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Summary. The synthesis of ionic liquids under non conven-
tional activation methods is historically reviewed and complet-
ed with the recent developments of “one-pot” synthesis and
combination of these activation methods.
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Introduction

The first ionic liquid was synthesized in 1914 but it
is in the last decade that these compounds have
attracted worldwide attention as a potential alterna-
tive to organic solvents. Their remarkable chemical
and physical characteristics encouraged both aca-
demic and industrial chemists to explore their use
in such diverse domains as chemical analysis [1], sep-
aration [2], electrochemistry [3], engineering fluids
[4], performance additives [5], and synthesis [6].
Ionic liquids (ILs) consist of organic cations (bearing
charged nitrogen, sulfur or phosphorus atoms) cou-
pled with either organic or inorganic anions. They
resemble molten inorganic salts, with the capital dif-
ference that they are liquid at room temperature or
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at least below 100°C. Besides being very polar, they
often are non-coordinating and their vapour pres-
sures are barely measurable, which enable them to
be re-used several times. However, the properties of
ILs can be tuned according to their use.

In the 1980s ILs had almost exclusive employ-
ment in electrochemistry owing to their exceptional
ionic structure. The poor chemical stability towards
water and air of the few ILs known at this time was
however a major hindrance in regard to other ap-
plications being developed. Moreover, the classical
method for their synthesis was excessively time-con-
suming. The emergence in the following decades of
a new concern for environmental problems aroused
chemists to think in terms of pollution, long-term
toxicity, sustainability, and renewable materials for
the design of new chemical processes. Nowadays, it
is no longer a minority trend, and it results in the
concept of “Green Chemistry”. “Green Chemistry”
codified a set-up of rules to attempt to conciliate the
increasing use of man-made chemicals with the re-
spect and care of future generations and the preser-
vation of ecosystems. In this context tremendous
efforts have been exerted to develop and to im-
prove the synthesis of [7] a new generation of ILs
(“‘second-generation ionic liquids’™), with even more
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interesting properties. At present, the most common
classes of ILs are alkylammonium, alkylpyridinium,
and N,N'-dialkylimidazolium salts [6].

Industry has not yet shown a great interest in using
ILs but this should happen soon. Indeed, great eco-
nomic and environmental benefits should arise from
the use of these reaction media that are better than
conventional organic solvents. Indeed, they lead to
easier product’s recovery, they can act both as solvent
and catalyst, and they can be recycled. However, their
toxicity and long term stability are still not well con-
trolled and this remains problematic for industrial
purposes [8]. Up to date factual information con-
cerning the industrial use of ILs has been scanty, al-
though a marked boost in the relevant literature has
occurred at the turn of the century. Indeed, the pub-
lication rate of articles dealing with ILs was roughly
about 20 papers a year in 1995 whereas in 2001, this
rate increased up to 300 papers a year [9]. In spite of
scientific indicators that assume a successful future
for ILs, some major hurdles are still in the way be-
fore their industrial use becomes routine, viz.

1. Safety from the health and environmental stand-
points have to be established.

2. Analysis of economic benefits has to be carried
out.

3. Swift and cheap production of ILs have to be
finalized.

4. New applications in production.

5. Application as solvent in new analytic methods
(head space GC).

6. Synthesis of halogen-free and/or chiral ILs.

The subject of the present review is to answer the
questions of easy, cheap, and fast synthesis of ILs.
Indeed, the classic synthetic procedure for ILs pro-
duction is not satisfactory [10]. Non-conventional
activation methods, arising from the academic re-
search in the early eighties, became popular almost
in the same time than the advent of second-genera-
tion ionic liquids. Microwave (MW) [11] and ultra-
sound (US) [12] are nowadays the best known and
most used non-conventional activation techniques at
a laboratory scale. Industry also shows a growing
interest in the application of MW and, to a lower ex-
tent, US technologies. MWs act by a rapid and di-
electric heating of polar materials whereas US brings
out interesting chemical and physical effects by the
physical phenomenon of cavitation. US has been
used for many years by organic chemists and bio-
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chemists to enhance reaction rates, decrease reaction
times, and avoid harsh experimental conditions [13,
14]. Laboratories engaged in the synthesis, the char-
acterization, and the use of ILs have been quick to
take advantage of the great potential of these meth-
ods in order to improve, to speed-up, and to simplify
their preparation. Owing to their ionic nature, ILs
strongly absorb MW radiations. Moreover, MW-
and US-promoted reactions have been successfully
carried out in non-conventional media such as ILs.
Thus, throughout the “Green Chemistry principles”,
a synergy was born between non-conventional meth-
ods and non-conventional media in a way to make
ILs preparation easier.

