrile-functionalized alkyl chains. One CF3 

group is also involved hydrogen contacts between the pyridine ring and the nitrile-functionalized 

alkyl chain. In total, nine C-H···O/N/F contacts (in the range of 2.21-2.64 Å) are involved in 

interactions between the bistriflimide anion and five pyridinium rings (Figure 2.11). Considering 

the second bis(trifluoromethylsulfonyl)imide anion in the asymmetric unit, no contacts with 

pyridine ring C-H hydrogen atoms are observed. In fact, the bis(trifluoromethylsulfonyl)imide 

sulfonyl, nitrogen and fluorine atoms make seven C-H···O/N/F contacts (in the range of 2.38-

2.74 Å) with the hydrogen atoms of the nitrile-functionalized alkyl chains of three pyridinium 

ligands (Figure 2.12). Structures containing the same pyridinium ligand were not found in the 

CSD.26 A structure with a similar pyridinium ligand has been reported, containing a short 

hydroxyethyl chain, a second propionic acid chain and a bromide as the anion.40 The molecules 

form centrosymmetric dimers connected by a pair of hydrogen bonds between COOH and OH 

groups, and the OH group further interacts with the bromide ion. Several pyridine rings and one 

alkyl chain C-H hydrogen atoms are contacting the bromide anion. 
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Figure 2.10. Packing in the crystal structure of compound 18-Tf2N. 

 

Figure 2.11. Close contacts between the pyridinium rings and the first 
bis(trifluromethylsulfonyl)imide anion in the crystal structure of compound 18-Tf2N. 
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Figure 2.12. Close contacts between the pyridinium rings and the second 
bis(trifluormethylsulfonyl)imide anion in the crystal structure of compound 18-Tf2N. 
 
The asymmetric unit of 17-Tf2N contains one pyridinium cation and one 

bis(trifluoromethylsulfonyl)imide anion. The pyridinium cation differs from the ring structure in 

18-Tf2N only in the para-position of the ethyl chain. The nitrile function is hydrogen bonded to a 

C-H pyridine hydrogen atom of two symmetry equivalent (inversion centre) pyridinium cations 

(C-H···N distance of 2.56 Å and 2.51 Å, respectively). Because of the inversion centre, the latter 

pyridinium cations contact the former one in exactly the same way, building up strands of 

ligands, parallel with (001), running in the [100] direction (Figure 2.13). X-Y···π interactions are 

observed in the crystal packing, especially for one bis(trifluoromethylsulfonyl)imide CF3 group 

and a pyridine ring (C-F···centroid distances of 3.63, 3.46 and 3.86 Å, respectively) and one 

bis(trifluoromethylsulfonyl)imide sulfonyl oxygen atom and another pyridine ring (S-

O···centroid distance of 3.18 Å). Contacts between the pyridinium cation and 

bis(trifluoromethylsulfonyl)imide anion are observed: all bis(trifluoromethylsulfonyl)imide 
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sulfonyl oxygen atoms contact either C-H pyridine ring hydrogen atoms (2 contacts), nitrile-

alkyl hydrogen atoms (3 contacts) or an ethyl hydrogen atom (1 contact) (Figure 2.14). 

 

Figure 2.13. Packing in the crystal structure of compound 17-Tf2N. 

 

Figure 2.14. Close contacts in the crystal structure of compound 17-Tf2N. 
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2.2.3 
15
N NMR measurements. Natural abundance nuclear magnetic resonance studies on the 

nitrogen-15 isotope (15N NMR) have been performed in order to gain additional insight into the 

structural and electronic properties of the synthesized ionic liquids. The electronic environment 

of the nitrogen atom is greatly influenced by changes in the molecular topology and 

intermolecular interactions. Those electronic changes are usually directly reflected  in the 

shielding and NMR chemical shift of the nitrogen nucleus.41  15N NMR spectra of compounds 2-

Tf2N, 4-Tf2N and 5-Tf2N are shown in Figure 15. All three ionic liquids show three 

characteristic 15N  resonances, corresponding to the three nitrogen atoms present in the structure. 

According to previously published 15N chemical shift tables,42 the resonance at -242 ppm was 

assigned to the nitrogen atom in the bis(trifluoromethylsulfonyl)imide anion, while the 

resonances at around -175 ppm and -135 ppm were assigned to the pyridine and nitrile nitrogen 

atoms of the cationic part, respectively. Although at the first glance the spectra shown in Figure 

2.15 look nearly identical, a careful analysis revealed that the chemical shifts of the pyridine and 

nitrile nitrogen atoms varied depending on the chemical structure. Since the only difference 

among these ionic liquids is the number of carbon atoms in the aliphatic spacer between the 

pyridine nitrogen and the nitrile function (two carbon atons in compound 2-Tf2N, five in 4-Tf2N, 

and ten in 5-Tf2N), the 15N NMR spectra of ionic liquids 1-Tf2N and 3-Tf2N, that contain one 

and three aliphatic carbon atoms, respectively, have been recorded in a next step. The data 

summarized in Figure 2.16 show a systematic trend in the chemical shift of both the pyridine and 

nitrile nitrogen resonances. The simultaneous decrease of the nitrile and increase of the pyridine 
15N chemical shifts is observed as the number of aliphatic carbons between them increases. This 

implies that the pyridine nitrogen is more deshielded while the nitrile nitrogen NCN is more 

shielded in compounds containing long aliphatic chains between them.  

 
Quantum chemical calculations have been performed on different nitrile-functionalized 

pyridinium and piperidinium ionic liquids to investigate the influence of the alkyl spacer on the 

charge located at the nitrogen atom of the nitrile function. It is found that the negative partial 

charge on the nitrogen atom of the nitrile function (NCN) increases with an increase in length of 

the alkyl spacer between the nitrile function and the cationic heterocyclic ring.  This is in the 

agreement with the 15N NMR study that the quantity of the negative charge on NCN becomes 
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larger as the length of the spacer increases. Quantum chemical calculations also revealed that a 

methyl or methoxy substituent on the pyridine ring has negligible influence on the negative 

partial charge of NCN. It is also worth noting that the position of the methyl group (ortho, meta or 

para) has only a marginal effect on the negative partial charge of NCN. 

 

Figure 2.15. 
15N NMR spectra of ionic liquids 2-Tf2N (a), 4-Tf2N (b), and 5-Tf2N (c), recorded 

at room temperature and using CH3NO2 as external standard. 
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Figure 2.16. 

15N NMR chemical shifts of ionic liquids 1-Tf2N - 5-Tf2N as a function of a 
number of carbon atoms in the aliphatic chain between nitrile and pyridine nitrogen atoms. 
 

2.3 Conclusions 

 
A total of fifty nitrile-functionalized pyridinium and piperidinium ionic liquids with bromide or 

bis(trifluoromethylsulfonyl)imide anions, have been prepared to investigate the influence of 

structural modifications on the properties of these ionic liquids.  The most striking changes were 

observed upon an increase in the length of the alkyl spacer between the cationic core and the 

nitrile group. A longer alkyl spacer leads to lower melting points, but also to a more negative 

partial charge on the nitrogen atom of the nitrile group. The charge distribution in the pyridinium 

compounds was probed by 15N NMR spectroscopy and the measurements were in agreement 

with DFT calculations. These results on the nitrogen partial charge are of importance for the use 

of these functionalized ionic liquids to form complexes with metal ions, as it was illustrated 

earlier by some of us for nitrile-functionalized pyrrolidinium ionic liquids.25 The coordination 

chemistry of these ionic liquids is presently under investigation. Crystal structures of pyridinium 

compounds with bis(trifluoromethylsulfonyl)imide anions reveal the interactions between the 

cations and anions in the solid state. 
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2.4 Experimental Section 

General techniques. Elemental analyses (carbon, hydrogen, nitrogen) were conducted on a CE 

Instruments EA-1110 elemental analyzer. 1H and 13C NMR spectra were recorded on a Bruker 

Avance 300 spectrometer (operating at 300 MHz for 1H and at 75.5 MHz for 13C). 15N NMR 

spectra were recorded on a Bruker 600 MHz Avance II spectrometer at 60.83 MHz frequency on 

a BBO 10 mm probe. Neat CH3NO2 was used as external standard for 15N chemical shift. The 

pulse program zgig was used with the pulse length of 28.3 microseconds and the power level of -

1.5dB. The water content of the ionic liquids was determined by a coulometric Karl Fischer 

titrator (Mettler Toledo Coulometric Karl Fischer Titrator, model DL39). The viscosity of the 

ionic liquids was measured by the falling ball method (Gilmont Instruments). Differential 

scanning calorimetry (DSC) measurements were made on a Mettler-Toledo DSC822e module 

(scan rate of 10 °C  min-1 under helium flow). The organic chemicals were purchased from Acros 

or from Sigma-Aldrich. Lithium bis(trifluoromethylsulfonyl)imide was obtained from IoLiTec 

(Denzlingen, Germany). All chemicals were used as received, without any additional purification 

step. 

 
X-ray crystallography. X-ray intensity data were collected at 100 K on a SMART 6000 

diffractometer equipped with CCD detector using Cu-Kα radiation (λ = 1.54178 Å). The images 

were interpreted and integrated with the program SAINT from Bruker. All four structures were 

solved by direct methods and refined by full-matrix least-squares on F2 using the SHELXTL 

program package. Non-hydrogen atoms were anisotropically refined and the hydrogen atoms in 

the riding mode and isotropic temperature factors fixed at 1.2 times U(eq) of the parent atoms 

(1.5 times for methyl groups). 
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Synthesis of pyridinium bromides 

1-(Cyanomethyl)pyridinium bromide (1-Br) 

General procedure 

 

To a solution of pyridine (4 g, 50.56 mmol) in toluene (50 mL), 2-bromoacetonitrile (7.17 g, 60 

mmol) was added slowly at 0 °C. Then the temperature was raised to 70 °C. The reaction 

mixture was stirred for 24 hours. A white solid precipitated, was filtered off and washed with 

toluene and diethyl ether (3x 50mL). The solid was dried under vacuum at 50 °C for 24 hours. 

Yield: 83 % (8.4 g). mp: 160 °C. 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 9.27 (d, 2H, 5.73 

Hz), 8.76 (m, 1H), 8.28 (m, 2H), 6.14 (s, 2H). 13C NMR (75 MHz, [D6]DMSO, TMS): δ = 

147.97, 145.78, 128.93,114.66, 47.99. CHN elemental analysis for C7H7N2Br: calculated (%): C: 

42.24, H: 3.54, N: 14.07, found (%): C: 42.13, H: 3.25, N: 14.01. ESI-MS (MeOH), positive ion: 

m/z = 119 [C1CNPy] +. 

 
1-(3-Cyanopropyl)pyridinium bromide (3-Br) 

 

White solid. Yield: 94% (10.8 g). mp: 83 °C. 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 9.09 

(d, 2H, 5.83 Hz), 8.67 (m, 1H), 8.21 (m, 2H), 4.69 (t, 2H, 7.26 Hz), 2.73 (t, 2H, 7.16 Hz), 2.07 

(m, 2H). 13C NMR (75 MHz, [D6]DMSO, TMS): δ = 146.20, 145.38, 128.51, 119.91, 59.61, 

26.66, 13.87. CHN elemental analysis for C9H11N2Br: calculated (%): C: 47.60, H: 4.88, N: 

12.34, found (%): C: 46.46, H: 4.88, N: 11.80. ESI-MS (MeOH): The molecular ion peak 

appeared at m/z = 373/375, which corresponds to the combination of two cations and one anion. 

 
1-(5-Cyanopentyl)pyridinium bromide (4-Br) 

 

Highly viscous liquid. Yield: 83 % (8 g). 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 9.20 (d, 

2H, 5.83 Hz), 8.57 (m, 1H), 8.12 (m, 2H), 4.62 (t, 2H, 7.51 Hz), 2.44 (t, 2H, 7.51 Hz), 1.85 (m, 

2H), 1.52 (m, 2H), 1.43 (m, 2H). 13C NMR (75 MHz, [D6]DMSO, TMS): δ = 145.93, 145.17, 

128.44, 120.97, 60.42, 30.20, 24.72, 24.42, 16.41. CHN elemental analysis for C11H15BrN2: 

calculated (%):. C: 51.78, H: 5.93, N: 10.98, found (%):C: 51.54, H: 5.87, N: 10.21 ESI-
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MS(MeOH): The molecular ion peak appeared at m/z = 429/431, which corresponds to the 

combination of  two cations and one anion. 

 
1-(10-Cyanodecyl)pyridinium bromide (5-Br) 

 

Highly viscous liquid, Yield: 78 % (8 g). 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 9.34 (d, 

2H, 5.92 Hz), 8.65 (m, 1H), 8.17 (m, 2H, 4.75 ( t, 2H, 7.52 Hz), 2.49 (m, 2H), 1.89 (m, 2H), 1.50 

(m, 2H), 1.23 (m, 12H). 13C NMR (75 MHz, [D6]DMSO, TMS): δ = 145.90, 145.17, 128.41, 

121.00, 60.78, 31.20, 29.01, 28.97, 28.68, 28.46, 28.34, 25.65, 25.09; 16.61.CHN elemental 

analysis for C16H25BrN2: calculated (%): C: 59.08, H: 7.75, N: 8.61, found (%): C: 58.86, H: 

8.08, N: 8.19. . ESI-MS (MeOH), positive ion m/z = 245 [C10CNPy] + . 

 
1-(Cyanomethyl)-4-methylpyridinium bromide (6-Br)  

 
White solid. Yield: 85 % (4.5 g). mp: 193 °C. 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 9.07 

(d, 2H, 6.5 Hz), 8.11 (d, 2H, 6.5 Hz), 5.98 (s, 2H), 2.66 (s, 3H). 13C NMR (75 MHz, [D6]DMSO, 

TMS): δ = 161.74, 144.65, 129.16, 114.83, 47.25, 22.12. CHN elemental analysis for C8H9BrN2: 

calculated (%): C: 45.09, H: 4.26, N: 13.15, found (%): C: 44.90, H: 2.45, N: 12.69. ESI-MS 

(MeOH): positive ion, m/z = 133 [C1CN4-MePy]+. 

 
1-(Cyanomethyl)-3-methylpyridinium bromide (7-Br) 

 

White solid. Yield: 94 % (20 g). mp: 183 °C, 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 8.73 

(s, 1H), 8.65 (d, 1H, 5.96 Hz), 8.21 (d, 1H, 8.03 Hz), 7.78 (m, 1H), 5.64 (s, 2H), 2.17 (s, 3H). 13C 

NMR (75 MHz, [D6]DMSO, TMS): δ = 148.27, 145.13, 143.04, 139.59, 128.20, 114.63,  47.69, 

18.26. CHN elemental analysis for C8H9N2Br: calculated (%): C: 45.09, H: 4.26, N: 13.15, found 

(%): C: 45.18, H: 4.06, N: 12.95. ESI-MS (MeOH), positive ion m/z = 133 [C1CN3-MePy]+. 

 
1-(Cyanomethyl)-2-methylpyridinium bromide (8-Br) 

 

White solid. Yield:  85 % (4.5 g). mp: 194 °C. 1H NMR (300 MHz, [D6]DMSO, TMS): δ = 9.16 

(d, 1H, 6.14 Hz), 8.64 (m, 1H), 8.20 ( d, 1H, 7.9 Hz), 8.10 (m, 1H), 6.09 (s, 2H ), 2.93 (s, 3H). 
13C NMR (75 MHz, [D6]DMSO, TMS): δ = 156.59, 147.64, 146.53, 130.60, 126.49, 113.94, 
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45.42, 20.33.  CHN elemental analysis for C8H9BrN2: calculated (%): C: 45.09, H: 4.26, N: 

13.15, found (%): C: 44.73, H: 3.66, N: 12.69. ESI-MS(MeOH), positive ion, m/z = 133 

[C1CN2MePy]+. 

 
1-(Cyanomethyl)-2,5-dimethylpyridinium bromide (9-Br) 

 
White solid. Yield: 63 % (2.7 g). mp: 160 °C. 1H NMR (300 MHz, [D6] DMSO, TMS ): δ = 9.07 

(s, 1H), 8.51 (d, 1H, 8.19Hz), 8.09 (d, 1H, 8.19 Hz), 6.03 (s, 2H,), 2.88 (s, 3H), 2.47 (s, 3H). 13C 

NMR (75 MHz, [D6]DMSO, TMS): δ = 153.60, 148.27, 145.72, 136.85, 129.90, 113.94, 45.22, 

19.75, 17.74. CHN elemental analysis for C9H11N2Br: calculated (%): C: 47.60, H: 4.88, N: 

12.34, found (%): C: 47.06, H: 4.79, N: 11.91. ESI-MS(MeOH), positive ion, m/z = 147 

[C1CN(Me)2PyCN]+. 

 
1-(3-Cyanopropyl)-4-methylpyridinium bromide (10-Br) 

 

White solid. Yield: 84 % (5 g). mp: 124 °C. 1H NMR (300 MHz, [D6] DMSO, TMS ): δ = 9.00 

(d, 2H, 6.53 Hz), 8.01 (d, 2H, 6.53 Hz),  4.66 (t, 2H, 7.13 Hz), 2.66 (m, 5H), 2.26 (m, 2H). 13C 

NMR (75 MHz, [D6]DMSO, TMS): δ = 159.48, 144.33, 128.77, 119.91, 58.92, 26.46, 21.76; 

13.83. CHN elemental analysis for C10H13BrN2 : calculated (%): C: 49.81, H: 5.43, N: 11.62, 

found (%): C: 49.94, H: 4.84, N: 11.42. ESI-MS (MeOH), positive ion, m/z = 161 

[C3CN4MePy]+. 

 
1-(3-Cyanopropyl)-3-methylpyridinium bromide (11-Br) 

 

Highly viscous liquid. Yield: 81 % (19.52 g). 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 9.25 

(s, 1H), 9.10 (d, 1H, 5.98 Hz), 8.54 (d, 1H, 7.88 Hz), 8.12 (m, 1H), 4.76 (t, 2H, 7.13 Hz), 2.74 (t, 

2H, 7.20 Hz), 2.52 (s, 3H), 2.36 (m, 2H). 13C-NMR (75 MHz, [D6]DMSO, TMS): δ = 146.42, 

144.96, 142.55, 139.04, 127.74, 119.91, 59.35, 26.61, 18.23, 13.91. CHN elemental analysis for 

C10H13N2Br :calculated (%) C: 49.81, H: 5.43, N: 11.62, found (%) 49.94, H: 4.84, N: 11.42. 

ESI-MS (MeOH), positive ion m/z = 161 [C3CN 3MePy]+. 
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1-(3-Cyanopropyl)-2-methylpyridinium bromide (12-Br) 

 

White solid. Yield: 67 % (4g). mp:139 °C. 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 9.14 

(d,1H, 5.9Hz), 8.53 (m, 1H), 8.11 ( d, 1H, 7.3Hz), 8.00 (m, 1H),  4.69 (t, 2H, 6.94Hz), 2.88 (s, 

3H ), 2.79 (m, 2H, 6.94 Hz), 2.25 (m, 2H). 13C NMR (75 MHz, [D6]DMSO, TMS): δ = 156.01, 

145.99, 145.85, 130.51, 126.13, 120.13, 56.19, , 25.57; 20.25, 14.14. CHN elemental analysis for 

C10H13N2Br: calculated (%) : C: 49.81, H: 5.43, N: 11.62, found (%): C: 49.01, H: 4.77, N: 

11.39. ESI-MS (MeOH), positive ion m/z = 161 [C3CN 2MePy] +. 

 
1-(3-Cyanopropyl)-2,5-dimethylpyridinium bromide (13-Br) 

 

White solid, Yield: 63 % (3.5 g). mp: 142 °C. 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 8.95 

(s, 1H), 8.27 (d, 1H, 8.06 Hz,), 7.89(d, 1H, 8.06 Hz), 4.50 (t, 2H, 7.9 Hz),  2.75 (s, 3H), 2.67 (t, 

2H, 7.25 Hz), 2.38 (s, 3H), 2.14 (m, 2H). 13C NMR (75 MHz, [D6]DMSO, TMS): δ = 152.78, 

146.32, 145.18, 136.33,  129.66, 120.04, 55.96, 25.42, 19.51, 17.68, 14.03. CHN elemental 

analysis for C11H15N2Br: calculated (%): C: 51.78, H. 5.93,N: 10.98, found (%): C: 51.69, H : 

5.77, N: 10.69. ESI-MS (MeOH), positive ion m/z = 175 [C3CN (Me)2Py] + . 

 
1-(5-Cyanopentyl)-4-methylpyridinium bromide (14-Br) 

 
Highly viscous liquid. Yield: 80 % (3.5 g). 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 9.19 (d, 

2H, 6.46 Hz), 8.09 (d, 2H, 6.46 Hz), 4.72 (t, 2H, 7.35 Hz), 2.65 (s, 3H, ), 2.59 (t, 2H, 7.29 Hz), 

1.97 (m, 2H), 1.65 (m, 2H), 1.41 (m, , 2H). 13C NMR (75 MHz, [D6]DMSO, TMS): δ = 158.71, 

143.73, 128.27, 120.59 , 59.14, 29.71, 24.30, 24.03, 21.36, 16.01. CHN elemental analysis for 

C12H17BrN2 : calculated (%) : C: 53.54, H: 6.37, N: 10.41, found (%): C: 53.42, H: 5.98, N: 9.96. 

ESI-MS (MeOH): The molecular ion peak observed at m/z = 457/459 which corresponds to the 

combination of two cations and one anion. 

 
1-(5-Cyanopentyl)-3-methylpyridinium bromide (15-Br)  

 

Highly viscous liquid. Yield: 86 % (3.75 g). 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 9.09 

(s, 1H), 8.96 (d, 1H, 5.93 Hz), 8.44 (d, 1H, 7.88 Hz) 8.05 (m, 1H, 4.56 (t, 2H, 7.58 Hz), 2.48 (m, 

5H), 1.89 (m, 2H), 1.55 (m, 2H), 1.31 (t, 2H, 7.77 Hz). 13C NMR (75 MHz, [D6]DMSO, TMS): δ 
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= 145.75, 144.28, 141.98, 138.67, 127.30, 120.58 , 59.98, 29.69, 24.35, 24.02, 17.83, 15.94. 

CHN elemental analysis for C12H17BrN2: calculated (%): C: 53.54, H: 6.37, N: 10.41, found (%): 

C: 53.42, H: 6.26, N: 10.26  ESI-MS (MeOH):The molecular ion peak was observed at m/z = 

457/459, which corresponds to the combination of  two cations and one anion. 

 
1-(5-Cyanopentyl)-2-methylpyridinium bromide (16-Br)  

 

Highly viscous liquid. Yield: 76 % (3.3 g). 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 9.07 (d, 

1H, 6.03 Hz), 8.49 (m, 1H), 8.09 (d, 1H, 7.73 Hz),  7.99 (m, 1H), 4.56 (t, 2H, 7.93 Hz), 2.86 (s, 

3H), 2.24 (t, 2H, 7.52 Hz), 1.88 (m, 2H), 1.58 (m, 2H), 1.39 (m, 2H). 13C NMR (75 MHz, 

[D6]DMSO, TMS): δ = 145.75, 144.28, 141.98, 138.67, 127.30, 120.58, 59.98, 29.69, 24.35, 

24.02, 17.83, 15.94. CHN elemental analysis for C12H17BrN2 :calculated (%): C: 53.54, H: 6.37, 

N: 10.41, found (%): C: 53.30, H: 6.31, N: 10.39. ESI-MS (MeOH): The molecular ion peak was 

observed at m/z = 457/459, which corresponds to the combination of two cations and one anion. 

 
1-(Cyanomethyl)-4-ethylpyridinium bromide (17-Br) 

 

White solid. Yield: 96 % (10.2 g). mp: 120 °C. 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 

9.16 (d, 2H, 6.14 Hz), 8.19 (d, 2H, 6.14 Hz), 6.07 (s, 2H), 2.93 (m, 2H), 1.29 (t, 3H, 7.37 Hz). 
13C NMR (75 MHz, [D6]DMSO, TMS): δ = 166.52, 144.95,  128.04, 114.83, 47.23, 28.62, 

13.69. CHN elemental analysis  for C9H11BrN2 : calculated (%): C: 47.60, H: 4.88, N:12.34, 

found (%): C: 47.44, H: 4.85, N: 12.36. ESI-MS (MeOH): The molecular ion peak appreared at 

m/z = 373/375; which corresponds to the combination of two cations and one anion. 

 
1-(Cyanomethyl)-2-ethylpyridinium bromide (18-Br) 

 
White solid. Yield: 70 % (7.4 g). mp: 173 °C. 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 9.23 

(d, 1H, 5.83 Hz), 8.70 (m, 1H), 8.18 ( m, 2H),,  6.18 (s, 2H), 3.27 (m, 2H), 1.41 (t, 3H, 7.45 Hz). 
13C NMR (75 MHz, [D6]DMSO, TMS): δ = 160.58, 147.88, 146.66, 128.59, 126. 40, 114.29, 

45.13, 25.85, 12.03. CHN elemental analysis for C9H11BrN2 : calculated (%): C: 47.60, H: 4.88, 

N: 12.34, found (%): C: 47.47, H: 4.93, N : 12.18. ESI-MS (MeOH): The molecular ion peak 
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was observed at m/z  = 373/375, which corresponds to the combination of two cations and one 

anion. 

