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ARTICLE INFO ABSTRACT

Ionic liquids (ILs) are molten salts with melting point close to or below
room temperature and are entirely composed of ions. Properties of ILs can
Peer Reviewed on 27" July 2019 be modified by varying alkyl chain length or by changing cations/anions.
Revised on 16t August 2019 ILs possesses unusual properties; the most striking property is their
Published on 28t August 2019 negligible vapor pressure. Nowadays, presence of colored dyes, heavy
metals and organic contaminants in water is a major issue of concern.
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compounds water. Present review focuses on applications of ILs in environmental

remediation. We have presented an overview of extraction of water
contaminants such as dyes, heavy metals and organic compounds. Use of
ILs for extraction process of these contaminants is an excellent method
over conventional methods, especially from environment point of view.
One can recycle ILs after their use in extraction processes by using specific
solvent.
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INTRODUCTION
In recent years interest in lonic liquids (ILs) have

steadily grown due to their remarkable
characteristics such as (1) non-measurable vapor
pressure, which means they do not produce
atmospheric volatile organic compounds (VOCs)
and can be used in low-pressure (vacuum)
environments; (2) nonflammability, hence are
safer to use; (3) good solvents for a wide variety
of organic, inorganic and organometallic
compounds; (4) broad liquid temperature range;
(5) high ionic conductivity; (6) moderate to high
viscosity; (7) hampered self-diffusion; (8)
thermal and chemical stability; (9) Ilarge
electrochemical window (10) possibility of
recycling (11) low nucleophilicity and capability
of providing weekly coordinating or non-
coordinating environment. These characteristics
render them promising replacements for VOCs,
which are a source of environmental problems,
that provides the possibility for clean
manufacturing in chemical industry!*!. Another
important feature of ILs is their designability:
miscibility with water or organic solvents can be
tuned through side chain lengths on the cation and
choice of anion. Because of their properties, ILs
attract great attention in number of applications*
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201 (scheme 1). In addition, their non-volatility
results in low impact on the environment and
human health, and they are recognized as solvents
for "green chemistry". To date, there is a
significant number of high-class reviews on room
temperature ionic liquid (RTIL) research
activities, from the early ones that generally
focused on catalysis,?'"?! to current detailed
descriptions of characteristics and
thermodynamic properties, 3032 solvent
properties,?3! review on greenness of ILs** and
specified applications such as in analytical
chemistry,*>%1  coordination  chemistry,?”]
fluorine chemistry,**! polymer materials®**! and
nanotechnology,!'"  electrochemical — sensing
systems,[“>#!1 dissolution of cellulose with ionic
liquids,!"*! supercritical fluid applications!*?! and
in the chemical industry™®. All these reviews
contribute largely to the rapid rise and incentive
of research interest on RTILs. In the proposed
review we have made an attempt to compile the
environment related applications of ILs mainly
use of these solvents in environmental
remediation, specifically removal of water
contaminants, i.e. dyes, heavy metals and organic
entities such as phenols etc.

Scheme 1. Applications of ionic liquids in various fields
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EXTRACTION OF WATER CONTAMINANTS:
Water contaminants such as dyes, heavy metals
and phenols are significant pollutants, causing
environmental and health problems to human
44461 There are

number of conventional ways ! for the

beings and aquatic animals !

removal of these contaminants from water. But
there is a need to develop environment friendly
and economic method for the extraction process.
Recently, ILs are being used for extraction of
water contaminants [°%),

Extraction of dyes from aqueous solutions.
One of the main classes of the pollutants is dyes.
Once dyes enter in the water, then it becomes
difficult to treat as these have a complex
molecular structure and synthetic origin that
makes them more stable and harder to be
biodegraded !, Wastewaters from industries like
textile, dying, printing, cosmetics, food coloring,
papermaking, etc. are the major contributors of
colored effluents 2. However, textile industries
consume large amount of water and different
types of dyes imparting color to effluents. The
dyes and colors are toxic and major pollutant,
causing environmental and health problems to
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human beings and aquatic animals >, Hence,

in order to avoid these issues due to the discharge
of these dyes into the ecosystem, there is a need
to eradicate the residual dyes from the large
volume of aqueous effluent. ILs are found to be
best extractant for the extraction of dyes from
their aqueous solutions. The main findings of
literature showing removal of dyes using various
ILs are summarized in Table 1. Vijayaraghavan
et al®, studied the extraction and recovery of
commonly used azo dyes namely Navy 5RE, an
acid blue dye (1-[4-(3-phenylsulfonic acid)azo-1-
naphthylazo]-4-anilino ~ naphthlene-5-sulfonic
acid, disodium salt) and acid red dye (1-[2-tolyl-
4-(2-tolylazo)-azo]-2-hydroxy-3,6-disulfonic
acid, disodium salt) using neutral hydrophobic
IL, 1-butyl-1-methylpyrrolidinum
bis(trifluoromethylsulfonyl)imide [p1s][tN],
with an extraction efficiency of 98% to provide a
method for controlling pollution of waste-waters.
On the addition of IL to the dyes, decrease in
concentration of dyesin aqueous phase w.r.t the
time have been observed and for determining the
separation of dyes in IL, UV—-vis spectroscopy
have been used.

Table 1. Dyes extracted using ILs

Dyes ILs Reference

Acid blue Dye, Acid Red Dye [p14][tH:N] [55]

Methyl Orange, Orange G, Eosin Yellow [Comim][PFs], n=4,6,8, [Csmim][BF4] [56]

AO, MB, NB, SO, NR, PC [C4mim][PFs], [Cemim][Br], | [57]
[Csmim][BF4], [Csmim][T£;N]

CR [Comim][ToN] [58]

Acid Yellow RN, Reactive Yellow M-5R, | [Csmim][PF¢] [59]

Reactive Black KN-G2RC, Weak Acid

Brilliant Blue RAW

Acid Brilliant Red B, Acid Yellow RN [C4mim][PFs] [60]

Sudan I, PAN, PAR, MR, NPAR [Comim][PFs], 1n=4,6,8 [Cemin][BFi], | [61]
[Csmim][BF4]

Thymol blue [Cumim][PFs], n=4,6,8,10 [62]

MO, MB [Nisss][SCN], [Nisss][DCA], [63]
[Nigss][[BA] , [Niggs][Hex]
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To check selectivity of the method, the dyes from
real tanning effluent dye samples have also
extracted using this IL. The results show that for
the effluent sample, in the first extraction, 26% of
the red dye have been extracted and after
subsequent extractions (four times) with fresh IL,
almost 98% of extraction can be reached using
[p14][tf2N], in spite of the presence of other
components. Also, the IL used for the extraction
of dyes form water, has been separated from dye
by washing the IL/dye extracts, with a mixture of
iso-propyl alcohol and water (1:1 by volume),
therefore, separated IL can be reused. In this
study, authors have suggested that the
hydrophobicity of the IL plays an important role
in the extraction process.