Synthesis of First-Generation or Halogenated ILs

The first generation of ILs is accessible through a
SN, mechanism by quaternarization of the hetero-
atom (nitrogen or phosphorus) of an organic heterocy-
cle, for example, an imidazole derivative. Classically,
the synthesis of ILs based on 1-butyl-3-methylimi-
dazolium cation [bmim]™ can last from a few hours
for the bromide to a few days for the chloride.
Bromide-based ILs are easily accessible, but alkyl
bromides are much more expensive and less avail-
able than alkyl chlorides. As chloride is a worse
nucleophile compared to bromide, some energy is
necessary to increase the reaction rate. This accounts
for the various reaction times and experimental con-
ditions required to prepare [bmim]Cl and [bmim]Br,
as shown in Scheme 1.

First-generation ILs do not have many applica-
tions because they all are hydrophilic and relatively
unstable in the presence of air and moisture. Second-
generation ILs that are obtained by anion metathesis
from the former generation are more interesting.
Indeed, these compounds are hydrophobic and ex-
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hibit remarkable properties, that is why improving
the synthesis of first-generation ILs has become such
an important target.

In 2001, Varma et al. [15] reported the first MW-
assisted neat preparation (open vessel) of several
imidazolium-based ILs using an excess of alkyl ha-
lide. The authors found that the reactivity trend was
I>Br>Cl, alkyl chlorides being slow to react. This
procedure led to a drastic decrease of the reaction
time, from a few days down to a few minutes in the
most impressive instances. The IL that begins to form
under MW irradiation increases the polarity of the
medium, and consequently the rate of MW absorp-
tion. However, the use of alkyl halides in an open
vessel is somehow hazardous, and the purity of pro-
ducts is also unsatisfactory. Moreover, use of an
open vessel under intense heating to synthesize very
hygroscopic compounds entails strong water absorp-
tion, forbidding any possible scale-up, as products
have to be dried under high vacuum prior to use.
The authors, also finding that continuous irradiation
led to a partial decomposition of cationic moie-
ties, intermittently irradiated and mixed the reaction
mixture. They repeated the alternate irradiation-mix-
ing procedure until the formation of a clear single
phase was obtained. Nevertheless, Chan et al. [16]
pointed out that this procedure was difficult to re-
produce in a common household reactor and that
an overheating of the reaction mixture generated
vapours and led to product’s decomposition; a short-
circuit of the MW reactor was sometime observed.
Indeed, they reported a marked overheating under
continuous irradiation and also emphasised that run-
away reactions were fairly common with solvent-
free systems, in which effective heat dissipation by
the solvent did not play any role. According to them
some of these problems could be avoided either with
the use of focused MW, allowing a more precise
control of both temperature and radiation intensity,
or by the dispersal of reactants on inert solid sup-
ports. In the case under discussion, overheating
could be exacerbated because the halide salt is more
polar than the starting materials, and consequently
absorbs MW more strongly. They suggested a sim-
ple modification of the Varma’s procedure allowing
large-scale preparation of first-generation ILs in an
unmodified household MW reactor. They then im-
mersed the reactor containing the starting materials
in a tank of water that had been preheated to 60°C
and placed the entire system in an unmodified house-
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hold reactor equipped with five power levels. This
set-up prevented both the overheating and the danger
of runaway reactions. At the beginning of the reac-
tion, the overall polarity of the starting materials is
lower than the one of the water mantle. The MW
absorption is therefore unequally distributed be-
tween the two compartments and the water heats
up to around 80°C. When enough IL has formed,
the overall polarity of the reaction mixture overtakes
the one of water, so that the former absorbs more
strongly MWs and the formation rate of the ionic
compound increases. The effects of MW power lev-
els and duration of heating were examined to opti-
mize the reaction conditions. The reaction batch was
mixed in between each irradiation step and the alter-
nate irradiation/mixing was repeated until a clear
single phase was formed. The authors noted that
the first irradiation step was of key importance as
an overheating at this stage or a too long irradiation
time initiated the decomposition of the reaction mix-
ture. This step had to be shortened and conducted
at a lower power level than successive ones. Chan
et al.’s modification probably yielded purer ILs than
those previously obtained, but it seemed to work
only with alkyl bromides [16]. Indeed, if it erased
some problems, it was unfit for the preparation of
ILs from alkyl chlorides, as the required heating
was much stronger than for bromides.