 
1-(3-Cyanopropyl)-4-ethylpyridinium bromide (19-Br) 

 

White solid. Yield: 81 % (9.65 g). mp: 152. °C. 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 

9.18 (d, 2H, 6.50 Hz), 8.13 (d, 2H, 6.50 Hz), 4.78 ( t, 2H, 7.37 Hz), 2.98 (m, 2H), 2.77 (t, 2H, 

7.16 Hz), 2.31 (m, 2H,), 1.27 (t, 3H, 7.37 Hz). 13C NMR (75 MHz, [D6]DMSO, TMS): δ = 

164.42, 144.62, 127.62, 119.91, 58.69, 40.74,  28.34, 26.67; 13.90. CHN elemental analysis for 

C11H15N2Br : calculated (%) : C: 51.78, H: 5.93, N:10.98, found (%) : C: 51.84, H: 5.71, N: 

10.80. ESI-MS (MeOH): The molecular ion peak was observed at m/z  = 429/431 which 

corresponds to the combination of two cations and one anion. 

 
1-(3-Cyanopropyl)-2-ethylpyridinium bromide (20-Br) 

 
Highly viscous liquid. Yield 71 % (8.5 g). 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 9.29 (d, 

1H, 6.11 Hz), 8.65 (m, 1H), 8.09 (m, 2H),  4.82 ( t, 2H, 7.52 Hz), 3.30 (m, 2H), 2.90 (t, 2H, 7.76 

Hz), 2.33 (m, 2H), 1.39 (t, 3H, 7.52 Hz). 13C NMR (75 MHz, [D6]DMSO, TMS): δ = 159.91, 

146.01, 145.93, 128.38, 125.89,  120.07, 55.52,  26.30, 25.54; 14.12, 12.69. CHN elemental 

analysis for C11H15N2Br : calculated (%) : C: 51.78, H: 5.93, N: 10.98, found (%): C: 51.68, H: 

5.85, N: 10.72 . ESI-MS (MeOH): positive ion m/z = 175  [C3CN2EtPy]+. 

 
1-(3-Cyanopropyl)-3-(methoxycarbonyl)pyridinium bromide (21-Br) 

 

To a solution of methyl nicotinate (1.37 g, 10 mmol) in methanol (25 mL), 4-bromobutyronitrile  

(1.48 g, 10 mmol) was added slowly at 0 °C. Then the temperature was raised to 70 °C. The 

reaction mixture was stirred for 24 hours. Evaporation of the solvent under vacuum gives the 

product as a white solid. The product was washed with diethyl ether (3x 50 mL) and dried under 

vacuum at 50 °C for 24 hours. Yield: 87 % (2.5 g). m.p: 182 °C. 1H NMR (300 MHz, 

[D6]DMSO, TMS ): δ = 9.58 (s, 1H), 9.33 (d, 1H, 6.32 Hz), 9.02 (d, 1H, 8.19 Hz), 8.25 (m, 1H)  

4.73 (t, 2H, 7.16 Hz), 3.90 (s, 3H, ), 2.57 (t, 2H; 7.08 Hz), 2. 21 (m, 2H). 13C NMR (75 MHz, 

[D6]DMSO, TMS): δ = 162.56, 148.60, 146.75, 145.73, 130.21, 128.84, 119.92, 60.17, 53.90, 
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26.62, 13.80. CHN elemental analysis for C11H13BrN2O2 : calculated (%): C: 46.33, H: 4.60, N: 

9.82, found (%):C:45.79, H: 4.63, N: 9.38.ESIMS (MeOH), the molecular ion peak was observed 

at m/z = 489/491, which corresponds to the combination of two cations and one anion. 

 
1-(2-Cyanoethyl)pyridinium bromide (2-Br) 

 

To a solution of pyridine (3 g, 37.9 mmol) in toluene, 3-bromopropionitrile (5.08 g, 3.15 mL, 

37.9 mmol) and acrylonitrile (2 g, 37.9 mmol) were added and the reaction mixture was stirred 

for 48 hours at 70 °C. The product formed was filtered and washed with dichloromethane and 

dried under vacuum at 50 °C for 24 hours. The product was obtained as a white solid. Yield: 

21% (1.7 g). mp: 145 °C. 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 9.34 ( d, 2H, 5.49 Hz), 

8.75, (m, 1H), 8.33 (m, 2H), 5.11, (t, 2H, 6.37 Hz), 3.55 ( t, 2H, 6.37 Hz). 13C NMR (75 MHz, 

[D6]DMSO, TMS): δ = 146.57, 144.95, 128.23, 117.12, 55.52, 19.37. CHN elemental analysis 

for C8H9BrN2:calculated (%): C:45.09, H: 4.26, N: 13.15, found (%): C: 45.16, H: 4.12, N: 

12.97. ESI-MS (MeOH), the molecular ion peak observed at m/z = 345/347, which corresponds 

to the combination of two cations and one anion.  

 

Synthesis of the pyridinium bis(trifluoromethylsulfonyl)imide salts. 

 
The nitrile-functionalized pyridinium bis(trifluoromethylsulfonyl)imide salts 1-Tf2N - 21-Tf2N 

have been prepared from the corresponding bromide salts 1-Br – 21-Br via a metathesis reaction 

with an equimolar amount of lithium bis(trifluoromethylsulfonyl)-imide in aqueous solution. The 

bis(trifluoromethylsulfonyl)imide ionic liquids separated from the aqueous layer and could be 

collected by decantation. The ionic liquids were washed several times with water until the 

washing water gave a negative test with a silver nitrate solution. Finally the compounds  were 

dried in vacuo at 70 °C for 24 hours. All the compounds were obtained as viscous oils, although 

some of them crystallized upon standing. The analytical data for all ionic liquids are listed 

below. 
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1-(Cyanomethyl)pyridinium bis(trifluoromethylsulfonyl)imide (1-Tf2N) 

 
Colorless Solid.Yield: 65 % (10.14 g). mp: 44 °C 1H NMR (300 MHz, [D6]DMSO, TMS): δ = 

8.76 (d, 2H, 5.87 Hz), 8.33 (m, 1HHz), 7.87 (m, 2H), 6.14 (s, 2H). 13C NMR (75 MHz, 

[D6]DMSO, TMS): δ = 147.88, 145.62, 128.90, 121.89 (q), 114.34,  47.96.  CHN elemental 

analysis for C9H7F6N3O4S2 :calculated (%): C: 27.07, H: 1.77, N: 10.52, found (%): C: 26.91, H: 

1.70, N: 10.16. ESI-MS (MeOH): The molecular ion peak was observed at m/z  = 518, which 

corresponds to the combination of  two cations and one anion. 

 
1-(2-Cyanoethyl)pyridinium bis(trifluoromethylsulfonyl)imide (2-Tf2N) 

 

Colorless liquid. Yield: 93 % (2.7 g). 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 9.15, (d, 2H, 

5.95 Hz), 8.68 (m, 1H), 8.27 (m, 2H), 4.97 (t, 2H, 6.80 Hz), 3.40, ( t, 2H, 6.80 Hz). 13C NMR (75 

MHz, [D6]DMSO, TMS): δ = 146.41, 145.10, 128.19, 121.55 (q), 117.11, 55.65, 19.23..CHN 

elemental analysis for C10H9N3O4S2: calculated (%): C: 29.06, H: 2.19, N: 10.17, found (%): C: 

29.13, H: 1.48, N: 10.00. ESI-MS (MeOH): The molecular ion peak was observed at m/z = 546 , 

which corresponds to the combination of two cations and one anion. Water content 60 ppm 

(determined by coulometric Karl-Fischer-titration). Density =1.50 g cm −3 .Viscosity: 326 cP at 

19 °C (measured by the falling-ball-method). 

 
1-(3-Cyanopropyl)pyridinium bis(trifluoromethylsulfonyl)imide (3-Tf2N) 

 
Colorless liquid. Yield: 61 % (11 g). 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 9.11 (d, 2H, 

5.83 Hz), 8.51 (m, 1H ), 8.11 (m, 2H), 4.65 (t, 2H, 7.28 Hz), 2.60 (t, 2H, 7.28 Hz), 2.19 (m, 2H). 
13C NMR (75 MHz, [D6]DMSO, TMS): δ = 146.14, 145.35, 128.50, 121.95(q), 119.77,  59.90, 

26.49, 13.81. CHN-elemental analysis for C11H11 F6N3O4S2 : calculated (%): C: 30.92, H: 2.59, 

N: 9.83, found (%): C: 30.67, H: 2.58, N: 9.59..ESI-MS (MeOH): The molecular ion peak 

appeared at m/z = 574 which corresponds to the combination of two cations and one anion. 

Water Content: 55 ppm (determined by coulometric Karl-Fischer-titration). Density: 1.54 g cm-3 

at 19 °C. Viscosity: 363 cP at 19 °C (measured by the falling-ball-method). 
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1-(5-Cyanopentyl)pyridinium bis(trifluoromethylsulfonyl)imide (4-Tf2N) 

 

Colorless liquid. Yield: 62 % (1 g). 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 9.04 (d, 2H, 

5.67 Hz), 8.58 (m, 1H), 8.13- (m, 2H), 4.65 (t, 2H, 7.13 Hz), 2.47 (t, 2H, 7.05 Hz), 2.06 (m, 2H), 

1.69 (m, 2H), 1.48 (m, 2H).13C NMR (75 MHz, [D6]DMSO, TMS): δ =, 145.38, 144.67, 128.01, 

121.54 (q), , 120.36, 60.38, 29.76, 24.35, 24.00, 15.83. CHN elemental analysis for 

C13H15F6N3O4S2 : calculated (%) : C: 34.29, H: 3.32, N: 9.23, found (%): C: 34.24, H: 3.11, N: 

9.01. ESIMS (MeOH): The molecular ion peak was observed at m/z = 630, which corresponds to 

the combination of two cations and one anion. Water content 73 ppm.(determined by 

coulometric Karl-Fischer-titration). Density :1.45 g cm −3  at 19 °C. Viscosity: 150 cP at 19 °C. 

(measured by the falling-ball-method). 

 
1-(10-Cyanodecyl)pyridinium bis(trifluoromethylsulfonyl)imide (5-Tf2N) 

 

Colorless liquid. Yield: 87 % (13.13 g). 1H NMR (300 MHz, , [D6]DMSO, TMS): δ = 9.07 (d, 

2H, 5.94 Hz), 8.56 (m, 1 H), 8.11 (m, 2H) , 4.58 (t, 2H, 7.33 Hz), 2.41 ( t, 2H, 7.33 Hz), 1.93(m, 

2H), 1.51 (m, 2H), 1.29(m, 12H). 13C NMR (75 MHz, [D6]DMSO,TMS):δ = 145.23, 144.50, 

127.92, 121.54 (q), 120.26,  60.94, 40.19, 30.65, 28.47, 28.15, 27.97, 27.91, 25.24, 24.64, 15.97.. 

CHN elemental analysis for C18H25F6N3S2O4 : calculated (%): C: 41.14, H: 4.79, N: 8.00, found 

(%) : C: 40.91, H: 4.81, N: 7.92. ESIMS (MeOH):The molecular ion peak was observed at m/z = 

770, which corresponds to the combination of two cations and one anion. Water content: 45 ppm 

(determined by coulometric Karl-Fischer-titration).Density : 1.33 g cm −3  at 19 °C. Viscosity: 

320 cP at 19 °C. (measured by the falling-ball-method). 

 
1-(Cyanomethyl)-4-methylpyridinium bis(trifluoromethylsulfonyl)imide (6-Tf2N) 

 

Colorless liquid. Yield: 74 % (1.5 g). 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 9.01 (d, 2H, 

6.57 Hz), 8.08 (d, 2H, 6.57 Hz), 5.87 (s, 2H), 2.65 (s, 3H). 13C NMR (75 MHz, [D6]DMSO, 

TMS): δ = 161.77, 144.67, 129.14, 121.95 (q), 114.80, 47.28, 22.04. CHN elemental analysis for 

C10H9F6N3O4S2; calculated (%) : C: 29.06, H: 2.19, N: 10.17, found (%) : C: 29.04, H: 2.20, N: 

10.00. ESI-MS (MeOH):The molecular ion peak was observed at m/z = 546, which corresponds 
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to the combination of two cations and one anion. Water content: 30 ppm.(determined by 

coulometric Karl-Fischer-titration) Density :1.56 g cm −3  at 19 °C. Viscosity: 280 cP at 19 °C. 

(measured by the falling-ball-method). 

 
1-(Cyanomethyl)-3-methylpyridinium bis(trifluoromethylsulfonyl)imide (7-Tf2N) 

 
Colorless liquid, Yield: 85 % (30.22 g). 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 9.03 (s, 

1H), 9.01 (d, 1H, 6.11 Hz), 8.58 ( d, 1H, 7.99 Hz), 8.18 (m, 1H), 5.92 (s, 2H), 2.54 (s, 3H). 13C 

NMR (75 MHz, [D6]DMSO, TMS): δ = 148.18, 145.14, 143.12, 139.75, 128.17, 121.95 (q), 

114.55, 47.81, 18.14. CHN elemental analysis for C10H9F6N3O4S2 : calculated (%): C: 29.06, H: 

2.19, N: 10.17, found (%): C: 29.11, H: 2.51, N: 9.99. ESI-MS (MeOH): The molecular ion peak 

was observed at m/z = 546, which corresponds to the combination of two cations and one 

anion.Water content: 40 ppm (determined by coulometric Karl-Fischer-titration) Density: 1.61 g 

cm-3 (at 19 °C). Viscosity: 164cP at 19 °C. (measured by the falling-ball-method).  

 
1-(Cyanomethyl)-2-methylpyridinium bis(trifluoromethylsulfonyl)imide (8-Tf2N) 

 
Colorless solid. mp: 51 °C. Yield: 70 % (2 g). 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 9.10 

(d, 1H, 6.20 Hz), 8.61 (m, 1H, 8.16 ( d, 1H, 7.96 Hz), 8.08 (m, 1H), 5.98 (s, 2H), 2.93 (s, 3H). 
13C NMR (75 MHz, [D6]DMSO, TMS): δ = 156.56, 147.57, 146.57, 130.55, 126.43, 121.95 (q), 

113.76, 45.34, 20.17. CHN elemental analysis for C10H9F6N3O4S2 : calculated (%): C: 29.06, H: 

2.19, N: 10.17, found (%): C: 28.97, H: 2.19, N: 9.60. ESI-MS (MeOH): The molecular ion peak 

was observed at m/z = 546, which corresponds to the combination of two cations and one anion. 

 
1-(Cyanomethyl)-2,5-dimethylpyridinium bis(trifluoromethylsulfonyl)imide  

(9-Tf2N) 

 
Colorless liquid. Yield: 73 % (1.3 g). 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 8.90 (s,1H), 

8.42 (d, 1H, 8.02 Hz), 8.00 ( d, 1H, 8.02 Hz), 5.86 (s, 2H), 2.81(s, 3H), 2.42 (s, 3H). 13C NMR 

(75 MHz, [D6]DMSO, TMS): δ = 153.18, 147.84, 145.35, 136.55, 129.47, 121.56(q), 113.48, 

44.78, , 19.23,17.27. CHN analysis for C11H11F6N3O4S2 : calculated (%): C: 30.92, H: 2.59, N: 

9.83, found (%): C: 30.52, H: 2.54, N: 9.26. ESI-MS (MeOH): The molecular ion peak observed 

at m/z =574, which corresponds to the combination of two cations and one anion. Water content: 
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40 ppm (determined by coulometric Karl-Fischer-titration) Density: 1.53 g cm-3 (at 19 °C). 

Viscosity: 578 cP at 19 °C. (measured by the falling-ball-method).  

 
1-(3-Cyanopropyl)-4-methylpyridinium bis(trifluoromethylsulfonyl)imide (10-Tf2N) 

Colorless liquid. Yield: 78 % (2.5 g). 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 8.92 (d, 2H, 

6.30Hz), 8.01 (d, 2H, 5.92Hz), 4.61 (t, 2H, 7.29Hz), 2.63 (m, 5H), 2.28 (m, 2H). 13C NMR (75 

MHz, [D6]DMSO, TMS): δ = 159.54, 144.28, 128.77, 121.95 (q), 119.80, 59.05, 26.40, 21.67, 

13.81. CHN elemental analysis  for C12H13F6N3O4S2: calculated (%): C: 32.65, H: 2.97, N: 9.52, 

found (%): C: 32.27, H: 2.37, N: 9.07. ESI-MS (MeOH): The molecular ion peak observed at  

m/z =  602, which corresponds to the combination of  two cations and one anion. Water content: 

50 ppm (determined by coulometric Karl-Fischer-titration). Density: 1.49 g cm-3 (at 19 °C). 

Viscosity: 325 cP at 19 °C. (measured by the falling-ball-method).  

 
1-(3-Cyanopropyl)-3-methylpyridinium bis(trifluoromethylsulfonyl)imide (11-Tf2N) 

Colorless liquid. Yield : 70 % (8.2 g). 1 NMR (300 MHz, [D6]DMSO, TMS ): δ = 9.00 (s, 1H), 

8.92 (d, 1H, 5.86 Hz), 8.46 ( d, 1H, 7.87 Hz), 8.08 (m, 1H), 4.64 (t, 2H; 7.29 Hz), 2.66 (t, 2H, 

7.28 Hz), 2.51 (s, 3H), 2.31 (m, 2H). 13C NMR (75 MHz, [D6]DMSO, TMS): δ = 146.35, 144.83, 

142.49, 139.29, 127.73, 121.94 (q), 119.64, 59.73, 26.46, 18.05, 13.78. CHN elemental analysis 

for C12H13F6N3O4S2: calculated (%): C: 32.65, H: 2.97, N: 9.52, found (%): C: 32.30, H: 2.83, N: 

9.44. ESI-MS (MeOH): The molecular ion peak observed at  m/z =  602, which corresponds to 

the combination of  two cations and one anion. Water content: 29 ppm (determined by 

coulometric Karl-Fischer-titration)  Density: 1.43g cm-3 (at 19 °C). Viscocity: 168 cP at 19 °C 

(measured by the falling-ball-method).  

 
1-(3-Cyanopropyl)-2-methylpyridinium bis(trifluoromethylsulfonyl)imide (12-Tf2N) 

 
Colorless liquid. Yield: 93 % (7.25 g). 1 NMR (300 MHz, [D6]DMSO, TMS ): δ = 8.84 (d, 1H, 

6.03 Hz), 8.37 (m, 1H), 7.92 (d, 1H, 7.95 Hz), 7. 84 (m, 1H), 4.50 (t, 2H, 7.63Hz), 2.72 (s, 3H), 

2.60 (t, 2H, 7.24Hz), 2.12 (m, 2H). 13C NMR (75 MHz, [D6]DMSO, TMS): δ = 155.43, 145.42, 

145.30, 129.99, 125.61, 121.54 (q), 117.28, 55.79, 24.93, 19.50, 13.55. CHN elemental analysis 
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for C12H13F6N3O4S2 : calculated (%) :C: 32.65, H: 2.97, N: 9.52, found (%) :C: 32.62, H: 3.11, 

N: 9.33. ESI-MS (MeOH):The molecular ion peak was observed at m/z = 602, which 

corresponds to the combination of two cations and one anion. Water content: 70 ppm 

(determined by coulometric Karl-Fischer-titration)  Density: 1.50g cm-3 (at 19 °C). Viscocity: 

308 cP at 19 °C. (measured by the falling-ball-method).  

 

1-(3-Cyanopropyl)-2,5-dimethylpyridinium bis(trifluoromethylsulfonyl)imide  

(13-Tf2N) 

 
Colorless liquid. Yield : 93 % (7.25 g). 1 NMR (300 MHz, [D6]DMSO, TMS ): δ = 8.74 (s, 1H), 

8.21 (d, 1H, 8.01 Hz), 7.82 (d, 1H, 8.01), 4.44 (t, 2H, 7.70 Hz), 2.68 (s, 3H), 2.61 (t, 2H, 7.09 

Hz), 2.32 (s, 3H), 2.12 (m, 2H). 13C NMR (75 MHz, [D6]DMSO, TMS): δ = 152.34, 145.92, 

144.70, 136.05, 129.26, 121.54 (q), 119.54, 55.65, 24.94, 18.96, 17.24, 13.57. CHN elemental 

analysis for, C13H15F6N3O4S2 :calculated (%): C: 34.29, H: 3.32, N: 9.23, found (%): C: 34.39, 

H: 3.05, N: 8.95. ESIMS(MeOH:The molecular ion peak was observed at m/z = 630, which 

corresponds to the combination of two cations and one anion. Water content: 70 ppm 

(determined by coulometric Karl-Fischer-titration)  Density: 1.50g cm-3 (at 19 °C). Viscocity: 

165 cP at 19 °C. (measured by the falling-ball-method).  

 
1-(5-Cyanopentyl)-4-methylpyridinium bis(trifluoromethylsulfonyl)imide (14-Tf2N) 

Colorless liquid. Yield: 86 % (4.5 g). 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 8.94 (d, 2H, 

5.63 Hz), 7.98 (d, 2H, 5.90 Hz), 4.59 (t, 2H, 7.22 Hz), 2.62 (s, 3H, ), 2.52 (t, 2H, 7.12 Hz), 1.98 

(m, 2H), 1.64 (m, 2H), 1.42 (m, 2H). 13C NMR (75 MHz, [D6]DMSO, TMS): δ = 158.84, 

143.57, 128.27, 121.54(q), 120.28 , 59.54, 29.63, 24.32, 24.00, 21.08, 15.80. CHN elemental 

analysis for C14H17F6N3O4S2 :calculated (%): C: 35.82, H: 3.65, N: 8.95, found (%): C: 35.97, H: 

3.51, N: 8.80.. ESI-MS (MeOH): The molecular ion peak was observed at m/z = 658 , which 

corresponds to the combination of two cations and one anion . Water content: 40 ppm 

(determined by coulometric Karl-Fischer-titration)  Density: 1.37g cm-3 (at 19 °C). Viscocity: 

180 cP at 19 °C. (measured by the falling-ball-method).  

 
 



 

 76  

1-(5-Cyanopentyl)-3-methylpyridinium bis(trifluoromethylsulfonyl)imide (15-Tf2N) 

Colorless liquid. Yield: 93 % (4.7 g). 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 8.91 (s, 1H), 

8.85 (d, 1H, 6.00 Hz), 8.36 (d, 1H, 7.99 Hz), 7.98 (m, 1H), 4.53 (t, 2H, 7.48 Hz), 2.44 (s, 3H), 

2.42 (t, 2H, 7.12 Hz),  1.96 (m, 2H), 1.61 (m, 2H), 1.38 (m, 2H). 13C NMR (75 MHz, 

[D6]DMSO, TMS): δ = 145.65, 144.14, 141.85, 138.85,  127.23, 121.54 (q), 120.30, 60.24, 

29.67, 24.33, 23.99, 17.62, 15.80. CHN .elemental analysis for C14H17F6N3O4S2 : calculated (%): 

C: 35.82, H: 3.65, N: 8.95, found (%): C: 35.92, H: 3.43, N: 8.94. ESI-MS (MeOH): The 

molecular ion peak was observed at m/z = 658, which corresponds to the combination of two 

cations and one anion. Water content: 80 ppm (determined by coulometric Karl-Fischer-titration)  

Density: 1.40g cm-3 (at 19 °C). Viscocity: 167 cP at 19 °C. (measured by the falling-ball-

method). 

  
1-(5-Cyanopentyl)-2-methylpyridinium bis(trifluoromethylsulfonyl)imide (16-Tf2N) 

Colorless liquid. Yield: 94 % (4.9 g). 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 9.07 (d, 1H, 

6.03, Hz), 8.49 (m, 1H), 8.09 (d, 1H, 7.73 Hz),  7.99 (m, 1H), 4.59 (t, 2H, 7.93 Hz), 2.86 (s, 3H), 

2.26 (t, 2H, 7.52 Hz), 1.88 (m, 2H), 1.58 (m, 2H), 1.39 (m, 2H). 13C NMR (75 MHz, [D6]DMSO, 

TMS): δ = 145.65, 144.14, 141.85, 138.85,  127.23, 121.54(q), 120.30,  60.24, 29.67, 24.33, 

23.99, 17.62, 15.80. CHN .elemental analysis for C14H17F6N3O4S2 : calculated (%): C: 35.82, H: 

3.65, N: 8.95, found (%): C: 35.83, H: 3.63, N: 8.57. ESI-MS (MeOH): The molecular ion peak 

was observed at m/z = 658, which corresponds to the combination of two cations and one anion. 

Water content: 61 ppm (determined by coulometric Karl-Fischer-titration)  Density: 1.45g cm-3 

(at 19 °C). Viscocity: 197 cP at 19 °C. (measured by the falling-ball-method). 

 
1-(Cyanomethyl)-4-ethylpyridinium bis(trifluoromethylsulfonyl)imide (17-Tf2N) 

 

Colorless solid. Yield: 78 % (8.8 g). mp: 48 °C. 1H NMR (300 MHz, [D6]DMSO, TMS): δ = 

9.09 (d, 2H, 6.55 Hz), 8.13 (d, 2H, 6.55 Hz), 5.93 (s, 2H), 3.02 (m, 2H).1.32 (t, 3H, 7.46 Hz) 13C 

NMR (75 MHz, [D6]DMSO, TMS): δ = 166.67, 144.92,  127.96, 121.95(q), 114.58, 47.23, 

28.59, 13.35. CHN elemental analysis for C11H11F6N3O4S2: calculated (%): C: 30.92, H: 2.59, N: 
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9.83, found (%): C: 30.95, H: 2.52, N: 9.51. ESI-MS (MeOH):The molecular ion peak was 

observed at m/z = 574, which corresponds to the combination of two cations and one anion.  

