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ABSTRACT
lonic liquids are the salts that are liquid at the low temperature and their molten forms

composed of the ions. Their usefulness can be due to favorable physicochemical properties, like
the lack of vapors pressure, good thermal and chemical stability as well as very good
dissolution properties regarding both organic and inorganic compounds. The review begins
with a discussion of the earliest successful study of ionic liquids (ILs) for their nomenclature,
preparations; effect of properties on ionic liquids, uses and potential applications in organic and

analytical chemistry continues to grow.
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1. INTRODUCTION
Particularly the ionic liquids are used as the
media in various reactions including
cracking,  dissolution,  hydrogenation,
dimerization, isomerization,
oligomerisation,and other reactions. They
are used in catalyst systems or reactions to
show better activity, selectivity and
stability. They provide better yield and in
some cases faster kinetics. They

particularly ~ have properties like
Hydrophobicity, Viscosity,
Electrochemical stability, Thermal

stability. They provide greener reaction
media hence provide environmentally
friendly product.*

lonic liquids have been described as
designer solvents, and this means that their
properties can be adjusted to suit the

requirements of a particular process.
Properties such as density®, melting point®,
viscosity!, Refractive index® and Surface
tension® can be varied by simple changes to
the structure of the ions. Nowadays ILs are
applied in several areas of chemistry, like
Wittig reaction’ Friedel crafts reaction® |
Diels- alder reaction', Heak reaction™,
Suzuki coupling and  (bio) catalytic
reactions™. The growing interest in molten
salts is also visible in analytical chemistry,
especially in LC and CE™.

2. HISTORY
Ethanolammonium  nitrate  (m.p. 52-
55°C) was reported in 1888 by S. Gabriel
and J. Weiner. One of the earliest truly
room temperature ionic liquids was ethyl
ammonium nitrate  (C,Hs) NHs;" -NO;
(m.p. 12°C), synthesized in 1914 by Paul
Walden.

In the 1970s and 1980s there was interest
in ionic liquids based on alkyl-substituted
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imidazolium and pyridinium cations, with
halide or trihalogenoaluminate anions,
initially developed for use as electrolytes in
battery applications. In 1992, Wilkes and
Zawarotko obtained ionic liquids with
‘neutral’ weakly coordinating anions such
as  hexafluorophosphate (PFs) and
tetrafluoroborate (BF, ), allowing a much
wider range of applications for ionic
liquids.

3. NOMENCLATURE OF THE IONIC
LIQUIDS

On the basis of the anion, ILs may be
divided into four groups: (a) systems based
on AICI; and organic salts such as 1-butyl-
3-methylimidazolium chloride,[bmim][Cl];
(b) systems based on anions like [PFe]
J[BF4] and [SbF¢] ~, (c) systems based on
anions such as[CF3SOs], [(CF3SO,).NTJ,
[Tf,N] and similar, (d) systems based on
anions such as alkylsulfates!, and
alkylsulfonates™.

First group (a) called first generation.
Lewis acidity can be varied by the relative
amount of the organic salt/AICI; molar
excess of the AICI; are Lewis acidic ,
excess of organic salt are Lewis basic.
These are extreme hygroscopic and
handling is possible on dry atmosphere.
Second group (b) is nearly neutral and air
stable, and they have advantage of reacting
exothermically with strong Lewis acids.

Third are characterized by low melting
point, low  viscosity, and  high
conductivities. [Tf,N] act as coordinating
solvent Structural studies of [Tf,N] and
weak  Lewis acids attribute to
delocalization of the negative charge with
S-N-S core . Alternative is to find low co-
ordinating and non fluorinated anions such
as [(CB11H12),, (CB11HeClg), CB1;1HgBrs)]
Y Fourth are characterized by wide
electrochemical window and air stability.

Some typical cations

+ +

Some typical anaion

[INRy Hg.x] [SRy Hz.y] 1) AICl4 ,AICI7

2) PFg BF 4 SbFg

R
H3C Rl \ + - ] _
\NéN/ x- EN> X 3) [9CF3502)2N] , CF3 SOZ -N - COCF3

4) ROSO 3 , RSO 3

Cations: Generally cations of N, N dialkyl
imidazolium cations give salts having low
melting points 1-butyl 3-methyl, 1-ethyl 3-
methyl imidazolium are most investigated
structures™.

