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Transparent, flexible, self-standing and highly ion conductive ion

gels have been synthesised from novel ionic liquid compatible

cyclic carbonate (CC) network polymer. The use of dual

functional cyclic carbonate methacrylate (CCMA) monomer

for the synthesis has enabled versatile and operationally simple

routes to such type of ion gels.

Combination of macromolecules with ionic liquids (ILs) offers

new progress, challenges and opportunities in polymer

science.1 ILs are of much interest as green solvents for different

kinds of polymerizations1,2 mainly due to their non-flammable

and non-volatile nature and are also used for solubilization of

poorly soluble biopolymers.1 The other unique properties of

ILs such as high ionic conductivity, thermal and (electro)-

chemical stability and wide electrochemical window makes the

polymer-IL combination useful as polymer electrolyte for

various electrochemical devices.1,3 One such material that is

of interest for lithium batteries,3,4 membranes,5 chemical

sensors,6 thin film transistors7 and solar cells8 is the IL swelled

polymer network, termed as ion gel.9 In general, ion gels are

prepared either by physical assembly of (co)polymers3b,7,10 or

chemical crosslinking of monomers in an IL. Ion gels by the

latter method is usually obtained either by the polymerization

of vinyl monomers in the presence of a crosslinker9b,11 or

by the polyaddition reaction of (macro)monomers having

multifunctional reactive groups.9a,12 However (co)polymer

networks used to synthesize all these types of ion gels reported

to date are based on either poly(ethylene oxide) (PEO) or

poly(methyl methacrylate) (PMMA) as the primary ionic

liquid-solubilizing units.

Here we report the synthesis of ion gels based on a novel

ionic liquid compatible side chain cyclic carbonate (CC)

network polymer. Due to the dual functional nature of

precursor cyclic carbonate methacrylate (CCMA) (Fig. 1),

these ion gels were synthesized by both free radical poly-

merization (route A) and polyaddition reaction (route B)

(Fig. 2). Additionally, the cyclic carbonate (CC) group present

in these ion gels could potentially act as a coordinating unit for

metal ions (e.g. Li+) as in the case of ethylene and propylene

carbonates13 and hence these ion gels are potential alternatives

to these flammable solvents in lithium ion batteries.3a

The CCMA monomer was synthesized using a N,N0-dicyclo-

hexylcarbodiimide (DCC) mediated coupling reaction of glycerol

1,2-carbonate and methacrylic acid. Poly(cyclic carbonate

methacrylate) (PCCMA), synthesised by free radical poly-

merisation, was only soluble in highly polar solvents like

DMF and DMSO and insoluble in most common organic

solvents presumably because of the presence of the rigid and

highly polar CC pendant groups. Noteworthy is the observation

that the linear PCCMA homopolymer is soluble in a wide

range of ILs such as 1-butyl-3-methylimidazolium hexafluoro-

phosphate ([BMIM][PF6]), 1-ethyl-3-methylimidazolium tetra-

fluoroborate ([EMIM][BF4]), 1-butyl-4-methylpyridinium

tetrafluoroborate ([BMP][BF4]) and 1-ethyl-3-methylimidazolium

bis(trifluoromethylsulfonyl)imide ([EMIM][TFSI]) etc. The

ionic liquid [EMIM][TFSI] was synthesized using a modified

method of Watanabe et al.9b

The compatibility of PCCMA in [EMIM][TFSI] was

confirmed by polymerising CCMA monomer in [EMIM][TFSI]

at 80 1C using benzoyl peroxide (BPO) initiator under nitrogen

for 16 h. This gave a completely homogeneous and transparent

viscous polymerization mixture. Upon addition to DCM, a

fine white powder with 498% yield was collected and the

resultant polymer was readily soluble in DMF and DMSO.

In contrast, polymerization of CCMA in ILs (e.g.

