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Abstract
The term ‘ionic liquids’ (IL), covers one of the broadest classes of chemical 

compounds of salt type of low melting temperature with appreciable wide 
liquid range. Within the last years, ILs has become mainstream solvents in 
different fields of chemistry.  This has been possible owing to environmentally 
advantageous properties and possibility of adaptation of their structure to 
the specific task. Although at the beginning, ILs were mainly recognized as 
the reaction media in organic synthesis, an alternative to organic solvents, 
nowadays a growing interest of the analytical community with ILs can be 
observed. As a result, ILs has found a variety of applications in separation 
techniques. This overview presents chosen extraction techniques with particular 
emphasis on aqueous two-phase systems based on ionic liquids. The findings 
presented herein concern applications of ionic liquids as components of liquid/
liquid extraction systems, suitable for isolation of both organic compounds and 
inorganic ions

Number of applications on the use of ionic liquids in the sample 
pretreatment is constantly increasing [1-4]. Due to ecological nature, 
and the possibility of design, ionic liquids replace, more often than 
not, the organic solvents.

Ionic Liquids in Liquid/Liquid Extraction
Ionic liquids have been applied for liquid-liquid extraction of 

metal cations, small organic molecules or large biomolecules as 
proteins [5]. As it can be observed, water-insoluble ionic liquids 
play a crucial role especially in the miniaturized version of liquid-
liquid extraction technique [6] such as direct immersion, headspace, 
dynamic, hollow fiber protected liquid phase micro extraction 
(LPME), single drop micro extraction or dispersive liquid-liquid 
micro extraction and as modifiers of stationary phases in SPE.

 In turn, water-soluble hydrophilic ionic liquids can also be used 
as extracting solvent, as they induce formation of aqueous biphasic 
systems (ABS) with suitable salting-out agents.

Ionic liquids in aqueous biphasic systems (ABS)

Introduction
Ionic Liquids (ILs) are a new class of solvents that unlike other 

liquids have ionic structure. However, in contrast to classical salts, 
ILs is in the liquid state at temperatures below 100oC. Some of them, 
the so-called ‘room temperature ionic liquids’ (RTILs), melt already 
at room temperatures. There are also ionic liquids having a melting 
point below 0°C. Typical ionic liquid consists of organic cation 
(containing a phosphorus or nitrogen atom) and organic or inorganic 
anion. Due to the cation structure there are five basic classes of ionic 
liquids: ammonium, phosphonium, imidazolium, pyridinium, 
pyrrolidinium (Figure 1).

Among organic or inorganic anions: halides, 
hexafluorophosphates, tetrafluoroborates, alkyl sulfates, tosylates, 
methanesulfonates and bis (trifluoromethylsulfonyl) imides have 
been distinguished.

The most characteristic features of ionic liquids are very low vapor 
pressure at room temperatures and thermal stability over a wide 
temperature range. ILs is generally non-flammable and is also very 
good solvents for both inorganic and organic compounds (from small, 
simple molecules to complex polymers). Owing to these properties, 
they are used as a new type of solvent with unique properties in such 
areas of chemistry as organic synthesis, electrochemistry, extraction, 
spectroscopy, mass spectrometry as well as separation techniques 
such as liquid and gas chromatography or capillary electrophoresis. 
Variety of applications of ionic liquids is also due to the possibility of 
designing their physicochemical properties by selecting appropriate 
cation and anion. For example, their solubility in water depends 
mainly on the anion, but may also be modified by the length of the 
cations alkyl substituent. Ionic liquids having in its composition 
such anions as halide, tetrafluoroborate, thiocyanate, sulfonic, 
trifluoroacetate and nitrate are soluble in water, while containing 
hexafluorophosphate or bis (trifluoromethylsulfonyl) imide anions 
they form two-phase systems with water. In turn, lengthening of the 
alkyl substituent in the cation of water-miscible ionic liquid increases 
the hydrophobicity and limits miscibility with water.
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Figure 1: Common ILs cations.
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Aqueous biphasic systems were used already in the 80s of the 
previous century [7]. They were composed of polymers such as 
polyethylene glycols or dextrans [8]. After mixing solutions of two 
different polymers or a polymer and salt solutions at a suitable 
temperature, two water immiscible phases came to existence 
[9]. Decisive factor in the two phase formation is the enthalpy of 
interaction between the polymer molecules. If the value of the enthalpy 
is greater than the loss in entropy caused by phase separation, the 
ABS is formed. The analyte introduced to such a system is divided 
between the two phases. However most of the polymers used in 
the two-phase systems present a high viscosity and form a cloudy 
solution, which often makes further analysis difficult. Some polymers 
also cause interferences in the analysis, which greatly limits detection 
of the analyzed compounds and scope for the technique. To increase 
the application potential for ABS, polymers have been replaced by 
hydrophilic ionic liquids [10,11]. Abraham showed that this kind of 
ILs in combination with suitable kosmotropic agents form a new type 
of partitioning systems [12].