4. EFFECT OF PROPERTIES ON
IONIC LIQUIDS

4.1. Density

In general, ionic liquids are denser than
water. The molar mass of the anion
significantly affects the overall density of

ILs. The [Ms,N] ~ species have lower
densities than the [Tf,N] = salts, ® in
agreement with the fact that the molecular
volume of the anion is similar but the mass
of the fluorine is greater®.

4.2. Melting point and crystal structure
The melting point of ILs represents the
lower limit of the liquid gap and together
with thermal stability defines the interval of
temperatures within which it is possible to
use the ILs as solvents By examining the
properties of series of imidazolium based
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ionic liquids found that melting point
decreases when size and asymmetry of
cation increases. Increase in branching of
the alkyl chain increases melting point®.
4.3. Viscosity

A high viscosity may produce a reduction
in the rate of many organic reactions and a
reduction in the diffusion rate of the redox
species. Examining various anion—cation
combinations, the increase in viscosity
observed on changing selectively the anion
or cation has been primarily attributed to an
increase in the van der Waals forces. The
symmetry of the inorganic anion has
sometimes been considered as an additional
parameter; viscosity decreases in the order
CI'> [PFg] > [BF.] >[Tf,N].*

4.4. Thermal stability

Most ILs exhibit high thermal stability; the
decomposition temperatures reported in the
literature are generally >400°C, with
minimal vapor pressure below their
decomposition temperature the thermal
decomposition decreases as the ion
hydrophobicity increases. It has been
suggested that the stability dependence on
the anion is [PFg] = > [Tf,N] > [BF,] ~ >
halides”.

4.5. Refractive index

This parameter is related to polarizability/
dipolarity of the medium and the excess
molar refraction is used in the least-squares
energy relationship of Abraham as a
predictor of solute distribution. The values
found for [bmim] [X] salts are comparable
to those for organic solvent®.

Table 1. Density, viscosity, conductivity and refractive index for various ILs

Density Viscosity Conductivity Refractive index,
(257 C) (gml™ ") (cP) (T7C) (mScm™) n

[emim][PFg4] Sn]id1 )
[bmim][PFg] 1.3687° 450 (25°C)>>°
[hmim][PEg] 1.2927°" 585 (25°C)°* )
[omim][PFg] 1.2372" 682 (25°C)" 1.423%
[emim][Tf>N] 1.519°" 28 (25°C)** 8.8" 1.423
[bmim][Tf2N] 1.436°7" 52 (25°C)** 1.427%
[hmim][Tf>N] 1.3727"
[omim][Tf>N] 1.320%"
[emim][NMs;] 1.343° 787" ) 1.7°
[bmim] [BF,] .12 233 (25°C)>* 1.7%%¢ 1.429
[bmim] CI 1.08%= Solid Solid Solid
[hmim] CI 1.03%° 716 (25°C)*>* 1.515%>
[omim] CI 1.007 337 (25°C)°** 1.5057

; > o oS S
:E:::::} |ITfD] 1 2075 % EE:E;‘ 37%¢ e
[bmim] [CF;CO,H] 1.21%® 73 (25°C)*™ 3.27¢ 1.4497%
[emaim][Tf;NJ* 1.51>¢ 88 (20°C)* 3.2%¢ 1.430%
[bmpyrr][TEN] 1.41° 85 (25°C)° 2.28
[bmpyrr][NMs,] 1.28" 1680 (20°C)* 0.07°
* [enpim] = 1-ethyl-2,3-dimethy limidazolium; [bmpyrr] = 1-butyl-1-methy lpyrrolidinium.

4.6. Surface tension

Surface tension is one of the important
properties in multiphase processes. ILs are
widely used in catalyzed reactions, carried
out under multiphase homogeneous
conditions, that are believed to occur at the
interface between the IL and the overlying
organic phase. In general liquid/air surface
tension values for ILs are somewhat higher
than those for conventional solvents [(3.3—

5.7) -10-4Ncm™], Surface tension values
vary with temperature and both the surface
excess entropy and energy are affected by
the alkyl chain length, decreasing with
increasing length®.

5. PREPARATION OF SOME IONIC
LIQUIDS

5.1. Preparation of Supported Basic
lonic Liquid
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A mixture of polystyrene resin and 1-
methylimidazole in toluene was refluxed
for 24 h. After cooling to room
temperature, the reaction mixture was

filtered, and the supported ionic liquid 1
(SIL 1) was washed with toluene, HCI,
water and methanol, followed by drying
under reduced pressure to give SIL1 *°.

