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The synthesis of a new ionic liquid-type monomer has been performed by association of a methacrylate
polymerizable group, a polar tri(ethylene oxide) (TEO) spacer, a trifluoromethane sulfonic (TFSI~) anion
and a free imidazolium (EMIm®) cation. The ionic liquid monomer (ILM) has demonstrated a good ther-
mal stability and a high ionic conductivity around 2.1 x 10~ S cm™! at 20 °C. The corresponding homo-

polymer has shown an ionic conductivity closely related to the monomer (6.5 x 1074Scm™" at 20 °C),
which confirms the ILM as a valuable monomer for the formation of polymeric ionic liquid (PIL) materials.

© 2008 Elsevier Ltd. All rights reserved.

During the last decade, the field of ionic liquids (ILs) has at-
tracted much attention due to their beneficial properties and their
low impact on environment. Many investigations have been dedi-
cated to their use as new media for synthetic chemistry supported
by their peculiar physical properties such as chemical stability,
non-volatility and non-flammability.! Moreover, their intrinsic
behaviour has also been highlighted in materials’ sciences through
structural modifications.?

The ionic liquids are also characterized by a high ionic conduc-
tivity, which has broaden their field of applications as electrolyte.?
Thus, their contribution is frequently encountered in the develop-
ment of new functional materials, such as solar cells, lithium
batteries, conductive polymer supercondensators and artificial
muscles.* The design of new advanced materials with high-ionic
conductivity has been explored by the formation of monomers
incorporating an ionic liquid part. The main feature of these com-
pounds lies in the combination of different active functions,
namely a polymerizable group, a polar poly(ethylene oxide)
(PEO) spacer and a terminal ionic liquid moiety.> As concern the
IL segments, the elaboration of monomers containing imidazolium
rings has attracted much attention since measurement of one of
the highest ionic conductive values was observed with 1,3-ethyl-
methylimidazolium (EMIm™) ((bis) trifluoromethane) sulfonimide
(TFSI).33¢ In general, the rational design of ionic liquid monomers
(ILMs) based on imidazolium derivatives is studied according to
two pathways: the imidazolium ring belongs to the matrix back-
bone and the anionic partner allows the ionic conductivity within
the polymeric ionic liquid (PIL) materials.® By reversing the roles, a
second approach has consisted in the elaboration of polymeric
compounds with a free non-symmetric imidazolium cation as
mobile entity. This strategy was mainly developed by formation

* Corresponding author. Tel.: +33 1 34 25 70 52; fax: +33 1 34 25 70 70.
E-mail address: frederic.vidal@u-cergy.fr (F. Vidal).

0040-4039/$ - see front matter © 2008 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2008.10.096

of protic ILs,” namely a proton transfer from the acid end chain
group to the base.® However, the conductivity of the resulting mac-
romolecules remains at a low level, probably due to the presence of
several hydrogen bond acceptor sites which decrease the cation
movement by competitive interactions. Keen to explore a new con-
ducting system based on the imidazolium cation mobility, we fig-
ure that the incorporation of ionic pairs without available proton
(i.e., monoalkylated imidazolium cation) should enhance dramati-
cally the conductivity. Thus, we investigated the design of the
purpose-built monomer 1 which is, comprised three parts: a
methacrylate end group, a tri(ethylene oxide) (TEO) spacer and a
trifluoromethanesulfonimide anion with 1,3-ethylmethylimidazo-
lium counterion (Scheme 1).

This structure was motivated by the role played by the three
blocks, as reported by several authors.?> First, the double bond
end chain should afford the synthesis of PIL materials by free rad-
ical polymerization. As concerns the polar TEO spacer, the segment
length is directly involved in the ion motion, and should confer a
good ionic conductivity to the resulting polymer. Some research
works have demonstrated that polymeric materials exhibit a good
ionic conductivity with pendant chains composed of three to eight
ethylene oxyde units.® Finally, it was shown that a non-symmetric
imidazolium cation should induce a high-ionic conductivity with
respect to a mobile anion.
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Scheme 1. Structure of the ionic liquid ILM1.
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Figure 1. Synthesis of the ionic liquid ILM1.