Such a two-phase system can be used for extraction as an 
alternative to conventional extracting systems of either liquid-liquid 
or liquid-solid type. The resulting extraction system is especially 
suitable for the analysis of aqueous samples. To create it, the right 
proportions of ionic liquid and kosmotropic salt should be found. 
Subsequent steps of ABS formation are presented in Figure 2.

Mechanism of phase separation

Most of water-soluble ionic liquids are chaotropic agents, which 
mean that they perturb structure of hydrogen bonds network in water. 
Thus, they can be ‘salted out’ from aqueous solution by kosmotropic 
(water-structuring) salts. Combination of these two solutions with 
opposite nature causes solution to separate into two immiscible 
phases. The upper phase is usually an ionic liquid with lower water 
content, while the bottom one is water solution of the kosmotropic 
salt [13-16].

The mechanism of the ABS may be explained as follows: the ionic 
liquid competes with the salt ions for water molecules. Greater affinity 
of salt particles for water molecules causes their mutual attraction. 
This forces reduction of ILs is ions hydration and consequently 
decreases its water solubility. This leads to phase formation, consisting 
of ionic liquid and a small amount of water. This mechanism can also 
be explained on the basis of the thermodynamic theory of Gibbs ‘free 
hydration energy’. Kosmotropic ions having a large negative energy 
of hydration exhibit high affinity to water particles and attract them 
stronger than ionic liquids.

The salts were classified by the Hofmeister from kosmotropic 

(highly hydrated) to the chaotropic (weakly hydrated) according to 
their tendency to salting out of proteins [17]:

3 2 2 4
4 4 3 4 3( )citrates SO HPO F Cl Br I NO ClO N CH− − − − − − − − − +> > > > > > > > >

 
4 2 2 3NH Cs Rb K Na H Ca Mg Al+ + + + + + + + +> > > > > > > > >

In aqueous biphasic systems the following salts are used: sodium, 
potassium or ammonium phosphates, the sulfates, carbonates and 
citrates. Alternatively, kosmotropic non-ionic agents as sugars [18-20] 
or amino acids [21,22] may be taken advantage of. Most common ionic 
liquids used in ABS are those composed of 1,3- dialkylimidazolium 
cation and a suitable anions that enable dissolving them in water: 
Cl-, Br-, I-, BF4

-, MeSO4
-, EtSO4

-, NO3
-. However, liquids containing 

phosphonium, pyrrolidinium or ammonium cations have also the 
potential to create aqueous two-phase systems. These ionic liquids 
were tested by Bridges as for their ability to create ABS in the presence 
of most kosmotropic salt - K3PO4 [14]. The possibility to create these 
systems is related to chaotropicity of cations and increases in the 
following order: P4444Cl > N4444Cl >> [C4py] Cl >> [C4mmim] 
Cl ≈ [C4mim] Cl. Louros et al. also examined influence of different 
cations on ability to form ABS [23]. They compared the imidazolium 
and phosphonium ionic liquids containing the same anions.

Tendency to formation of the two-phase systems can be illustrated 
by phase diagrams, which are described by an empirical model 
developed by Merchuk and co-workers [24]. Binodal represents 
equilibrium concentrations of the ionic liquid and kosmotropic salt 
at which a separation of two phases occurs. Binodal line is described 
by the best-fitting equation proposed by Merchuk:

             )]()exp[( 3
3

5.0
21 XMXMMY +=

Data for the graph can be determined experimentally by titration 
of the solution of a kosmotropic salt with the ionic liquid solution to 
the end, the so-called ‘cloud point’ which is the turbidity, indicating 
the formation of a separate phase.