[BMIM][PF6], [EMIM][TFSI]) in the presence of only 5 mol%

of poly(ethylene glycol) dimethacrylate 550 (PEGDMA 550)

Fig. 1 Structure of ionic liquids used (a) [BMIM][PF6], (b)

[EMIM][TFSI] and (c) dual functional cyclic carbonate methacrylate

(CCMA) monomer.

Fig. 2 Photograph of transparent, flexible and self-standing disc

shaped ion gels (a) IG5 and (b) IG6 after eight months of storage.
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using BPO initiator under a N2 atmosphere produced an

insoluble, transparent, flexible and self-standing ion gels.

A number of ion gels were prepared with different ratios of

CCMA to IL as shown in Table 1. All ion gels were highly

transparent, flexible and did not leach IL upon storage

(Fig. 2). The presence of absorption bands at 1354 cm�1 (from

[EMIM][TFSI]) and 1800 cm�1 (CC carbonyl) in the FT-IR

spectra of these gels confirms their composition (Fig. 3). The

thermal stability of these ion gels increased with the increase in

the IL content as is indicated by thermogravimetric analysis

(Fig. 4). Unlike the linear homopolymer PCCMA, these ion

gels were insoluble in DMF or DMSO due to the network

structure prevailing in the latter. IL from these ion gels can be

extracted quantitatively by solvent extraction using suitable

solvents like acetone and DCM.

The first two ion gels prepared using [BMIM][PF6] (IG1 and

IG2 in Table 1) showed high ionic conductivity in the

impedance measurement and the conductivity is directly

proportional to the IL content, since conductivity is the result

of the mobility of the cations and anions of the IL. Ion gels

were also prepared using [EMIM][TFSI] (IG3 to IG10 in

Table 1). It should be noted that this IL possess lower

viscosity, higher ionic conductivity, higher thermal stability,

better hydrophobicity as well as the potential for less toxic gas

evolution as compared to the use of [BMIM][PF6] as the IL.
14

In this class of ion gels, ionic conductivity also increases with

an increase in the ionic liquid composition from IG3 to IG6

(Table 1). The ion conductivity values are comparable to the

values for ion gels obtained using other polymeric networks as

reported in the literature.9b,12c Noteworthy is the observation

that ion gel IG6 contains only 19% polymer and has the

highest ion conductivity.

Similarly transparent, flexible and self-standing ion gels

were prepared by mixing LiTFSI in a ratio of 1 : 4 to the

respective CCMA monomer used (IG7 to IG10 in Table 1)

before polymerisation. The ionic conductivity of these ion gels

were higher than the respective ion gels without the lithium

salt (e.g. IG10 vs. IG6) because of the contribution from the

ions of LiTFSI.

In general, the incorporation of IL to the CCMA network

not only dramatically improves the ionic conductivity but also

introduces flexibility to the CCMA network. Films derived

from the homopolymer PCCMA and samples produced after

solvent extraction of ion gels based on CCMA network are

highly brittle. Incorporation of IL also improves the thermal

stability of the polymer as is observed from the TGA curves

shown in Fig. 4.

The versatility of the use of cyclic carbonate methacrylate

(CCMA) monomer in ion gel design is further demonstrated

with the synthesis of ion gels using Route B (Scheme 1) where

the reactivity of the CC group towards nucleophiles is

exploited15 (by route B in Scheme 1). For this purpose two

PCCMA-b-PEG-b-PCCMA triblock copolymers with controlled

structures were synthesized by ATRP using two low molecular

weight difunctional poly(ethylene glycol) (PEG) macroinitiators

(M.Wt. 598 and 898 Da, respectively) as reported by us.16

Gelation of these block copolymers in [EMIM][TFSI] with

Fig. 3 FT-IR spectra of ion gels (a) IG3, (b) IG6 and (c) [EMIM][TFSI].

Fig. 4 Thermogravimetric analysis of (a) [EMIM][TFSI], ion gels

(b) IG6, (c) IG4, (d) IG3 and (e) sample after solvent extraction of IG4.