 
1-(Cyanomethyl)-2-ethylpyridinium bis(trifluoromethylsulfonyl)imide (18-Tf2N) 

Colorless solid. Yield: 75 % (7.0 g). mp: 30 °C. 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 

9.14 (d, 1H, 6.28 Hz), 8.65 (m, 1H), 8.12 (m, 2H), 6.02 (s, 2H), 3.25 (m, 2H), 1.43 (t, 3H, 7.99 

Hz). 13C NMR (75 MHz, [D6]DMSO, TMS): δ = 160.58, 147.72, 146.69, 128.43, 126. 31, 

121.92(q), 113.93, 44.95, 25.76, 11.59. CHN elemental analysis for C9H11BrN2: calculated (%): 

C: 30.92, , H: 2.59, N: 9.83, found (%): C: 31.11, H: 2.78, N: 9.82. ESIMS(MeOH): The 

molecular ion peak was observed at m/z = 574, which corresponds to the combination of two 

cations and one anion. 

 
1-(3-Cyanopropyl)-4-ethylpyridinium bis(trifluoromethylsulfonyl)imide (19-Tf2N) 

Colorless liquid. Yield: 83 % (7.2 g). 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 8.97 (d, 2H, 

5.97 Hz), 8.04 (d, 2H, 5.97 Hz), 4.64 (t, 2H, 7.24 Hz), 2.92 (m, 2H), 2.64 (t, 2H, 7.24 Hz), 2.30 

(m, 2H), 1.29 (t, 3H, 7.37 Hz). 13C NMR (75 MHz, [D6]DMSO, TMS): δ = 164.60, 144.49, 

127.59, 121.92 (q) 119.58, 59.05, 28.34, 26.47; 13.75, 13.48. CHN elemental analysis for 

C13H15F6N3O4S2: calculated (%): C: 34.29, H: 3.32, N: 9.23, found (%): C: 34.29, H: 3.26, N: 

9.07. ESIMS(MeOH). The molecular ion peak was observed at m/z = 630, which corresponds to 

the combination of two cations and one anion. Water content: 30 ppm (determined by 

coulometric Karl-Fischer-titration)  Density: 1.45g cm-3 (at 19 °C). Viscocity: 297 cP at 19 °C. 

(measured by the falling-ball-method).  

 
1-(3-Cyanopropyl)-2-ethylpyridinium bis(trifluoromethylsulfonyl)imide (20-Tf2N) 

Colorless liquid. Yield: 83 % (2.5 g). 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 9.00 (d, 1H, 

6.11 Hz), 8.53 (m, 1H), 8.00 (m, 2H), 4.66 ( t, 2H, 7.52 Hz), 3.20 (m, 2H ), 2.74 (t, 2H, 7.82 Hz), 

2.26 (m, 2H), 1.39 (t, 3H, 7.52 Hz). 13C NMR (75 MHz, [D6]DMSO, TMS): δ = 159.88,  145.98, 

145.87, 128.23, 125.83,  121.93 (q), 119.73, 55.70,  26.03, 25.31; 13.91, 12.23. CHN elemental 

analysis for C13H15F6N3O4S2 : calculated (%): C: 34.29, H: 3.32, N: 9.23,  found (%): C: 34.26, 
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H: 3.50, N: 9.09. ESIMS(MeOH). The molecular ion peak was observed at m/z = 630, which 

corresponds to the combination of two cations and one anion . Water content: 58 ppm 

(determined by coulometric Karl-Fischer-titration)  Density: 1.48g cm-3 (at 19 °C). Viscocity: 

153 cP at 19 °C (measured by the falling-ball-method). 

 
1-(3-Cyanopropyl)-3-(methoxycarbonyl)pyridinium bis(trifluoromethylsulfonyl)imide (21-

Tf2N) 

 

Colorless liquid. Yield: 83 % (2.5 g). 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 9.54 (s, 1H), 

9.16 (d, 1H, 5.80 Hz), 8.89 (d, 1H, 7.73 Hz), 8.19 (m, 1H), 4.66 (t, 2H, 6.87 Hz), 3.86 (s, 3H), 

2.53 (t, 2H, 7.18 Hz), 2.20 (m, 2H). 13C NMR (75 MHz, [D6]DMSO, TMS): δ = 162.51, 148.57, 

146.78, 145.71, 130.27, 128.78, 121.95(q), 119.82, 60.26, 53.81, 26.60, 13.78. CHN elemental 

analysis for C13H13F6N3O6S2:  calculated (%):C: 32.17, H: 2.70, N: 8.66, found (%): C: 32.00, H: 

2.62, N: 8.50. ESIMS(MeOH): The molecular ion peak observed at m/z = 690, which 

corresponds to the combination of two cations and one anion. Water content: 83 ppm 

(determined by coulometric Karl-Fischer-titration)  Density: 1.55g cm-3 (at 19 °C). Viscocity: 

567 cP at 19 °C. (measured by the falling-ball-method). 

 

Synthesis of pyrrolidinium and piperidinium salts 

1-(Cyanomethyl)-1-methylpiperidinium bromide (22-Br) 

General procedure 

To a solution of N-methylpiperidine (2.5 g, 25.20. mmol) in toluene (25 mL), 2- 

bromoacetonitrile (3.04 g, 25.34 mmol) was added slowly at 0 °C. Then the temperature was 

slowly raised up to 70 °C. The reaction mixture was stirred for 24 hours. The product formed 

was filtered and washed with diethyl ether (3 x 50 mL) and dried under vacuum at 50 °C for 24 

hours. The product was obtained as a white solid. Yield: 98 % (5.4 g).  mp.192°C. 1H NMR (300 

MHz, [D6]DMSO, TMS ): δ = 4.99 ( s, 2H), 3.57 (m, 4H), 3.23 (s, 3H), 1.90 (m, 4H), 1.58 ( m, 

2H). 13C NMR (75 MHz, [D6]DMSO, TMS): δ = 112.33, 61.40, 50.90, 48.92, 20.52, 19.63. CHN 

elemental analysis for C8H15BrN2: calculated (%):C: 43.85, H: 6.90, N: 12.78, found (%):C: 
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43.83, H: 7.06, N: 12.36. ESIMS(MeOH). The molecular ion peak was observed at m/z = 

357/359, which corresponds to the combination of two cations and one anion. 

 
1-(3-Cyanopropyl)-1-methylpiperidinium bromide (23-Br) 

White solid. Yield: 60 % (7.5 g), mp.: 137 °C. 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 3.38 

( m, 6H), 2.90 (s, 3H), 2.48 (t, 2H, 7.17 Hz), 1.98 (m, 2H), 1.67 ( m, 4H), 1.45 (m, 2H). 13C 

NMR (75 MHz, [D6]DMSO, TMS): δ = 120.09, 60.44, 60.34, 47.98, 20.88, 19.63, 18.23, 14.15 

.CHN elemental analysis for C10H19BrN2: calculated (%):C: 48.59, H: 7.75, N: 11.33, found 

(%):C: 48.49, H:7.54, N:11.29. ESIMS(MeOH). The molecular ion peak was observed at m/z = 

413/415, which corresponds to the combination of two cations and one anion. 

 
1-(Cyanomethyl)-1-methylpiperidinium bis(trifluoromethylsulfonyl)imide (22-Tf2N) 

General procedure 

 

Li [Tf2N] (8.59 g, 29.92 mmol) was added to a solution of 1-(cyanomethyl)-1-

methylpiperidinium bromide (6.56 g, 29.92 mmol) in water (25 mL) and stirred for 1h. During 

that time two layers were formed. The water layer was decanted. The ionic liquid layer was 

washed with deionised water until no precipitation with the ‘silver nitrate test’ could be 

observed. The product was obtained as a colorless liquid, Yield: 91 % (11.5 g). 1H NMR (300 

MHz, [D6]DMSO, TMS ): δ = 4.97 ( s, 2H), 3.50 (m, 4H), 3.21 (s, 3H), 1.83 (m, 4H), 1.51 ( m, 

2H). 13C NMR (75 MHz, [D6]DMSO, TMS): δ = 121.55 (q), 111.74, 61.33, 50.71, 48.58, 20.09, 

19.19. CHN elemental analysis for C10H15F6N3O4S2 :calculated (%):C: 28.64, H: 3.61, N: 10.02, 

found (%): C: 28.62, H: 3.81, N: 9.77. ESI-MS (MeOH):The molecular ion peak was observed at 

m/z = 558, which corresponds to the combination of  two cations and one anion.. Water content: 

67 ppm (determined by coulometric Karl-Fischer-titration). Density: 1.53g cm-3 (at 19 °C). 

Viscocity: 481 cP at 19 °C (measured by the falling-ball-method). 
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1-(3-Cyanopropyl)-1-methylpiperidinium bis(trifluoromethylsulfonyl)imide  

(23-Tf2N) 

 

Colorless liquid, Yield: 74 % (7.3 g). 1H NMR (300 MHz, [D6]DMSO, TMS ): δ = 3.20 ( m, 6 

H), 2.90 (s, 3H), 2.52 (m, 2H), 1.96 (m, 2H), 1.67 ( m, 4H), 1.45, (m, 2H). 13C NMR (75 MHz, 

[D6]DMSO, TMS): δ = 121.55(q), 119.52, 60.50, 60.22, 47.28, 20.47, 19.17, 17.64, 13.66. CHN 

elemental analysis for C12H19F6N3O4S2:calculated (%): C: 32.21, H: 4.28, N: 9.39, found (%):C: 

32.39, H :4.33, N: 9.26. ESI-MS (MeOH): The molecular ion peak was observed at m/z = 614, 

which corresponds to the combination of  two cations and one anion .Water content: 50 ppm 

(determined by coulometric Karl-Fischer-titration)  Density: 1.46g cm-3 (at 19 °C). Viscocity: 

408 cP at 19 °C (measured by the falling-ball-method). 

 
1,1-Bis(cyanomethyl)pyrrolidinium bromide (24-Br) 

To a solution of 2-(pyrrolidin-1-yl) acetonitrile (4 g, 36.31 mmol) in toluene (25 mL),2- 

bromoacetonitrile (4.36 g, 36.31 mmol) was added slowly at 0 °C. Then the temperature was 

slowly raised up to 70 °C. The reaction mixture was stirred for 24 hours. The product formed 

was filtered and washed with diethyl ether and dried under vacuum at 50 °C for 24 hours. The 

product was obtained as a white solid. Yield: 66 % (5.5 g). mp: 142 °C. 1H NMR (300 MHz, 

[D6]DMSO, TMS ): δ = 5.06 (s, 4H), 3.88 (m, 4H), 2.23 (m, 4H). 13C NMR (75 MHz, 

[D6]DMSO, TMS): δ = 112.32, 66.19, 50.84, 23.00. CHN elemental analysis for C8H12BrN3: 

calculated (%): C: 41.76, H: 5.26, N: 18.26, found (%):C: 41.61, H: 5.34, N: 18.05. ESI-MS 

(MeOH), positive ion m/z = 150 [C11(CN)2Pyr]+. 

 
1,1-Bis(cyanomethyl)piperidinium bromide (25-Br) 

To a solution of 2-(piperidin-1-yl) acetonitrile (5 g, 40.26 mmol) in toluene (25 mL), 2-

bromoacetonitrile (4.83 g, 40.26 mmol) was added slowly at 0 °C. Then the temperature was 

slowly raised up to 70 °C. The reaction mixture was stirred for 48 hours. The product formed 

was filtered and washed with diethyl ether and dried under vacuum at 50 °C for 24 hours. The 

product was obtained as a white solid. Yield: 36 % (3.5 g). mp: 199 °C. 1H NMR (400 MHz, 

[D6]DMSO, TMS ): δ = 5.33, (s, 4H), 3.76 (m, 4H), 1.93, (m, 4H), 1.59 (m, 2H). 13C NMR (75 
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MHz, [D6]DMSO, TMS): δ = 111.49, 61.81, 49.64, 20.21, 19.55.CHN elemental analysis for 

C11H14BrN3 : calculated (%):C: 44.28, H; 5.78, N: 17.21, found (%):C: 44.43, H: 5.77, N: 17.00. 

ESI-MS (MeOH), positive ion m/z = 164 [C1.1(CN)2 Pip]. 

 
1,1-Bis(cyanomethyl)pyrrolidinium bis(trifluoromethylsulfonyl)imide (24-Tf2N) 

Li[Tf2N] (6.13 g, 21.35 mmol) was added to a solution of 1,1-bis(cyanomethyl) pyrrolidinium 

bromide (4.91 g, 21.35 mmol) in water (25 mL) and stirred for 1hour. Two layers were formed. 

The water layer was decanted. The ionic liquid layer was washed with deionised water until no 

precipitation with the ‘silver nitrate test’ could be observed. The product was obtained as a 

colorless solid, Yield: 92 % (8.5 g). mp: 58 °C. 1H NMR (300 MHz, [D6]DMSO, TMS): δ = 5.03 

(s, 4H),  3.88 (m, 4H), 2.23 (m, 4H). 13C NMR (75 MHz, [D6]DMSO, TMS): δ = 121.50(q), 

111.97, 66.26, 50.87, 22.96. CHN elemental analysis for C10H12F6N4O4S2 :calculated (%): C: 

27.91, 2.81, N: 13.02, found (%): C: 28.12, H: 2.75, N: 13.03. ESI-MS (MeOH): The molecular 

ion peak was observed at m/z = 580, which corresponds to the combination of two cations and 

one anion. 

 
1,1-Bis(cyanomethyl)piperidinium bis(trifluoromethylsulfonyl)imide (25-Tf2N) 

Li[Tf2N] (3.05 g, 10.62 mmol) was added to a solution of 1,1-bis(cyanomethyl)piperidinium 

bromide (2.60 g, 10.62 mmol) in water (25 mL) and stirred for 1h. Two layers were formed. The 

water layer was decanted. The ionic liquid layer was washed with deionised water until no 

precipitation with the ‘silver nitrate test’ could be observed. The product was obtained as a 

colorless solid. Yield: 80 % (3.8g). mp: 62 °C. 1H NMR (400 MHz, [D6]DMSO, TMS ): δ = 5.14 

(s, 4H), 3.63 (m, 4H), 1.92 (m, 4H), 1.56 ( m, 2H). 13C NMR (75 MHz, [D6]DMSO, TMS): δ = 

121.56(q), 110.96, 61.54, 49.16, 19.72, 19.01. CHN elemental analysis for C11H14F6N4O4S2 

:calculated (%): C: 29.73, H: 3.18, N: 12.61, found (%):C: 29.81, H: 3.04, N: 12.50. ESI-MS 

(MeOH): The molecular ion peak was observed at m/z = 608, which corresponds to the 

combination of two cations and one anion. 
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Chapter 3. A simple and effective method for the synthesis of hydrophilic 

ionic liquids 

 
3.1 Introduction 
 
The most commonly used method for the synthesis of ionic liquids is the quaternization of a 

Lewis base (amine, phosphine or sulfide) with a haloalkane to prepare the halide precursor. 

Different anions are introduced by ion exchange reaction of the halide precursor. There are two 

methods for the ion exchange reaction. The first one is the acid /base neutralization reaction with 

the corresponding acid. The second one is the metathesis reaction with silver or group (I) metal 

salt of the anion. This is illustrated by taking ammonium cation as an example (Scheme 3.1). 

 

R3N + RX [R4N] [X]  

[R4N] [X]
Solvent

+ MY/HY [R4N] [Y] + MX/HX 

 

Scheme. 3.1. Conventional method for the synthesis of ionic liquids, R= alkyl, X= halogen, M = 
metal ion or H +, Y= the desired anion. 
 
In these procedures, either halide-containing acid HX or salt MX are formed as side products. 

The largest advantage of this method is that it is very simple and easy to carry out. However, the 

completeness of the removal of the halide content depends on the nature of the ionic liquid 

formed. If the ionic liquid formed after the ion-exchange reaction is hydrophobic, halide 

impurities can be removed completely by repeated washing with water. If the required anion 

gives a hydrophilic ionic liquid, the removal of halide impurities is a cumbersome process. As 

mentioned in chapter 1, HX is removed by repeated addition and successive removal of water 

under vacuum.1 The halide salt MX can be precipitated from the organic solvent at low 

temperature and can be removed by repeated filtration steps.2 However the halide content may be 

> 5 wt% after both procedures.3 The ion-exchange reactions with silver salts produce the cleanest 

ionic liquids because of the low solubility product of the silver salt in aqueous media.4 However 

this ion-exchange reaction produces an equivalent molar of silver salt, making this method very 

expensive and not sustainable.  
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Indeed, the most common contaminants in ionic liquids are water and halide ions.5,6 These 

impurities affect the physical properties of ionic liquids, especially the halide impurities. It has 

been reported that even low concentrations of halides substantially increase the viscosity of ionic 

liquids.47 Another important concern that arises from the halide impurities in ionic liquids is that 

they may affect the activity of catalytic systems.7-11 Suranna et al. explored the effect of halide 

impurities on the Michael addition. Chloride impurities in the ionic liquid, [C4imim][BF4] 

completely inhibit the activity of Fe(III) and Yb(III) catalysts. The catalytically active metal 

complexes were converted to poorly active chloro-metal species. The effect of halide content and 

water on the density of a large number of ionic liquids was systematically studied as a function 

of pressure and temperature.12,13 It has been reported that an increase in chloride mass fraction 

from (20 to 165).10-6 and from (20 to 100).10-6 decreased the density of [C4mim][BF4] and 

[C4mim][PF6] by 0.1 %. Bromide was also found to have a similar influence on the density. 

 
In order to minimize the detrimental effect of halide impurities, different methods have been 

developed to remove these impurities from the ionic liquids. Removal of chloride from 

[BMIM][BF4] by constant potential electrolysis was reported by Xiao et al.14 Another report 

described the removal of chloride and bromide from hydrophilic pyridinium and imidazolium 

ionic liquids through electrolysis in a divided cell followed by the reaction of the generated 

halogens with ethylene and volatilisation under vacuum.15 Both these methods are successful in 

removing the halide content to some extent. However the yield of the ionic liquids was reduced 

due to the several steps involved in the process. Earle et al. converted the imidazolium halides to 

N-heterocyclic carbenes by treating them with strong bases under reduced pressure, which were 

distilled and converted to ionic liquids by reacting with the acid of the required anion.156 Similar 

work has been done by Maase and Massonne.17 Another method for the synthesis of highly pure 

ionic liquids is the use of ion-exchange resins.18-22 This method is not suitable for up-scaling due 

to the relatively low exchange capacity of the ion-exchange resin. Direct ion exchange reaction 

of acids with the halide precursor was also explored for the synthesis of ionic liquids with low 

halide content.23,24 The halide precursor was refluxed with the acid of the desired anion for 

several hours. This method is inefficient for the removal of the halides. 
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Literature study showed that there is a lack of simple and effective methods for the synthesis of 

hydrophilic ionic liquids with lower halide content from the commercially available ionic liquid 

precursors. In this chapter, a simple and effective method for the synthesis of hydrophilic ionic 

liquids with low halide content is presented. 

 

3.2 Results and discussion 

The objective of this study is to develop a simple and effective method for the synthesis of 

hydrophilic ionic liquids by making use of the so-called phenolate platform. The advantage of this 

method is that it enables the synthesis of hydrophilic ionic liquids with low halide content from the 

commercially available halide ionic liquid precursors without any additional purification step. Figure 

3.1 gives an overview of the full process to prepare hydrophilic ionic liquids by the phenolate route. 

 

P+
X +

O Na

Solvent

12 hr, rt
P+

O

+ NaX

HY in water

P+
Y

Water layer

OH

+

organic layer

Remove waterHydrophilic IL

 

Figure 3.1. Overall process to prepare hydrophilic ionic liquids by the phenolate method. The 
tetrabutylphosphonium cation was taken as a model cation. 
 

The first step is the synthesis of a hydrophobic ionic liquid precursor, i.e. a phenolate compound, 

by the metathesis reaction between the halide precursor and sodium salt of a phenol derivative. 

This was the crucial step because it will decide the amount of halide impurity in the final ionic 
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liquid. The second step is the introduction of the desired anion by the ion-exchange reaction with 

different Brønsted acids to form hydrophilic ionic liquids. 4-Tert-butylphenolate was used as the 

intermediate anion because of its highly hydrophobic nature, which in turn increases the 

hydrophobicity of the phenolate intermediate ionic liquid. The hydrophobicity of 4-tert-

butylphenolate is very important in the anion-exchange reaction because the byproduct after the 

reactions with Brønsted acids will be 4-tert-butylphenol. Because of its highly hydrophobic 

nature it will stay in the organic layer and will not interfere with the hydrophilic ionic liquids 

formed. This side product can be easily removed by decantation of the organic layer. 

 
The first report about the preparation of quaternary onium phenolates appeared in 1943 as a US 

patent.25 The author discovered that any of the quaternary compounds (ammonium, 

phosphonium, arsonium, etc,) in the form of salts of inorganic acids as the halides and sulphates 

can be converted to phenolate which is called “phenate” in the patent. The phenate preparation 

was achieved by the reaction of an aqueous solution of a quaternary onium salt of an inorganic 

acid (chloride, bromide, iodide) or an ethyl sulphate salt with sodium hydroxide and phenol. 

Excess of phenol acts as a solvent for the extraction of phenolate from the aqueous solution. The 

phenol layer separates from the aqueous layer and about 97 % of the phenolate is extracted to the 

phenol layer. Separation of the phenol layer from the aqueous layer and removal of the excess 

phenol by distillation under reduced pressure give the pure quaternary onium phenolate. In 

another patent, it was mentioned that quaternary ammonium and phosphonium can be easily 

extracted from the aqueous solutions and transferred in to the organic phase by adding phenols or 

salts together with a water-immiscible solvent. 26 

 
Initially we tried to prepare the phenolate precursor by the extraction of quaternary onium salts 

from the aqueous phase to an organic solvent by the reaction with sodium 4-tert-butylphenolate. 

Dichloromethane was used as the organic solvent. In the case of tetrabutylphosphonium and 

tetrabutylammonium cations, a highly viscous pale yellow liquid was obtained after the 

extraction and evaporation of the organic layer. However in the 1H NMR spectra, two extra 

peaks in the aromatic region were observed. Those peaks correspond to free the 4-tert-
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butylphenol. This may be due to the low polarity of the solvent used for the extraction. Therefore 

more polar solvents such as chloroform, 1,2-dichloroethane, ethyl acetate, 2-butanone etc, were 

employed for the extraction process. Ethyl acetate, one of the greener solvents failed to extract 

the quaternary onium salts to the organic layer.1H NMR spectra showed only the presence of 4-

tert-butylphenol in the organic layer. Chloroform, 1,2-dichloroethane and 2-butanone completely 

extracted tetrabutylammonium and tetrabutylphosphonium salts to the organic layer to form the 

corresponding phenolate precursor. Ion exchange reaction with different Brønsted acids were 

performed and the corresponding ionic liquids were obtained in good yield with low halide 

content (no precipitate with AgNO3 test) However the use of chloroform and 1,2-

dichloromethane lowers the sustainability of the process. Moreover when the reaction was scaled 

up (10 g scale), a precipitate was observed with the AgNO3 test. This may be due to the use of a 

higher amount of the solvents. The miscibility of chloroform and 1,2-dichloroethane with water 

is 0.815 % and 0.810 % respectively. The solubility of sodium bromide and sodium chloride in 

water is 36 g/100 mL and 90.5 g/100 mL respectively. Thus, even a small percentage of water in 

the solvent will drastically change the halide content in the final ionic liquid. Another reason for 

the higher halide content in the final ionic liquids may be the phase transfer ability of the 

tetrabutylammonium and tetrabutylphosphonium cations.27  

 
To overcome the above problems, the metathesis reaction was carried out in a solvent where the 

solubility of sodium halide is very low, so that removal of sodium halide can be achieved by 

simple filtration. Dry toluene and dry acetone were employed for the ion exchange reaction of 

tetrabutylammonium bromide and tetrabutylphosphonium chloride with sodium-4-tert-

butylphenolate. The solubility of sodium chloride and sodium bromide in toluene or acetone is 

very low and depends on the water content in the solvent. In acetone and toluene both 

tetrabutylphosphonium phenolate and tetrabutylammonium phenolate were obtained in very 

good yields (above 90 %). Toluene is preferred over acetone because it allow us to carry out the 

ion-exchange reaction with Brønsted acids without the prior isolation of the corresponding 

quaternary oniumphenolate (Scheme 3.2).  
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Because of the hydrophobicity of 4-tert-butylphenol, it will move to the toluene layer and the 

hydrophilic ionic liquid formed will migrate to the aqueous layer. Therefore the isolation of the 

ionic liquid can be achieved by the simple decantation of the toluene layer and the evaporation of 

the water under reduced pressure. It is also worth noting that 4-tert-butylphenol formed after ion-

exchange reaction with acids can be recycled and re-used in the repeated synthesis steps. This 

makes this method more sustainable. This one- pot procedure was extended to different Brønsted 

acids. 

 

Q

ONa

+

Toluene/ H2O

12hr
Q

O

HY

Q
Y

X

+ NaX

Aqueous layer

+

OH

Organic layer

Q = P, N

X = Halide

Toluene

Y = Anions other than X

 

Scheme 3.2. Synthetic route for the hydrophilic ionic liquids based on tetrabutylammonium and 
tetrabutylphosphonium cattions via phenolate platform. 

