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Abstract A new polymeric ionic liquid gel was prepared

with 1-[(2-methacryloyloxy)ethyl]-3-methylimidazolium

bromide (MEMImBr) via radiation-induced polymerization

and cross-linking at room temperature. The resultant

PMEMImBr gel exhibits high strength and flexibility as

well as special swelling behavior in oil-in-water (O/W)

emulsions. The swelling behavior of PMEMImBr gel in

emulsions is similar to that in water except that the swel-

ling rate in emulsions is slightly smaller than that in water.

The organic solvents with higher polarity in the emulsions

contribute to the swelling of PMEMImBr gels, and the

O/W proportion of emulsion in the swollen gel equals

approximately that of original emulsion when the concen-

tration of organic solvent is lower than 0.2 g/g.
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1 Introduction

As a new class of green solvents, ionic liquids (ILs)

have stirred great interest over the last decade due to their

unique properties, such as low flammability, negligible

vapor pressure, and good chemical and electrochemical

stability [1–3]. Polymeric forms of ionic liquids (PILs), or

poly(ionic liquid)s, belong to a subclass of polyelec-

trolytes, which bear an ionic liquid species in each

monomer repeating unit. They are of enhanced mechanical

stability, improved processability, durability, and spatial

controllability over the IL species [4].

PILs can be dissolved in some solvents, which is a

problem for some applications like absorption. Cross-

linked PIL gels, as a kind of insoluble material with

definite shape, were prepared by polymerization and

cross-linking of ionic liquids monomers or by chemically

linking of PILs molecules. PIL gel materials combine the

characteristics of the polymer with those of the ILs, often

resulting in new hybrid materials with interesting prop-

erties [5, 6]. Sui et al. [7] reported a new cross-linkable

redox-responsive poly(ferrocenylsilane)-based poly(ionic

liquid)s (PFS-PILs) which can self-cross-link at low

concentrations into nanogels or form macroscopic

hydrogel networks at higher concentrations. Batra et al.

[8] reported the polymerization of a methylimidazolium-

based ionic liquid, forming an elastic, self-supporting

hydrogel that can swell to nearly 200 times of its original

volume.

Gels are excellent support for biotechnology applica-

tions, especially as a support for active pharmaceutical

ingredient in the form of oil-in-water (O/W) type emulsion.

Recently, O/W type emulsions have aroused great interest

in biotechnology, pharmaceutical, cosmetics, food, and
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agricultural industries. In particular, they have been studied

as unique microenvironment for controlled release, e.g., in

drug delivery to biological targets, and as nanocarriers [9–

11]. A lot of polymer gels are highly hydrophilic or highly

lipophilic. Their swelling abilities have been investigated

mainly in pure water [12, 13], alcohol/water mixture

solutions [14, 15], and pure nonpolar organic solvents [16,

17]. However, the swelling and adsorption properties in

O/W emulsion have never been explored. In this work, a

new PIL gel was demonstrated to swell in O/W emulsion

with a large swelling ratio similar to that in pure water. To

the best of our knowledge, this is the first report about such

property of PIL gels.

Some groups reported polymerization of a polymeriz-

able ionic liquid with 1-[(2-methacryloyloxy)ethyl]-3-

alkylimidazolium (MEAIm) cation [18–22], but the reports

about the study of the correlative gel are rare. Compared

with traditional chemical cross-linking reactions which

needs initiators at higher temperatures, radiation-induced

polymerization and cross-linking is a facile, clean, and

effective route, without any initiators. However, to the

authors’ knowledge, no attempt has been reported on the

radiation synthesis of PIL gels.

In an attempt to build a new perspective of using the

new poly(ionic liquid) gel in emulsion adsorption, we

prepared a new gel of poly[1-[(2-methacryloyloxy)ethyl]-

3-methylimidazolium bromide] (PMEMImBr) via c-ray
irradiation at room temperature. The effects of dose, con-

centration of monomer and cross-linker on gel fraction,

mechanical compression strength, and equilibrium degree

of swelling (EDS) of the radiation-synthesized PME-

MImBr gels were studied. The PMEMImBr gel was used in

adsorption of O/W emulsions. The swelling behavior and

the content of organic solvent of PMEMImBr gel in

emulsions were investigated.