In a study®, imidazolium based ILs; 1-butyl-3-

methylimidazolium hexafluorophosphate
([Csmim][PF¢]), 1-hexyl-3-methylimidazolium
hexafluorophosphate ([Csmim][PFs]), 1-hexyl-3-
methylimidazolium tetrafluoroborate
([Cemim][BF4]) and 1-octyl-3-
methylimidazolium hexafluorophosphate

([Csmim][PFs]) have been used for the removal
of anionic dyes; methyl orange, eosin yellow, and
orange G from their aqueous solutions. The
results show that the phase volume ratio has no
noticeable impact on the extraction efficiency of
these dyes but pH of aqueous phase has a
significant effect on the extraction efficiencies of
dyes. In case of hydrophobic ILs, with increase in
the hydrophobicity of IL, extraction efficiency of
dyes Furthermore, the effect of
temperature has also been studied, which
confirmed that the increase in temperature leads
to increase in extraction efficiency of dyes. Also,
in this report, it has been assumed that in the
extraction process, the dye transfers from the

increases.

aqueous phase to IL. So, Gibbs energy AG;,
enthalpy AH ? , and entropy AS TO for this transfer

has been calculated and it was found that all

values of AG? are negative, whereas, for both
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AH ? and AS? all values are positive. This

thermodynamic data indicated that, extraction
process 1is spontancous and hydrophobic
interactions are responsible for the extraction of
dyes using IL. To check the selectivity of
extraction process, the partition coefficient of
methyl orange have been estimated in the
presence of KCI, which was found to be
enhanced. Form this study, it has been concluded
that, for the studied water samples under the
optimized pH conditions, extraction efficiencies
of methyl orange, eosin yellows and orange G are
found to be 85-99%, ~ 100% and 69%
respectively.

Ali et al.’" have demonstrated that ILs; 1-butyl-
3-methylimidazolium hexafluorophosphate
(bmimPFs), 1-butyl-3-methylimidazolium
tetrafluoroborate (bmimBF,), 1-butyl-3-
methylimidazolium bis
(trifluoromethylsulfonyltrifluoromethylsulfonyl)
imide (bmimTf;N), and 1-hexyl-3-
methylimidazolium bromide (hmimBr) are
perfect solvents in extracting cationic dyes from
their aqueous solutions. In their work, acridine
oange (AO), methylene blue (MB), nile blue A
(NB), safranine O (SO), neutral red (NR),
pinacyanol chloride (PC) dyes have extracted
using ILs. The results show that the addition of
~1.7 wt% (~0.06 M) of used ILs to 1.5 mM of
aqueous dye solutions resulted in almost
complete removal these dyes (figure 1(a)). The
identity of the precipitated dyes, '"H NMR spectra
as well as UV-Vis molecular absorbance spectra
(figure 1 (b)) of the extracted solid dyes
compared with the dyes from the stock, which are
found to be identical. Also the authors suggested
that the hydrophobicity of the IL does not play
any role in deciding the efficiency of the dye
precipitation process, as bmimBF, is hydrophilic
in nature while the other ILs are hydrophobic and
the precipitation efficiency of the all the six
studied dyes with all the four ILs is almost
comparable.
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Figure 1. (a) 1.5 mM aqueous solutions of pinacyanol chloride before (bottle on the left) and after (bottle

on_the right) addition of ~1.7 wt% (~0.06 M) bmimPF6 under ambient conditions (b) Normalized

absorbance spectra of the aqueous solutions of the six dyes, Panel A: Diluted stock solutions of the dyes.

Panel B: Diluted solutions of the precipitated dyes.
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Gharehbaghi et al.’®! have reported an IL-based
dispersive liquid-liquid extraction (IL-DLLE)
method to extract an azo dye, Congo Red (CR)
acid,  3,30-(4,40-

[1-naphthalene  sulfonic

biphenylenebis) bis(4-amino-)disodium salt]
from their aqueous solutions. Firstly, authors
studied the effect of cation and anion of IL on the
extraction efficiencies of CR. It has been
concluded that keeping the anion same and
increasing the length of alkyl substituent on the
cation of ILs, partition coefficients of CR in the
ILs/aqueous systems increases, which follows the

order:

P

[Emim][Tf,N]

/W -P /W <P /4

[Bmim][Tf,N] [Hmim][Tf,N]

From these results, authors have concluded that,
[Hmim] can be the best cation for the extraction
process. Whereas, by keeping the cation same
and changing the anion, partition coefficients of
CR in the ILs/aqueous systems follows the order
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P

[Hmim][Bfy ]

These results show that [Hmim][Tf:N]
has the best extraction efficiency of CR, hence
this IL has been selected for the extraction
process. Results indicate that at pH of 5.0,
[Hmim][Tf;N] showed the maximum removal of
CR. A quantitative extraction >95%, of the dye
could be attained by using 90-400 mg/10 mL of
IL for the initial concentrations of CR in the range
of 40-250mgL". It has suggested that, out of two
studied dispersant, ethanol and acetone, acetone
can be selected as better dispersant due to its
better miscibility with the IL. The selectivity of
the method has been tested by using NaNOj; along
with the dye sample, and it has been found that