 
However in the 1H NMR spectra of the ionic liquids formed, a lower or higher ratio (than the 

theoretical value) of the protons of the cations and anions were observed. The exact reason for 

this observation is still unknown. To obtain a perfect 1:1 ratio between cation and anion, the 

amount of Brønsted acids used had to be tuned for every specific acid. The amount of acids used 

depends on their acidity and polarity. A higher equivalent is needed if the Brønsted acid has a 

lower polarity and low acidity. It is also worth noting that Brønsted acids with low boiling points 

can be used in excess for the ion exchange reaction because the free acids can be removed along 
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with water during the isolation of the ionic liquids. The reactions were scaled up to study the 

physical properties of the ionic liquids. Reaction conditions were exactly similar to that of the 

small-scale reactions. Ionic liquids prepared from tetrabutylphosphonium and 

tetrabutylammonium cations are given in Figure 3.2 and 3.3 respectively. 
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Figure 3.2. Overview of ionic liquids prepared from tetrabutylphosphonium cation. 
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Figure 3.3. Overview of ionic liquids prepared from tetrabutylammonium cation. 
 

The extraction of 1-butyl-3-methylimidazolium and 1-butyl-1-methylpyrrolidinium cations from 

aqueous phase to the organic phase by the reaction with sodium -4-tert-butylphenolate was not 

successful due to the lower lipophilicity of their phenolate intermediate, i.e, 1-butyl-1-

methylpyrrolidinium 4-tert-butylphenolate and 3-butyl-1-methylimidazolium 4-tert-

butylphenolate was not lipophilic enough to extract into the organic phase. Solvents such as 

dichloromethane, 1,2-dichloroethane, chloroform and ethyl acetate were used for the extraction.  

In order to increase the lipophilicity of the phenolate intermediate, other sodium phenolates such 

as sodium 2,4-di-tert-butylphenolate and sodium 2,4,6-tri-tert-butylphenolate with more carbon 

atoms were employed for the extraction process. In all above cases only the presence of the 

corresponding phenol was observed in the organic layer after the extraction. This indicates that 

even after increasing the number of carbon atoms in the phenol, the lipophilicity of the phenolate 

precursor was not sufficient to migrate the ionic liquid to the organic layer. When imidazolium 
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and pyrrolidinium cations with longer alkyl chains (>12) were used, the corresponding phenolate 

precursor ionic liquids were formed and extracted to the organic phase. However the ion-

exchange reaction with Brønsted acids in toluene leads to the formation of an emulsion. The 

emulsion formation was due to the presence of a hydrophobic cation. Ion-exchange reactions 

were carried out in other solvents, for instance in tert-butyl methyl ether, diethyl ether, n-heptane 

and cyclohexane, to avoid the emulsion formation. There was no improvement in the results. 

Even after a prolonged centrifugation (1hr, 3600 rpm), the breaking of the emulsion was not 

accomplished. 

 
Due to the failure of the extraction procedure for 1-butyl-3-methylimidazolium and 1-butyl-1-

methylpyrrolidinium cations to the organic phase, we applied a one-pot procedure for the 

synthesis of hydrophilic ionic liquids via a phenolate platform. The metathesis reaction with 

sodium -4-tert-butylphenolate in toluene was not successful because of the insolubility of 

imidazolium and pyrrolidinium cations in toluene. 2-Butanone worked as a good solvent for the 

metathesis and anion exchange reaction with Brønsted acids for imidazolium cation. It is worth 

noting that the solvent should be extremely dry to minimize the halide contamination in the final 

ionic liquids. The schematic representation of the synthesis procedure is given in Scheme 3.3. 

The ionic liquids prepared from 1-butyl-3-methylimidazolium cation is shown in Figure 3.4. 
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Scheme 3.3. Extension of the phenolate route for the synthesis of hydrophilic ionic liquids to 1-
butyl-1-methylimidazolium cation. 
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Figure 3.4. Overview of ionic liquids prepared from 1-butyl-3-methylimidazolium cation via the 
phenolate route. 
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The one pot procedure was not successful in the case of 1-butyl-1-methylpyrrolidinium cation 

because of its insolubility in any of the non-polar organic solvent. This insolubility prevented us 

from carrying out the ion-exchange reaction with Brønsted acids without the isolation of 1-butyl-

1-methylpyrrolidinium 4-tert-butylphenolate. 1-Butyl-1-methylpyrrolidinium salts are only 

soluble in polar organic solvents. If the ion-exchange reaction with Brønsted acids is carried out 

in polar solvents, the yield of the hydrophilic ionic liquids will be low because of their solubility 

in those solvents. A major portion of the ionic liquids will stay in the organic phase. So, a new 

procedure was employed for the synthesis of hydrophilic ionic liquids based on 1-butyl-1-

methylpyrrolidinium cation via the phenolate route. Scheme 3.4 illustrates the synthesis process. 
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Scheme 3.4. Two-step procedure for the synthesis of hydrophilic ionic liquids based on 1-butyl-
1-methylpyrrolidinium cation via the phenolate platform. 
 
Metathesis reaction of 1-butyl-1-methylpyrrolidinium bromide with sodium -4-tert-

butylphenolate was carried out in dichloromethane. Sodium bromide formed was filtered off and 

the solvent was evaporated under vacuum to obtain 1-butyl-1-methylpyrrolidinium 4-tert-

butylphenolate in quantitative yield. Both the solvents and starting materials should be extremely 

dry in order to minimize the halide contamination in the final ionic liquids. In the second step, 

ion-exchange reactions with different Brønsted acids were carried out in toluene to introduce the 

desired anion. Ionic liquids prepared from pyrrolidinium cation is shown in Figure 3.5. 
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Figure 3.5. Overview of ionic liquids prepared from 1-butyl-1-methyl-pyrrolidinium cation. 
 
The phenolate route was extended to other cations such as alkylpyridinium, nitrile-functionalized 

pyridinium cations and choline chloride. Both the one-pot procedure and two-stage procedure 

were unsuccessful with those cations. A tarry product was obtained when both synthetic routes 

applied to alkyl pyridinium and nitrile functionalized-pyridinium cation because of the 

decomposition of the pyridine. Extraction of choline chloride from the aqueous phase to organic 

phase by the reaction with different sodium phenolates failed due to the lower lipophilicity of 

choline chloride. The solubility of choline chloride in organic solvents is very low, so the two-

step process also failed to prepare the phenolate precursor of choline chloride. 

 
3.2.1 Halide (Cl, Br) content of the ionic liquids 

 

When the ionic liquids were prepared in large scale, a precipitation with the AgNO3 test was 

observed. Here, the Volhard titration method was used to determine the halide content in the 

ionic liquids. Seddon et al. measured the chloride content in the ionic liquids using chloride-

selective electrode.4 In order to validate the results obtained with the chloride-selective electrode, 
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they used the Volhard titration method and reported that both the methods can be used to 

determine the halide content in the ionic liquids. They also reported that the differences between 

both sets of results were statistically insignificant. The Volhard titration method uses a back-

titration with potassium thiocyanate to determine the halide ions in a solution. Before titration, 

all the halide ions present in the solution were precipitated by adding an excess of silver(I) 

nitrate. The term excess is used, as the moles of silver nitrate added are known to exceed the 

moles of sodium chloride present in the sample so that all the chloride ions present will react. 

The precipitate is collected by filtration, and the excess of silver present in the filtrate is back-

titrated with a solution of potassium thiocyanate. Ammonium iron(III) sulfate solution was added 

as the indicator. The titrate turns pale yellow as the excess (unreacted) silver ions react with the 

thiocyanate ions to form a silver thiocyanate precipitate. Once all the silver ions have reacted, the 

slightest excess of thiocyanate reacts with Fe3+ to form a dark red complex. Thus, the endpoint of 

the titration is determined visually by the first permanent appearance of red coloration. The 

halide content in all the ionic liquids prepared was determined. The halide content in ionic 

liquids based on tetrabutylammonium and tetrabutylphosphonium cations were found to be 

below 1000 ppm. Their physical properties were determined and they are in good agreement 

with the literature values (Table 3.1 and 3.2). The halide content in the ionic liquids with 

imidazolium and pyrrolidinium cations was found to be little higher than the ionic liquids with 

tetrabutylammonium and tetrabutylphosphonium cations. This may be due to the higher polarity 

of the former cations. Physical properties of 1-butyl-1-methyl imidazolium and 1-butyl-1-methyl 

pyrrolidinium ionic liquids was also found to be in good agreement with the literature values 

(Table 3.3, 3.4, 3.5, 3.6). 
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Table 3.1. Melting points (Tm) of ionic liquids based on the tetrabutylphosphonium cation 
 

Compound Tm (°C) a,b,c 

 
1a 57 

 
1b 65 (59-62) 40 

 
1c 57 (54-57) 41 

 
1d 215 

 
1e 186 

 
1f 59 

 
1g 205 

 
1h 70 (70-73) 40 

 
1i 124 (122)28  

 
1j 149 (148-151)41 

 
1k 41 

 
 
a) Literature values are given in the bracket, b) Halide content is found to be below 1000 ppm, c) 
The melting point is determined by DSC. 
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Table 3.2. Melting points (Tm) of  ionic liquids based on the tetrabutylammonium cation. 
 

Compound Tm (°C) a,b,c 

 
2a 90 (95-98) 40 

 
2b 78 (78-80) 40 

 
2c  

75 (70-72) 40 
2d 240 

 
2e 163 

 
2f 62 

 
2g 219 

 
2h 114 (116-118) 40 

 
2i 168 (169-171) 40 

 
2j 154 (151-154) 40 

 
2k 69 

 
2l 74 

 
 
a) Literature values are given in bracket , b) Halide content is found to be below 1000 ppm,  c) The 
melting point is determined by DSC  
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Table 3.3. Melting points (Tm) of ionic liquids based on the 1-butyl-3-methyl imidazolium 
cation. 
 

Compound a Tm (°C) b, c,d 

 
3b 76 (74)29  

 
3c 67 (67)30  

 
3d 269 

 
3e 195 

 
3h 30 (29-32)31  

 
3i 165 (167)32  

 
 
a) Compounds not listed in table are room temperature ionic liquids. Their physical properties 
are given in Table 3.5, b) Literature values are given in the bracket, c) Halide content is found to 
be below 1100 ppm, d) The melting point is determined by DSC. 
 
Table 3.4. Melting points of ionic liquids based on the 1-butyl-1-methylpyrrolidinium cation. 
 

Compound a Tm (°C) b, c, d 

 
4a 73 (81)33  

 
4b 65 (63)34  

 
4c 114 (115)202 

 
4d 227 

 
4e 174 

 
4f 78 

 
 
a) Compounds not listed in table are room temperature ionic liquids. Their physical properties 
are given in Table 3.6, b) Literature values are given in the bracket, c) Halide content is found to 
be below 1100 ppm, d) The melting point is determined by DSC. 
 



 

 101  

 
The ionic liquids prepared from tetrabutylammonium and tetrabutylphosphonium cations are 

obtained as solids at room temperature. This is attributed to the higher symmetry of these cations 

compared to 1-butyl-1-methylpyrrolidinium and 1-butyl-3-methyl imidazolium cations. In all the 

four classes of ionic liquids, the melting point of salts with isonicotinate and nicotinate anions 

(compounds 1d, 1e, 2d, 2e,3d, 3e, 4d, 4e) have a higher melting point (>160 °C). This may be 

due to the presence of aromatic carboxylate group as the anion. When picolinate was introduced 

as the anion, a sharp decrease in the melting points was observed in all the four classes of ionic 

liquids. In the case of the 1-butyl-3-methyl imidazolium cation, the compound (3f) was obtained 

as a liquid at room temperature with higher viscosity (1300 cP).  

 
Table 3.5. Physical properties of ionic liquids based on the 1-butyl-3-methyl imidazolium cation. 
 

compound a ρ 
(g cm –3 ) b,e 

Viscosity 
(cP) c,e 

Water 
Content (ppm)d 

 

3a 

 
1.24 (1.24)35  

 
150 (140)32  

 
970 

 

3f 

 
1.31 

 
1300 

 
1100 

 

3g 

 
1.15 (1.15)36  

 
180 (165)35  

 
920 

 

3j 

 
1.10 (1.06)203 

 
430 (418)32  

 
1000 

 

3k 

 
1.15 

 
50 (38)37  

 
900 

 

3l 

 
1.30 (1.29)38  

 
110 (90)37  

 
1050 

 
a) The compounds not listed here are solids at room temperature, b) Density measured at 
20°C, c) The viscosities measured at 25 °C, d) The water content was measured by 
coloumetric Karl Fischer titration, e) The literature values are given in the bracket. 
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Table 3.6. Physical properties of ionic liquids based on the 1-butyl-1-methylpyrrolidinium 
cation. 
 

 
compound a 

ρ 
(g cm –3 ) b,e 

Viscosity 
(cP) c,e 

Water 
Content 
(ppm)d 

 

4g 

 
1.08 

 
160 

 
890 

 

4h 

 
1.42 

 
800 

 
950 

 

4i 

 
1.33 

 
1100 

 
1050 

 

4j 

 
1.18 (1.17)39  

 
90 

 
785 

 

4k 

 
1.10 

 
120 

 
830 

 

4l 

 
1.23 (1.25) 41 

 
180 

 
900 

 
a) The compounds not listed here are solids at room temperature, b) Density measured at 20 
°C, c) The viscosities measured at 25 °C, d) The water content was measured by coloumetric 
Karl Fischer titration, e) The literature values are given in the bracket. 
 

The ionic liquids with 1-butyl-3-methylimidazolium and 1-butyl-1-methylpyrrolidinium cations 

were obtained either as liquids at room temperature or as solids at room temperature. They were 

dried at a higher vacuum for a long time (48 hr) to minimize the water content. Generally, the 

viscosities of imidazolium ionic liquids are lower compared to other cations because of its 

asymmetry. The viscosity of ionic liquids based on 1-butyl-3-methylimidazolium cation used in 

this study is ranged from 150 cP to 1300 cP. For ionic liquids with 1-butyl-1-

methylpyrrolidinium cationic cores, the viscosity was observed to be in between 160 cP and 

1100 cP. 

 

3.3  Conclusion 
 
In summary, a simple, effective and green method for the synthesis of hydrophilic ionic liquids 

with low halide content from the commercially available halide ionic liquid precursors was 

developed. Four classes of cations and a large number of anions were used in this study in order 
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to establish the versatility of this method. No additional cleaning step was necessary to reduce 

the halide content in the ionic liquids prepared. The halide impurities (NaCl/NaBr) can be 

removed by simple filtration through a Celite layer. Halide content in the ionic liquids are 

measured by the Volhard titration method and found to be below 1100 ppm. Anion exchange in 

ionic liquids via the phenolate platform is a complementary synthetic route to the conventional 

methods for the synthesis of hydrophilic ionic liquids. 

 

3.4 Experimental Section 

 
General techniques. Elemental analyses (carbon, hydrogen, nitrogen) were conducted on a CE 

Instruments EA-1110 elemental analyzer. 1H and 13C NMR spectra were recorded on a Bruker 

Avance 300 spectrometer (operating at 300 MHz for 1H and at 75.5 MHz for 13C). The water 

content of the ionic liquids was determined by a coulometric Karl Fischer titrator (Mettler 

Toledo Coulometric Karl Fischer Titrator, model DL39). The viscosity of the ionic liquids was 

measured by Brookfield Viscometer. Differential scanning calorimetry (DSC) measurements 

were made on a Mettler-Toledo DSC822e module (scan rate of 10 °C  min-1 under helium flow). 

The organic chemicals were purchased from Acros or from Sigma-Aldrich. Extra dry 2-butanone 

was purchased from Acros.  

 

3.4.1 Synthesis of tetrabutylphosphonium ionic liquids 

Tetrabutylphosphonium acetate (1a) 

P+

O

O-

 
 

General procedure 

 

To a solution of tetrabutylphosphonium chloride (10 g, 33.91 mmol) in dry toluene  (400 mL) 

was added sodium 4-tert-butylphenolate (5.83 g, 33.91 mmol). The reaction mixture was stirred 

vigorously for 12 h and afterwards filtered through Celite. An aqueous solution (500 mL) of 

acetic acid (2.84 g, 47.47 mmol) was added to the reaction mixture and stirred for 30 minutes. 
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The organic phase was separated and washed with 50 mL of H2O. The water was removed under 

vacuum to yield the product as a white solid. Yield: 9.07 g (84%). mp: 57 ºC. 1H NMR (300 

MHz, D2O): δ = 0.82 (t, 12H), 1.37 (m, 16H), 1.84 (s, 3H), 2.06 (m, 8H). 13C NMR (100 MHz, 

D2O): δ = 12.55, 17.45 (d), 22.71 (d), 22.88, 23.22 (d), 180.71. CHN: elemental analysis for 

C18H39O2P.2H2O: calculated (%): C 60.98, H: 12.23, found (%): C: 60.63, H: 12.40. 

 
Tetrabutylphosphonium methanesulfonate (1b) 
 

P+ S

O

O

O

 
 

Tetrabutylphosphonium methanesulfonate was prepared by the general procedure from 

tetrabutylphosphonium chloride (10 g, 33.91 mmol), sodium 4-tert-butylphenolate (5.83 g, 33.91 

mmol) and methanesulfonic acid (2.93 g, 30.51 mmol) to give a colorless solid. Yield: (10.45 g, 

87%). mp: 65 ºC (lit: 59-62 ºC). 1H NMR (300 MHz, D2O): δ = 0. 84 (t, 12H), 1.41 (m, 12H), 

2.05 (m, 8H), 2.70 (s, 3H). 13C NMR (75 MHz, D2O): δ = 12.53, 17.95 (d), 22.73 (d), 23.18 (d), 

38.44. CHN: elemental analysis for C19H41O2P.1.5H2O: calculated (%): C: 63.47, H: 12.34 found 

(%): C: 63.32, H: 15.54. 

 
Tetrabutylphosphonium 4-methylbenzenesulfonate (1c) 
 

P+ S

O

O
-O

 
 
Tetrabutylphosphonium 4-methylbenzenesulfonate was prepared by the general procedure from 

tetrabutylphosphonium chloride (10 g, 33.91 mmol), sodium 4-tert-butylphenolate (5.83 g, 33.91 

mmol) and 4-methylbenzenesulfonic acid (5.25 g, 30.51 mmol) to give a colorless solid. Yield: 

(12.70 g, 87%). mp: 57 ºC (lit: 54-57 ºC). 1H NMR (300 MHz, D2O): δ = 0. 81 (t, 12H, 7), 1.32 

(m, 16H), 2.01 (m, 8H). 2. 31 (s, 3H), 7.27 (d, 2H, 8.44 Hz), 7.59 (d, 2H, 8.44 Hz). 13C NMR (75 
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MHz, D2O): δ = 12.51, 17.28 (d), 22.64 (d), 23.15 (d), 125.35, 129.40, 139.58, 142.32. CHN: 

elemental analysis for C23H43O3PS.2H2O: calculated (%): C: 59.20, H: 10.15. found (%): C: 

59.03, H: 10.61. 

 

Tetrabutylphosphonium isonicotinate (1d) 
 

P+
N

O

-O

 
 

Tetrabutylphosphonium isonicotinate was prepared by the general procedure from 

tetrabutylphosphonium chloride (10 g, 33.91 mmol), sodium 4-tert-butylphenolate (5.83 g, 33.91 

mmol) and isonicotinic acid (4.17 g, 33.91 mmol) to give a colorless solid. Yield: (11.77 g, 91 

%). mp: 215 ºC. 1H NMR (300 MHz, D2O): δ = 0. 83 (t, 12H), 1.40 (m, 16H), 2.06 (m, 8H), 7.87 

(d, 2H, 5.2 Hz), 8.61 (d, 2H, 5.0 Hz). 13C NMR (100 MHz, D2O):  = 12.56, 17.41 (d), 20.45 (d), 

23.20 (d), 124.21, 146.48, 148.49, 171.53. CHN: elemental analysis for C22H40 NO2P.3H2O: 

calculated (%): C: 60.66, H: 10.64, N: 3.22, found (%): C: 60.57, H: 8.81, N: 3.22. 

 
Tetrabutylphosphonium nicotinate (1e) 

 

P+
N

O

-O

 
 

Tetrabutylphosphonium nicotinate was prepared by the general procedure from 

tetrabutylphosphonium chloride (10 g, 33.91 mmol), sodium 4-tert-butyl phenolate (5.83 g, 

33.91 mmol) and nicotinic acid (4.17 g, 33.91 mmol) to give a colorless solid. Yield: (10.86 g, 

84 %). mp: 186 ºC. 1H NMR (300 MHz, D2O): δ = 0. 82 (t, 12H), 1.41(m, 16H), 2.05 (m, 8H), 7. 

98 (m, 1H), 8.75 (m, 2H), 9.05 (s, 1H). 13C NMR (75 MHz, D2O): δ = 12.59, 17.32 (d), 22.68 

(d), 23.20 (d), 120.62, 125.94,130.03, 142.19, 153.25, 169.06. CHN: elemental analysis for 
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C22H40O2NP.H2O: calculated (%): C: 66.13, H: 10.60, N: 3.51  found (%): C: 66.07, H: 10.48, 

N:3.39. 

 
Tetrabutylphosphonium picolinate (1f) 

 

N

O

O
P+

 
 

Tetrabutylphosphonium picolinate was prepared by the general procedure from 

tetrabutylphosphonium chloride (10 g, 33.91 mmol), sodium 4-tert-butylphenolate (5.83 g, 33.91 

mmol) and picolinic acid (3.34 g, 27.12 mmol) to give a colorless solid. Yield :(10.86 g, 84 %). 

mp: 59 ºC. 1H NMR (300 MHz, D2O): δ = 0. 80 (t, 12H), 1.32 (m, 16H), 2.01 (m, 8H), 7.98 (m, 

1H), 8.25 (d, 1H, 8.10 Hz), 8.51 (m, 1H), 8.63 (d, 1H, 5.40 Hz). 13C NMR (75 MHz, D2O): δ = 

12.54, 17.32 (d), 22.67 (d), 23.18 (d), 126.25, 128.30, 141.60, 146.30, 146.69, 164.36. CHN: 

elemental analysis for C22H40 NO2P.3H2O: calculated (%): C: 60.66, H: 10.64, N: 3.22found (%): 

C: 60.70, H: 10.92, N: 3.27. 

 
Tetrabutylphosphonium 6-carboxypicolinate (1g) 

 

N
O

O

P+
OH

O  
 

Tetrabutylphosphonium 6-carboxypicolinate was prepared by the general procedure from 

tetrabutylphosphonium chloride (10 g, 33.91 mmol), sodium 4-tert-butyl phenolate (5.83 g, 

33.91 mmol) and pyridine-2,6-dicarboxylic acid (5.10 g, 30.51 mmol) to give a colorless solid. 

Yield: (11.68 g, 81 %). mp: 205 ºC. 1H NMR (300 MHz, D2O): δ = 0. 81 (t, 12H), 1.32 (m, 

16H), 2.02 (m, 8H), 8.33 (m, 3H). 13C NMR (75 MHz, D2O): δ = 12.53, 17.32 (d), 22.67 (d), 

23.18 (d), 128.20, 143.23, 146.37, 165.75. CHN: elemental analysis for C23H40 NO4P.2H2O: 

calculated (%): C: 59.85, H: 9.61,N:3.03. found (%): C: 59.79, H: 10.32,N:2.58. 
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Tetrabutylphosphonium nitrate (1h) 

 

P+
NO3

 
 

Tetrabutylphosphonium nitrate was prepared by the general procedure from 

tetrabutylphosphonium chloride (10 g, 33.91 mmol), sodium 4-tert-butylphenolate (5.83 g, 33.91 

mmol) and nitric acid (65 % solution, 3.29 mL, 2.14 g, 33.91 mmol) to give a colorless solid. 

Yield: (9.81 g, 90 %). mp: 70 ºC (lit: 70-73 ºC). 1H NMR (300 MHz, D2O): δ = 0. 80 (t, 12H), 

1.32 (m, 16H), 2.01 (m, 8H). 13C NMR (75 MHz, D2O): δ = 12.51, 17.30 (d), 22.66 (d), 23.18 

(d). CHN:elemental analysis for C16H36NO3P2.H2O: calculated (%): C: 56.61, H: 11.28, N: 4.13, 

found (%): C: 56.87, H: 11.61, N: 4.11. 

 
Tetrabutylphosphonium hydrogensulfate (1i) 

 

P+ S

O

O

OHO

 
 
Tetrabutylphosphonium hydrogensulfate was prepared by the general procedure from 

tetrabutylphosphonium chloride (10 g, 33.91 mmol), sodium 4-tert-butylphenolate (5.83 g, 33.91 

mmol) and sulphuric acid  (95 % solution, 3.49 mL, 3.32 g, 33.91 mmol) to give a colorless 

solid. Yield: (10.75 g, 90 %). mp: 124 ºC (lit: 122 ºC). 1H NMR (300 MHz, D2O): δ = 0. 80 (t, 

12H), 1.32 (m, 16H), 2.01 (m, 8H). 13C NMR (75 MHz, D2O): δ = 12.51, 17.28 (d), 22.64 (d), 

23.15(d). CHN: elemental analysis for C16H37O4P.3.5H2O: calculated (%): C: 45.80, H: 10.57 

found (%): C: 45.84, H: 10.08. 
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Tetrabutylphosphonium dihydrogenphosphate (1j) 

 

P+ P

O

O OH

OH
 

 
Tetrabutylphosphonium dihydrogenphosphate was prepared by the general procedure from 

tetrabutylphosphonium chloride (10 g, 33.91 mmol), sodium 4-tert-butyl phenolate (5.83 g, 

33.91 mmol) and phosphoric acid (85 % solution, 3.90 mL, 3.32 g, 33.91 mmol) to give a 

colorless solid. Yield: (10.27 g, 85 %). mp: 149 ºC (lit: 148-151 º). 1H NMR (300 MHz, D2O): δ 

= 0. 79 (t, 12H), 1.31 (m, 16H), 2.00 (m, 8H). 13C NMR (75 MHz, D2O): δ = 12.51, 17.29 (d), 

22.65 (d), 23.39 (d). CHN: elemental analysis for C16H38O4P2.2H2O: calculated (%): C: 48.97, H: 

10.79 found (%): C: 49.11, H: 11.08. 