The preparation of ionic liquid monomer 1 (ILM1) was per-
formed according to a three-step synthesis, as illustrated in Figure
1. First, the amino derivative 3 was obtained by reaction of 4,7,10-
trioxa-1,13-tridecanediamine 2 with trifluoromethanesulfonic
anhydride 4.° Thus, the mono substituted product 3 was quantita-
tively recovered in pure form, when 1 equiv of anhydride has
reacted with 2.1 equiv of diamine 2 in chloroform. The NMR
spectroscopic studies gave us more informations about this result
and confirmed its high purity. The remarkable selectivity was
attributed to intramolecular hydrogen bonds which may lock the
second N terminal end of 3 and induce a cyclic conformation.

This hypothesis was supported by the '°F NMR spectrum that
shows two peaks at —78.0 and —79.0 ppm in a ratio 1:1.5, respec-
tively (see Fig. 2). The same observation was done by analysis of
the '"H NMR data, in agreement with the presence of a mixture of
two conformations. The CH,N methylenes of starting diamine 2
have shifted from 2.75 ppm to 3.30 and 2.96 ppm in a ratio 2:8,
which is respectively, consistent with an amount 1:1.5 of confor-
mational isomers: the CH,N methylenes of the isomer in excess re-
mained equivalent at 2.96 ppm while a variation of chemical was
observed with the second isomer, that is, 2 hydrogens at
2.96 ppm and 2 hydrogens at 3.30 ppm (see Fig. 3). Finally, a vari-
ation of chemical shift was also observed by '*C NMR in the regions
assigned to CH,-CH,N (30.6 and 28.1 ppm) and CH,N methylenes
(42.2 and 38.9 ppm) (see Fig. 1. in Supplementary data); the
'H-13C heteronuclear NMR spectra has also revealed univocally
the correlation between the peaks at 3.30 ppm and 42.2 ppm
(see Figs. 1 and 2 in Supplementary data). However, further
investigations are proceeding in our laboratory concerning the
fully elucidation of this reaction.

Subsequently, the methacrylate group was appended to the
fluorinated compound 3 by reaction of the free N-terminal end
chain of 3 with the isocyanate 5. The resulting difunctionalized
amine monomer 6 (M6) was isolated in 79% yields by precipitation
in ether; the protocol has required a catalytic amount of hydroqui-
none in order to prevent the polymerization process. Finally, the
formation of the ionic pair was done by deprotonation of the triflu-
orosulfonimide group with lithium hydride in THF. Then, an excess
of imidazolium bromide was added to the mixture allowing the Li*/
EMIm" cation exchange. After filtration of the residual salts, the
evaporation of the solvent has provided the ILM1 in 90% yields.

The 'H and 3C NMR analysis have revealed an equimolar amount
of both ionic entities (EMIm*—methacrylate TFSI ™), consistent with
a total conversion into the ILM1. The ionic liquid profile of ILM1
was confirmed by a Newtonian fluid behaviour and a dynamic
viscosity aroud 1Pas measured on a cone/plan geometry rheo-
meter in the rotary mode. The coulometric Karl Fisher titration
with iodide reactant has indicated an average water content of
about 2%, which allowed a reliable ionic conductivity measure-
ment (see the experimental conditions in Supplementary data).
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Figure 2. '°F NMR of compound 3 showing two peaks at —78.0 and —79.0 ppm.
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Figure 3. '"H NMR corresponding to the CH,N-terminal methylenes of the mono-
substituted amine 3.
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Figure 4. DSC Diagram of the ILM1: cool (1 °C/min) and heat (2 °C/min).

This straightforward synthesis of ILM1 has prompted us to pre-
pare the corresponding homopolymer. The first attempt was rea-
lised with the intermediate M6 under a conventional condition.
The free radical polymerization process was done in neat condition
and initiated by 5 wt % of AIBN for 16 h at 50 °C. The 'H NMR anal-
ysis has shown the complete conversion into the homopolymer P8.
This result was suggested by the vanishing of the peaks assigned to
the double bond at 5.46 and 6.01 ppm (C=CH,) and the appearance
of a broad signal at 1.5-1.7 ppm. The same protocol has afforded
the PIL9 by polymerization of ILM1 (Fig. 3 in Supplementary data).
These reactions revealed the good reactivity of the double bond
end chain, and provided us the opportunity to compare the physi-
cal properties of both methacrylate derivatives M6 and ILM1 as
well as their polymeric counterparts P8 and PIL9.