Obtained binodal separates the curve space into two-phase 
regions situated above it and monophasic region located under the 
curve. A tight line connecting any two points of binodal determines 
quantitative composition of the two separated phases. Figure 3 shows 
the phase diagram drawn for exemplary ABS.

Figure 2: Creation of aqueous bi-phase system (ABS) based on ionic liquid.
Figure 3: The phase diagram for exemplary ABS illustrating the binodal (-) 
and the tie lines (--).
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Due to a very good solubility in water and relatively low cost, the 
most common ionic liquids used in aqueous biphasic systems are1,3- 
dialkylimidazolium chlorides, tetrafluoroborates and alkyl sulfates. 
Shehong and Li tested 1-butyl,3-methylimidazolium chloride in 
terms of salting out by various kosmotropic agents [11,25]. This ionic 
liquid can be salted out only by alkaline salts such as: KOH, NaOH, 
K3PO4, K2HPO4, K2CO3 or Na2HPO4. Salts with a lower pH such as 
KH2PO4, (NH4)2SO4, NaCl or KCl are not able to form a two-phase 
system with this ionic liquid. The ability to create two-phase system 
expresses the following series: K2CO3 ≈ K3PO4 ≈ K2HPO4>KOH. 
Tetrafluoroborates are able to form such system with more acidic or 
neutral salts [26]. The ability to create ABS with BMIMBF4is possible 
for the following series of salts: Na2CO3>Na2HPO4>Na2SO4>NaH2PO
4>NaCl. Tetrafluoroborates 1-butyl, 3-methylimidazolium may also 
form two-phase systems when mixed with certain amino acids such 
as proline, L- serine, glycine, lysine [21,22]. Deive and co-workers 
tested a series of imidazolium alkyl sulfates (BMIM CnSO4, n=2,4,6,8) 
[27]. They proved that tendency to form two-phase systems increases 
with lengthening chain of the alkyl substituent in the anion. In this 
case salts can be used in order of highest capacity for salting out as 
follows: Na2CO3>K3PO4>K2CO3>(NH4)2SO4.

Without any doubt, the most famous ABS has been developed 
for butyl-methyl imidazolium chloride and K3PO4 as the salting-
out agent. The equilibrium is achieved almost immediately after 
short centrifugation. Furthermore the upper phase of a two-phase 
systems containing aqueous concentrated solution of ionic liquid 
can be directly dispensed on the chromatographic columns, or after 
the dilution with an eluent. This simple technique of extraction has 
already found many practical applications being suitable for the 
extraction of both ionic and neutral compounds.

Application of ionic liquid aqueous biphasic system 
(ILABS) for extraction

Among the publications devoted to extraction with ABS, their large 
number takes into account a practical use. The analysis of complex 
biological materials such as human body fluids or environmental 
samples is a virtual analytical challenge. The isolation process usually 
proceeds across several stages, which may cause the analyte loss at 
each step. Reducing number of performed steps decreases the risk 
of analyte loss and shortens the time of analysis, which is of great 
importance for the analysis of less stable compounds. Taking into 
account the fact that the aqueous solutions of ionic liquids protect 
biomolecules from denaturation, ABS technique has proved to be 
highly competitive in relation to conventional organic solvents in 
the isolation of biomolecules. Aqueous biphasic systems were used 
for the extraction of proteins [28-31], hormones [32], alkaloids [33], 
vitamins [34], antibiotics [35-40], metal ions [41] from different 
biological samples such as fermentation broth, human urine, food 
and environmental aqueous samples.

Extraction of protein
S. Dreyer et al using the ammonium ionic liquid Ammoeng 

110 (Figure 4) has extracted such proteins as albumin, lysozyme, 
myoglobin, trypsin, and myoglobin [30].