 
Tetrabutylphosphonium formate (1k) 

P+ O H

O

 
 

Tetrabutylphosphonium formate was prepared by the general procedure from 

tetrabutylphosphonium chloride (10 g, 33.91 mmol), sodium 4-tert-butylphenolate (5.83 g, 33.91 

mmol) and formic acid (7.80 g, 169.55 mmol) to give a colorless solid. Yield: (8.46 g, 82 %). 

mp: 41 ºC .1H NMR (300 MHz, D2O): δ = 0. 83 (t, 12H), 1.35 (m, 16H), 2.04 (m, 8H), 8.17 (s, 

1H). 13C NMR (75 MHz, D2O): δ = 12.54, 17.32 (d), 22.67 (d), 23.39(d), 166.07. CHN: 

elemental analysis for C17H37O2P.3H2O: calculated (%): C: 56.96, H: 12.09 found (%): C: 57.13, 

H: 12.30. 
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Tetrabutylphosphonium trifluoroacetate (1l) 
 

P+ O CF3

O

 
 
Tetrabutylphosphonium trifluoroacetate was prepared by the general procedure from 

tetrabutylphosphonium chloride (10 g, 33.91 mmol), sodium 4-tert-butylphenolate 5.83 g, 33.91 

mmol) and trifluoroacetic acid (3.86 g, 33.91 mmol) to give a colorless liquid. Yield: (10.23 g, 

81 %). 1H NMR (300 MHz, D2O): δ = 0. 83 (t, 12H), 1.35 (m, 16H), 2.04 (m, 8H). 13C NMR (75 

MHz, D2O): δ = 12.51, 17.29 (d), 22.65 (d), 23.16 (d), 114.27 (q), 162.44 (q).CHN: elemental 

analysis for C18H36F3O2P.H2O calculated (%): C: 55.37, H: 9.81 found (%): C: 56;00, H: 10.08. 

 
3.4.2 Synthesis of tetrabutylammonium ionic liquids 

Tetrabutylammonium acetate (2a) 

N+

O

-O

 
 

General procedure 

To a solution of tetrabutylammonium bromide (10g, 31.02 mmol) in dry toluene  (400 mL) was 

added sodium 4-tert-butyl phenolate (5.34 g, 31.02 mmol). The reaction mixture was stirred 

vigorously for 12 h and afterwards filtered through Celite. An aqueous solution (500 mL) of 

acetic acid (2.84 g, 47.47 mmol) was added to the reaction mixture and stirred for half an hours. 

The organic phase was separated and washed with 50 mL of H2O. The solvent was removed 

under vacuum to yield the product as a white solid. Yield: 8.41 g (90 %). mp: 90 ºC (lit: 95-98 

ºC). 1H NMR (300 MHz, D2O): δ = 0. 85 (t, 12H), 1.25 (m, 8H), 1,55 (m, 8H), 2.01 (s, 3H), 3.09 

(m, 8H). 13C NMR (75 MHz, D2O): δ = 12.82, 19.13,20.98, 23.13, 58.08, 177.62. CHN: 

elemental analysis for C18H39O2N⋅H2O: calculated (%): C: 67.66, H:12.93, N:4.38 found (%): C: 

67.61, H: 12.89, N:4.41. 
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Tetrabutylammonium methanesulfonate (2b) 
 

N+ S

O

O

O-

 
 

Tetrabutylammonium methanesulfonate was prepared by the general procedure from 

tetrabutylammonium bromide (10 g, 31.02 mmol), sodium 4-tert-butylphenolate (5.34 g, 31.02 

mmol) and methanesulfonic acid (2.68 g, 27.91 mmol) to give a colorless solid. Yield: (8.46 g, 

82 %). mp: 90 ºC (lit: 95-98 ºC). 1H NMR (300 MHz, D2O): δ = 0. 81 (t, 12H), 1.22 (m, 8H), 

1,52 (m, 8H), 2.69 (s, 3H), 3.06 (m, 8H). 13C NMR (75 MHz, D2O): δ = 12.82, 19.12, 23.12, 

38.43, 58.07. CHN: elemental analysis for C17H39 NO3S.3H2O: calculated (%): C: 52.14, H: 

11.58, N: 3.58, found (%): C: 51.71, H: 10.26, N: 3.20. 

 
Tetrabutylammonium 4-methylbenzenesulfonate (2c) 

N+ S

O

O
-O

 
 

Tetrabutylammonium 4-methylbenzenesulfonate was prepared by the general procedure from 

tetrabutylammonium bromide (10 g, 31.02 mmol), sodium 4-tert-butylphenolate (5.34 g, 31.02 

mmol) and 4-methylbenzenesulfonic acid (4.80 g, 27.90 mmol) to give a colorless solid. Yield: 

(11.29 g, 88 %). mp: 75 ºC (lit: 70-72 ºC). 1H NMR (300 MHz, D2O): δ = 0. 83 (t, 12H), 1.22 

(m, 8H), 1.52 (m, 8H), 2.31(s, 3H), 3.05(m, 8H), 7.27(d, 2H, 8.1 Hz), 7.61(d, 2H, 8.1 Hz). 13C 

NMR (75 MHz, D2O): δ= 12.84, 19.11, 20.49, 23.09, 58.01, 125.37, 129.41, 139.63, 142.30. 

CHN: elemental analysis for C23H43O3N.H2O: calculated (%):C:63.99, H:10.51, N:3.24. found 

(%): C: 64.05, H: 10.59, N: 3.31. 
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Tetrabutylammonium isonicotinate (2d) 

N+
N

O

O

 
 
Tetrabutylammonium isonicotinate was prepared by the general procedure from 

tetrabutylammonium bromide (10 g, 31.02 mmol), sodium 4-tert-butylphenolate (5.34 g, 31.02 

mmol) and isonicotinic  acid (3.81g, 31.02 mmol) to give a colorless solid. Yield: (9.72 g, 86 %). 

mp: 240 ºC. 1H NMR (300 MHz, D2O): δ = 0. 82 (t, 12H), 1.19 (m, 8H), 1.52 (m, 8H), 3.04 (m, 

8H), 8.10 (d, 2H, 6.33 Hz), 8.69 (d, 2H, 6.33 Hz). 13C NMR (75 MHz, D2O): δ= 12.83, 19.13, 

23.13, 58.08, 125.66, 142.71, 152.87, 169.72. CHN: elemental analysis for C22H40O2N2.H2O: 

calculated (%): C: 69.07, H:11.07, N: 7.32 , found (%): C: 69.02, H: 11.10, N:7.37. 

Tetrabutylammonium nicotinate (2e) 
 

N
N

O

-O

 
 

Tetrabutylammonium nicotinate was prepared by the general procedure from 

tetrabutylammonium bromide (10 g, 31.02 mmol), sodium 4-tert-butylphenolate (5.34 g, 31.02 

mmol) and nicotinic acid (4.20 g, 34.12 mmol) to give a colorless solid. Yield: (9.95 g, 88 %). 

mp: 163 ºC. 1H NMR (300 MHz, D2O): δ = 0. 83 (t, 12H), 1.23 (m, 8H), 1.54 (m, 8H), 3.08 (m, 

8H), 7.86 (t, 1H, 6.53 Hz), 8.66 (m, 2H), 8.97 (s, 1H). 13C NMR (75 MHz, D2O): δ = 12.80, 

19.13, 23.11, 58.14, 126.33, 135.04, 143.65,144.30, 144.32, 169.26. CHN: elemental analysis for 

C22H40 N2O2.H2O: calculated (%): C: 69.07, H:11.07, N:7.32 found (%): C: 69.13, H: 11.05, 

N:7.40. 

 
 
 
 
 
 



 

 112  

 
Tetrabutylammonium picolinate (2f) 

 

N+

N

O

O

 
 

Tetrabutylammonium picolinate was prepared by the general procedure from 

tetrabutylammonium bromide (10 g, 31.02 mmol), sodium 4-tert-butylphenolate (5.34 g, 31.02 

mmol) and picolinic acid (3.05 g, 24.81 mmol) to give a colorless solid. Yield: (10.06 g, 89 %). 

mp: 62 ºC.1H NMR (300 MHz, D2O): δ = 0.82 (t, 12H), 1.22 (m, 8H), 1,49 (m, 8H), 3.07 (m, 

8H), 8.26 (m, 1H), 8.29 (d, 1H, 7.8 Hz), 8.50 (m, 1H), 8.63 (d, 1H, 5.4 Hz). 13C NMR (75 MHz, 

D2O): δ= 12.84, 19.14, 23.14, 58.09, 126.28,128.34,141.53, 146.23, 146.79, 164.27. CHN: 

elemental analysis for C22H40N2O2.2H2O: C: 65.96, H: 11.07, N: 6.99, found (%) C: 66.18, H: 

10.98, N: 6.83. 

 
Tetrabutylammonium -6-carboxypicolinate (2g) 
 

N+

N
O

O

OH

O
 

 
Tetrabutylammonium-6-carboxypicolinate was prepared by the general from 

tetrabutylammonium bromide (10 g, 31.02 mmol), sodium 4-tert-butylphenolate (5.34 g, 31.02 

mmol) and pyridine-2,6-dicarboxylic acid (4.14 g, 24.81 mmol) to give a colorless solid (10.26 

g, 81 %). mp: 219 °C . 1H NMR (300 MHz, D2O): δ = 0.82 (t, 12H), 1.22 (m, 8H), 1,49 (m, 8H), 

3.07 (m, 8H), 8.26 (m, 1H), 8.29 (d, 1H, 7.8 Hz), 8.50 (m, 1H), 8.63 (d, 1H, 5.4 Hz). 13C NMR 

(75 MHz, D2O): δ= 12.84, 19.14, 23.14, 58.09, 126.28,128.34,141.53, 146.23, 146.79, 164.27. 

CHN: elemental analysis for C23H40O4N2.H2O: calculated (%): C: 64.76, H: 9.92, N: 6.57 found 

(%): C: 64.85, H: 9.79, N: 6.53. 
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Tetrabutylammonium nitrate (2h) 
 

N+
NO3

 
 

Tetrabutylammonium nitrate was prepared by the general procedure from tetrabutylammonium 

bromide (10 g, 31.02 mmol), sodium 4-tert-butylphenolate (5.34 g, 31.02 mmol) and nitric acid 

(65 % solution, 3 mL, 1.95 g, 31.02 mmol) to give a colorless solid. Yield: (8.5 g, 90 %). mp: 

114 ºC (lit: 116-118 ºC). 1H NMR (300 MHz, D2O): δ = 0. 83 (t, 12H), 1.23 (m, 8H), 1,53 (m, 

8H), 3.08 (m, 8H). 13C NMR (75 MHz, D2O): δ= 12.80, 19.12, 23.12, 58.07. CHN: elemental 

analysis for C16H36 N2O3.2H2O: calculated (%): C: 56.44, H: 11.84, N: 8.23. found (%): C: 

56.42, H: 11.44, 8.33. 

 
Tetrabutylammonium hydrogensulfate (2i) 

 

N+

S

O

O

OHO

 
 

Tetrabutylammonium hydrogensulfate was prepared by the general procedure from 

tetrabutylammonium bromide (10 g, 31.02 mmol), sodium 4-tert-butylphenolate (5.34 g, 31.02 

mmol) and sulfuric acid (95 % solution, 2.88 mL, 3.03 g, 31.02 mmol) to give a colorless solid. 

Yield: (9.37 g, 89 %). mp: 168 ºC (lit: 169-171ºC). 1H NMR (300 MHz, D2O): δ = 0. 82 (t, 12H), 

1.21 (m, 8H), 1.50 (m, 8H), 3.05 (m, 8H). 13C NMR (75 MHz, D2O): δ= 12.80, 19.11, 23.11, 

58.06 CHN: elemental analysis for C16H37O4N.H2O: calculated (%): C: 53.75, H: 10.99, N: 3.92.  

found (%): C: 53.67, H: 10.79, N: 4.03. 
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Ttrabutylammonium dihydrogenphosphate (2j) 

 

N+

P

O

O OH

OH  
 

Ttrabutylammonium dihydrogenphosphate was prepared by the general procedure from 

tetrabutylammonium bromide (10 g, 31.02 mmol), sodium 4-tert-butylphenolate (5.34 g, 31.02 

mmol) and phosphoric acid (85 % solution, 3.03 g, 3.57 mL) to give a colorless solid. Yield 

(9.05 g, 86 %). mp: 154 ºC (lit: 151-154 º C). 1H NMR (300 MHz, D2O): δ = 0. 81 (t, 12H), 1.23 

(m, 8H), 1,53 (m, 8H), 3.08 (m, 8H). 13C NMR (75 MHz, D2O): δ= 12.80, 19.12, 23.12, 58.06. 

CHN: elemental analysis for C16H38 NO4P.2H2O: calculated (%): C: 51.18, H: 11.27, N: 3.73. 

found (%): C: 51.31, H: 11.25, N:3.67. 

 
Tetrabutylammonium formate (2k) 

 

N+ H O

O

 
 

Tetrabutylammonium formate was prepared by the general procedure from tetrabutylammonium 

bromide (10 g, 31.02 mmol), sodium 4-tert-butylphenolate (5.34 g, 31.02 mmol) and formic acid 

(7.13 g, 155.10 mmol) to give a colorless solid. Yield: (7.40 g, 83 %). mp: 69 ºC. 1H NMR (300 

MHz, D2O): δ = 0. 68 (t, 12H), 1.07 (m, 8H), 1,36 (m, 8H), 2.91 (m, 8H), 8.07 (s, 1H). 13C NMR 

(75 MHz, D2O): δ= 12.81, 19.12, 23.11, 58.13, 169.07. CHN: elemental analysis for C17H37 

NO2P.2H2O: calculated (%): C: 63.11, H: 12.77, N: 4.33, found (%): C: 63.05, H: 13.06, N: 4.24. 

 
Tetrabutylammonium trifluoroacetate (2l) 
 

N+ F3C O

O
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Tetrabutylammonium trifluoroacetate was prepared by the general procedure from 

tetrabutylammonium bromide (10 g, 31.02 mmol), sodium 4-tert-butylphenolate (5.34 g, 31.02 

mmol) and trifluoroacetic acid (3.53 g, 31.02 mmol) to give a colorless solid Yield: (9.37 g, 85 

%). mp: 74 ºC. 1H NMR (300 MHz, D2O): δ = 0. 89 (t, 12H), 1.29 (m, 8H), 1,62 (m, 8H), 3.14 

(m, 8H). 13C NMR (75 MHz, D2O): δ= 12.80, 19.12, 23.12, 58.06, 117.81 (q), 178.20 (q). CHN: 

elemental analysis for C18H36 F3 NO3.2H2O: calculated (%): C: 53.05, H: 9.89, N: 3.44, found 

(%): C: 53.34, H: 9.28, N: 3.61. 

 
3.4.3 Synthesis of 1-butyl-3-methylimidazolium ionic liquids 

1-Butyl-3-methylimidazolium acetate (3a) 

N+ N
O

O

 
 

General procedure 

 

To a solution of 1-butyl-3-methylimidazolium chloride (10g, 57.25 mmol) in dry 2-butanone 

(500 mL) was added sodium 4-tert-butylphenolate (9.85 g, 57.25 mmol). The reaction mixture 

was stirred vigorously for 12 h and afterwards filtered through Celite. An aqueous solution (500 

mL) of acetic acid (5.15 g, 85.87 mmol) was added to the reaction mixture and stirred for half an 

hours. The organic phase was separated and washed with 50 mL of H2O. The water was removed 

under vacuum to yield the product as a colorless liquid. Yield: 9.08 g (80 %). 1H NMR (300 

MHz, D2O): δ = 0.80 (t, 3H; 7.37 Hz), 1.21 (m, 2H), 1.75 (m, 2H), 1.93 (s, 3H), 3.79 (s, 3H), 

4.09 (m, 2H), 7.32 (m, 2H), 8.61 (s, 1H). 13C NMR (75 MHz, D2O): δ = 12.59, 18.70, 23.09, 

31.21, 35.56, 49.21, 122.17, 123.43, 135.79, 180.75. CHN: elemental analysis for C10H18 

N2O2.2H2O: calculated (%): C: 51.26, H: 9.46, N: 11.96, found (%): C: 51.20, H: 9.51, N: 12.03. 

 
1-Butyl-3-methylimidazolium methanesulfonate (3b) 

 

N+ N S

O

O

O
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1-Butyl-3-methylimidazolium methanesulfonate was prepared by the general procedure from 1-

butyl-3-methylimidazolium chloride (10 g, 57.25 mmol) sodium 4-tert-butylphenolate (9.85 g, 

57.25 mmol) and methanesulfonic acid (4.95g, 51.25 mmol) to give a colorless solid. Yield: 

(11.40 g, 85 %). mp: 76 ºC (lit: 74 º). 1H NMR (300 MHz, D2O): δ = 0.81 (t, 3H; 7.35 Hz), 1.17 

(m, 2H), 1.71 (m, 2H), 2.70 (s, 3H), 3.78 (s, 3H), 4.06 (m, 2H), 7.31 (m, 2H), 8.59 (s, 1H).  13C 

NMR (75 MHz, D2O): δ = 12.62, 18.70, 31.22, 35.59, 38.48, 49.22, 122.18, 123.44, 135.79. 

CHN: elemental analysis for C9H18 N2O3S.H2O: calculated (%): C: 42.84, H: 7.99, N: 11.10 

found (%): C: 42.81, H: 9.77, N: 11.22. 

1-Butyl-3-methylimidazolium 4-methylbenzenesulfonate (3c) 

N+ N
S

O

O

-O

 
 

1-Butyl-3-methylimidazolium 4-methylbenzenesulfonate was prepared by the general procedure 

from 1-butyl-3-methylimidazolium chloride (10 g, 57.25 mmol) sodium 4-tert-butylphenolate 

(9.85 g, 57.25 mmol) and 4-methylbenzenesulfonic acid (8.87 g, 51.52 mmol) to give a colorless 

solid. Yield: (14.57 g, 82 %). mp: 67 ºC (lit: 67 ºC). 1H NMR (300 MHz, D2O): δ = 0.87 (t, 3H; 

7.36 Hz), 1.21 (m, 2H), 1.69 (m, 2H,), 2.35 (s, 3H), 3.82 (s, 3H), 7.34 (m, 4H), 7.63 (d, 2H), 8.7 

(s, 1H). 13C NMR (75 MHz, D2O): δ = 12.54, 18.67, 20.43, 31.18, 35.52, 49.20, 122.13, 123.38, 

125.30, 129.39, 135.74, 139.40, 142.41. CHN: elemental analysis for C15H22 N2O3.S.H2O: 

calculated (%): C: 54.86, H: 7.37,N 8.53, found (%): C: 54.95, H: 7.21, N: 8.63. 

 
1-butyl-3-methylimidazolium isonicotinate (3d) 

N+ N N

O

O  
 

1-Butyl-3-methylimidazolium isonicotinate was prepared by the general procedure from 1-butyl-

3-methylimidazolium chloride (10 g, 57.25 mmol) sodium 4-tert-butyl phenolate (9.85 g, 57.25 

mmol) and isonicotinic acid (7.04 g, 57.25 mmol) to give a colorless solid. Yield: (12.41 g, 83 

%). mp: 269 ºC. 1H NMR (300 MHz, D2O): δ = 0.80 (t, 3H; 7.35 Hz), 1.16 (m, 2H), 1.72 (m, 
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2H), 3.77(s, 3H), 4.06 (t, 2H, 7.13 Hz), 7.30 (m, 2H), 7.79 (d, 2H, 6.35 Hz), 8.58 (m, 3H). 13C 

NMR (75 MHz, D2O): δ= 12.52, 18.65, 31.16, 35.50, 49.17, 122.11, 123.37,123.89, 135.70, 

146.86, 147.77, 171.89. CHN: elemental analysis for C14H19 N3O2P.H2O: calculated (%): C: 

60.20, H: 7.58, N: 15.04, found (%): C: 60.23, H: 7.61, N: 15.10. 

 
1-Butyl-3-methylimidazolium nicotinate (3e) 

 

N
+

N

NO

O

 

1-Butyl-3-methylimidazolium nicotinate was prepared by the general procedure from 1-butyl-3-

methylimidazolium chloride (10 g, 57.25 mmol) sodium 4-tert-butyl phenolate (9.85 g, 57.25 

mmol) and nicotinic acid (7.04 g, 57.25 mmol) to give a colorless solid. Yield: (12.86 g, 86 %). 

mp: 195 ºC. 1H NMR (300 MHz, D2O): δ = 0.87 (t, 3H; 7.32 Hz), 1.28 (m, 2H), 1.81 (m, 2H), 

4.06 (s, 3H), 4.25 (t, 2H, 7.15 Hz), 7.20 (m, 3H), 8.32 (m, 2H), 8.62 (m, 1H), 9.19 (s, 1H), 10.70 

(s, 1H). 13C NMR (75 MHz, D2O): δ =12.54, 18.67, 31.19, 35.53, 49.21, 122.14, 123.40,126.20, 

134.89, 135.77, 143.86, 144.58, 169.36. CHN: elemental analysis for C14H19N3O2.H2O: 

calculated (%): C: 60.20, H: 7.58, N: 15.04, found (%): C: 60.13, H: 7.39, N: 15.01. 

 
1-Butyl-3-methylimidazolium picolinate (3f) 
 

N+ N

NO

O

 
 

1-Butyl-3-methylimidazolium picolinate was prepared by the general procedure from 1-butyl-3-

methylimidazolium chloride (10 g, 57.25 mmol) sodium 4-tert-butyl phenolate (9.85 g, 57.25 

mmol) and picolinic acid (5.63 g, 45.73 mmol) to give a colorless liquid. Yield: (11.96 g, 80 %). 
1H NMR (300 MHz, D2O): δ = 0.87 (t, 3H; 7.32 Hz), 1.17 (m, 2H), 1.71 (m, 2H), 3.78 (s, 3H), 

4.06 (t, 2H, 7.15 Hz), 7.32 (m, 2H), 7.91 (t, 1H, 6.62 Hz), 8.19 (d, 1H, 7.78 Hz), 8.42 (m, 1H), 

8.63 (m, 2H). 13C NMR (75 MHz, D2O): δ =12.56, 18.68, 31.20, 35.55, 49.22, 122.15, 

123.41,125.88, 127.93, 135.79, 142.46, 145.52, 147.18, 165.56. CHN: elemental analysis for 
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C14H19 N3O2.2H2O: calculated (%): C: 56.55, H: 7.80, N: 14.13, found (%): C: 56.52, H: 7.73, N: 

14.19. 

 
1-Butyl-3-methylimidazolium nitrate (3g) 

 

N+ N NO3  
 

1-Butyl-3-methylimidazolium nitrate was prepared by the general procedure from 1-butyl-3-

methylimidazolium chloride (10 g, 57.25 mmol) sodium 4-tert-butyl phenolate  (9.85 g, 57.25 

mmol) and nitric acid (65 % solution, 5.55 mL, 3.60 g, 57.25 mmol) to give a pale yellow liquid. 

Yield: (9.56 g, 83 %). 1H NMR (300 MHz, D2O): δ = 0.79 (t, 3H; 7.39 Hz), 1.23 (m, 2H), 1.72 

(m, 2H), 3.78 (s, 3H), 4.09 (t, 2H, 7.13 Hz), 7.36 (m, 2H), 8.75 (s, 1H). 13C NMR (75 MHz, 

D2O): δ = 12.54, 18.68, 31.20, 35.52, 49.21, 122.12, 123.38, 135.77. CHN: elemental analysis 

for C8H15N3O3.H2O: calculated (%): C: 43.83, H: 7.82, N: 19.17, found (%): C: 43.50, H: 7.80, 

N: 19.31. 

 
1-Butyl-3-methylimidazolium hydrogensulfate (3h) 
 

N+ N OHS

O

O
-O

 

1-Butyl-3-methylimidazolium hydrogensulfate was prepared by the general from 1-butyl-3-

methylimidazolium chloride (10 g, 57.25 mmol) sodium 4-tert-butyl phenolate (9.85 g, 57.25 

mmol) and sulfuric acid (95 % solution, 5.90 mL, 5.60 g, 57.25 mmol) to give a colorless solid. 

Yield:  (10.82 g, 80 %). mp: 30 ºC (lit: 29-32 ºC). 1H NMR (300 MHz, D2O): δ = 0.78 (t, 3H; 

7.39 Hz), 1.18 (m, 2H), 1.70 (m, 2H), 3.77 (s, 3H), 4.05 (t, 2H, 7.13 Hz), 7.30 (m, 2H), 8.59 (s, 

1H). 13C NMR (75 MHz, D2O): δ = 12.55, 18.66, 31.18, 35.54, 49.19, 122.13, 123.39, 135.76. 