/W <H

/W< P /W

[Hmim][Bf, ] [Hmim][Tf,N]

extraction efficiency slightly increases in the
presence of NaNOs. The schematic view of IL-
DLLE experimental setup is given in scheme 2.
The used IL has also been recovered by applying
a reverse dispersive liquid-liquid extraction
using acidic stripping solutions, as according to
their results, in acidic media, CR prefers the
aqueous phase than the IL phase.
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Scheme 2. Schematic view of IL-DLLE experimental setup
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Li et al.’ have explored the liquid-liquid
extraction (LLE) of acid dyes and reactive dyes
from water solution by using hydrophobic IL,
[BMIM][PF¢] as an extraction phase. The effects
of extraction phase ratio, pH of the aqueous
phase, and concentration of dicyclohexyl-18-
crown-6 (DCH-18C6) in the organic phase have
been studied. Authors have concluded that acid
dyes can be extracted quantitatively by using
[BMIM][PFs] whereas the removal of reactive
dyes is low (approx. 5.4-31.5%) by using IL
only. The removal of reactive dyes has been
enhanced approximately upto 82 % by the
addition of DCH-18C6. The pH value has a great
impact on the removal of both the acid as well as
reactive dye. It has been suggested that for the
acid dyes anion exchange method is responsible
for the extraction process and the soluble part of
the [BMIM][PF¢] plays an important role as
counter-ions. For the reactive dyes the formation
of hydrogen bonds between the dyes and DCH-
18C6 increase the removal efficiency. In another
study, LLE of azo dyes; Acid Yellow RN and
Acid Brilliant Red B by using hydrophobic IL;
[BMIM][PFs] as an extraction phase have also
reported.l®” The effects of extraction phase ratio,
pH of the aqueous phase, concentration of salt
have been assured. Results demonstrated that

Regenerated

-

After Reverse

sedimentation dispersive extraction
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acid dyes can be quantitatively extracted with
[BMIM][PFs], however, the mechanisms of the
extraction process depends upon the charge on
the structure of dye molecules. In case of acid
yellow RN, the anion-exchange extraction
process is accountable for the extraction where as
for the Acid Brilliant Red B, the ion-pair process
is responsible.

Fan and co-workers!®!

have examined the
extraction of azo dyes; 1-(phenylazo)-2-naphthol
(Sudan I), 1-(2-pyridylazo)-2-naphthol (PAN), 4-
(nitrophenylazo) resorcinol (NPAR), 4-(2-
pyridylazo) resorcinol (PAR), and 2-(4-
dimethylaminophenylazo) benzoic acid (methyl
red, MR) by using RTILs; [Csmim][PF],
[Cemin][PFs], [Csmim][PFs], [Comin][BF4] and
[Csmim][BF4] from their aqueous solutions. The
extraction process has determined by means of
UV-vis spectrophotometry at 25°C. The factors
which affect the extraction process such as
extraction time, phase volume ratios, pH of water
phase, chemical structure of the ILs, have been
studied. The results suggested that the IL/water
distribution ratios (D) of the azo dyes increases
generally with increasing alkyl chain length of
the ILs, and the extraction efficiency the ILs with
[BF4]" anion was much higher than those with
[PFs]” and these D values are remarkably



influenced by the water phase pH. The
interactions between ILs and dyes are complex in
aqueous media. Authors have concluded that the
hydrophobic interaction was the main driving
force for the extraction of the molecular form of
the dyes, whereas electrostatic interactions were
the main driving force for the extraction of
cationic or anionic forms of the dyes from
aqueous solutions. An ion-exchange mechanism
has been suggested for the ILs based extraction of
the azo dyes at extreme pH conditions.

Visser and coworkers!®? have explored the pH-
dependent partitioning of an indicator dye,
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thymol blue using a series of hydrophobic ILs; 1-
alkyl-3-methylimidazolium
hexafluorophosphates ([C.mim][PFs]), n = 4,6,8
and 10. Figure 2 illustrates the qualitative
partitioning of thymol blue in its three forms
between aqueous (top) and [bmim][PFs] (bottom)
phases, as aqueous phase pH is changed from
very acidic to very basic. The results demonstrate
that in acidic medium, thymol blue exists in its
red form as a neutral zwitterion which prefers the
RTIL phase and in basic medium thymol blue
in its Dblue and partitions
quantitatively to the aqueous phase.

exists form

Figure 2. The phase preference of the three forms of thymol blue in [bmim] [PFs]

Chen et al.®l have extracted methyl orange
(anionic dye) and methylene blue (cationic dye)
from water using non-fluorine hydrophobic
quaternary ~ ammonium-based  ILs, 1i.e.,
tricaprylmethylammonium thiocyanate
([Nisss][SCN]),
dicyanoamide

tricaprylmethylammonium

([Niggs][[DCA]),
tricaprylmethylammonium benzoate
([Nissg][BA]), and tricaprylmethylammonium
hexanoate ([Nisss][Hex]). Various factors which
affect the extraction efficiency including
extraction time, temperature, salt effect, and pH
have been investigated. Results suggested that
with the increase in temperature extraction
efficiencies of methyl orange increases whereas,
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of methylene blue decreases with all the four ILs.
Also, pH has a significant effect on the extraction
efficiency of methyl orange, in contrast to this, no
significant effect was found on the extraction
efficiency of methylene blue. Out of four used
ILs, [Nigss][SCN] exhibited best ability for
extracting both of the dyes with extraction
efficiencies of 89.09% and 64.14% for methyl
orange and methylene blue, respectively. It has
also been shown that extraction efficiencies can
be improved by adding NaCl in the extraction
system, except for extraction of methyl orange
with [Nigsg][SCN].

Extraction of heavy metals from aqueous
solutions. Most of the industrial manufacturing



processes produce wastewater containing heavy
metals. The improper treatment of this
wastewater prior to discharge is found to be
detrimental for environment, human and aquatic
species!®-%l. Hence, efficient removal of toxic
metals from wastewater is an important matter.
Hydrophobic ILs can be used as an extractant in
order to remove metal ions from the aqueous
phase, as they form complexes with the metal
ions and hence increase the hydrophobicity of
metal. Table 2 gives the literature showing metal
ions removal from waste water using ILs. A
hydrophobic RTIL, [Csmim][PFs] have been
used for the mercury preconcentration and
determination in different water samples by
Martinis et al.®”! Hg has been extracted
quantitatively from Hg-2-(5-bromo-2-
pyridylazo)-5-diethylaminophenol (Hg-5-Br-
PADAP) complex using [Csmim][PFs] via LLE
procedure. The back extraction of analyte from
RTIL has
hydrochloric acid.