All the aforementioned MW-assisted methods
used modified or unmodified household reactors that
did not allow any effective control of power, hence
of temperature and/or pressure of the reacting sys-
tem. It is no wonder if the reproducibility of results
obtained with such reactors is unpredictable, which
is a serious obstacle to establish a generalized MW-
assisted method. Finally, an excess (10-300% mo-
lar) of alkyl halide was necessary for the reaction to
be completed, which decreased the greenness of the
process. In addition, large amounts of organic sol-
vents had to be used to remove non converted start-
ing materials and reaction by-products. Rebeiro et al.
[17] improved the procedure in a modified CEM
microwave digester (MARS-S) by using a closed
vessel with an upper cooling system fitted to the
top, at least when pressure was unnecessary. The
advent of multimode and monomode reactors — i.e.
with MWs directly focused on the target reactor —
allowed reactions to be controlled in a very strict
manner with a monitoring of temperature, power, and
pressure (Fig. 1).
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Fig. 1. Professional multimode MW reactor MARS-S (CEM)

The authors noticed that the higher the temper-
ature inside the reactor, hence the pressure in closed
vessels, the shorter the reaction time. A further ad-
vantage of this procedure was the diversification of
starting chemicals and the use of fine power control.
Thus, the authors claimed that the method could be
generalized, using several nitrogen-based organic
structures together with different alkyl bromides and
chlorides. Table 1 summarizes some of their key
results.

These data are consistent with the reactivity trend
highlighted by Varma et al. [15] for alkyl halides and
show that a general procedure for the preparation of
first-generation ILs could be developed under MW
irradiation, even though results with lutidine did not
appear to be optimized. In 2003 Deetlefs et al. [18]
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reported a method for the preparation of a very large
number of nitrogen-based first-generation ILs. This
work conformed to Green Chemistry guidelines as
it was carried out under solvent-free conditions, took
a very short time, and had high atom efficiency. It
covered a large scale of concentrations (50 mM-
2 M) in either sealed or open vessels, thanks with a
fine control of power and reaction time. By using a
very small molar excess of alkyl halides (1-2%) it
avoided the use of large amounts of solvents for pur-
ification. Compared to classical methods of syn-
thesis, MW-based techniques clearly proved more
efficient because of their speed, their low amounts
of solvent or their solvent-free conditions and finally,
their applicability to a broad spectrum of nitrogen-
based precursors. Figure 2 presents a comprehensive
view of ILs synthesised by Deetlefs et al. [18].

US technology has been approached to a lesser
extent in the preparation of first-generation ILs, once
again by Varma et al. [19]. To our best knowledge,
this is the only paper dealing with the preparation of
first-generation ILs under US irradiation. Besides
generating highly reactive intermediates, such as
radical species, in heterogeneous systems US may
cause physical effects, such as micro-emulsion, mass
transport, and reduction of particle size [20]. The
passage of low frequency (20-40kHz) sound waves
also heats up the reacting system.

Table 1. Synthesis of first generation ILs in a professional MW multimode reactor

Amine RX Time/min T/°C P /bar Yield/%
1-Methylimidazole 1-Bromobutane 2540 105 / 99
1-Methylimidazole 1-Chlorobutane 2422 150 3.93 91

Pyridine 1-Bromopropane 1+2 120 2.00 86

Pyridine 1-Chloropropane 5485 150 5.45 56

2,6-Lutidine 1-Bromobutane 5+55 200 12.41 58

2,6-Lutidine 1-Chlorobutane 5455+ 200 12.41 10
(5+25) 230 13.17

Pyridine 2-Phenethyl chloride 5+55 200 3.86 98

alkylpyridinium dialkylimidazolium
O _—N @ N—_
v e 7
| X
R
X=Cl,Br, |

dialkylthiazolium dialkylpyrazolium

®
_N s
\/x@

R= CnH2n+1
with n=4,6, 8,or 10

Fig. 2. Preparation of first-generation ILs in a professional multimode MW reactor
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Fig. 3. Professional 20 kHz Ultrasonic probe (BRANSON
“Digital Sonifier”)