As the salting-out agent phosphate buffer over a wide pH range 
was used. In the neutral solution trypsin, albumin and lysozyme 
were extracted in the range of 83-100%, while the myoglobin at 

the level of 60%. With the increase in pH overall negative charge of 
proteins increased as a result of surface functional groups ionization. 
Albumin showed 100% extraction in the whole pH range, while 
other proteins were strongly extracted only at higher pH values. In 
case of lysozyme and trypsin, total positive charge was reduced and 
charge of myoglobin turned into negative. Thus, selection of pH 
allows the selective extraction of albumin from a mixture of proteins. 
This also revealed that electrostatic forces are chiefly responsible for 
the mechanism of protein interactions with ionic liquids. The more 
negative charge on the protein surface, the stronger the interaction 
with the ionic liquid cation. Another factor considered affecting the 
change in extraction degree was the temperature in range of 4–70OC. 
The temperature increase during the formation of the two phase 
system, results in extraction decrease of the smaller molecular weight 
proteins.

Experiments published by Pei co-workers showed that apart 
from electrostatic interactions hydrophobic forces are equally 
responsible for protein extraction mechanism [28]. Proteins such 
as albumin, trypsin, cytochrome c and γ - globulins were extracted 
with 1,3-dialkylimidazolim bromide with different lengths of the 
cation substituent’s (C4,6,8 MIM Br). For salting out a phosphate 
buffer was used. In this case, the extraction of proteins was with 
75-100% efficiency and reached maximum after application of the 
ionic liquid with the longest alkyl substituent in the cation. In the 
same time increase in temperature caused the increase in the degree 
of extraction. Also effect of the ionic liquid on the proteins activity 
was examined. It turned out that activity of trypsin in the IL solution 
decreases only slightly as compared to the ABS consisting of polymer 
and kosmotropic salt where there protein activity declines.

ABS extraction of protein (albumin and transferrin) from a real 
biological matrix like human urine was carried out [31]. The system 
used was composed of BMI MCl andK2HPO4. Recoveries of proteins 
on three different concentration levels of spiked human urine samples 
were in the range of 94-102%. The extraction was also highly selective, 
all concomitants like metal species remained in the K2HPO4 rich lower 
phase. According to the authors, the forces causing the extraction of 
proteins can be electrostatic interaction between negatively charged 
proteins and ionic liquid cations or only the salting out effect as a 
consequence of reduced protein solubility in a solution of K2HPO4.

Extraction of hormones, alkaloids and vitamins
He and co-workers determined testosterone and epitestosterone 

in human urine [32]. The extraction was carried out with 80-90 
% efficiency. Analysis of urine samples was carried out in three 
stages, which consisted of enzymatic hydrolysis, protein removal 
with trichloroacetic acid, extraction with the use of 1-methyl-3-

Figure 4: Ammoeng 110.
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butylimidazolium chloride and K2HPO4. The ionic liquid upper phase 
was analyzed by high performance liquid chromatography. For both 
analytes the limit of detection reached 1ng/ml.

Aqueous phase systems based on ionic liquids were applied for 
isolation of alkaloids such as caffeine and nicotine from human urine 
[33]. The study showed that both compounds can be isolated in almost 
100%by the use1,3 – dialkylimidazolium chloride. For salting out the 
most kosmotropic salt was utilized (K3PO4). The results showed that 
the extraction of alkaloids significantly improved samples in human 
urine in comparison to simpler aqueous phases. Authors concluded 
that the presence of a biological matrix containing additionally 
neutral salt NaCl and urea with chaotropic properties favored the 
alkaloid partitioning for the IL phase.

ABS systems were also used to quantify vitamin B12 in 
human urine [34]. After adequate preparation of urine samples 
(deproteinized and hydrolysis) vitamin B12 was extracted with 
1-hexyl-3–methylimidazolium chloride that was further salted out by 
K2HPO4. The average extraction efficiency was 97 %.

Aqueous two phase system was applied for selective extraction of 
quinine from human plasma. Bi-phase was constructed from ionic 
liquid: butyl-methyl-imidazolium chloride following the addition 
of kosmotropic salts K3PO4 or KH2PO4. Quinine was determined in 
plasma samples after drinking of tonic containing quinine. Proposed 
strategy provides suitable sample purification and gives extraction 
yields in the range of 89-106 % [35].