2 Experimental section

2.1 Materials

N-methylimidazole (99 %), methacryloyl chloride

(99 %), 2-bromoethanol (99 %), polyethylene glycol sor-

bitan monolaurate (Tween-20), and 2-(dimethylamino)ethyl

methacrylate (DMAEMA, 99 %) were purchased from J&K

Chemical. Benzene, toluene, p-xylene, dichloromethane,

chloroform, tetrachloromethane, and other common chemi-

cal reagents were analytical pure and purchased from

Sinopharm Chemical Reagent Beijing Co. Ltd. Polyethylene

glycol dimethacrylate (PEGDMA, average molecular

weight = 875) was obtained from Acros. All materials were

used without further purification.

2.2 Synthesis of ionic liquid monomer

The 2-bromoethanol was added dropwise to

N-methylimidazole dissolved in methanol in nitrogen

atmosphere. The reaction solution was stirred for 24 h at

room temperature. A white solid (1-(2-hydroxyethyl)-3-

methyimidazolium bromide) was formed after removing

the solvent. The solid was suspended in certain amount of

anhydrous acetonitrile. Methacryloyl chloride diluted with

acetonitrile was added dropwise at 0 �C in nitrogen

atmosphere. After stirring for 48 h, the solvent was

removed, and the residue was extracted with diethyl ether

to obtain 1-[(2-methacryloyloxy)ethyl]-3-methylimida-

zolium bromide (MEMImBr).

2.3 Procedure of gel synthesis

MEMImBr ionic liquid monomer and cross-linker

PEGDMA were dissolved in deionized water to form a

homogeneous solution, which was transferred into a glass

tube. After bubbling with N2 gas for 30 min, the tube was

sealed and irradiated to 0.3–15 kGy by 60Co c-rays at

50 Gy/min to form the poly(N, N-dimethylaminoethyl

methacrylate) (PDMAEMA) gel (Scheme 1). Poly(N,

N-dimethylaminoethyl methacrylate) (PDMAEMA) gel

used in this work was prepared with 1.0 M DMAEMA

monomer, 0.01 M PEGDMA cross-linker, and irradiated to

3 kGy at 50 Gy/min (Scheme S1). The gel fraction was

75 %, close to that of PMEMImBr gel with 1.0 M mono-

mer, 0.01 M cross-linker, and 5 kGy irradiation.

2.4 Gel fraction

Unreacted monomers and cross-linkers were removed

by soaking the gels in deionized water for 10 days (the

water was changed 2 times a day). Finally, all gels were

dried in vacuum at room temperature to constant weight.

Gel fraction of the gel is defined as

Gel fraction %ð Þ ¼ Wg=W0

� �
� 100; ð1Þ

Scheme 1 Synthesis route of PMEMImBr gel

50 Page 2 of 10 X. Zhang et al.

123



where W0 and Wg are the weights of dried samples before

and after extraction, respectively.

2.5 Swelling ratio by gravimetric method

Swelling ratio of the gels was studied gravimetrically at

room temperature. After their swelling in the solvent for a

certain time, the gels were taken out, placed on a tissue

paper to remove excess solvent, and weighed. Swelling

ratio was determined by

Swelling ratio SRð Þ ¼ Ws �Wg

� �
=Wg; ð2Þ

where Wg and Ws are the mass of the dried and swollen

gels, respectively. When Ws is the mass of the equilibrium

swollen gel, the corresponding SR is equilibrium degree of

swelling (EDS). Each SR was averaged from three mea-

surements, with an error of less than 4.5 %.