CHN: elemental analysis for C8H16N2O4S.2H2O:Calculated (%): C: 35.28, H: 7.40, N: 10.29, 

found (%): C: 35.29, H: 7.51, N: 10.30. 
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1-Butyl-3-methylimidazolium dihydrogenphosphate (3i) 
 

N+ N H2PO4  
 

1-Butyl-3-methylimidazolium dihydrogenphosphate was prepared by the general procedure from 

1-butyl-3-methylimidazolium chloride (10 g, 57.25 mmol) sodium 4-tert-butylphenolate (9.85 g, 

57.25 mmol) and phosphoric acid (85 % solution, 6.59 mL, 5.60 g, 57.25 mmol) to give a 

colorless solid. Yield: (11.49 g, 85 %). mp: 165 ºC (lit: 167 ºC). 1H NMR (300 MHz, D2O): δ = 

0.80 (t, 3H; 7.39 Hz), 1.21 (m, 2H), 1.73 (m, 2H), 3.97 (s, 3H), 4.12 (t, 2H, 7.13 Hz), 7.33 (m, 

2H), 8.7 (s, 1H). 13C NMR (75 MHz, D2O): δ =12.53, 18.66, 31.19, 35.52, 49.20, 122.12, 123.38, 

135.76. CHN: elemental analysis for C8H17 N2O4P.2H2O: calculated (%): C: 35.29, H: 7.78, N: 

10.29, found (%): C: 35.33, H: 7.91, N: 10.40. 

 
1-Butyl-3-methylimidazolium formate (3j) 

 

N+ N
O H

O

 
 

1-Butyl-3-methylimidazolium formate was prepared by the general procedure from 1-butyl-3-

methylimidazolium chloride (10 g, 57.25 mmol) sodium 4-tert-butyl phenolate (9.85 g, 57.25 

mmol) and formic acid (13.17 g, 286.25 mmol) to give a colorless liquid. Yield: (11.49 g, 85 %). 
1H NMR (300 MHz, D2O): δ = 0.82 (t, 3H; 7.30 Hz), 1.28 (m, 2H), 1.74 (m, 2H), 3.78 (s, 3H), 

4.09 (t, 2H, 7.15 Hz), 7.32 (m, 3H), 8.31 (m, 2H), 8.60 (m, 1H). 13C NMR (75 MHz, D2O): δ = 

12.58, 18.70, 31.22, 35.58, 49.23, 122.17, 123.42,123.89, 135.79, 167.33. CHN: elemental 

analysis for C9H16N2O2.2H2O: calculated (%): C: 49.08, H: 9.15, N: 12.72 found (%): C: 48.95, 

H: 9.20, N: 12.89. 

 

 

 

 

 

 

 



 

 120  

 
1-Butyl-3-methylimidazolium trifluoroacetate (3k) 
 

N+ N
O CF3

O

 
 

1-Butyl-3-methylimidazolium trifluoroacetate was prepared by the general procedure from 1-

butyl-3-methylimidazolium chloride (10 g, 57.25 mmol) sodium 4-tert-butylphenolate (9.85 g, 

57.25 mmol) and trifluoroacetic acid (6.52 g, 57.25 mmol) to give a colorless liquid. Yield: 

(11.23 g, 86 %). 1H NMR (300 MHz, D2O): δ = 0.75 (t, 3H; 7.35 Hz), 1.16 (m, 2H), 1.68 (m, 

2H), 3.75 (s, 3H), 4.03 (t, 2H, 7.17 Hz), 7.28 (m, 3H), 8.57 (m, 2H). 13C NMR (75 MHz, D2O): δ 

= 12.55, 18.68, 31.19, 35.56, 49.22,118.08(q) 122.15, 123.40,123.89, 135.75, 162. CHN: 

elemental analysis for C10H15F3N2O2.H2O: calculated (%): C: 44.44, H: 6.34, N: 10.37, found 

(%): C: 44.62, H: 6.29, N: 10.24. 

 
1-Butyl-3-methylimidazolium trifluoromethanesulfonate (3l) 
 

N+ N CF3S

O

O

O

 
 

1-Butyl-3-methylimidazolium trifluoromethanesulfonate was prepared by the general procedure 

from 1-butyl-3-methylimidazolium chloride (10 g, 57.25 mmol) sodium 4-tert-butylphenolate 

(9.85 g, 57.25 mmol) and trifluoromethanesulfonic acid (8.59 g, 57.25 mmol) to give a colorless 

liquid. Yield: (13.20 g, 80 %). 1H NMR (300 MHz, D2O): δ = 0.78 (t, 3H; 7.35 Hz), 1.19 (m, 

2H), 1.71 (m, 2H), 3.77 (s, 3H), 4.05 (t, 2H, 7.17 Hz), 7.35 (m, 3H), 8.57 (m, 2H). 13C NMR (75 

MHz, D2O): δ =12.56, 18.70, 31.21, 35.54, 49.24, 117.53(q) 122.17, 123.43, 135.74. CHN: 

elemental analysis for C9H15F3N2O3S.2H2O: calculated (%): C: 33.33, H: 5.90, N: 8.64, found 

(%): C: 33.32, H: 5.79, N: 8.71. 
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3.4.4 Synthesis of 1-butyl-1-methylpyrrolidinium ionic liquids 

1-Butyl-1-methylpyrrolidinium 4-tert-butylphenolate 
 

N+

O

 
 

To a solution of 1-butyl-1-methylpyrrolidinium bromide (10 g, 45.01 mmol) in dry DCM (500 

mL), sodium 4-tert-butylphenolate (7.75 g, 45.01 mmol) was added and stirred for 12 hours. The 

reaction mixture was filtered through Celite to remove the precipitated sodium bromide. The 

solvent was removed under vacuum. 1-butyl-1-methylpyrrolidinium 4-tert-butylphenolate was 

obtained as a white solid. Yield (12.85 g, 98 %). 1H NMR (300 MHz, CDCl3): δ= 0.82 (t, 3H, 

7.32 Hz), 1.25 (m, 11H), 1.62 (m, 2H), 2.54 (m, 4H), 2.92 (s, 3H), 3.55 (m, 2H), 3.68 (m, 4H), 

6.87 (d, 2H), 7.13 (d, 2H). 13C NMR (75 MHz, CDCl3): δ= 13.64, 19.63, 21.52, 25.80, 29.15, 

31.71, 33.84, 49.51, 64.39, 115.51, 126.04, 140.85, 156.20. CHN: elemental analysis for 

C19H33NO: Calculated (%) C: 78.29, H: 11.41, N: 4.81, found (%) C: 78.18, H: 11.53, N: 4.80 

 
1-Butyl-1-methylpyrrolidinium acetate (4a) 
 

N+

O

O

 
 

General procedure 

 
To a solution of 1-butyl-1-methylpyrrolidinium 4-tert-butylphenolate (10 g, 34.30 mmol) in 

toluene (250 mL), an aqueous solution (500 mL) of acetic acid (3.08 g, 51.45 mmol) was added 

and stirred for 30 minutes. The organic layer was separated and washed with water (50 mL). The 

combined aqueous layer was concentrated under vacuum to give 1-butyl-1-methylpyrrolidinium 
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acetate as a colorless solid. Yield (5.66 g, 82 %). mp: 78 ºC (lit: 81 ºC). 1H NMR (300 MHz, 

D2O): δ = 0.88 (t, 3H, 7.32 Hz), 1.25 (m, 2H), 1.62 (m, 2H), 1.98 (s, 3H), 2.10 (m, 4H), 2.70 (s, 

3H), 2.94 (s, 3H), 3.19 (m, 2H), 3.40 (m, 4H). 13C NMR (75 MHz, D2O): δ= 12.86, 19.27, 20.75, 

21.33, 25.12, 48.05, 64.11,64.30, 177.08. CHN: elemental analysis for C11H23 NO2.2H2O: 

calculated (%): C: 55.67, H: 11.47, N: 5.90 found (%): C: 45.59, H: 11.37, N: 5.83. 

 
1-Butyl-1-methylpyrrolidinium methanesulfonate (4b) 
 

N+ S

O

O

O

 
 
1-Butyl-1-methylpyrrolidinium methanesulfonate was prepared by the general procedure from 1-

butyl-1-methylpyrrolidinium 4-tert-butylphenolate (10 g, 34.30 mmol) and methanesulfonic acid 

(2.96 g, 30.87 mmol) to give a colorless solid. Yield (6.51 g, 80 %). mp: 65 °C (lit: 63 °C). 1H 

NMR (300 MHz, D2O): δ = 0.82 (t, 7.32 Hz), 1.28 (m, 2H), 1.65 (m, 2H), 2.10 (m, 4H), 2.70 (s, 

3H), 2.93 (s, 3H), 3.19 (m, 2H), 3.39 (m, 4H). 13C NMR (75 MHz, D2O): δ= 12.75, 14.80, 19.19, 

21.24, 25.04, 38.40,49.90, 64.09. CHN: elemental analysis for C10H23 NO3S.H2O: calculated 

(%): C: 47.03, H: 9.87, N: 5.48 found (%): C: 47.10, H: 8.28, N: 5.30. 

 
1-Butyl-1-methylpyrrolidinium 4-methylbenzenesulfonate (4c) 
 

N+ S

O

O

-O

 
 

1-Butyl-1-methylpyrrolidinium 4-methylbenzenesulfonate was prepared by the general 

procedure from 1-butyl-1-methylpyrrolidinium 4-tert-butylphenolate (10 g, 34.30 mmol) and 4-

methylbenzenesulfonic acid (5.31 g, 30.87 mmol) to give a colorless solid. Yield (8.81 g, 82 %). 

mp: 114 ºC (lit: 115 ºC). 1H NMR (300 MHz, D2O): δ = 0.83 (t, 2H, 7.34 Hz), 12.27 (m, 2H), 
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1.67 (m, 2H), 2.13(m, 4H), 2.30(s, 3H), 2.92(s, 3H), 3.19 (m, 2H), 3.38 (m, 4H), 7.29 (d, 2H, 

8.16Hz), 7.61 (d, 2H, 8.16Hz). 13C NMR (75 MHz, D2O): δ= 15.26, 21.71, 22.96, 23.75, 27.52, 

50.52, 66.61, 127.85, 131.94, 141.95, 144.96. CHN: elemental analysis for C16H27 NO3S.2H2O: 

calculated (%): C: 54.99 H: 8.94, N: 4.01 found (%): C: 55.02, H: 8.60, N: 4.01. 

 
1-Butyl-1-methylpyrrolidinium isonicotinate (4d) 
 

N+ N

O

O

 
 

1-Butyl-1-methylpyrrolidinium isonicotinate was prepared by the general procedure from 1-

butyl-1-methylpyrrolidinium 4-tert-butylphenolate (10 g, 34.30 mmol) and isonicotinic acid 

(4.22 g, 34.30 mmol) to give a colorless solid. Yield: (8.07 g, 89 %). mp: 227 ºC. 1H NMR (300 

MHz, D2O): δ = 0.83 (t, 3H, 7.40 Hz), 1.27 (m, 2H), 1.68 (m, 2H), 2.11 (m, 4H), 2.93 (s, 3H), 

3.20 (m, 2H), 3.39 (m, 4H), 8.16 (m, 2H), 8.73 (d, 2H, 6.33 Hz), 8.73 (d, 2H, 6.33 Hz). 13C NMR 

(75 MHz, D2O): δ= 12.72, 19.17, 21.22, 25.02, 47.95, 64.05, 64.20, 125.82, 142.18, 163.34, 

169.70. CHN: elemental analysis for C15H24 N2O2.3H2O: calculated (%): C: 56.58, H: 9.50, N: 

8.80. found (%): C: 56.26, H: 9.11, N: 9.01. 

 
1-Butyl-1-methylpyrrolidinium nicotinate (4e) 
 

N+

NO

O

 
 

1-Butyl-1-methylpyrrolidinium nicotinate was prepared by the general procedure from 1-butyl-1-

methylpyrrolidinium 4-tert-butylphenolate (10 g, 34.30 mmol) and nicotinic acid (4.22 g, 37.30 

mmol) to give a colorless solid. Yield: (7.70 g, 85 %). mp: 174 ºC. 1H NMR (300 MHz, D2O): δ 

= 0.82 (t, 3H, 7.45 Hz), 1.25 (m, 2H), 1.65 (m, 2H), 2.10 (m, 4H), 2.93 (s, 3H), 3.19 (m, 2H), 
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3.39 (m, 4H), 7.48 (m, 1H), 8.68 (d, 2H, 6.35), 8.99 (s, 1H). 13C NMR (75 MHz, D2O): δ= 12.73, 

19.18, 21.22, 25.02, 47.95, 64.05, 64.19, 126.43, 135.13,143.33, 143.98, 144.62, 168.99. CHN: 

elemental analysis for C15H24 N2O2.H2O: calculated (%): C: 63.80, H: 9.28, N: 9.92 found (%): 

C: 63.78, H: 9.385, N: 9.83. 

 
1-Butyl-1-methylpyrrolidinium picolinate (4f) 
 

N+

N

O

O

 
 

1-Butyl-1-methylpyrrolidinium picolinate was prepared by the general procedure from 1-butyl-1-

methylpyrrolidinium 4-tert-butylphenolate (10 g, 34.30 mmol) and picolinic acid (3.37 g, 27.44 

mmol) to give a colorless solid. Yield (7.52 g, 83 %). mp: 78 ºC. 1H NMR (300 MHz, D2O): δ = 

1.28 (t, 3H, 7.35 Hz), 1.29 (m, 2H), 1.30 (m, 2H), 2.11 (m, 4H), 2.94 (s, 3H), 3.23 (m, 2H), 3.40 

(m, 4H), 8.04 (m, 1H), 8.33 (t, 1H), 8.67 (m, 2H). 13C NMR (75 MHz, D2O): δ= 12.77, 19.21, 

21.26, 25.05, 47.97, 64.06, 64.23, 126.47, 128.54, 140.98, 146.88, 147.48, 163.58. CHN: 

elemental analysis for C15H24N2O2.H2O: calculated (%): C: 63.80, H: 9.28, 9.92, found (%): C: 

63.69, H: 9.39, N: 9.87. 

 

1-Butyl-1-methylpyrrolidinium nitrate (4g)  

N+ NO3

 

1-Butyl-1-methylpyrrolidinium nitrate was prepared by the general procedure from 1-butyl-1-

methylpyrrolidinium 4-tert-butylphenolate (10 g, 34.30 mmol) and nitric acid (65 % solution, 

3.32 mL, 2.15 g, 34.30 mmol) to give a colorless liquid. Yield: (5.67 g, 81 %). 1H NMR (300 

MHz, D2O): δ = 0.82 (t, 3H, 7.45 Hz), 1.25 (m, 2H), 1.65 (m, 2H), 2.10 (m, 4H), 2.93 (s, 3H), 
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3.19 (m, 2H), 3.39 (m, 4H). 13C NMR (75 MHz, D2O): δ= 12.73, 19.18, 21.22, 25.02, 47.95, 

64.05, 64.19,CHN: elemental analysis for C9H20 N2O3 .2H2O: calculated (%): C: 44.98, H: 10.07, 

N: 11.66, found (%): C: 44.87, H: 10.21, N: 11.59. 

 
1-Butyl-1-methylpyrrolidinium hydrogensulfate (4h) 

N+ OHS

O

O
-O

 

1-Butyl-1-methylpyrrolidinium hydrogensulfate was prepared by the general procedure from 1-

butyl-1-methylpyrrolidinium 4-tert-butylphenolate (10 g, 34.30 mmol) and sulphuric acid (95 % 

solution, 3.53 mL, 3.36 g, 34.30 mmol) to give a colorless liquid. Yield (6.97 g, 85 %). 1H NMR 

(300 MHz, D2O): δ = 0.85 (t, 3H, 7.38 Hz), 1.28 (m, 2H), 1.67 (m, 2H), 2.10 (m, 4H), 2.93 (s, 

3H), 3.20 (m, 2H), 3.39 (m, 4H). 13C NMR (75 MHz, D2O): δ= 12.72, 19.17, 21.22, 25.02, 

47.95, 64.05, 64.20. CHN: elemental analysis for C9H21O4NS.3H2O: calculated (%): C: 36.85, H: 

9.28, N: 4.77, found (%): C: 36.20, H: 8.27, N: 4.34. 

 
1-Butyl-1-methylpyrrolidinium dihydrogenphosphate (4i) 
 

N+ P O

OH

OH

O

 
 

1-Butyl-1-methylpyrrolidinium dihydrogenphosphate was prepared by the general procedure 

from 1-butyl-1-methylpyrrolidinium 4-tert-butylphenolate (10 g, 34.30 mmol) and phosphoric 

acid (85 % solution, 3.95 mL, 3.36 g, 34.30 mmol) to give a colorless liquid. Yield (6.81 g, 83 

%). 1H NMR (300 MHz, D2O): δ = 0.81 (t, 3H, 7.31 Hz), 1.24 (m, 2H), 1.64 (m, 2H), 2.09 (m, 

4H), 2.92 (s, 3H), 3.19 (m, 2H), 3.40 (m, 4H). 13C NMR (75 MHz, D2O): δ= 12.77, 19.22, 21.27, 
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25.06, 47.96, 64.11, 64.24.CHN: elemental analysis for C9H22O4NP.H2O: calculated (%): C: 

42.02, H: 9.40, N: 5.44 found (%): C: 42.12, H: 9.50, N: 5.40. 

 
1-Butyl-1-methylpyrrolidinium formate (4j) 

 

N+

O H

O

 
 

1-Butyl-1-methylpyrrolidinium formate was prepared by the general procedure from 1-butyl-1-

methylpyrrolidinium 4-tert-butylphenolate (10 g, 34.30 mmol) and formic acid (7.89 g, 171.5 

mmol) to give a colorless liquid. Yield (5.2 g, 81 %). 1H NMR (300 MHz, D2O): δ =0.81 (t, 3H, 

7.31 Hz), 1.24 (m, 2H), 1.64 (m, 2H), 2.09 (m, 4H), 2.92 (s, 3H), 3.19 (m, 2H), 3.40 (m, 4H), 

8.21 (s, 1H). 13C NMR (75 MHz, D2O): δ= 12.77, 19.22, 21.27, 25.06, 47.96, 64.11, 64.24, 

167.29. CHN: elemental analysis for C10H21NO2.2H2O: calculated (%): C: 53.78, H:11.28, 

N:6.27,  found (%): C: 53.91, H: 11;43, N:6.36. 

 
1-Butyl-1-methylpyrrolidinium trifluoroacetate (4k) 

 

N+

O CF3

O

 
 

1-Butyl-1-methylpyrrolidinium trifluoroacetate was prepared by the general procedure from 1-

butyl-1-methylpyrrolidinium 4-tert-butylphenolate (10 g, 34.30 mmol) and trifluoroacetic acid 

(3.91 g, 34.3 mmol) to give a colorless liquid. Yield (7 g, 80 %). 1H NMR (300 MHz, D2O): δ = 

0.81 (t, 3H, 7.31 Hz), 1.24 (m, 2H), 1.64 (m, 2H), 2.09 (m, 4H), 2.92 (s, 3H), 3.19 (m, 2H), 3.40 

(m, 4H). 13C NMR (75 MHz, D2O ): δ= 12.77, 19.18, 21.24, 21.95, 25.04, 47.98, 64.11, 64.23, 

117.98(q), 162.55(q). CHN: elemental analysis for C11H20 F3NO2.H2O: calculated (%): C: 45.35, 

H: 8.30, N: 4.81. found (%): C: 45.45, H: 8.04, N: 5.49. 
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1-Butyl-1-methylpyrrolidinium trifluoromethanesulfonate (4l) 

 

N+ F3C S

O

O

O

 
 

1-Butyl-1-methylpyrrolidinium trifluoromethanesulfonate was prepared by the general procedure 

from 1-butyl-1-methylpyrrolidinium 4-tert-butylphenolate (10 g, 34.30 mmol) and 

trifluoromethanesulphonic acid (5.14 g, 34.3 mmol) to give a colorless liquid. Yield: (8.19 g, 82 

%). 1H NMR (300 MHz, D2O): δ = 0.81 (t, 3H, 7.31 Hz), 1.24 (m, 2H), 1.64 (m, 2H), 2.09 (m, 

4H), 2.92 (s, 3H), 3.19 (m, 2H), 3.40 (m, 4H), 8.21 (s, 1H). 13C NMR (75 MHz, D2O): δ= 12.66, 

19.11, 21.16,21.87, 24.97, 47.88, 64.11, 64.04, 117.47(q). CHN: elemental analysis for 

C10H20F3NO3S.2H2O: calculated (%): C: 36.69, 7.39,N: 4.28 found (%): C: 37.01, H: 7.61, 

N:4.50. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 128  

 
Reference List 

 
 1.  Seddon, K. R.; Stark, A.; Torres, M. J. Pure Appl. Chem. 2000, 72 , 2275-2287. 

 2.  Suarez, P. A. Z.; Einloft, S.; Dullius, J. E. L.; De Souza, R. F.; Dupont, J. J. Chim. Phys. 

Phys. -Chim. Biol. 1998, 95, 1626-1639. 
 3.  McCamley, K.; Warner, N. A.; Lamoureux, M. M.; Scammells, P. J.; Singer, R. D. Green 

Chem. 2004, 6, 341-344. 
 4.  Seddon, K. R.; Stark, A.; Torres, M. J. Pure Appl. Chem. 2000, 72, 2275-2287. 

 5.  Huddleston, J. G.; Visser, A. E.; Reichert, W. M.; Willauer, H. D.; Broker, G. A.; Rogers, 
R. D. Green Chem. 2001, 3, 156-164. 

 6.  Muldoon, M. J.; Gordon, C. M.; Dunkin, I. R.. J. Chem. Soc. , Perkin Trans. 2 2001, 4, 
433-435. 

 7.  Chauvin, Y.; Mussmann, L.; Olivier, H.  Angew. Chem. , Int. Ed. Engl. 1996, 34 , 2698-
2700. 

 8.  Klingshirn, M. A.; Broker, G. A.; Holbrey, J. D.; Shaughnessy, K. H.; Rogers, R. D. Chem. 

Commun. 2002, 13, 1394-1395. 
 9.  Park, S.; Kazlauskas, R. J. J. Org. Chem. 2001, 66, 8395-8401. 

 10.  Gallo, V.; Mastrorilli, P.; Nobile, C. F.; Romanazzi, G.; Suranna, G. P. J. Chem. Soc. , 

Dalton Trans. 2002, 23, 4339-4342. 
 11.  Anderson, K.; Goodrich, P.; Hardacre, C.; Rooney, D. W. Green Chem. 2003, 5 , 448-453. 

 12.  Jacquemin, J.; Ge, R.; Nancarrow, P.; Rooney, D. W.; Costa Gomes, M. F.; Padua, A. A. 
H.; Hardacre, C. J. Chem. Eng. Data 2008, 53 , 716-726. 

 13.  Jacquemin, J.; Nancarrow, P.; Rooney, D. W.; Costa Gomes, M. F.; Husson, P.; Majer, V.; 
Padua, A. A. H.; Hardacre, C. J. Chem. Eng. Data 2008, 53, 2133-2143. 

 14.  Xiao, L.; Johnson, K. E. J. Electrochem. Soc. 2003, 150 , E307-E311. 
 15.  Li, Z.; Du, Z.; Gu, Y.; Zhu, L.; Zhang, X.; Deng, Y. Electrochem. Commun. 2006, 8 , 

1270-1274. 
 16.  Earle, M. J.; Seddon, K. R. WO A1 2001077081, 20011018. 
 17.  Maase, M. WO A1 2005019183, 20050303. 
 18.  Wasserscheid, P.; Keim, W. Angew. Chem. , Int. Ed. 2000, 39 (21), 3772-3789. 
 19.  Nockemann, P.; Beurer, E.; Driesen, K.; Van Deun, R.; Van Hecke, K.; Van Meervelt, L.; 

Binnemans, K. Chem. Commun. 2005, 34, 4354-4356. 
 20.  Kagimoto, J.; Fukumoto, K.; Ohno, H. Chem. Commun. 2006, 21, 2254-2256. 
 21.  Fukumoto, K.; Yoshizawa, M.; Ohno, H. J. Am. Chem. Soc. 2005, 127 , 2398-2399. 

 22.  Nockemann, P.; Thijs, B.; Driesen, K.; Janssen, C. R.; Van Hecke, K.; Van Meervelt, L.; 
Kossmann, S.; Kirchner, B.; Binnemans, K. J. Phys. Chem. B 2007, 111, 5254-5263. 

 23.  Fraga-Dubreuil, J.; Bourahla, K.; Rahmouni, M.; Bazureau, J. P.; Hamelin, J. Catal. 

Commun. 2002, 3, 185-190. 
 24.  Whitehead, J. A.; Lawrance, G. A.; McCluskey, A. Aust. J. Chem. 2004, 57 , 151-155. 
 25.  Brannon, J. L. US 2309691, 19430202. 
 26.  Idel, K.; Freitag, D.; Ostlinning, E. DE A1 3216383, 19831103. 
 27.  Bradaric, C. J.; Downard, A.; Kennedy, C.; Robertson, A. J.; Zhou, Y. Green Chem. 2003, 

5 , 143-152. 



 

 129  

 
 28.  De Giorgi, M.; Landini, D.; Maia, A.; Penso, M. Synth. Commun. 1987, 17, 521-533. 
 29.  Blesic, M.; Swadzba-Kwasny, M.; Belhocine, T.; Gunaratne, H. Q. N.; Lopes, J. N. C.; 

Gomes, M. F. C.; Padua, A. A. H.; Seddon, K. R.; Rebelo, L. P.  Phys. Chem. Chem. Phys. 
2009, 11 , 8939-8948. 

 30.  Liu, Y.; Liu, L.; Lu, Y.; Cai, Y. Q. Monatsh. Chem. 2008, 139 , 633-638. 
 31.  Wasserscheid, P.; Sesing, M.; Korth, W. Green Chem. 2002, 4, 134-138. 