Toluene //N
DX

Reflux (24h) N

Y

5.2. Task-Specific lonic Liquid, 1, 8-
Diazabicyclo [5.4.0] - undec-7-en-8-ium
Acetate

Basic task-specified ionic liquid, 1, 8-
diazabicyclo [5.4.0]- undec-7-en-8-ium
acetate  ([DBU] [Ac]) through the
neutralization reaction of equal molar
amounts of DBU and acetic acid. To a
three necked flask was added DBU. Acetic

acid was then added drop wise at the
temperature of 65 °C cooled by ice bath.
After drop wise addition, the ice bath was
removed and the reaction mixture was
stirred at room temperature for 24 h. The
oil residue was dried in vacuum at 60°C for
24 h to afford [DBU] [Ac] as a light
yellow, viscous liquid®.

|+
N N
=z A -
| + cHgcooH —> CH3C00
N

5.3. Synthesis of ammonium cation-
based ionic liquids

The aliphatic quaternary ammonium
(AQA) cation is a useful cationic
component of room temperature ionic
liquids, since the salts containing AQA
cations and appropriate oxidation resistant
anions such as ClO,, BF, or PFg are

electrochemically stable and may be used
as a supporting electrolyte. The asymmetric
amide anion (CF3;SO,-N-COCF;) K has an
excellent ability to lower both the melting
points and viscosities of room temperature
ionic liquids, combining with the small
aliphatic cations?'.

|+ |+ |+
T M _T{

™A TMEA T™MiPA

_|_\’ _I_\_ )

e/ O

\
TMPA TMAIA TEA DMP

Different AQA cation inionic liquids.

5.4. Synthesis of the functionalized
imidazolium ionic liquids

Most of the ionic liquids are based on the 1,
3 dialkyl imidazolium, or Zl-alkyl
pyridinium ions and also different anions
are involved, scientist Davis and Rogers

have reported the synthesis of imidazolium
salts with urea, thiourea, and thioether
groups in one of the N-alkyl substituents?.

Quaternisation of l-alkyl-1, 2, 4-triazoles
at N-4 using polyfluoroalkyl halides under
neat reaction conditions at 100-120°C gave
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the l-alkyl-4-polyfluoroalkyl-1, 2, 4-
triazolium halides [taz] [X]. Metathesis of
these  polyfluoroalkylated  triazolium
halides with fluorine-containing anions led

to the formation of new 1, 4-alkyl
(polyfluoroalkyl)-1, 2, 4-triazolium ionic
liquids [R (Rf) taz] [Y].

Ril A\

R
_N
)

R
N

n .
\EDN?Rf |

+ -
K'Y N

,R
_N
@) .
7,

H20,4O

5.5. Synthesis of the chiral ionic liquids
The first reported chiral ionic liquid was 1-
butyl-3- methylimidazolium  ([BMIM])
lactate 11l by Seddon et al. in 1999. Chiral
ionic liquids are quite attractive for their
potential application to chiral
discrimination  including  asymmetric
synthesis, optical resolution of racemates
chiral pool synthesis®.

Gaumont and co-workers described the
synthesis of a new class of chiral ILs (XI,
XI1) based on thiazolinium salts®. The
methodology is outlined in various chiral
thiazolinium ILs were obtained by
alkylation of chiral thiazoline followed by
metathesis of the anion.

HAC N
3 /

X R |

X =PFg, BF4, NTf o

HaC
S MX 3
> <\ + > <
CHg H3C

S H3C S
\ j\/ < > <
+ \
/N CH3 HaC N CHg
R

R-1,n-Bu,2,n-C 12 Hog

CHg
Et3N S z

: OH

CH3 MeS0,4Cl
Et3N

Melting points of these new thiazolinium
ILs fell in a range from 137°C to
temperatures below 0°C. The differences in
melting points were due to the different
length of the Nalkyl chains and the nature
of the counter anions. Unlike the chiral
oxazolinium-based ILs, the thiazolinium
ILs had good stability under basic and even
acidic conditions.

6. APPLICATION OF IONIC LIQUIDS
IN NAME REACTIONS

6.1. Aldol condensation reaction

The self condensation reaction of propanol
to form 2-methylpent2-enal has been
carried out in  non  coordinating
imidazolium ionic liquids. The most
selectivity was found for [bmim] [PF6].The
reaction of ionic liquid [bmim] [PF6] with
proline of different aromatic aldehydes
with acetone achieved good results for
aldolisation products even for less
concentration of the proline used as a
catalyst®.
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(S) proline acetate

CHg

Py

[bmim] [PF 6)/RT B

6.2. Wittig reaction

Wittig reaction is the mainly used in
organic synthesis. It is having wider
application as synthesis of the alkanes. The
ionic solvent [bmim] [BF4] has been used
as a medium to carry out Wittig reactions
using stabilized ylides allowing easier
separation of the alkenes from PhsPO and
also recycling of the solvent. Further the E-
steroselectivity was observed in the ionic
liquid solvents, similar to that observed in
organic solvents’.