Extraction of antibiotics
Isolation of antibiotics from fermentation broths followed by their 

separation and purification usually constitutes a large technological 
challenge. In order to test the activity, determine molecular structure 
and prepare the final form of drug, chemically pure compounds are 
required. Penicillin is one of the most popular and most commonly 
used antibiotics, thus streamlining and improving the efficiency of 
the production process as well as increasing its purity is essential.

Conducted in 2005 experiments by Luis how that the ABS 
composed of BMIM BF4 and NaH2PO4can be used for extraction of 
penicillin G from fermentation broth with more than 90 % efficiency 
[36]. Standard extraction with ethyl acetate is carried out in an 
environment of pH 2 while with the ionic liquid at pH ranging 4-5. 
As penicillin G is not stable in an environment with strongly acidic 
pH, the method presented by Luis allows maintaining the stability of 
the antibiotic particles and the same increases the efficiency of the 
extraction process.

Due to the widespread application of antibiotics both in human 
and veterinary therapy there is a risk of passing them into wastewater 
and next direct into the environment. Therefore the tests of drug 
levels are carried out in environmental samples. Han and co-workers 
used aqueous two-phase systems for extraction of antibiotics from 
water environmental samples (river, lake, medical sewage, pond 
water, ground water). They determined levels of macrolide antibiotics 
such asazithromycin and mydecamycin [37], roxithromycin [38], 
sulfadimidine [39], acetylspiramycin [40].

Optimizing the extraction systems for azithromycin, 
mydecamycin [37] and roxithromycin [38] binodal curves were 

done using 1-buty l,3-methylimidazolium tetrafluoroborate (BMIM 
BF4) and salts as Na2CO3, Na2HPO4, Na2SO4, NaH2PO4, NaCl and 
NaOH [37,38]. Next, partition coefficients for each antibiotic were 
determined as well as the effect of the added amount of salt in the 
extraction systems having the largest distribution coefficients. The 
highest degree of extraction of azithromycin was achieved with 
the system consisting of 10% BMIM BF4 and 24.5% Na2CO3 and 
of mydecamycin- 10% BMIM BF4 and 28.3% NaH2PO4. Under 
these conditions recovery of azithromycin and mydecamycin from 
environmental samples was from 91.8% to 96.2% and from 89.6% to 
92.2%, respectively.

In turn, the system used for extraction of roxithromycin 
composed of BMIM BF4 and Na2CO3 had almost twice higher 
extraction capacity than traditionally used organic solvent [38]. 
Extraction of roxithromycin with ionic liquid exceeds 90%, whereas 
with an organic extractant reaches only about 50%.

ABS extraction procedure was also performed for analysis of 
sulfadimidine in river, lake and fish farm water [39]. In order to 
ensure proper pH of the extraction, (NH4) 2SO4 was selected as a 
salting-out agent. Ionic liquid capable of forming biphasic system 
with such salt (in a more acidic pH) was BMIM BF4. The maximum 
degree of extraction was achieved at pH between pK1 and pK2 of 
sulfadimidine, which suggests that the analyte in its neutral form 
interacts strongest way with the ionic liquid. In the extraction of real 
spiked water samples recovery between 101 and 107% were obtained.

ABS system was also used to analyze food samples such as milk, 
honey, drinking water [41]. With a system consisting of BMIM BF4 
and sodium citrate single-step extraction of chloramphenicol was 
determined. In recovery tests of spiked samples with 10-100ng/mL of 
chloramphenicol, extraction efficiency ranged 90-102%. The method 
has also high selectivity, sugars and other substances present in food 
samples do not interfere in the assay.

Extraction of metal ions
Ionic liquids have been used for extraction of metals after 

addition of appropriate complexation reagent. Zhao distinguished 
three different procedures suitable for the extraction of metal 
cations from aqueous samples [42]. First method is based on Dai 
methodology applying crown ethers as complexing agent [43] second 
utilizes different anionic ligands for this purpose [44-48], and the last 
one proposes task-specific ILs (TSIL) with the covalent tethering of a 
cationic interchangeable functional group [49].