 32.  Yoshizawa-Fujita, M.; Fujita, K.; Forsyth, M.; MacFarlane, D. R. Electrochem. Commun. 
2007, 9, 1202-1205. 

 33.  Yoshizawa-Fujita, M.; Johansson, K.; Newman, P.; MacFarlane, D. R.; Forsyth, M. 
Tetrahedron Lett. 2006, 47 , 2755-2758. 

 34.  Golding, J.; Forsyth, S.; MacFarlane, D. R.; Forsyth, M.; Deacon, G. B. Green Chem. 
2002, 4, 223-229. 

 35.  McHale, G.; Hardacre, C.; Ge, R.; Doy, N.; Allen, R. W. K.; MacInnes, J. M.; Bown, M. 
R.; Newton, M. I. Anal. Chem. 2008, 80 , 5806-5811. 

 36.  Mokhtarani, B.; Sharifi, A.; Mortaheb, H. R.; Mirzaei, M.; Mafi, M.; Sadeghian, F. J. 
Chem. Thermodyn. 2009, 41, 1432-1438. 

 37.  Chen, Y.; Zhang, Y.; Ke, F.; Zhou, J.; Wang, H.; Liang, D. Polymer 2011, 52, 481-488. 
 38.  Carda-Broch, S.; Berthod, A.; Armstrong, D. W. Anal. Bioanal. Chem. 2003, 375, 191-199. 
 39.  Galan Sanchez, L.; Ribe Espel, J.; Onink, F.; Meindersma, G. W.; de Haan, A. B. Density, 

J. Chem. Eng. Data 2009, 54, 2803-2812. 
 
40     http://www.sigmaaldrich.com/technical-service-home/product-catalog.html 
41 http://www.guidechem.com/products/116237-97-9.html 
42 http://ildb.merck.de/ionicliquids/en/startpage.htm. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 130  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 131  

 

Chapter 4. A new class of highly base stable ionic liquids- Halide free 

synthesis  

 
4.1 Introduction 
 
In order to fulfil the ever-growing academic and industrial interest in ionic liquid applications 

and technologies, a new synthetic route, which provides pure ionic liquids in a simple and 

efficient way, is necessary. To date, most ionic liquids are prepared from precursors with halide 

counter ions (chlorides or bromides), because the haloalkanes are convenient starting products 

for the quaternization reaction. The halide counter ions can easily be exchanged via a metathesis 

reaction by more other anions like Tf2N ¯ or PF6
-. This is an efficient method for the synthesis of 

hydrophobic ionic liquids, because the halide impurities from the prepared ionic liquids can 

easily be removed by washing with water. In contrast, the synthesis of hydrophilic ionic liquids 

via a metathesis reaction is considerably more difficult, because the removal of the halide 

impurities from the resulting hydrophilic ionic liquids is not an easy task.1-3 It is well known that 

halide impurities affect the physicochemical properties of ionic liquids.4 In general, halide 

contaminants increase the viscosity and decrease the density of ionic liquids. Halides can also 

narrow the electrochemical windows of ionic liquids, because halides are oxidized more easily 

than the perfluorinated anions present in the ionic liquids. The presence of even ppm quantities 

of halides can poison expensive catalysts, making them useless.5-7 

 
Intrinsically halide-free ionic liquids can be prepared by the use of alkylating reagents, e.g. 

diethyl sulfate or the methyl ester of triflic acid.8 A few reports describe the use of ion-exchange 

resins for the synthesis of hydrophilic ionic liquids.9 However, this method is hardly suitable for 

upscaling, due to the relatively low exchange capacity of the ion-exchange resin. Another 

method is the preparation of an ionic liquid with a methylcarbonate or a hydrogencarbonate 

counter ions by using dialkyl carbonate (especially dimethyl carbonate, OC(OMe)2 ) as an 

alkylating agent, followed by the addition of a Brønsted acid.10 The acid decomposes the 

methylcarbonate or the hydrogencarbonate anion and carbon dioxide is released. A disadvantage 

of the use of dialkyl carbonates as alkylating agent is their relatively low reactivity, so that 
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reaction temperatures of above 100 °C and high pressures are generally necessary. Instead of 

dimethyl carbonate, dimethyl sulfite (SO(OMe2) has been used as the methylating agent.11 The 

advantage is that much lower reaction temperatures can be used. The main disadvantage is the 

formation of toxic SO2 gas. Moreover, dimethyl sulfite is significantly more expensive than 

dimethyl carbonate. 

 
In our previous chapter (chapter 3), we have presented a new method for the synthesis of 

hydrophilic ionic liquids by the ion exchange reaction via a phenolate platform. Although a large 

variety of ionic liquids were prepared by this method, it failed to give totally halide free ionic 

liquids. 

 
Imidazolium-based ionic liquids have extensively been studied.12 However,  they are not inert 

under basic conditions.13,14 Because of the acidic nature of the C (2) proton of 1,3-

dialkylimidazolium cation, it can be exchanged under mild conditions.14 Deprotonation of this 

acidic proton will result in the formation of carbenes.15-17 Efforts have been made to avoid the 

unwanted deprotonation by incorporating methyl or isopropyl groups in the C(2) position of the 

1,3-dialkylimidazolium salts.18,19 However it has been reported that C(2) methyl groups of these 

cations will also undergo deprotonation under mild conditions.20 Quaternary ammonium salts in 

an alkaline environment are also sensitive to Hofmann degradation.21 Because of the instability 

of ionic liquids under alkaline conditions, different approaches have been made towards the 

synthesis of ionic liquids that can be used under basic conditions. Wilhem et al. synthesized a 

new class of ionic liquids having phenyl substituent at the C(2) carbon of the imidazolium ring.22 

They successfully employed these ionic liquids as a medium for the Baylis–Hillman reaction 

between methyl acrylate and a variety of aromatic aldehydes using DABCO or quinuclidinol as 

the base. They also showed that these ionic liquids could be used as a solvent for reactions 

involving Grignard reagents. Clyburne et al. reported that phosphonium-based ionic liquids such 

as tetradecyl(trihexyl)phosphonium chloride, bromide and bistriflimide salts are very stable 

under alkaline conditions.23 They proved the base stability of these compounds by drying 
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tetradecyl(trihexyl)phosphonium bistriflimide([P66614][Tf2N]) with potassium metal. They also 

showed that Grignard reagents were stable in these ionic liquids, even after one month. 

 
In the light of the above discussions, it is clear that there is a need for more efficient and 

convenient methods for the synthesis of hydrophilic ionic liquids. It is also clear that more efforts 

are needed to develop ionic liquids, which can be used under alkaline conditions. In this chapter 

we are describing a new class of highly base-stable ionic liquids based on the 2-ethyl-N-(2-

ethylhexyl)-N,N-dimethylhexan-1-ammonium cation, [BEDMA], prepared via a completely 

halide-free route. 

 

4.2 Results and discussion 
 
A new class of base-stable ionic liquids based on [BEDMA] have been synthesized according to 

Scheme 4.1. 
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Scheme 4.1. Three step procedure for the synthesis of ionic liquids derived from [BEDMA]. 
 
Initially, the inexpensive secondary amine bis(2-ethylhexyl)amine was quaternized by the 

reaction with  two equivalents of dimethyl sulfate. The reaction was carried out in acetonitrile in 

the presence of potassium carbonate. After 48 hr of heating under reflux, complete conversion of 
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the starting amine was achieved. Potassium salts were removed by filtration and solvent was 

removed under vacuum. [BEDMA] sulfate was obtained as a pale yellow liquid in very good 

yield (96%). The product was characterized by 1H NMR, 13C NMR spectroscopy and CHN 

elemental analysis. Also attempts to introduce alkyl groups other than methyl group such as 

ethyl, butyl were made. These attempts were not successful, because of the steric hindrance due 

to presence of ethyl group in the 2-position of the bis(2-ethylhexyl)amine.  The second step was 

the synthesis of the phenolate precursor, from which the desired anions were introduced by ion 

exchange reaction with Brønsted acids. This was achieved by the extraction of BEDMA from the 

aqueous phase to the organic phase by stirring with sodium 4-tert-butylphenolate. The phenolate 

precursor ionic liquid, [BEDMA] 4-tert-butylphenolate was obtained as a highly viscous liquid 

with 85 % yield. Sodium 4-tert-butylphenolate was prepared by the reaction of 4-tert-

butylphenol and sodium hydroxide in ethanol. Initially we used sodium phenolate instead of 

sodium 4-tert-butylphenolate for the extraction of the [BEDMA] cation from the aqueous phase 

to the organic phase. The intent was to remove the phenol formed after the ion exchange reaction 

with Brønsted acids in vacuum. Even though extraction of [BEDMA] was achieved, the 

complete removal of phenol from the ionic liquid formed after the ion exchange with Brønsted 

acids was not successful.  

 
The final step in our improved procedure was the introduction of different anions by ion 

exchange of the [BEDMA] [4-tert-butylphenolate] with different Brønsted acids to obtain the 

desired ionic liquids. Ion-exchange reaction was carried out by adding an aqueous solution of 

Brønsted acid to a solution of [BEDMA][4-tert-butylphenolate] in toluene. The reaction mixture 

was vigorously stirred for 30 minutes. The ionic liquid formed was transferred to the aqueous 

layer because of its overall hydrophilic nature. The side product of the ion exchange reaction was 

4-tert-butylphenol, which stays in the organic layer. The hydrophilic ionic liquid was isolated by 

separation of the aqueous layer from the organic phase and the evaporation of water under 

reduced pressure. This procedure was extended to different Brønsted acids. An overview of the 

hydrophilic ionic liquids prepared from [BEDMA] is shown in Figure 4.1.  
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Figure 4.1. Overview of ionic liquids prepared from [BEDMA]. 

 
One of the advantages of this method is that it is an efficient protocol for the synthesis of halide-

free hydrophilic ionic liquids without any purification step. The 1H NMR spectra showed the 

complete disappearance of the phenolate anion from the final ionic liquids. Because of the 

hydrophobic nature of the 4-tert-butylphenol, the side product of the ion-exchange reaction, it 

does not contaminate the hydrophilic ionic liquids formed.  Another advantage of this method is 

that it also possible to recover 4-tert-butylphenol after the ion exchange reaction and this can be 

reused for the preparation of the sodium-4-tert-butylphenolate for the next stage. The ion 

exchange reaction was performed in a non-polar organic solvent to avoid the reduction in the 

yield of the final ionic liquids. Ion exchange reactions in polar solvents lead to depressed yields. 

The latter were caused by the solubility of these ionic liquids in polar solvents, i.e. a major 
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portion of the ionic liquids formed during the ion exchange reaction would stay in the organic 

phase together with the 4-tert-butylphenol. 

 
A higher or lower relative integration of the protons of the anions was observed in the 1H NMR 

spectra when stoichiometric amounts of Brønsted acids were used for the ion-exchange reaction. 

To obtain a perfect 1:1 ratio between cation and anion, the amount of Brønsted acid used had to 

be tuned for every specific acid. Ion-exchange reactions were carried out in other non-polar 

solvents to study the efficiency of the process in other solvent systems. Different solvents such as 

cyclohexane, m-xylene, tert-butyl methyl ether, n-heptane were used for the ion-exchange 

reaction. As we can see in Table 4.1, there was not a considerable variation in the yields when 

different non-polar solvents were used. Hence, from these results one can conclude that non-

polar solvents, which are immiscible with water, can be used for the ion-exchange reaction. 

 

Table 4.1. Different solvents used and yields obtained for the ion exchange reaction. 
 

Compound Solvent Yield (%) 

1 toluene 
n-heptane, 

cyclohexane 

97 
93 
90 

5 toluene, 
m-xylene 

cyclohexane 

86 
84 
80 

7 toluenet-
butylmethyl ether 

cyclohexane 

84 
80 
80 

12 toluene 
cyclohexane 
diethyl ether 

85 
84 
81 

14 toluene 
m-xylene 

cyclohexane 

80 
82 
75 

 
 
The newly synthesized salts have been obtained either as room temperature ionic liquids (RTILs) 

or as low-melting solids. The exceptions are the ionic liquids with isonicotinate and nicotinate 
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anions. As indicated in Table 4.2, the halide salts (iodide, bromide and chloride) are solids at 

room temperature with a melting point between 73 °C and 90 °C. The ionic liquid with tosylate 

anions has a melting point of 78  °C. The melting point of [BEDMA][isonicotinate](compound 

10) is 266 °C and the ionic liquid with the isomer picolinate anion is liquid at room temperature. 

This large difference in the melting point may be due to the asymmetry in the anion. More 

studies are needed to explain this phenomenon completely. 

 
   Table 4.2. Melting points (Tm) of ionic liquids. 

 
Compound Tm (°C)a 

6 78 

7 84 

8 90 

9 73 

10 266 

11 224 

15 80 

a) The melting point is determined by DSC. 
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 Table  4.3. Physicochemical properties of room temperature ionic liquids. 

Compound Density 
(gcm-3) a 

Viscosity 
(cP) b 

Water 
Content (ppm) 

1 0.98 1445 605 

2 1.01 2500 720 

3 0.90 1500 810 

4 0.91 2600 670 

5 0.96 2850 762 

12 1.22 nd 780 

13 1.29 4500 780 

14 1.18 4700 638 

 
a) Density measured at 19°C, b) Viscosity measured at 25 °C, nd- not determined due to 
experimental difficulties 
 

The viscosities of the ionic liquids were measured at 25 °C. By drying of the ionic liquids in high 

vacuum (10-2 to 10-3 mbar) for 48 hours at 75 ° C, the water content was reduced to less than 

about 1000 ppm (determined by coulometric Karl Fischer titration). The ionic liquids, which are 

liquids at room temperature, have high viscosity ranging from 1450 cP to 4700 cP (Table 4.3). 

 
4.2.1 Base stability study 

 

Quaternary ammonium salt with β-hydrogen atoms can undergo Hofmann elimination in the 

presence of a base, to form a tertiary amine and an alkene. Because of the possibility of Hofmann 

elimination, quaternary ammonium salts are less base- stable than their phosphonium counter 

parts. The best way to enhance the base stability of quaternary ammonium salts is to minimize 

the possibility of Hofmann degradation by the removal of the β-hydrogen atoms. In [BEDMA], 

two ethyl groups are present in the β-positions, which will reduce the possibility of Hofmann 
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elimination due to steric hindrance. Hence the quaternary ammonium salt of this cation would be 

more stable in alkaline conditions. The base stability of this cation was studied using 1H NMR 

spectroscopy. In a typical procedure, the reaction flask was thermostated at the appropriate 

temperature and charged with 20 mL of 1,2-dichloroethane solution of [BEDMA][Cl] (3.26 

mmol) and 20 mL of 50% NaOH solution. Stirring and timings were started. Samples of (1-2 

mL) of organic phase were withdrawn at various times by stopping the stirrer for 40-60 s to 

allow adequate separation. The organic layer was evaporated and 1H NMR spectra of the sample 

were recorded (Figure 4.2). 

 

Figure 4.2. Base stability study of [BEDMA] a) 1H NMR spectra of starting material, b) 1H 
NMR spectra after stirring for 120 hr at 20 °C, c) 1H NMR spectra after stirring for 120 hr at 40 
°C, d) 1H NMR spectra after stirring for 120 hr at 60 °C 
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The possible Hofmann degradation products of [BEDMA] cation is 2-ethylHex-1-ene and 2-

ethyl-N,N-dimethylhexan-1-amine. Figure 4.4a is the 1H NMR spectrum of the starting material 

(chloride salt). Figure 4.4b corresponds to the 1H NMR spectra of the product after stirring with 

50% NaOH solution for 120 hours at 20 °C. It was clear that both figures are identical. This 

means that even after a long reaction time (120 hr), no evidence for the decomposition of the 

starting material was observed. Similar results were obtained when the reactions were conducted 

at higher temperatures, i.e. at 40 °C and 60 °C (Figure 4.4c and 4.4d). The 1H NMR spectra 

contain only the peaks from the starting material.  These results indicated that the [BEDMA] 

cation is very stable against strong bases at elevated temperature. The higher base stability may 

be due to the higher steric hindrance offered by the ethyl and butyl group in the β-position. 

 
Landini et al. carried out a systematic study on the stability of a series of quaternary ammonium 

salts in aqueous /organic systems in the presence of an aqueous alkaline solution as a function of 

alkyl chain length (Table 4.4).24 

 
  Table 4.4. Degradation studies of quaternary ammonium salts.24 
 

SI.No Salt Temp (°C) t ½ (hr) 

1 [N6666][Cl] 25 35 

2 [N6666][Cl] 60 0.4 

3 [N8888][Cl] 60 0.25 

4 [N4444][Cl] 25 18 

5 [N1888][Cl] 25 32 

 

Tetrahexylammonium chloride (Table 4, entry 1) decomposed by 50 % after 35 hr at 25 °C. 

When the temperature was raised to 60 °C, the half-life time dropped to 0.4 hr. From the above 

table it is clear that the quaternary ammonium salts are highly unstable at elevated temperature in 

the presence of a base. 
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When compared with these quaternary ammonium salts, the new class of ionic liquids based on 

[BEDMA] cation has showed no sign of degradation under alkaline conditions even at elevated 

temperature. 

 
4.2.2 Miscibility study 

 

Ionic liquids have a number of special characteristics, which make them interesting candidates 

for separation processes by liquid-liquid extraction. They are liquid at room temperature and 

have a large liquid range (>300 °C). This wide liquid range offers considerable kinetic control 

over the extraction processes. In addition to their large liquid range, they are good solvents for a 

wide range of inorganic, organic and polymeric materials. In order to exploit the potential of 

these highly base stable ionic liquids in the liquid–liquid extraction processes, the miscibility 

properties of these ionic liquids with different solvents were studied (Table 4.5). 

 
Table  4.5. Solubility properties of ionic liquids based on [BEDMA] cation. 
 

Solvent 
 

Compound 
1 2 3 4 5 12 13 14 

H2O + 
 

+ + + + + + + 

Ethanol + 
 

+ + + + + + + 

DMSO + 
 

+ + + + + + + 

Diethyl 
ether 

- - - - - - - - 

DCM + 
 

+ + + + + + + 

CHCl3 + 
 

+ + + + + + + 

Toluene - 
 

- - - - - - - 

+ = completely miscible, - = form biphasic mixture 
 
The hydrophilic ionic liquids prepared from [BEDMA] cations are completely miscible with 

polar solvents and immiscible with non-polar solvents. 
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4.3 Conclusion 

A wide range of ionic liquids based on [BEDMA] cations were prepared by a completely halide-

free route starting from the parent secondary amine bis(2-ethylhexyl) amine. Most of the ionic 

liquids prepared were liquids at room temperature. The ionic liquids, which are liquids at room 

temperature, have higher viscosity. The 1H NMR studies showed that the new class of ionic 

liquids prepared form [BEDMA] cation was very stable under strong alkaline conditions. These 

ionic liquids are completely miscible with polar solvents and immiscible with non-polar solvents. 

 

4.4 Experimental Section 
 
General techniques. Elemental analyses (carbon, hydrogen, nitrogen) were made on a CE 

Instruments EA-1110 elemental analyzer. 1H and 13C NMR spectra were recorded on a Bruker 

Avance 300 spectrometer (operating at 300 MHz for 1H). The water content of the ionic liquids 

was determined by a coulometric Karl Fischer titrator (Mettler Toledo Coulometric Karl Fischer 

Titrator, model DL39). The viscosity of the ionic liquids was measured by Brookfield 

Viscometer. Differential scanning calorimetry (DSC) measurements were made on a 

Mettler-Toledo DSC822e module (scan rate of 10 °C min-1 under helium flow). The organic 

chemicals were purchased from Acros or from Sigma-Aldrich. All chemicals were used as 

received, without any additional purification step.  

 
Synthesis of 2-ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium methyl  

sulfate 
 

NN

H

K2CO3

CH3CN

70 °C, 48 hr

MeO
S

O

OMe

O
+

O
S

O

OMe

O

 
 
To a suspension of potassium carbonate (45.79 g, 331.13 mmol) in acetonitrile (250 mL), bis(2-

ethylhexyl)amine (20 g, 82.82 mmol) was added followed by dimethyl sulphate (20.89 g, 165.65 

mmol). The reaction mixture was refluxed for 48 hours. Potassium carbonate was removed by 

filtration and the solvent removed under vacuum to yield 2-ethyl-N-(2-ethylhexyl)-N,N-

dimethylhexan-1-aminium methyl sulfate as a pale yellow liquid. Yield: (26.84 g, 85 %).1H 
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NMR (300 MHz, D2O): δ = 0.85 (m, 12 H), 1.25 (m, 16H), 1.81 (s, 2H), 3.02 (s, 6H), 3.20 (m, 

4H), 3.66 (s, 3H). 13C NMR (75 MHz, D2O): δ= 8.72, 12.45, 21.33, 24.97, 26.86, 31.53, 32.48, 

48.83, 54.54, 70.19. CHN: elemental analysis for C19H43NO4S: Calculated (%): C: 59.80, H: 

11.36, N: 3.67: found (%): C: 59.60, H: 11.24, N: 3.52. 

 
Synthesis of 2-ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium 4-tert-butylphenolate 

 

N
DCM

5 hr

O
S

O

OMe

O

ONa

+ N

O

 
 
To a solution of 2-ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium methyl sulfate (15 g, 

39.34 mmol) in water (100 mL) sodium-4-tert-butylphenolate (6.77 g, 39.34 mmol) was added 

followed by dichloromethane (200 mL). The mixture was vigorously stirred at room temperature 

for five hours. The organic layer was separated and evaporated under vacuum to give 2-ethyl-N-

(2-ethylhexyl)-N,N-dimethylhexan-1-aminium 4-tert-butylphenolate as a highly viscous liquid. 

Yield: (13.20 g, 80 %).1H NMR (300 MHz, DMSO[D6]): δ = 0.85 (m, 12H), 12.95 (m, 25 H), 

1.41 (m, 2H), 3.01 (s, 6H), 3.19 ( m, 4H), 7.08 (d, 2H, 8.74 Hz), 7.15 (d, 2H, 8.74 Hz).13C NMR 

(75 MHz, DMSO[D6]): δ = 10.07, 13.89, 22.34, 25.71, 27.58, 31.24, 32.45, 33.55, 52.78, 68.92, 

114.68, 125.78, 140.55, 155.12. CHN: elemental analysis for C28H53NO Calculated (%) C: 

72.94, H: 10.62, N: 5.00. Calculated (%) C: 72.88, H: 10.41, N: 4.94. 
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Ionic liquid synthesis 
 
2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium acetate (1) 

 

N

O

O

 
 
General procedure 

 

An aqueous solution (250 mL) of glacial acetic acid (6.43 g, 107.21 mmol) was added to 2-ethyl-

N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium 4-tert-butylphenolate (15 g, 35.74 mmol) in 

toluene (50 mL). The reaction mixture was stirred vigorously at room temperature for half an 

hour. The aqueous layer was separated and evaporated under vacuum to give 2-ethyl-N-(2-

ethylhexyl)-N,N-dimethylhexan-1-aminium acetate as a colourless liquid. Yield: (11.42 g, 97 %). 
1H NMR (300 MHz, D2O): δ = 0.85 (m, 12H), 1.28 (m, 16H), 1.88 (s, 3H), 1.92 (m, 2H), 2.92 (s, 

6H), 3.06 (m, 4H). 13C NMR (75 MHz, D2O): δ = 9.74, 13.54, 21. 68,  22.34, 25.65, 27.82, 

32.34, 33.32, 50.38, 69.66, 178.77.CHN: elemental analysis for C20H43NO2.3.5H2O: Calculated 

(%) C: 61.34, H: 12.61, 3.57, found (%), C: 61.13, H: 12.35, N: 3.54. 

 
2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium propionate (2) 

 

N

O

O

 

2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium propionate was prepared by the 

general procedure from 2-ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium 4-tert-

butylphenolate (15 g, 35.74 mmol) and propioinic acid (3.97 g, 53.61 mmol), to give a colourless 

liquid .Yield: (10.80 g, 88 %). 1H NMR (300 MHz, D2O): δ = 0.79 (m, 12H), 0.93 (t, 3H, 

7.64Hz), 1.21 (m, 16H), 1.90 (m, 2H), 2.12 (m, 2H), 2.95 (s, 6H), 3.09 (m, 4H). 13C NMR (75 

MHz, D2O): δ = 9.49, 9.65, 22.14, 25.80, 27.67, 29.71, 32.34, 33.30, 49.70, 70.25, 183.46. CHN: 
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elemental analysis for C21H45NO2.2H2O Calculated (%) C: 66.44; H: 13.01; N: 3.69 found (%) 

C: 66.53, H: 13.23, N: 3.61. 

2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium trifluoroacetate (3) 

 

N

O CF3

O

 
 

2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium trifluoroacetate was prepared by the 

general procedure from 2-ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium 4-tert-

butylphenolate (15 g, 35.74 mmol) and trifluoroacetic acid (6.11 g, 53.61 mmol), to give a 

colourless liquid .Yield: (11.10 g, 81 %).1H NMR (300 MHz, D2O): δ = 0.85 (m, 12H), 1.29 (m, 

16H), 1.92 (m, 2H), 3.00 (s, 6H), 3.20 (m, 4H).13C NMR (75 MHz, D2O): δ = 9.74, 13.54, 22.34, 

25.65, 27.82, 32.34, 33.32, 50.38, 69.66, 117. 98(q),  169.32(q). CHN: elemental analysis for 

C20H40F3NO2.H2O calculated (%) C: 59.82; H: 10.54; N: 3.49 found (%) C: 59.90, H: 10.67, N: 

3.37. 