6.3. Friedel crafts reaction

This is one of the reactions used in organic
synthesis which involve acylation. It was

found that Friedel crafts reaction were
carried out by wilkies in an [emim] [CI]
AICI; system”. This was followed by the
work of Seddon and Adams, who carried
out the acetylation reactions of carbocyclic
aromatic compounds with acetyl chloride
in acidic compositions of [emim] [CI]
AICIZ®. These reactions worked efficiently
giving the stereo electronically favored
products.

Another interesting development is the use
of [BMIM] [chloroaluminate] as Lewis
acid catalyst for the Friedel Crafts
sulfonylation of benzene and substituted
benzenes with TsCI°.

SO,Cl ] N _o
S
[BMIM] [CI] AICI3
SE :

0

5h,30 C
6.4. Diels- alder reaction between cyclopentadiene and methyl
It has found that lonic liquids such as acrylate showed significant rate

[bmim] [BF4], [bmim] [CIO,], [emim]
[CF3SOs], [emim] [NO3] and [emim] [PFe]
were demonstrated as effective solvents for

enhancements, high yields and strong endo
selectivity’s comparable with the best
results obtained in conventional solvents™.

Diels—Alder reactions. The reaction
@ ionic liq
H + H Z + LbCOOMe
H/ ~~CcooMme COOMe
6.5. Heak reaction alkyl ammonium and tetra alkyl

The first example of a Heck reaction in
ionic liquids was reported for the synthesis
of trans-cinnamate by the reaction of
bromo benzene with butyl acrylate
catalyzed by palladium salts in molten tetra

16

phosphonium bromide salts.™*

The Heck coupling of aryl halides with
allylic alcohols catalyzed by PdCl, in
molten tetra alkyl ammonium bromide
gave the corresponding B-acrylate carbonyl
compounds?.
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OH

Br
A
HoC CHg
MeO

pdCl 2/NaHCO 3

+
nBu)4 N Br MeO OO

6.6. Suzuki coupling

The Suzuki coupling reaction using pd
catalyst with ionic liquids found to be
excellent yield and turnover numbers at
room temperature 2. As compared to
conventional Suzuki coupling reaction with
ionic liquids proceed with high reaction
rate. The reaction of bromo benzene with

phenyl boronic acid under conventional
Suzuki conditions gave 88% yield in
6h(TON, 5h-), and with [bmim][BF,] gave
93% yield in 10min.(TON, 455h-). The use
of ultrasound in palladium with [bmim]
[BF4] allowed the Suzuki coupling of
various aryl halides with phenyl boronic
acid to be conducted at room temperatures.

B(OH) »

pd(pph 3)4

R

X
IO
R

R

[bmim][BF 4].Na»CO3 O
R

7. APPLICATION OF THE IONIC
LIQUIDS IN ANALYTICAL
CHEMISTRY

7.1. In MALDI mass spectroscopy
Matrix-assisted laser desorption ionisation
(MALDI) mass spectroscopy is one of the
soft ionisation methods for analyzing polar,
non-volatile  and  thermally labile
bimolecular and synthetic polymers with
high molecular weights® *. Room
temperature ionic liquids with a high
solubilising power, negligible vapour
pressure, a broad liquid range and the
ability to absorb laser light have been
designed to use as MALDI matrices.

They have found wide applications in
peptide and protein quantification, as well
as in the analysis of phospholipids. lonic
liquid matrices in MALDI are found to
improve the resolving power,
reproducibility, and ability to quantify.

7.2. In gas chromatography

In 2007, Han & Armstrong reviewed the
role of ILs in separation techniques
including GC. Creating GC stationary
phases with high thermal stability is very
important if IL stationary phases are to
compete with commercial GC stationary
phases. The GC stationary phages with
good thermal stability were prepared by
dicationic ionic liquids®™. Dicationic ILs
with vinyl groups were cross-linked after
being coated on a silica capillary to yield
GC stationary phases with very high
temperature stability and extremely low
column bleed®. Also highlighted in the
review is the development of chiral GC
stationary phases using ILs. A chiral
stationary phase based on N, N
dimethylphenyl ephedrine, where the IL
itself is the chiral selector, resulted in
enantiomeric separations for sulfoxides,
alcohols, and epoxides™®.