Imidazolium ionic liquids as solvents in liquid-liquid extraction 
systems have been most broadly described in literature, so far. The most 
promising examples of ionic liquids used for this purpose are 1-alkyl-
3-methylimidazolium hexafluorophosphate, tetrafluoroborate and 
bis (trifluoromethylsulphonyl) imide. Extraction of metal ions into 
ionic liquid phase requires addition of special ligand with the aim to 
enhance affinity of strongly hydrated ions to hydrophobic ILs phase. 
The most commonly used extractants are macrocyclic compounds 
like crown ethers, complexions (TBP-tributyl phosphate, CMPO-
octyl (phenyl)-N,N-diisobutyl carbamoylmethyl phosphine oxide, 
PAN-(1-(2-pyridylazo)-2-naphtol, TAN-1-(2-thiazolyl)-2-naphtol, 
TODGA-N,N,N’,N’-tetra (octyl)diglycolamide) and other ligands like 
dithizone, 8-hydroxyquinoline,  1-(2-pyridylazo)-2-naphtol. Owing 
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to above liquid-liquid extraction systems, significant improvement 
in extraction of alkali metals and lanthanides in comparison to 
traditional molecular organic solvent has been reported [50-56]. It 
has been also established that the distribution coefficients for metal 
cations were the most advantageous for shorter 1-alkyl-3-methyl 
imidazolium ILs. However it should be emphasized that lowering 
of ionic liquid hydrophobicity involves decreasing of the solubility 
of ligands in ionic liquid phase, finally worsening the extraction 
efficiency [56]. Another interesting observation has been made by 
Kozonoi et al. who reported better transferring of metal ions with 
greater charges to IL mona fluorobutyl sulphonate [57]. In turn, 
Domańska drew attention to importance of IL anion on extraction 
efficiency. It appeared that better extraction efficiency of Ag+ and 
Pb2+can be achieved with decreasing hydrophobicity of ILs anion 
[58].

A mechanism of metal ions extraction with imidazolium based 
ionic liquids can be described by cation-exchanging according to the 
following equation [59]:

 ( ) (0) (0) (0) ( )[ ] [ ]m m
w n m n wM m m C mim ML m C mim+ + + ++ + ↔ +

Ligand addition is not “conditio sine qua non” for metal ions 
extraction by ionic liquids from aqueous media. Some metals like 
Zn2+ or Fe3+ can be directly transferred from aqueous phase into ionic 
liquid 1-octyl-3-methylimidazolium tetrafluoroborate [60], another 
one like Ce4+ from acidified water into 1-octyl-3-methylimidazolium 
hexafluorophosphate [61].

Furthermore, ionic liquid cations can be easily derivatized to 
include task-specific metal ligating groups. This causes significant 
enhancing of the partitioning of metal ions into the IL phase from 
water without necessity of additional ligands or extractants addition. 
Visser et al at the beginning of XXI century syntethsized imidazolium 
based ionic liquids derivatives that incorporated thiourea, thioether, 
urea [62] (Figure 5). 

These task-specific ionic liquid cations combining with the 
PF6

- anion can act either as the hydrophobic insoluble in water 
solvent or metal ions such as Hg2+ and Cd2+ extractant.  Functional, 
metal complexing disulphide, nitrile groups, can be also bonded to 
pyridinium, piperidinium or pyrrolidinium cation. Obtained in this 
way, ‘task-specific ionic liquids’ show affinity toward Hg2+, Cu2+, Pb2+, 
Ag+ [63].

Extraction systems containing ammonium or phosphonium 
ILs also extract quickly and almost completely metal ions without 
addition of any complexing agents. Methyltrioctylammonium 
chloride – [Aliquat 336] [Cl] seems to be the most efficient for binding 
Pd2+, Zn2+, Fe3+ [64,65]. In turn [Aliquat 336] [thiosalicylate] provides 
very strong binding abilities towards Cd2+ [66]. Fe3+ can be selectively 
separated from solution containing other metal ions by the use of 
methyltrioctylammonium salicylate [A336] [Sal]. Mechanism of this 

extraction was explained by Egorov [67] by the following equation:
3
( ) ( ) 4( ) 2 ( ) 4 ( ) ( )2[ 336][ ] [ 336][ ] [ 336][ ] 2w o w o o wFe A HSal HSO A FeSal A HSO H+ − ++ + ↔ + =

Recently phosphonium ionic liquids have been reported as 
useful solvents for metal ions extraction from aqueous media. 
Among various phosphonium ionic liquids, trihexyl (tetradecyl) 
phosphonium salts in mixture with toluene, propylene and especially 
butylene carbonate provided the highest extraction efficiency of such 
metal ions  like Zn2+, Cd2+, Pd2+, Co2+ from chloride solutions [68-71] 
(Figure 6).