The heavy alkali metal ions (Ag" and Pb*")
extraction form aqueous solution have carried out

also been achieved by using

with 1-alkyl-3-ethylimidazolium
hexafluorophosphates and
bis {(trifluoromethyl)sulfonyl } imides by

Domanska and Rekawek.[®® Results reveal that
the increase in hydrophobic character of IL leads
to higher extraction efficiency of these metal
ions. In contrast to this, the increase in alkyl chain
length of IL from ethyl to hexyl decreases the
extraction efficiency. It has been concluded that
1-ethyl-3-ethylimidazolium
bis{(trifluoromethyl)sulfonyl}imide, having a
highest hydrophobic character among the other
IL used, shows maximum extraction efficiency.
Copper, mercury, silver, and palladium ions have
been selectively extracted from water®”! using
hydrophobic ILs containing cations 1-octyl-4-
methylpyridinium, 1-methyl-1-
octylpyrrolidinium, or 1-methyl-1-
octylpiperidinium and anions tetrafluoroborate,
trifluoromethyl sulfonate, or nonafluorobutyl
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sulfonate. It has been concluded that mercury
ions can be efficiently extracted by using IL
containing pyridinium cation. For the selective
extraction of metal ions, a disulfide functional
group, show an efficient and selective extraction
for mercury and copper ions, while silver and
palladium metal ions have been efficiently and
selectively extracted by a nitrile functional group.
Other than the above-mentioned metal ions, the
radioactive metal, also been
extarcted from water using hydrophobic ILs;
tricapryl-methylammonium methionate,

uranium has

[A336][Met], tricaprylmethylammonium
thiocyanate, [A336][SCN] and
tricaprylmethylammonium thiosalicylate,

[A336][TS]7. The results show that from10 pL
artificial uranyl nitrate solution containing 36 pg
of uranium, almost complete extraction of
uranium can be achieved with 200 mg of
[A336][TS] and [A336][SCN]. Where as, with
the [A336][Met], for the significant uranium
extraction, a higher content of IL is needed. The
selectivity of the method have been checked out
by using natural water sample, for which
[A336][SCN] shows a poor extraction efficiency.
It has been concluded that [A336][TS], proves to
be best extractant for uranium from natural water
samples containing as as
magnesium along with uranium. The extracted
uranium can also be separtated form IL by using
2 M HNO:s solution.

Fischer et al.’!' have applied liquid-liquid
extraction (LLE) method for the removal of
metaloids; Ag, As, Cd, Cr, Cu, Hg, Ni, Pb, Pt, Sn,
Zn and the cancerostatic platinum compounds
cisplatin and carboplatin form sewage waste
water using ILs. For this process quaternary
ammonium and phosphonium cations based and
thiol-, thioether-, hydroxyl-, carboxylate- and

calcium well

thiocyanate functionalized anions based ILs have
been used.
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Table 2. Literature showing the metal ion removal using ILs

Metal ions ILs Reference
[C4mim][PFe] [67]
e [AMOPYR][BF,], [AMOPYR][TfO], [AMOPYR][NfO] | [69]
[Comim][PF6], n=4,8,12 [72]
56y [A336][TS] [70]
Ag, Co, Hg and Bt {?}3{3]6[15[1;813]’;\5A336][MTBA], [A336][SCN], [PR4][TS], | [71]
[A336][SCN] [71]
“n [HPY][PF] (73]
Ag’, Pb* [EEIM][NT£], [BEIM][NTf], [HEIM][NTE], | [68]
[BEIM][PF], [HEIM][PF]
cd [A336][TS] [74]
[MPS,PYRROJ[TENT, [MPS,PIP][TENT, | [75]
Ag, Pd, Au [MBCNPIP]'[TENT [AMBCNPYRJ'[TENT,
[MBCNPYRRO][TEN]
It has been suggested that by using benzoate, [A336][BA] and
tricaprylmethylammonium thiosalicylate, tricaprylmethylammonium hexanoate,
[A336][TS], tricaprylmethylammonium 2- [A336][Hex]. But the maximum removal have
(methylthio)  benzoate,  [A336][MTBA], been shown by [A336][TS] only.Lee™! has
trihexyl(tetradecyl) phosphonium used ILs containing pyridinium, pyrrolidinium
thiosalicylate, [PR4][TS] and and piperidinium cations with anion
trihexyl(tetradecyl) phosphonium 2- bis(trifluoromethylsulfonyl)imide  in  the

(methylthio) benzoate, [PR4][MTBA] ILs,
95% extraction efficiency can be achieved for
Ag, Cu, Hg and Pt, whereas, for other metals,
extraction is low with all these ILs. However,
[PR4][TS] IL and [A336][SCN] show high
extraction efficiencies for monoaquacisplatin
and Zn contamination.

Germani et all” have investigated
hydrophobic ILs [Cymim][PFs], n=4,8,12 as
extracting agents for mercury from aqueous
solutions. Their results indicate that the alkyl
chain length and the hydrophilic features of the
whole system affect the metal ion association
and the extraction process. In another study!”!,
liquid-liquid based microextraction method
have been used for the preconcentration of zinc
in water and milk samples with hydrophobic IL;
1-hexylpyridinium hexafluorophosphate.
Kogelnig et al.’ have described almost
complete (>99.9%) extraction of cadmium by
using [A336][TS] from a natural river matrix.
They have also performed the extraction
process  with  tricaprylmethylammonium

0

(1029 )

extraction of silver, palladium, or gold metal
ions from water at room temperature. Results
conclude that for silver or palladium ions
extraction, a disulfide or nitrile group
containing IL exhibit good extraction
efficiency. Gold ions are efficiently and
selectively extracted with these ILs.
Extraction of other organic contaminants
form aqueous solutions.

Phenolic compounds produced by various
industries’®””! are pollutants of major concern,
because of extensive use, high toxicity and
potential accumulation in the environment!’®],
Therefore, it is wvital to remove these
compounds from water, prior to the release of
water into the environment. Literature showing
extraction of organic compounds from waste
water using ILs is collected in table 3. Deng et
al.l” made an attempt to extract these
compounds from aqueous solution using an
hydrophobic magnetic room temperature ionic
liquid, trihexyltetradecylphosphonium
tetrachloroferrate (III)).

J
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Table 3. Extraction of organic components form water using ILs.