Varma et al. used the combination of all these
subsequent effects to design a neat US-assisted pro-
cedure to be carried out in a closed vessel [19]. As
the quaternarization step of the nitrogen heterocycles
involves an ionic pathway (SN,), US not only heats
up the starting materials and initiates the reaction, but
also provides an efficient mixing that is particularly
effective on heterogeneous systems and generally

Table 2. Ultrasonic preparation of first-generation ILs

Alkyl halide®  Time/h Yield/% Time/h® Yield/%"

1-Bromopropane 2 95° 2 0
1-Bromobutane 2 94> 6 0
1-Bromooctane 2 93° 6 0
1-Chlorobutane 6 24> 6 0
2 86° 2 0
1-Chlorohexane 6 31° 6 0
0.5 89°¢ 2 0
1-Chlorooctane 6 42° 6 0
0.25 93¢ 2 0

* Alkyl halide/methylimidazole: 1.1/1; ® ultrasonic bath;
¢ ultrasonic probe (20 kHz); 9 silent conditions (mechanical
stirring)
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overcomes the high viscosity of ILs. For example,
when 1-methylimidazole and bromo- or chlorobu-
tane are mixed together, the resulting system is ho-
mogeneous. However, as the IL starts to form, it
separates out as a second phase. Because of its high
viscosity, the resulting heterogeneous system cannot
be efficiently mixed by common stirring devices,
which accounts for the long reaction times that gen-
erally result from this arrangement. Table 2 shows a
comparison of results obtained with and without US
irradiation.

Using an ultrasonic bath for alkyl bromides or
iodides and an ultrasonic probe for alkyl chlorides,
the authors achieved a solvent-free procedure re-
sulting in shorter reaction times and lower reac-
tion temperatures when compared with conventional
methods. In addition, they reported that products
were generally purer. Although this method was
designed only for dialkylimidazolium salts and was
not developed for a variety of nitrogen-based cations
as was the case for MW-assisted methods, its results
prove that US is also effective in improving the prep-
aration of first-generation ILs.

Synthesis of Second-Generation ILs

The successful application of non-conventional ac-
tivation methods for the synthesis of first-generation
ILs being established, several research groups
adapted them to synthesize second-generation ILs.
These comprise ILs owning even more remarkable
physical and chemical properties, and offering new
perspectives of application. One of the most prom-
ising property is recycling and re-use. This impor-
tant family of ILs is accessed by exchanging the
halide anions of first-generation ILs with bulkier
ones, most commonly bis(trifluoromethanesulfonyl)
imide (N7f,”), hexafluorophosphate (PF¢™), tetra-
fluoroborate (BF;7), and trifluoromethanesulfonate
(CF3S037). The classic method used for this ex-
change or metathesis requires 24—48 h at room tem-
perature in acetone and in a heterogeneous system.
The product is then purified and large amounts of
organic molecular solvents are required to remove
the resulting mineral salts together with not con-
verted starting materials. Finally the IL is dried un-
der high vacuum for a few hours. When all steps
(synthesis, purification, and drying) are added up,
this procedure is quite time-consuming and priceless
when considering that industry-affordable ILs are
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possibly reusable solvents, a major economic obstacle
to a general use of ILs. Although, several attempts
were made to improve the synthetic route using
different reagents such as HPF¢ or HBF,, none of
them really conformed to the principles of “Green
Chemistry”’. Another drawback was the outlay re-
quired to remove impurities and water, neither being
permissible in a “general” solvent that should cope
with water, air, acids, bases, and electrochemical
processes. Adding new chemicals to speed up the
reaction may also complicate purification. Non-con-
ventional activation methods offer an acceptable
means toward a faster production of purer ILs, re-
sulting in a higher space-time-yield and a decrease
of costs. Once again, Varma et al. published in 2002
[21] a MW-assisted preparation of BF,-based dialkyl-
imidazolium ILs. Starting from bromide or chloride
precursors with a C4—Cg side chain and the ammo-
nium BF, salt, they used in solvent-free conditions
the previously described procedure [15] with the
same unmodified household reactor (Scheme 2).
They repeated the treatment until a fine precipitate
of ammonium halide was formed. Surprisingly, they
did not try to generalize this interesting method with
other commercially available salts such as NH4PFg

NH4BF,4, MW
—_—

N
R /N ~
RN -NH,X RN TR
€]
X=Cl, Br

Scheme 2

ENT-20.08 KV ) Z J Grand

3opn pb— he °=1217 Détect

Before sonication
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or NH,OTf, possibly because they met with exper-
imental problems, as ammonium salts are not very
stable under heating.