7.3. In liquid-liquid extraction
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Recently, several hydrophilic ILs were
tested for their ability to extract ethanol
from a mixture of ethyl acetate and
ethanol®. 1-allyl-3-methylimidazolium
chloride, which is used for the extraction
and it, can be recycled easily. Recent
studies have focused upon penicillin G*,
double-stranded ~ DNA¥*.  The IL
trioctylmethylammonium chlorides
(TOMAC) more successfully extracted
penicillin G than did imidazolium-based
ILs, but it was difficult to remove the
penicillin from the IL. Thus the ionic liquid
has found to be better application in case of
the liquid liquid extraction.

7.4. Biocatalysis in ionic liquids

lonic liquids mainly used in case of the
biocatalysis.The use of enzymes in organic
solvents rather than in aqueous media
greatly enhance their technological
applications.  Biocatalysis in  organic
solvents having some disadvantages of

reduced activity, selectivity or stability of
enzyme as compared to aqueous media.
lonic liquids are used in three different
methods in the enzyme systems, namely a)
as a co-solvent in aqueous phase, b) as a
pure solvent and ¢) as a two-phase system
together with other solvents the use of
organic solvents solved the problems. Their
use in lipase-catalyzed reactions has
increased the solubility of the substrate by
3-fold, and in the N-acetyl-lactosamine
synthesis using b-galactosidase, the yield
has been doubled by minimizing the side
reactions®’.

Erbeldinger et al. reported the synthesis of
Z-aspartame, catalyzed by thermolysin in
[omim] [PF], the reaction being carried out
in [bmim] [PF6] containing water (5% v/v).
The rate of the reaction is comparable to
the conventional method®.

O
O
| ; OH
+ o Ncoon  [bmim] [PFg] + H20 (5%) o
themolysin (@) |
| : NH
B O
o H
\COOH
OMe
HoN T
6]

OMe

7.5. Other Applications

lonic Liquid-Derived Blood-Compatible
Composite Membranes are used for Kidney
Dialysis. In this method Saravanababu
Murugesan et. al used room temperature
ionic liquids®™. In this method a novel
heparin- and cellulose-based biocomposite
is fabricated by exploiting the enhanced
dissolution of polysaccharides in room
temperature ionic liquids (RTILS). This
represents the first reported example of

using a new class of solvents, RTILs, to
fabricate blood-compatible biomaterials.
The other applications such as
Electrochemistry4°, Radical
polymerization'®, lonic Polymerization*
and  Microwave-Assisted  synthesis®.
Hamid Reza Kalhor Et.al in 2009 reported
that ionic liquids are also used in inhibition
of the amyloid formation®.
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8. TOXICITY OF THE IONIC
LIQUIDS

The little data is available on the toxicity of
the ionic liquids. Experimental studies have
been helpful in establishing general
guidelines for the selection of ILs with low
potential for toxicity. Many ILs are similar
to cationic surfactants, which are known to
induce polar narcosis due to their ability to
be incorporated into biological membranes
many of the imidazolium and pyridinium
compounds were more toxic than common
high-volume solvents such as acetonitrile,
acetone and methanol. Some exceptions
include low alkyl chain length quaternary
ammonium ILs and those ILs containing
choline as the cation, which were relatively
nontoxic. Antimicrobial activity increased
as the alkyl chain length increased on
pyridinium, imidazolium, and quaternary
ammonium salts*.

Toxicity was predicted to increase slightly
with the number of nitrogen atoms having
two aromatic bonds and one single bond.
Thus ammonium cations are less toxic than
pyridinium cations, which are slightly less
toxic than imidazolium cation. The IL
toxicity should decrease as the number of
negatively charges atoms on the cation
increases. Also it was predicted that anions
play role in toxicity of the ionic liquids the
results indicate that the presence of
positively charged atoms in the anion leads
to higher toxicity than those systems with a
single negative anion atom.

CONCLUSIONS
Rapid growth of interest in application of
ILs in medicinal chemistry and analytical
chemistry is reasonable in view of their
unique properties. lonic liquids provide
chemists with the opportunity of studying
reactions in a fascinating new environment.
While the fundamental properties of ionic
liquids are being unraveled chemists are

developing new methods to handle and
study them. The use of ILs as “green
chemistry” modifiers is recommended
instead of the conventional
environmentally harmful agents, which are
currently widely employed in analytical
practice.
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