Organic component ILs Reference
Phenols [3C6PCi4][FeCls] [79]
Phenol, Tyrosol, p- [Comim][BF4], [Camim][BFs] (n=6, 8, 10) [80]
hydroxybenzoic acid
Phenol, o-cresol, [Csmim][BF4] [81]
hydroquinone, 2-
nitrophenol
Butanol [Omim][Tf:N] [82]
PAHSs [Csmim][PFs] [83]
[Im41]*[CF3SO0s], [Ima1 ] [N(CN)2] , [Ima4,1]"[SCN], [84]
1,3-propanediol [Tma, 1] [CH3SO4],[M04,1] [CF3SO03],[Pla,)]  "[CF3SOs],[Im2,1]
*[CF3S0s], [Im201,1] "[CF3SO3]
Amino acids [C4amim][PFs], [Cemim][PFs], [Cemim][BF4], [Csmim][BF4] [85]
Caprolactam [Comim][PFe]; (n =4, 6, 8), [Cemim][BF4], [Camim][NT£:], [86]

Vidal et al.®% investigated LLE of phenol,
tyrosol, and p-hydroxybenzoic acid using
[Comim][BFs] and [C.mim][BFs] (n=6, 8§,
10).Results reveal that, [Comim][BF4] shows
almost double extraction efficiency than
[Comim][PFs].

Wan et al.®!! have studied the extraction of
phenolic  compounds; phenol, o-cresol,
hydroquinone and 2-nitrophenol using 1-octyl-
3-methylimidazolium tetrafluoroborate
([Csmim][BF4]). The results demonstrate that
with increasing extraction temperature or
decreasing the volume ratio of [Csmim][BF4] to
aqueous, the distribution coefficient decreases
gradually.

Ha et al.®? have studied the recovery of butanol
from aqueous solutions with imidazolium ILs
by LLE method. The results confirm that
hydrophobicity of IL plays an important role in

the extraction of butanol. Among the other ILs

used, hydrophobic IL, 1-octyl-3-
methylimidazolium
bis(trifluoromethylsulfonyl)imide  shows a

maximum extraction efficiency (74%) at
323.15 K. Similarly, in a study,’® dispersive
LLE method have been used for the extraction
of 18 polycyclic aromatic hydrocarbons
(PAHs) (Naph, acenaphthene (Ace), fluorene
(Flu), phenanthrene (Phe), Anth, FIt, pyrene
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(Pyr), benz[a]anthracene (B[a]A), chrysene
(Chry), S5-methylchrysene (5-MO),
benzo[e]pyrene (B[e]P), B[b]F, B[k]F, B[a]P,
dibenzo[a,l]pyrene (DBJa,l]P),
dibenz[a,h]anthracene (DB[a,h]A), B[g,h,i]P
and I[1,2,3-c,d]P) from water samples. The
extraction yields for the different compounds
ranged from 90.3% to 103.8%. Out of all used
imidazolium ILs, [Cgmim][PF¢] proves to be
best extractant.

Miiller and Gorak!® have investigated the 1,3-
propanediol extraction form aqueous solutions
by using a series of water miscible ILs; 1-
butyl-3-methylimidazolium
trifluoromethansulfonate ([Ims;] [CF3SOs]"),
1-butyl-3-methylimidazolium dicyanamide
([Im4,1] [N(CN)2]), 1-butyl-3-
methylimidazolium thiocyanate
([Tms, 1] [SCNT;,), 1-butyl-3-
methylimidazolium methysulfate

([Tma4,1] [CH3SO4]), 1-butyl-3-
methylmorpholinium trifluoromethansulfonate
([Mo4,1][CF3S0s]"), 1-butyl-3-
methylpyrrolidinium trifluoromethansulfonate
([P141]'[CF3S03]), 1-ethyl-3-
methylimidazolium trifluoromethansulfonate
([Imy,; ] [CF3S03]"), 1-methoxyethyl-3-
methylimidazolium trifluoromethansulfonate
([Imz01,1] "[CF3S0s3]), For the extraction,

J



aqueous two-phase system method has been
adopted. Their results indicate that the
distribution coefficient of 1,3-propanediol
depends on the polarity or hydrogen-bond
accepting strength of the anion or cation.
Imidazolium based ILs [Csmim][PFs],
[Cemim][PFs], [Cemim][BF4] and
[Csmim][BF4] have also been used for the
recovery of amino acids from aqueous
media®. Results show that hydrophobicity of
amino acids plays the main driving force for
their partition into a particular ionic liquid. IL
with BFs; anion gives better extraction
performance than PF¢ anion. The increase in
alkyl substituent chain length on the cation of
the IL leads to decrease in extraction degree of
the amino acids. On the other hand, extraction
efficiency increases with increasing solubility
of water in IL phases.

Chen et al® have investigated LLE of
caprolactam from aqueous solution using
[Camim][PFs] (n = 4, 6, 8), [Csmim][BF4] and
[Csmim][NTf;]. It has been suggested that
chemical structures of the ILs, ILs cation and
anion structure and concentration of
ammonium sulfate solution influence the
distribution ratio of caprolactam significantly.
[Csmim][PFs] showed high value of the
distribution ratio; hence this IL is found best
solvent for caprolactam extraction from
aqueous solutions.

In conclusion, ILs represents new class of
organic solvents which are wused for
environmental remediation. These solvents can
be used in the replacement of conventional
VOCs due to their unique physical properties.
The use of ILs in the extraction of water
contaminants provides new opportunities to the
researchers to explore their use in the area of
environmental protection. The hydrophobicity
of IL plays an important role in the removal of
water contaminants, specially dyes and heavy
metals. The most interesting feature of ILs, is
the recyclability of these solvent after their use
in the extraction process. This property makes
them economic to use. For using ILs for
extraction process, one has to be careful about
the proper choice of specific IL. There are
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reports in literature exploring the use of ILs in

the direction of environmental remediation, but

this field has further to be explored.

ACKNOWLEDGEMENTS

Chander Prakash would like to acknowledge

M.L.S.M. College, Sunder Nagar, Himachal

Pradesh, India and Shafila Bansal is thankful to

Dr. Nisha Bhargava, Principal, Mehr Chand

Mahajan DAV College for Women, Sector 36-

A, Chandigarh, India for all the support in

accomplishing the present work.

REFERENCES

[1] Rogers R D, Seddon K R, Ionic Liquids:
Industrial Applications for Green Chemistry;
Oxford University Press: UK, 2002.

[2] Rogers R D, Seddon K R, Ionic Liquids as
Green Solvents: Progress and Prospects;
Oxford University Press: UK, 2003.