The above-quoted results indicate that a MW
based procedure is the best choice for the prepara-
tion of first-generation ILs, as the starting system is
homogeneous. This conclusion does not hold for the
metathesis reaction, which under conventional con-
ditions usually takes place at room temperature in a
heterogeneous system. In this case there is no need
for a rapid heating to increase the reaction rate.
However, a really efficient mixing of the heteroge-
neous system is needed. To this purpose US is well
suited, as the mechanical effects of cavitation cause
a marked reduction of particle size, resulting in a
micro-emulsion and an enhancement of mass trans-
port. We took these considerations into account in
designing a generalized US-assisted procedure for
the synthesis of second-generation ILs. In 2002
Lévéque et al. [22] described a mild, efficient, and
swift method to access several C4—Cg dialkylimida-
zolium-based ILs with PFs, BF,, OTf, and N(7f),
anions, working in acetone under low-frequency
US (20-30kHz). The vigorous US-induced mixing
of the solid—liquid—liquid reaction system markedly
reduced the particle size of the ammonium salts that
correspondingly increased the reaction rate (Fig. 4).

Reaction time was decreased from 24-48 to 1-
2 h; moreover, the increased reaction rate minimized
side-reactions, resulting in a higher overall purity of
products. For hydrophobic ionic moieties, only water
was used to remove resulting mineral salts; the

After sonication

Fig. 4. Reduction of particle size of ammonium BF, by US (20kHz)
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Fig. 5. Overview of the US-assisted preparation of second-generation ILs

reacted mixture was first poured into water and then
extracted with a suitable organic solvent. Finally, the
product was dried under high vacuum to remove
water prior to use. For hydrophilic ones, the mixture
was first poured into a minimum of dichloromethane
and then washed several times with water and the
product dried under high vacuum. In 2006 the pro-
cedure was extended to other amines and anions,
proposing a standardized method [23] as shown in
Fig. 5.

Synthesis of Third-Generation ILs

A third generation of ILs, known as Task-Specific
Tonic Liquids (TSIL), recently emerged [24]. These
compounds are designed for specific tasks as sol-
vent and/or catalyst to be used in a particular chem-
ical process. For their preparation a procedure under
MW irradiation can be rapidly developed accord-
ing to the characteristics of the starting materi-
als and the homogeneous/heterogeneous nature of
their mixture. As already pointed out, MW irradia-

tion will work better on a homogeneous system.
Many research groups are equipping their labora-
tories with professional reactors to access a multi-
tude of known and unknown ILs. Figure 6 presents a
non-exhaustive overview of published MW-assisted
preparations.

An easy access to ILs containing organometallics
or functionalized side chains opens an exciting vista
of enhanced reactivities [25]. The design of chiral
ILs derived from biomass might achieve a break-
through in the field of stereochemistry by replacing
with recyclable ILs not only molecular organic sol-
vents, but also expensive chiral catalysts. In many
reactions re-usable ILs may play many roles. ILs
containing organometallics or functionalized side
chains have already proved applicable to catalytic
systems [26] and water treatment [27]. Examples
have also been reported of chiral induction by ILs
obtained from biomass or otherwise, although so far
observed ee% values are too low to warrant indus-
trial applications [28]. Many groups are currently
pursuing the search for a more effective recyclable
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One-Pot or Three-Component Synthesis of ILs

Another goal of “Green Chemistry” is to reduce the
number of synthesis steps and also to decrease the
solvent amount required for both synthesis and
work-up. A three-component, one-step synthesis of
second-generation ILs would be very advantageous
not only in terms of environmental impact but also in
terms of time consumption and industrial access.
However, to the best of our knowledge only one
report of such a synthesis was published in the liter-
ature, and that was using conventional activation
[29]. In this paper Xu et al. described a one-pot syn-
thesis of various imidazolium-based second-genera-
tion ILs using the target compounds themselves as

Scheme 3

reaction media [29]. One-pot synthesis of 1-butyl-3-
methylimidazolium hexafluorophosphate [bmim]PFg
follows as described in Scheme 3.