Metal ions are extracted in the form of chloro complexes 
according to the following reaction proposed by Kogelnig et al [72]:

                           4( ) ( ) 4 ( ) ( )[ ][ ] [ ][ ]w o o wFeCl QP Cl QP FeCl Cl− −+ ↔ +

Extraction efficiency increases with increasing hydrophilicity 
of IL anion, therefore the most advantageous value of recovery was 
observed for QP chlorides [QP] [Cl].

Aqueous bi-phase system (ABS) was also investigated for 
extraction of metal ions from wastewater samples [73]. 

ABS composed of ammonium ionic liquid – tetrabutylammonium 
bromide (TBA) and (NH4)2SO4 was utilized for Cr (VI) extraction. 
The mechanism responsible for the extraction process is the ion 
pair formation. The decisive factor was the pH. In acidic solution 
dominates form HCrO4 of Cr (VI) which forms a neutral ion pair 
with the ionic liquid cation. Such complex is more easily extracted 
into ionic liquids phase. The method is also selective; coexisting in the 
solution Cr (III) ions are not extracted. In the range of 0.05 to 40 mg 
Cr (VI) the recovery was over 97%.

Homogenous Liquid-Liquid Extraction 
(HLLE)

It is a common knowledge that liquid-liquid extraction is the basic 
technique used for the separation and purification. The distribution of 
a solute between two immiscible phases requires equilibration of this 
system accelerated by stirring or shaking. Application of immiscible 
with water, hydrophobic ionic liquids in such solvent extraction 
systems would have required even stronger agitation considering 
their higher viscosity in the aim to increase contact between both 
phases and finally increase the mass transfer between them. However, 
ionic liquids showing thermomorphic behavior, which are miscible 
with water above or below a certain temperature, do not require 
intensive mixing (Figure 7).

By heating or cooling, a homogenous mixture can be obtained. 
Some ionic liquid solutions form one homogenous phase above the 
upper critical solution temperature (UCST) whereas other below 

Figure 5: A thiourea derivatized ionic liquid. Figure 6: Trihexyl(tetradecyl)phosphonium IL cation [QP].
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a lower critical solution temperature (LCST). Such homogenous 
liquid-liquid extraction known also as phase-transition extraction 
or coalescence extraction is used for isolation of not only natural 
compounds [74,75] but also for metal ions [76-78]. Temperature 
induced phase separation can be obtained in systems containing for 
example 1-hexyl3-methylimidazolium tetrafluoroborate for isolation 
of silver, 4,4-bis-(dimethylamino)-thiobenzophenone, betainium 
bis (trifluoromethylsulfonyl)imide for isolation of rare earth metals. 
Another described HLLE system was applied for isolation of a larger 
selection of metals covering Ag, Cu, Zn, Fe, Co, Ni, In, Ga. Betainium 
bis (trifluoromethylsulfonyl) imide and betaine as the extracting agent 
appeared again to be suitable for efficient extraction. Homogenous 
phase was obtained after increasing the temperature above the UCST 
equals 55OC. Phase separation was achieved after cooling [79].

Conclusion
Although ILs has been already proved to present advantageous 

industrial applications, they still remain attractive for analytical 
chemists. Only laboratory scale can clarify rational rules for the best 
selection of ionic liquid for particular analytical task and practically 
important recycling procedures. From the practical viewpoint, we 
focused on utilising of ILs as solvents in extraction of different organic 
compounds and inorganic ions from biological and environmental 
samples. Liquid/liquid and aqueous two-phase systems based on 
ionic liquids appear to be very useful for that purpose. Without any 
doubt the application of ILs in these analytical approaches will enable 
researchers to achieve new, measurable benefits in the future.
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