[3] Rogers R D, Seddon K R, Volkov S, Green
Industrial Applications of Ionic Liquids;
Springer: Germany, 2003.

[4] Lévéque J M, Cravotto G, Microwaves, Power
Ultrasound, and Ionic Liquids. A New
Synergy in Green Organic Synthesis.
CHIMIA, 2006; 60 (6); 313-320.

[5] Zhang Z C, Catalysis in ionic liquids. Adv
Catal, 2006; 49; 153-237.

[6] Muzart J, Tonic Liquids as Solvents for
Catalyzed Oxidations of Organic Compounds.
Adv Synth Catal, 2006; 348 (3); 275-295.

[7] Parvulescu V I, Hardacre C, Catalysis in Ionic
Liquids. Chem Rev, 2007; 107 (6); 2615-
2665.

[8] Zhao H, Xia S, Ma P, Use of ionic liquids as
‘green’ solvents for extractions. J Chem
Technol Biotechnol, 2005; 80 (10); 1089-
1096.

[9] Kubota F, Goto M, Application of ionic
liquids to solvent extraction. Solvent Extr Res
Dev Jpn, 2006; 13; 23-36.

[10] Anderson J L, Dixon J K, Brennecke J F,
Solubility of CO,, CHy, CoHg, CoHy, Og, and
N» in 1-hexyl-3-methylpyridinium
bis(trifluoromethylsulfonyl)imide:
Comparison to other ionic liquids. Acc Chem
Res, 2007; 40 (11): 1208-1216.

J



[11]Dietz M L, Ionic Liquids as Extraction
Solvents: Where do We Stand? Sep Sci
Technol, 2006; 41 (10); 2047-2063.

[12]Kubisa P, Application of ionic liquids as
solvents for polymerization processes. Prog
Polym Sci, 2004; 29 (1); 3-12.

[13]LuJ, Yan F, Texter J, Advanced applications
of ionic liquids in polymer science. Prog
Polym Sci, 2009; 34 (5); 431-448.

[ 14] Antonietti M, Kuang D, Smarsly B, Zhou Y,
Ionic liquids for the convenient synthesis of
functional nanoparticles and other inorganic
nanostructures. Angew Chem Int Ed 2004; 43
(38); 4988-4992.

[15]Rantwijk F V, Sheldon R A, Biocatalysis in
Ionic Liquids. Chem Rev, 2007; 107 (6);
2757-2785.

[16]XiaY, WuH, Zhang Y, Fang Y, Sun S, Shi Y,
Synthesis and application of ionic liquids in
enzymatic catalysis. Prog Chem, 2006; 18;
1660-1667.

[17] Turner M B, Spear S K, Holbrey J D, Daly D
T, Rogers R D, Ionic liquid-reconstituted
cellulose composites as solid support matrices
for biocatalyst immobilization.
Biomacromolecules, 2005; 6 (5); 2497-2502.

[18] Swatloski R P, Rogers R D, Holbrey J D,
Dissolution and processing of cellulose using
ionic liquids. 2003, WO Pat. 03/029329.

[19]Zhu S, Wu Y, Chen Q, Yu Z, Wang C, Jin S,
Ding Y, Wu G, Dissolution of cellulose with
ionic liquids and its application: a mini-
review. Green Chem, 2006; 8 (4); 325-327.

[20]Zhu S, Use of ionic liquids for the efficient
utilization of lignocellulosic materials. J Chem
Technol Biotechnol, 2008; 83 (6); 777-779.

[21]Seddon K R, Ionic Liquids for Clean
Technology. J Chem Technol Biotechnol,
1997; 68 (4); 351-356.

[22]Welton T, Room-temperature ionic liquids.
Solvents for synthesis and catalysis. Chem
Rev, 1999; 99 (8); 2071-2083.

[23]Sheldon R. Catalytic Reactions in Ionic
Liquids. Chem Comm, 2001; (23); 2399-2407.

[24] Gordon C M, New Developments in Catalysis
Using lonic Liquids. Appl Catal A: Gen 2001;
222 (1-2); 101-117.

(1032 )

BB itish Journal of Bio-Medical Research Vol.03, Issue 04, Pg.1021 - 1035, July - August 2019y

[25]Earle M J, Seddon K R, Ionic Liquids. Green
Solvents for the Future. Pure App Chem 2000;
72 (7); 1391-1398.

[26] Dupont J, de Souza R F, Suarez P A Z, Tonic
Liquid (Molten Salt) Phase Organometallic
Catalysis. Chem Rev 2002; 102 (10); 3667-
3691.

[27] Olivier-Bourbigou H, Magna L, Tonic Liquids:
Perspectives for Organic and Catalytic
Reactions. J Mol Catal A: Chem, 2002; 182
(4); 419-437.

[28]Zhao D, Wu M, Kou Y, Min E, Ionic Liquids:
Applications in Catalysis. Catal Today, 2002;
74 (1-2); 157-189.

[29]Hallett J P, Welton T, Room-Temperature
Ionic Liquids: Solvents for Synthesis and
Catalysis. 2. Chem Rev, 2011; 111 (5); 3508—
3576.

[30]Paulechka Y U, Heat Capacity of Room-
Temperature lonic Liquids: A  Critical
Review. J Phys Chem Ref Data, 2010; 39 (3);
033108-1-033108-23.

[31]Feng R, Zhao D, Guo Y, Revisiting
characteristics of ionic iiquids: A review for
further application development. J Env Prot,
2010; 1 (2); 95-104.

[32]Marsh K N, Boxall J A, Lichtenthaler R,
Room temperature ionic liquids and their
mixtures—a review. Fluid Phase Equilib,
2004; 219 (1); 93-98.

[33]Poole C F,
spectroscopic methods for the determination

Chromatographic  and

of solvent properties of room temperature
ionic liquids. J Chromatogr A. 2004; 1037 (1-
2); 49-82.

[34]Zhu S, Chen R, Wu Y, Chen Q, Zhang X, Yu
Z, A mini-review on greenness of ionic
liquids. Chem Biochem Eng Q, 2009; 23 (2);
207-211.

[35]Koel M, Ionic Liquids in Chemical Analysis.
Crit Rev Anal Chem, 2005; 35 (3); 177-192.