Although these results are interesting from the
standpoint of eco-chemistry, reactions were quite
long, especially when alkyl bromides and chlorides
were used: it took 15 h to obtain [bmim]PFg from the
corresponding bromide IL and 35h from the chlo-
ride. As pointed out, US is known to accelerate not
only the quaternarization of nitrogen but also anion
metathesis through the reduction of particle size. Our
team applied US to one-pot synthesis for a rapid
access to second-generation room-temperature ILs
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Table 3. One-pot, US-assisted synthesis of room-temperature ILs
Amine® PFj salt Alkyl halide T/°C® Time/min Yield/%¢
1-Methylimidazole KPFq 1-Bromooctane 85 120 85
1-Methylimidazole KPFq 1-Bromopentane 87 180 87
Pyridine KPF¢ 1-Bromooctane 81 180 86
1-Methylpyrrolidine KPF, 1-Bromooctane 80 40 86
1-Methylimidazole KOTf 1-Bromooctane 83 180 90
Pyridine KOT1f 1-Bromooctane 85 180 75
1-Methylimidazole KBF, 1-Bromooctane 80 180 78

* Amine/potassium salt/alkyl halide 1 eq./1 eq./1 eq., ultrasonic irradiation: 20 kHz, acoustic power 0.99 W cm3; ® tem-
perature increased because of ultrasound, a cryostat was used to counter heating; © isolated yield

[30]. Several ILs families were synthesized in much
shorter times than under thermal activation. Some of
our results are given in Table 3.

Yields up to 87% and good purities were obtained
with various families of anions, cations, and alkyl bro-
mides; reaction times were much shorter compared to
those reported by Xu et al. and these neat syntheses
fully comply with “Green Chemistry” rules [29].

Very recently Cravotto et al. proposed an im-
proved method [31], combining MW and US irradia-
tions, for one-pot synthesis of room-temperature ILs.
As discussed above, MW and US can speed up both
steps of IL synthesis. Recent advances showed that
simultaneous US/MW irradiation, being practically
hazard-free, represents an emerging technological
innovation that deserves widespread attention in fine-
chemical research [32]. A US-probe prototype with

horn that does not absorb MW [33] made it possi-
ble to cumulate the benefits of expeditious MW heat-
ing and of particle-size reduction effected by US.
Figure 7 shows the combination of US probe and
MW reactor.

Results from this innovative patented protocol
were excellent: high yields of second-generation
ILs were obtained in very short reaction times (3—
25 min, depending on the kind of IL targeted). Some
results of this study are given in Table 4.

One of the main obstacles to large-scale commer-
cialization and industrial use of ILs is the lack of
performance data in industrial conditions, as well
as lack of toxicological data.

Several efficient and rapid ways of access to ILs
under conventional and non-conventional activations
have been developed on laboratory scale. The next

Fig. 7. Multimode microwave reactor (Milestone BG-Italy) combined with a Pyrex ultrasonic horn (Danacamerini TO-Italy),

also with a cooling system (on the right)
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Table 4. One-pot synthesis of ILs under combined MW /US activation

Amine® PFg salt Alkyl halide T/°C® MW power/W  US power/W  Time/min  Yield/%"
1-Methylimidazole KPFq 1-Bromooctane 120 35 45 3 93
1-Methylimidazole KPFg 1-Bromobutane 90 25 35 10 80

Pyridine KPFq 1-Bromooctane 110 20 40 10 95
1-Methylimidazole — LiN(7f), 1-Bromooctane 140 45 45 25 94

 Amine/potassium salt/alkyl halide 1 eq./1 eq./1 eq., ultrasonic irradiation: 20 kHz, acoustic power 0.99 W /mL;  tempera-

ture increased because of ultrasound, a cryostat was used to counter heating;

step will be process design based on chemical prop-
erties and thermodynamic data obtained with pilot
plants. Scale-up is necessary to fully understand the
behaviour of these compounds and to build up, in a
second phase, their large-scale use. However, before
this, a thorough toxicological study of these com-
pounds must be carried out. It would also be interest-
ing to develop eco-friendly, and/or biodegradable ILs.
Although the industrial use of non-conventional ac-
tivation methods is still very limited, their rapid de-
velopment not only in organic synthesis but also in
cosmetics, food, water treatment, etc. will certainly
create a diffuse awareness of their advantages from
an ecologic standpoint. Moreover, the numerous ways
to synthesize ILs developed in the last two decades
under both conventional and non conventional acti-
vation methods should lead to their scaling-up for
industrial purposes.
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