The thermal behaviour of these compounds was investigated by
differential scanning calorimetry (DSC) and thermal gravimetric
analysis (TGA). The DSC response of monomers M6 and ILM1 re-
vealed an appreciable difference of onset glass transition tempera-
ture (Tg) closely related to the structural modification of these
monomers.

Thus, the T, value of M6 is approximately —62 °C due to the
presence of TEO as flexible spacer. The substitution of the neutral
NHTFSI group by the EMIm*-TFSI™ moiety has decreased the glass
transition to —67 °C for ILM1 (see Fig. 4.), as reported in Table 1.
The same observation was done by analysis of the corresponding
homopolymers P8 and PIL9 with a Ty value of —35 °C and —46 °C,
respectively (Fig. 4 in Supplementary data).

The glass transition temperature of PIL9 remained at a low level,
the variation of T, between PIL9 and ILM1 spanning 21 °C. This re-
sult denoted the great flexibility of the polymeric backbone, which
should confer a high ionic conductivity to the material. The ther-
mal stability of these compounds was also studied by TGA under
inert atmosphere. As concerns ILM1, the degradation proceeded
in three steps with a state transition, which has started at 246 °C
and has finished at 440 °C. This result showed a good stability for
1, which was confirmed by measurement of the thermal stability
of PIL9. In this case, the change of state has occurred in two steps,
and the degradation was observed in the temperature window
290 °C-440 °C. Thus, the polymerization reaction set an upper lim-
it to the degradation process when the final degradation tempera-
ture remained unchanged. These parameters highlighted the ILM1

Table 1
Thermal behaviour of compounds monomers and polymers

Compounds DSC (Tg) TGA degradation start/end
M6 —62 °C —

P8 —35°C —

ILM1 —67 °C 246 °C[440 °C

PIL9 —46 °C 290 °C/440 °C

Table 2
Conductivity of compounds 1 and 9 at 20 °C

Compounds Conductivity (S cm)?)
ILM1 2.1 x10°
PIL9 6.5 x 10*

Figure 5. Temperature dependance of the ionic conductivity for PIL9.

as a tailor-made building block for the design of new electronic
devices with constant features.

Finally, ionic conductivity measurements were performed with
monomer ILM1 and homopolymer PIL9 (Table 2). The analysis of
ILM1 has given an ionic conductivity at 20 °C of 2.1 x 10> Scm ™,
which is among the highest reported to date for a polymerizable
ILM. The value can be correlated to the conduction obtained with
1-ethyl-3-methylimidazolium bis(trifluoromethane sulfone)imide
(EMImTFSI), which rose 1072S cm™! at the same temperature.’

As expected, the PIL ionic conductivity has slightly decreased
with respect to ILM1. However the value remained particularly
high since the conductivity has risen from 6.5 x 107 Scm™! to
2.7 x1073Scm™! when the temperature increased from 20 to
70 °C (Fig. 5). Moreover, the PIL9 stands the comparison with the
EMImTESI swollen PEO networks, whose ionic conductivity was
measured at around 1.1 x 1073 S cm~1.1°

In summary, this work has reported the synthesis and the phys-
ical properties of a new ionic liquid monomer and of the corre-
sponding polymer. According to the structural design, ILM was
composed of a methacrylate end chain, a TEO spacer and an ionic
liquid group composed of a trifluoromethanesulfonimide anion
on the backbone and a free imidazolium cation. The resulting
monomer have demonstrated a remarkably low glass transition
temperature (Ty = —67 °C), a prerequisite for the development of
highly ionic conductive materials. The corresponding homopoly-
mer has also a low glass transition temperature of —46 °C that con-
tributed significantly to an efficient ionic mobility into the
material. Finally, the ionic conductivity of compound ILM1 has
reached a value of 2.1 x 107> Scm™! at 20 °C, which ranked this
ionic liquid monomer as a very promising building block for the
engineering of conducting materials. This potential was outlined
through the corresponding homopolymer characterized by a
particularly high conductivity of 6.5 x 107*Scm™! at 20 °C. The
formation of polymer networks and interpenetrating polymer
networks (IPN) based on the ILM1 are under studies in order to
improve the mechanical properties of the conducting materials.
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