[36]Pandey S, Analytical applications of room-
temperature ionic liquids: A review of recent
efforts. Anal Chim Acta, 2006; 556 (1); 38—
45.

[37]Cocalia V A, Gutowski K E, Rogers R D, The
Coordination Chemistry of Actinides in lonic
Liquids: A Review of Experiment and




BB itish Journal of Bio-Medical Research Vol.03, Issue 04, Pg.1021 - 1035, July - August 2019y

Simulation. Coord Chem Rev 2006; 250 (7-8);
755-764.

[38]Xue H, Verma R, Shreeve J M, Review of
ionic liquids with fluorine-containing anions.
J Fluorine Chem, 2006; 127 (2);159-176.

[39]Kubisa P, Tonic Liquids in the Synthesis and
Modification of Polymers. J Polym Sci Polym
Chem, 2005; 43 (20); 4675- 4683.

[40]Shiddiky M J A, Torriero A A J, Application
of ionic liquids in electrochemical sensing
systems. Biosens Bioelectron, 2011; 26 (5);
1775-1787.

[41]Wei D, Ivaska A, Applications of ionic liquids
in electrochemical sensors. Anal Chim Acta,
2008; 607 (2); 126-135.

[42]Keskin S, Kayrak-Talay D, Akman U,
Hortagsu O, A review of ionic liquids towards
supercritical fluid applications. J Supercrit
Fluids, 2007; 43 (1); 150-180.

[43]Plechkova N V Seddon K R, Applications of
ionic liquids in the chemical industry. Chem
Soc Rev, 2008; 37 (1); 123-150.

[44]Ali M, Sreekrishnan T R, Aquatic toxicity
from pulp and paper mill effluents: a review.
Adv Environ Res, 2001; 5 (2); 175-196.

[45]Boeningo M, Carcinogenicity and metabolism
of azodyes especially derived from benzidine;
DNHS(NIOSH) publication.,, U.S  Gov.
Printing Off: Washington DC, 1994.

[46] Tabery H M, Toxic effect of rose bengal dye
on the living human corneal epithelium. Acta
Ophthalmol Scand, 1998; 76 (2); 142—145.

[47]Gao B-Y, Yue Q-Y, Wang Y, Zhou W-Z,
Color removal from  dye-containing
wastewater by magnesium chloride. J Env
Manage, 2007; 82 (2); 167-172.

[48] Mahmoodi N M, Salehi R, Arami M, Bahrami
H, Dye removal from colored textile
wastewater using chitosan in binary systems.
Desalination, 2011; 267 (1); 64-72.

[49]Wong K K, Lee C K, Low K S, Haron M J,
Removal of Cu and Pb from electroplating
wastewater using tartaric acid modified rice
husk. Process Biochem, 2003; 39 (4); 437-
445.

[50]Renner R, lonic liquids: An industrial cleanup
solution. Environ Sci Technol, 2001; 35 (19);
410A—413A.

(1033 )

[S1]Forgacs E, Cserhati T, Oros G, Removal of
synthetic dyes from wastewaters: a review.
Environ Int, 2004; 30 (7); 953-971.

[52]Yener J, Kopac T, Dogu G, Dogu T J,
Adsorption of Basic Yellow 28 from aqueous
solutions with clinoptilolite and amberlite. J
Colloid Interface Sci, 2006; 294 (2); 255-264.

[S3]Wang S, Boyjoo Y, Choueib A, A
comparative study of dye removal using fly
ash treated by different methods.
Chemosphere, 2005; 60 (10); 1401-1407.

[54]Ramakrishna K R, Viraraghavan T, Dye
removal using low cost adsorbents. Water Sci
Technol, 1997; 36 (2-3) 189-196.

[55] Vijayaraghavan R,  Vedaraman N,
Surianarayanan M, MacFarlane D R,
Extraction and recovery of azo dyes into an
ionic liquid. Talanta, 2006; 69 (5) 1059-1062.

[56]Pei Y C, Wang J J, Xuan X P, Fan J, Fan M,
Factors affecting ionic liquids based removal
of anionic dyes from water. Environ Sci
Technol, 2007; 41 (14); 5090-5095.

[57]Ali M, Sarkar A, Pandey M D, Pandey S,
Efficient Precipitation of Dyes from Dilute
Aqueous Solutions of Ionic Liquids. Anal Sci,
2006; 22 (8) 1051-1053.

[58] Gharehbaghi M, Shemirani F, A novel method
for dye removal: Ionic Liquid-Based
Dispersive Liquid-Liquid Extraction (IL-
DLLE). Clean—Soil, Air, Water, 2012; 40 (3);
290-297.

[59]Li C, Xin B, Xu W, Zhang Q, Study on the
extraction of dyes into a room-temperature
ionic liquid and their mechanisms. J Chem
Technol Biotechnol, 2007; 82 (2); 196-204.

[60]Li C, Xin B, Extraction and mechanisms of
acid dyes into a room temperature ionic liquid.
Supported by the National Natural Science
Foundation of China. 2008; 3519-3522.

[61]Fan J, Fan Y, Zhang S, Wang J, Extraction of
azo dyes from aqueous solutions with room
temperature ionic liquids. Sep Sci Technol,
2011; 46 (7) 1172-1177.

[62] Visser A E, Swatloski R P, Rogers R D, pH-
dependent partitioning in room temperature
ionic liquids provides a link to traditional
solvent extraction behavior. Green Chem,
2000; 2 (1) 1-4.



http://pubs.acs.org/doi/abs/10.1021/es012505a?prevSearch=ionic%2Bliquid&searchHistoryKey=

[63]Chen X, Li F, Asumana C, Yu G, Extraction
of soluble dyes from aqueous solutions with
quaternary ammonium-based ionic liquids.
Sep Purif Techn, 2013; 106; 105-109.

[64] Abdel-Shafy H I, El-Gamal I M, Abdel-
Sabour M F, Abo-El-Wafa O, Removal of Cd
and Pb from water by activated carbon.
Environ Prot Eng, 1989; 15; 64-78.

[65] Ayotte J D, Montgomery D L, Flanagan S M,
Robinson K W, Arsenic in groundwater in
eastern New England: Occurrence, controls
and human health implications. Eniron Sci
Technol, 2003; 37 (10); 2075-2083.