 
2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium formate (4) 

N

O H

O

 
 

2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium formate was prepared by the general 

procedure from 2-ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium 4-tert-butylphenolate 

(15 g, 35.74 mmol) and formic acid (8.22 g, 178.70 mmol), to give a colourless liquid .Yield: 

(10.48 g, 93 %). 1H NMR (300 MHz, D2O): δ = 0.87 (m, 12H), 1.31 (m, 16 H), 1.89 (m, 2H), 

3.05 (s, 6H), 3.22 (m, 4H). 13C NMR (75 MHz, D2O): δ = 9.11, 12.84, 21.71, 25.37, 27.24, 

31.90, 32.89, 49.32, 69.81, 169.08. CHN: elemental analysis for C19H41NO23.5H2O, calculated 

(%) C: 60.27, H: 12.79, N: 3.69, found (%) C: 60.32, H: 12.64, N: 3.71. 
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2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium methanesulfonate (5) 

N

S

O

O

O

 
 

2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium methanesulfonate was prepared by the 

general procedure from 2-ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium 4-tert-

butylphenolate (15 g, 35.74 mmol) and methanesulfonic acid (3.09 g, 32.17 mmol), to give a 

colourless liquid. Yield: (11.23 g, 86 %). 1H NMR (300 MHz, D2O): δ = 0.91 (m, 12 H), 1.31 

(m, 16H), 1.50 (m, 2H), 2.78 (s, 3H), 3.02 (s, 6H), 3.20 (s, 4H). 13C NMR (75 MHz, D2O): δ = 

9.54, 13.24, 22.10, 25.76, 27.64, 31, 17, 32.30, 38.39, 49.56, 70.19.CHN: elemental analysis for 

C19H43NO3S.2H2O, Calculated (%) C: 56.82, H: 11.79, N: 3.49, found (%) C: 56.60, H: 11.85, 

N: 3.42. 

 
2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium tosylate (6) 

 

N

S

O

O

O

 
 
2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium tosylate was prepared by the general 

procedure from 2-ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium 4-tert-butylphenolate 

(15 g, 35.74 mmol) and 4-methylbenzenesulfonic acid (5.84 g, 33.95 mmol), to give a colourless 

solid. Yield: (12.63 g, 80%). mp: 78 ºC. 1H NMR (300 MHz, D2O): δ = 0.80 (m, 12H), 1.38 (m, 

16H), 1.42 (m, 2H), 2.31 (s, 3H), 2.94 (s, 6H), 3.12 (m, 4H), 7.27 (d, 2H), 7.61 (d, 2H). 13C 

NMR (75 MHz, D2O): δ = 9.45, 13.19, 20.37, 22.06, 25.68, 27.58, 32.24, 33.20, 70.15, 125.24, 

129.32, 139.32, 142.33. CHN: elemental analysis for C25 H47NO3S.2H2O, C: 62.29; H: 18.19; N: 

2.91 found (%) C: 62.21, H: 18.31, N: 3.00. 
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2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium chloride (7) 

 

N

Cl  

2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium chloride was prepared by the general 

procedure from 2-ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium 4-tert-butylphenolate 

(15 g, 35.74 mmol) and hydrochloric acid (37 % solution, 3.52 mL, 1.30 g, 35.74 mmol), to give 

a colourless solid. Yield: (9.18 g, 84%). mp: 84 ºC. 1H NMR (300 MHz, D2O): δ = 0.87 (m, 

12H), 1.35 (m, 16H), 1.45 (m, 2H), 2.9 (s, 6H), 3.15 (m, 4H). 13C NMR (75 MHz, D2O): δ = 

9.74, 13.54, 22.34, 25.65, 27.82, 32.34, 33.32, 50.38, 69.66. CHN: elemental analysis for 

C18H40ClN.3.5H2O, Calculated (%) C: 58.58, H: 12.83, N: 3.79, found (%) C: 58.74, 12.76, N: 

3.81. 

 
2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium bromide (8) 

N

Br  

2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium bromide was prepared by the general 

procedure from 2-ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium 4-tert-butylphenolate 

(15 g, 35.74 mmol) and hydrobromic acid (48 % solution, 6.02 mL, 2.89 g, 35.74 mmol), to give 

a colourless solid .Yield: (10.14 g, 81%). mp: 90 ºC.  1H NMR (300 MHz, D2O): δ = 0.85 (m, 

12H), 1.32 (m, 16H), 1.45 (m, 2H), 2.93 (s, 6H), 3.14 (m, 4H). 13C NMR (75 MHz, D2O): δ = 

9.74, 13.54, 22.34, 25.65, 27.82, 32.34, 33.32, 50.38, 69.66. CHN: elemental analysis for 

C18H40BrN.H2O, calculated (%) C: 58.67, H: 11.49, N: 3.80, found (%) C: 58.55, H: 11.33, N: 

3.80. 
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2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium iodide (9) 

 

N

I  
 

2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium iodide was prepared by the general 

procedure from 2-ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium 4-tert-butylphenolate 

(15 g, 35.74 mmol) and hydrogen iodide (57 % solution, 8.02 mL, 4.57 g, 35.74 mmol), to give a 

colourless solid. Yield: (11.36 g, 80%). mp: 73 ºC. 1H NMR (300 MHz, D2O): δ = 0.80 (m, 

12H), 1.22 (m, 16H), 1.42 (m, 2H), 2.96 (s, 6H), 3.13 (m, 4H). 13C NMR (75 MHz, D2O): δ = 

9.73, 13.54, 22.31, 25.60, 27.82, 32.34, 33.32, 50.38, 69.66. CHN: elemental analysis for 

C18H40IN Calculated (%) C: 40.18; H: 9.05; N: 2.47 found (%) C: 40.12, H: 9.50, N: 2.40. 

 
2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium isonicotinate (10) 

N

N

O

O  
 

2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium isonicotinate was prepared by the 

general procedure from 2-ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium 4-tert-

butylphenolate (15 g, 35.74 mmol) and isonicotinic acid (5.49 g, 44.68 mmol), to give a 

colourless solid. Yield: (11.50 g, 82%). mp: 266 ºC. 1H NMR (300 MHz, D2O): δ = 0.82 (m, 

12H), 1.27 (m, 12H), 1.85 (m, 2H), 3.01 (s, 6H), 3.19 (m, 4H). 13C NMR (75MHz, D2O): δ = 

9.50, 13.26, 22.15, 25.79, 27.68, 32.35, 32. 41, 55.41, 70.27, 124.24, 146.15, 148.76, 171.66. 

CHN: elemental analysis for C24H44N2O2.H2O Calculated (%) C: 70.20, H: 11.29, N: 6.82, found 

(%) C: 70.26, H: 11. 32, N: 6.75. 

 

 

 



 

 149  

 
 

2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium nicotinate (11) 

N

N

O

O  
 
2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium nicotinate was prepared by the general 

procedure from 2-ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium 4-tert-butylphenolate 

(15 g, 35.74 mmol) and nicotinic acid (3.96 g, 32.16 mmol), to give a colourless solid .Yield: 

(11.22 g, 80%). mp: 224 ºC. 1H NMR (300 MHz, D2O): δ = 0.77 (m, 12H), 1.26 (m, 16H), 1.70 

(m, 2H), 2.96 (s, 6H), 3.15 (m, 4H), 7.38 (m, 1H), 8.20 (d, 1H, 7.98 Hz), 8.48 (d, 1H, 7.14 Hz), 

8.92 (s, 1H). 13C NMR (75 MHz, D2O): δ = 9.50, 13.31, 22.14, 25.70, 27.65, 32.29, 33.27, 49.81, 

70.07, 125.82, 134.42, 142.89, 144.76, 145.57, 169.53. CHN: elemental analysis for 

C24H44N2O2.2H2O calculated (%) C: 67.25, H: 11.29, N: 6.54 found (%) C: 67.15, 11. 10, N: 

6.60. 

 
2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium picolinate (12) 

 

N

N

O

O  
 

2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium picolinate was prepared by the general 

from 2-ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium 4-tert-butylphenolate (15 g, 35.74 

mmol) and picolinic acid (4.39 g, 35.74 mmol), to give a colourless liquid. Yield: (11.92 g, 

85%). 1H NMR (300 MHz, D2O): δ = 0.77 (m, 12H), 1.22 (m, 16H), 1.79 (m, 2H), 2.95 (s, 6H), 

3.13 (m, 4H), 7.81 (m, 1H), 8.13 (d, 1H, 7.88Hz), 8.31 (m, 1H), 8.60 (d, 1H, 5;07 Hz). 13C NMR 

(75MHz, D2O): δ = 9.53, 13.26, 22.15, 25.82, 27.68, 32.35, 33.30, 49.60, 55.40, 70.26, 125.53, 

127.31, 143.43, 144.29, 148.19, 166.81. CHN: elemental analysis for C24H44N2O2.3H2O 

calculated (%) C: 63.62; H: 23.14; N: 6.18, found (%) C: 63.51, H: 23.28, N: 6.11. 
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2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium hydrogensulfate (13) 

 

N

S

O

O

OHO

 

2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium hydrogensulfate was prepared by the 

general procedure from 2-ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium 4-tert-

butylphenolate (15 g, 35.74 mmol) and sulphuric acid (95 % solution, 3.68 mL, 3.50 g, 35.74 

mmol), to give a colourless liquid .Yield: (10.64 g, 81%). 1H NMR (300 MHz, D2O): δ = 0.89 

(m, 12H), 1.30 (m, 16H), 1.43 (m, 2H), 3.00 (s, 6H), 3.20 (m, 4H). 13C NMR (75 MHz, D2O): δ 

= 9.45, 13.26, 22.11, 25.69, 27.63, 32.25, 33.23, 49.99, 69.90. CHN: elemental analysis for 

C18H41NO4S.3H2O Calculated (%) C: 51.28, H: 11.24, N: 3.32 found (%) C: 51.22, H: 11.35, N: 

3.18. 

 
2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium dihydrogenphosphate (14) 

 

N

P

O

OHO

OH  
 

2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium dihydrogenphosphate was prepared by 

the general from 2-ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium 4-tert-butylphenolate 

(15 g, 35.74 mmol) and phosphoric acid (85 % solution, 4.12 mL, 3.50 g, 35.74 mmol), to give a 

colourless liquid. Yield: (10.50 g, 80%). 1H NMR (300 MHz, D2O): δ = 0.86 (m, 12H), 1.28 (m, 

16H), 1.45 (m, 2H), 3.02 (s, 6H), 3.20 (m, 4H). 13C NMR (75 MHz, D2O): δ = 9.45, 13.29, 

22.11, 25.69, 27.63, 32.23, 33.23, 49.99, 69.93. CHN: elemental analysis for C18H42NO4P.2H2O 

calculated (%) C: 53.57, H: 11.49, N: 3.47 found (%) C: 53. 46, H: 11.37, N: 3.60. 
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2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium nitrate (15) 
 

N

NO3  
 

2-Ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium nitrate was prepared by the general 

procedure to that used for 2-ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium acetate from 

2-ethyl-N-(2-ethylhexyl)-N,N-dimethylhexan-1-aminium 4-tert-butylphenolate (15 g, 35.74 

mmol) and nitric acid (65 % solution, 3.46 mL, 2.25 g, 35.74 mmol), to give a colourless liquid. 

Yield: (10.10 g, 85%). 1H NMR (300 MHz, D2O): δ = 0.88 (m, 12H), 1.25 (m, 16H), 1.45 (m, 

2H), 3.02 (s, 6H), 3.20 (m, 4H). 13C NMR (75 MHz, D2O): δ = 9.45, 13.29, 22.11, 25.69, 27.63, 

32.23, 33.23, 49.99, 69.93. CHN: elemental analysis for C18H40N2O3.2H2O, Calculated (%) C: 

58.66, H: 12.03, N: 7.60 found (%) C: 58.52, H: 12.10, N: 7.57. 
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General Conclusions and Perspectives 

In this PhD thesis, a large number of hydrophobic and hydrophilic ionic liquids were prepared 

and characterized. The main objective of this study was the synthesis of ionic liquids with 

different cationic cores preferably via new synthetic methods with a low halide content. 

 
In the second chapter, we concentrated on the synthesis and characterization of nitrile-

functionalized ionic liquids. Two series of N-alkylpyridinium and N-alkyl-N-methylpiperidinium 

ionic liquids functionalized with a nitrile group at the end of the alkyl chain have been 

synthesized. The anions are either bromide or bis(trifluoromethylsulphonyl)imide. Structural 

modifications include a change of the alkyl spacer length between the nitrile group and the 

heterocycle of the cationic core, as well as adding methyl or ethyl substituents on different 

positions of the pyridinium ring. The anions are the bromide and the 

bis(trifluoromethylsulfonyl)imide ion. All the bis(trifluoromethylsulfonyl)imide  salts as well as 

the bromide salts with a long alkyl spacer were obtained as viscous liquids at room temperature, 

but some turned out to be supercooled liquids. In addition, pyrrolidinium and piperidinium ionic 

liquids with two nitrile functions attached to the heterocyclic core have been prepared. The 

crystal structures of seven pyridinium bis(trifluoromethylsulfonyl)imide salts are reported. 

Quantumchemical calculations have been performed on model cations and ion pairs with the 

bis(trifluoromethylsulfonyl)imide anion. These calculations show that the natural partial charge 

on the nitrogen atom of the nitrile group becomes more negative when the length of the alkyl 

spacer between the nitrile functional group and the heterocyclic core of the cation is increased. 

Methyl or methoxy substituents on the pyridinium ring slightly increase the negative charge on 

the nitrile nitrogen atom due to their electron-donating abilities. The position of the substituent 

(ortho, meta, or para) has only a very minor effect on the charge of the nitrogen atom. The 15N 

NMR spectra of the bis(trifluoromethylsulfonyl)imide ionic liquids were recorded with the 15N 

nucleus at its natural abundance. The chemical shift of the 15N nucleus of the nitrile nitrogen 

atom could be correlated with the calculated negative partial charge on the nitrogen atom. The 

coordination chemistry of these ionic liquids is presently under investigation. 

 



 

 154  

 
In the third chapter, we have dedicated our attention for the development of a general and 

effective method for the synthesis of hydrophilic ionic liquids with low halide content starting 

from the commercially available ionic liquid precursors. By making use of the phenolate 

platform, we succeeded in developing a simple route to synthesize hydrophilic ionic liquids 

having low halide content with a variety of anions. A large number of hydrophilic ionic liquids 

based on four different classes of cationic cores such as tetrabutylammonium, 

tetrabutylphosphonium, 1-butyl-3-methyimidazolium and N-butyl-N-methylpyrrolidinium were 

prepared to prove the versatility of the newly developed method. Pivotal in this route is the use 

of a phenolate ionic liquid intermediate that is synthesized from a halide precursor and sodium 4-

tert-butylphenolate by the metathesis reaction, from which the removal of halide impurities 

(NaBr/NaCl) formed was easily performed by filtration through Celite. This phenolate 

intermediate could then easily be converted to a hydrophilic ionic liquid by an ion-exchange 

reaction with the desired Brønsted acids. We combined the reactions mentioned above to a one-

pot procedure to make the process more sustainable by reducing the use of organic solvents. This 

procedure also helps to obtain the hydrophilic ionic liquids in good yields. The phenol derivative 

generated during the ion-exchange reaction can be recycled for the synthesis of sodium 

phenolate. In the case of N-butyl-N-methylpyrrolidinium cation, the one-pot procedure was not 

successful because of its insolubility in any of the non-polar solvents. Hence a two stage 

synthetic protocol was developed. The Volhard titration method was used to calculate the 

residual halide content in the ionic liquids. It was found that the halide content in the ionic 

liquids based on tetrabutylammonium and tetrabutylphosphonium cation was below 1000 ppm. 

A halide content of 1100 ppm was observed for ionic liquids with dialkylimidazolium and 

dialkylpyrrolidinium cations. In the future, possibilities to reduce the halide content below 1000 

ppm will be explored. The “phenolate platform” has the potential to replace the existing methods 

for the synthesis of hydrophilic ionic liquids. 

 

In the final chapter, the “phenolate platform” was extended for the development of a totally 

halide free synthesis of a highly base stable ionic liquid based on bis(2-ethylhexyl) aminium 

cation, [BEDMA]. The synthetic procedure involves three steps. Initial step is the quaternization 
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of the bis(2-ethyhexyl) amine with dimethyl sulphate. This was then converted to the phenolate 

precursor by the ion exchange reaction with sodium 4-tert-butylphenolate. The final step is the 

conversion of the phenolate precursor to the desired ionic liquid by the ion exchange reaction 

with different Brønsted acids. The base stability of the ionic liquids was studied by stirring them 

with a 50% solution of sodium hydroxide at different temperatures. It was found that the ionic 

liquids based on [BEDMA] cation were stable under strongly alkaline conditions. The solubility 

properties of these ionic liquids with different organic solvents were studied and it was found 

that they are completely miscible with polar organic solvents and totally immiscible with non-

polar solvents.  

 
In future work, the behavior of nitrile-functionalized pyridinium ionic liquids as an analogue of 

acetonitile, either as a solvent or as a ligand, can be investigated to broaden the field of potential 

applications of these ionic liquids. The functionalized ionic liquids that interact with metal 

centers can facilitate the retention of catalyst when used as solvents for metal catalyzed reaction. 

Because of the presence of the strongly coordinating nitrile group in the nitrile-functionalized 

pyridinium ionic liquids, they might immobilize the metal catalyst effectively. Hence nitrile-

functionalized ionic liquids could be ideal candidates for exploring the transition metal catalyzed 

reactions such as Suzuki coupling and Stille coupling etc. Because of the presence of the nitrile 

group, these ionic liquids can solubilize metal compounds. Thus the potential of these ionic 

liquids in electro-deposition of metals will also be explored. The potential of nitrile-

functionalized ionic liquids with other heteroatoms like sulphur can be investigated, because they 

have a proven track record of providing ionic liquids with very low viscosities. Sulphonium 

cation, owing to their larger volume, might weaken the electrostatic force between the cations 

and anions and leads to a decrease in viscosity.  

 
The hydrophilic ionic liquids prepared by applying the “phenolate platform” could have a large 

potential as solvents for the dissolution and processing of biopolymers and synthetic polymers. 

For instance, ionic liquids with acetate or alkanoate anions are excellent low toxicity solvents for 

cellulose. Cellulose can be regenerated from ionic liquids by adding water. This allows the 

transformation of cellulose into polymer films or textile fibers. It was already demonstrated that 
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ionic liquids with Brønsted acidic anions such as hydrogen sulphate [HSO4] ¯ and  dihydrogen 

phosphate [H2PO4]¯ can be prepared in good yields by applying the phenolate route. It will be 

exciting to investigate the possibility of using these ionic liquids as a solvent and catalyst for the 

esterification reactions. Esterifications are industrially important reactions. Ionic liquids will be 

beneficial for this reaction because they avoid the use of volatile solvents and catalysts. The ionic 

liquids with coordinating anions can find applications in the hydrometallurgy for the leaching of 

metals from ores or from metallurgical slags. The application of ionic liquids as solvents to 

metallurgical ore beneficiation may offer potential as an alternatives to hydrometallurgical 

processes. 

 
Preliminary experiments showed that the ionic liquids based on [BEDMA] are compatible with 

highly alkaline condition. In the future, the possibility of using these ionic liquids as a solvent for 

base catalyzed reactions in organic synthesis can be explored. For instance, the detailed 

investigation of Baylis-Hillman reaction in these ionic liquids will be appealing because this 

reaction provide highly functionalized organic molecules in a single step. The Baylis-Hilman 

reaction suffers from a slow reaction rate. Attempts have been made to increase the reaction rate 

by conducting this reaction in ionic liquids. Although a rate enhancement was observed when 

Baylis-Hiliman reaction was performed in ionic liquids, several side products were obtained 

because of the incompatibility of the ionic liquids under strongly alkaline conditions. Thus an 

ionic liquid which can facilitate the Baylis-Hillman (or any base catalyzed reaction) reaction 

without undergoing decomposition must have a huge potential in organic synthesis. The ionic 

liquids based on the [BEDMA] cation are possible candidates. Quaternary ammonium salts have 

wide electrochemical windows, but they suffer from thermal degradation by the Hofmann 

elimination, especially in the presence of  bases. Hofmann elimination is only possible if the 

quaternary ammonium salt has a hydrogen atom in the β-position with respect to the nitrogen 

atom. Because of the presence of butyl and ethyl groups in the β-position of the [BEDMA] 

cation, these salts will be stable both thermally and electrochemically. Hence it will be 

interesting to study the elctrochemical stability of this cation in order to explore the potential of 

these ionic liquids in electrochemistry, especially in the electro deposition of rare-earth elements. 
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List of Abbreviations 
 
BASIL   Biphasic Acid Scavenging utilizing Ionic Liquids 

BEDMA  bis(2-ethylhexyl)aminium  

[BF4] ¯   tetrafluoroborate 

BOD   Biological oxygen demand 

CHN   elemental analysis (CHN analysis) 

(CoCB)  bis-dicarbollylcobalt 

cP    centipoise, unit of dynamic viscosity 

CSD   Cambridge Structural Database 

[C2mim][Tf2N] 1-ethyl-3-methylimidazolium bistriflimide 

[C4mim][BF4]  1-butyl-3-methylimidazolium tetrafluoroborate 

[C4mim][Cl]  1-butyl-3-methylimidazolium chloride 

[C4mim][PF6]  1-butyl-3-methylimidazolium hexafluorophosphate 

[C4mim][Tf2N] 1-butyl-3-methylimidazolium bistriflimide 

[C1CNPy][Br]  1-(cyanomethyl)pyridinium bromide 

[C10CNPy][Br]  1-(10-cyanodecyl)pyridinium bromide 

[C1CN4-MePy][Br] 1-(cyanomethyl)-4-methylpyridinium bromide 

[C1CN3-MePy][Br] 1-(cyanomethyl)-3-methylpyridinium bromide 

[C1CN2MePy][Br] 1-(cyanomethyl)-2-methylpyridinium bromide 

[C1CN(Me)2Py][Br] 1-(cyanomethyl)-2,5-dimethylpyridinium bromide 

[C3CN4MePy][Br] 1-(3-cyanopropyl)-4-methylpyridinium bromide 

[C3CN 3MePy][Br] 1-(3-cyanopropyl)-3-methylpyridinium bromide 

[C3CN 2MePy][Br] 1-(3-cyanopropyl)-2-methylpyridinium bromide 

[C3CN (Me)2Py][Br] 1-(3-cyanopropyl)-2,5-dimethylpyridinium bromide 

[C3CN2EtPy][Br] 1-(3-cyanopropyl)-2-ethylpyridinium bromide 

[C11(CN)2Pyr][Br] 1,1-bis(cyanomethyl)pyrrolidinium bromide 

[C1.1(CN)2 Pip][Br] 1,1-bis(cyanomethyl)piperidinium bromide 

[C8mim][PF6]  1-octyl-3-methylimidazolium hexafluorophosphate 
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[C8mim][NO3]  1-octyl-3-methylimidazolium nitrate 

DCM   dichloromethane 

DFT   density functional theory 

DSC   differential scanning calorimetry 

dtmn   dithiomaleonitrile 

e.g.    for example 

ILs   Ionic liquids 

kg   kilogram 

m.p.   melting point 

[Ms2N]  bis(methanesulfonyl)amide 

nd   not determined 

[N(CN)2]  dicyanamide 

NMR   nuclear magnetic resonance spectroscopy 

[N6222][Tf2N]  butyltriethylammonium bistriflimide 

 [N6444][Tf2N]  tributylhexylammonium bistriflimide 

[PF6]¯   hexafluorophosphate 

ppm     parts-per-million 

[Py13][Tf2N]  1-methyl-1-propylpyrrolidinium bistriflimide 

[Py14][Tf2N]  1-butyl-1-methylpyrrolidinium bistriflimide 

[P666 14]  trihexyl-tetradecyl-phosphonium 

RTILs   Room temperature ionic liquids 

Tf2N   bis(trifluoromethylsulfonyl)imide or bistriflimide 
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Safety precautions 

 
A detailed report about the toxicity and biodegradability of ionic liquids was given in chapter 1 

(section 1.3.8) 

All experimental work performed during this thesis was executed in compliance with the code of 

Practice for Safety in Lab,1 and the departmental safety brochure.2 Specific caution is necessary when 

working with E4 products with clearance (such as bromine). Specific information for personal 

protection and precautions can be found at departmental website,3 the molecular design and synthesis 

safety website 4 and the website of HSE ( Health, Safety and environment).5 

Pyridine has a flash point of only 17 °C and is therefore highly flammable. Inhalation of pyridine 

causes irritation of the respiratory system and may affect the central nervous system, causing 

headache, nausea, vomiting, dizziness, and nervousness. Pyridine irritates the eyes and skin and 

is readily absorbed, leading to systemic effects.  

Dimethyl sulfate is carcinogenic, mutagenic, poisonous, corrosive, environmentally hazardous 

and volatile (presenting an inhalation hazard). Some consider it a potential chemical weapon. 

Dimethyl sulfate is absorbed through the skin, mucous membranes, and gastrointestinal tract. 

There is no strong odour or immediate irritation to warn of lethal concentration in air. 

 
Handling, storage and precautions while dealing with pyridine and dimethyl sulfate: Because of 

the volatility of these compounds always use them under fume hood and wear gloves and 

goggles. 
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