Table 1 Details of ion gels synthesized by route A using [EMIM][TFSI]

Ion gel
code

Composition Electrolyted

content
(Wt%)

Ionic
conductivitye

(S cm�1)CCMA : ILb LiTFSI

IG1a 5 : 5 No 57.1 7.988 � 10�6

IG2a 3 : 7 No 75.6 1.717 � 10�4

IG3 7 : 3 No 43.9 6.967 � 10�6

IG4 5 : 5 No 64.7 1.833 � 10�4

IG5 4 : 6 No 73.3 4.780 � 10�4

IG6 3 : 7 No 81.0 1.131 � 10�3

IG7 7 : 3 Yesc 52.8 1.009 � 10�5

IG8 5 : 5 Yesc 68.4 3.489 � 10�4

IG9 4 : 6 Yesc 75.5 8.996 � 10�4

IG10 3 : 7 Yesc 82.2 3.241 � 10�3

a Prepared using [BMIM][PF6];
b Molar ratio, c 25 mol% of CCMA

used; d IL + LiTFSI; e Measured at 23 1C.

Scheme 1 Synthesis of ion gels in two different routes by exploiting

the dual functionality of CCMA.

This journal is �c The Royal Society of Chemistry 2010 Chem. Commun., 2010, 46, 1488–1490 | 1489

Pu
bl

is
he

d 
on

 0
6 

Ja
nu

ar
y 

20
10

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

H
on

g 
K

on
g 

L
ib

ra
ri

es
 o

n 
19

/1
0/

20
14

 0
6:

03
:3

3.
 

View Article Online

http://dx.doi.org/10.1039/b921517d


various diamines produced transparent, flexible and self-standing

ion gels with high ionic conductivity (Table 2 and see ESI).w
Hexamethylenediamine (HMD) and diethylenetriamine

(DETA) produced ion gels at room temperature whereas

p-xylylenediamine (XDA) gave ion gels at 70 1C without the

need for reactions under nitrogen. It was also observed that

the homopolymer PCCMA can also yield ion gels using this

method. This is one of the simplest ways to prepare stable

ion gels.

The ionic liquid content of the ion gels synthesized by route

B was about 67.5% (Table 2). In general, these ion gels possess

higher ionic conductivity than the ion gels synthesized using

route A with similar IL content (see IG4 and IG5 in Table 1).

The higher ionic conductivity of ion gels synthesized by route

B may be due to the higher mobility of ionic species caused by

the presence of larger amounts of loosely bound IL in

the crosslinked gel. Various other factors which may also

contribute to this process i.e.: the more flexible nature of ion

gels obtained by route B as a result of the ring opening of rigid

cyclic carbonate units and the copolymeric nature of the ion

gel, the presence of less uniform crosslinking sites, the ordering

of IL induced by the physico-chemical interactions between

the block copolymer and the IL before crosslinking and so on.

Thermal stability of these gels is similar to the ion gels

synthesized by route A as is demonstrated by thermo-

gravimetric analysis (see ESI).w
In conclusion, we have synthesized a new class of flexible,

self-standing and highly ion conductive ion gels using novel

ionic liquid compatible cyclic carbonate network. Since cyclic

carbonate network and ionic liquids are highly compatible,

the gels formed were completely transparent and stable.

Most importantly, the use of the dual functional cyclic

carbonate methacrylate monomer for this purpose has

enabled the synthesis of ion gels in two different routes.

Incorporation of lithium salt to these ion gels dramatically

improved the ionic conductivity. Due to this highly compatible

nature, ionic liquids may be useful as plasticizer for

CCMA based polymers which are otherwise very brittle and

CCMA based polymers can be used as support materials for

small molecules or catalysts, if required, for other reactions

performed in IL.
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polymer is used; HMD = hexamethylenediamine, DETA = diethylenetriamine and XDA = p-xylylenediamine; d Measured at 23 1C.
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