[66]Hughes M F, Arsenic toxicity and potential
mechanisms of action. Toxicol Lett, 2002; 133
(1); 1-16.

[67]Martinis E M, Berton P, Olsina R A,
Altamirano J C, Wuilloud R G, Trace mercury
determination in drinking and natural water
samples by room temperature ionic liquid
based-preconcentration and flow injection-
cold vapor atomic absorption spectrometry. J
Hazard Mater, 2009; 167 (1-3); 475-481.

[68] Doménska U, Rekawek A, Extraction of metal
ions from aqueous solutions using
imidazolium based ionic liquids. J Sol Chem,
2009; 38 (6); 739-751.

[69] Papaiconomou N, Lee J-M, Salminen J, von
Stosch M, Prausnitz J] M, Selective extraction
of copper, mercury, silver, and palladium ions
from water using hydrophobic ionic liquids.
Ind Eng Chem Res 2008; 47 (15) 5080-5086.

[70] Stncik M, Kogelnig D, Stojanovic A, Korner
W, Krachler R, Wallner G, Uranium
extraction from aqueous solutions by ionic
liquids. Appl Radiat Isot 2009; 67 (12); 2146—
2149.

[71]Fischer L, Falta T, Kollensperger G,
Stojanovic A, Kogelnig D, Galanski M,
Krachler R, Keppler B K, Hann S, Ionic
liquids for extraction of metals and metal
containing compounds from communal and
industrial waste water. Water Res 2011; 45
(15); 4601-4614.

[72] Germani R, Mancini M V, Savellia G, Spreti
N, Mercury extraction by ionic liquids:
temperature and alkyl chain length effect.
Tetrahedron Lett, 2007; 48 (10); 1767—-17609.

0

(1034 )

BB itish Journal of Bio-Medical Research Vol.03, Issue 04, Pg.1021 - 1035, July - August 2019y

[ 73] Abdolmohammad-Zadeh H, Sadeghi G H, A
novel microextraction technique based on 1-
hexylpyridinium hexafluorophosphate ionic
liquid for the preconcentration of zinc in water
and milk samples. Anal Chim Acta, 2009; 649
(2); 211-217.

[74]Kogelnig D, Stojanovic A, Galanski M,
Groessl M, Jirsa F, Krachler R, Keppler B K,
Greener synthesis of new ammonium ionic
liquids and their potential as extracting agents.
Tetrahedron Lett, 2008; 49 (17); 2782-2785.

[75]Lee J-M, Extraction of noble metal ions from
aqueous solution by ionic liquids. Fluid Phase
Equilibr, 2012; 319; 30-36.

[76] Gonzélez-Mujnoz M J, Luque S, Alvarez J R,
Coca J, Recovery of phenol from aqueous
solutions using hollow fibre contactors. J
Membr Sci, 2003; 213 (1-2); 181-193.

[77]Li Z, Wu M, Jiao Z, Bao B, Lu S, Extraction
of phenol from wastewater by N-
octanoylpyrrolidine. J Hazard Mater, 2004;
114 (1-3); 111-114.

[78] Olejniczak J, Staniewski J, Szymanowski J,
Extraction of phenols and phenyl acetates with
diethyl carbonate. Anal Chim Acta, 2005; 535
(1-2); 251-257.

[79]Deng N, Li M, Zhao L, Lu C, de Rooy S L,
Warner I M, Highly efficient extraction of
phenolic compounds by use of magnetic room
temperature ionic liquids for environmental
remediation. J Hazar Mater, 2011; 192 (3);
1350-1357.

[80]Vidal S T M, Correia M J N, Marques M M,
Ismael M R, Reis M T A, Studies on the use of
ionic liquids as potential extractants of
phenolic compounds and metal ions. Separ Sci
Technol 2004; 39 (9); 2155-2169.

[81]Wan H, Huang D Y, Cai Y, Guan G F,
Extraction of phenolic compounds with
[omim]BF; ionic liquid. J Chem Eng Chin
Univer, 2008; 22 (1); 162-165

[82]Ha S H, Mai N L, Koo Y-M, Butanol recovery
from aqueous solution into ionic liquids by
liquid-liquid extraction. Process Biochem,
2010; 45 (12); 1899-1903.

[83]Pena T, Casais C, Mejuto C, Cela R,
Development of an ionic liquid based
dispersive  liquid-liquid  microextraction
method for the analysis of polycyclic aromatic

J



BB itish Journal of Bio-Medical Research Vol.03, Issue 04, Pg.1021 - 1035, July - August 2019y

hydrocarbons in water samples. J Chromatogr liquids from aqueous media. Green Chem,
A, 2009; 1216 (36); 6356-6364. 2005; 7 (4); 196-202.

[84]Miller A, Gorak A, Extraction of 1,3- [86] Chen D-X, OuYang X-K, Wang Y-G, Yang L-
propanediol from aqueous solutions using Y, He C-H, Liquid-liquid extraction of
different ionic liquid-based aqueous two- caprolactam from water using room
phase systems. Sep Purif Technol, 2012; 97; temperature ionic liquids. Sep Purif Techn,
130-136. 2013; 104;263-267.

[85]Wang J, Pei Y, Zhao Y, Hu Z, Recovery of
amino acids by imidazolium based ionic

How to cite this article:

Chander Prakash and Shafila Bansal. Applications Of Ionic Liquids In The Removal Of Water Contaminants:
An Overview Br J Bio Med Res , Vol.03, Issue 04, Pg.1021 - 1035, July - August 2019. ISSN:2456-9739 Cross
Ref DOI : https://doi.org/10.24942/bjbmr.2019.545

Source of Support: Nil Conflict of Interest: None declared.

Your next submission with British BioMedicine Publishers will reach you the below assets

¢ Quality Editorial service

o Swift Peer Review w
e E-prints Service

e Manuscript Podcast for convenient understanding ‘ '

¢ Global attainment for your research I m

¢ Manuscript accessibility in different formats
(Pdf, E-pub, Full Text)

¢ Unceasing customer service P U B L I SI -I E H S //,3\

e Immediate, unrestricted online access Q)

« Global archiving of articles ()g W, Inspiring Research & Innovations

Track the below URL for one-step submission
http://www.britishbiomedicine.com/manuscript-submission.aspx

(1035 )



http://www.britishbiomedicine.com/
http://www.britishbiomedicine.com/manuscript-submission.aspx