2.6 Mechanical compression strength test

The as-prepared PMEMImBr gels were cut into cylin-

drical pieces of U 8.0 mm 9 10.0 mm. The gel samples

were stressed by compression. Measurements were per-

formed at ca. 22 �C with two-column testing machine

Instron 3365 (Instron Co. Ltd, US) and a 500 N load cell

and jaw inserts. The resulting specimens were subsequently

compressed in a speed of 1.00 mm/min. All measurements

were performed in triplicate.

2.7 Microstructure observation

Morphology of the freeze-dried specimens was investi-

gated with scanning electron microscope (SEM, Model

S-3400, Hitachi, Japan). The samples were sputter-coated

with gold on Denton Vacuum Desk IV Cold Sputter/Etch

unit to reduce surface charging by the electron beams.

2.8 Emulsion preparation and swelling

of PMEMImBr gels in O/W emulsions

The organic solvent was mixed with water, and a certain

amount of emulsifier (9 % of organic solvent) was added.

The mixture was fully oscillated and stirred until homo-

geneous emulsion was formed. To create an initial stabi-

lized O/W emulsion, the liquid was blended at 2000 rpm

for 2 min with a high speed blender (IKA Co. Ltd, Ger-

many) to form a coarse emulsion, which was homogenized

with vortex turbulence mixing homogenizer (IKA Co. Ltd,

Germany) for 10 min to form a fine emulsion. The pre-

pared emulsions are stable during the period of swelling

experiment of PMEMImBr gels.

In order to minimize influence of volatilization of the

organic solvent on the authenticity of organic content

obtained by the subsequent experiment method, the same

amount of emulsion was transferred into two tubes, each

containing 20.0 g emulsion. The dried PMEMImBr gel of

60 mg was added into each of the tubes, which was sealed

adequately. They were placed on the table con centrator

with 240 r/min overnight at 25 �C to avoid the emulsion

from being unstable. After removing the gel, the emulsion

was fully homogenized with vortex turbulence mixing

homogenizer again to ensure the homogeneity of the oil-in-

water proportion. For each O/W emulsion with a certain

concentration, the amount of organic solvent absorbed by

gels was obtained by calculating and comparing the

organic solvent concentration of the residual emulsion in

the two tubes. Changes in concentration of the organic

solvent in the emulsion were obtained by analyzing the 1H

NMR characteristic peak of the emulsion. The 1H NMR

experiments were performed on a Bruker AVANCE III

spectrometer at 500 MHz. Measurements were performed

at room temperature in deuterated dimethyl sulfoxide

(DMSO-d6). The concentration of tetrachloromethane in

the residual emulsion was obtained by weighing method

after the ultrasonic emulsion-breaking process (small

amount of calcium chloride and isopropanol were added as

demulsifiers) and centrifugalization process.

3 Results and discussion

When the monomer aqueous solution containing cross-

linker is irradiated, the hydroxyl free radicals and hydrogen

atom generated by the radiolysis of H2O induce polymer-

ization and cross-linking of monomers, hence the forma-

tion of the gel network [23–26]. The MEMImBr monomer

is a kind of polymerizable ionic liquid with methacrylic

group, and the MEMImBr solution turned into gels after

irradiation. Unlike other methods of PIL gels synthesis

[27–31], the irradiation method needs no initiator, and the

whole preparation process is conducted at room tempera-

ture, being easier, cleaner, and more energy-saving. Gel

fraction plays an important role in swelling and mechanical

property of gels. Gel fractions of PMEMImBr gel as a

function of absorbed dose are shown in Fig. 1a. Similar to

many other gels, the formation of PMEMImBr gel starts at

a critical absorbed dose (gelation dose = 0.3 kGy); the

MEMImBr monomers did not cross-link into gel network

below the critical absorbed dose, but the gel fraction

increases sharply with the increasing absorbed dose in a

narrow range and then levels off.

The maximum gel fraction of PMEMImBr gel decreases

with increasing concentrations of MEMImBr at 0.01 M of

the cross-linker concentration. PMEMImBr gel with 0.5 M

MEMImBr monomer gives a maximum gel fraction of

85.9 % at 10 kGy of absorbed dose, where the maximum
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gel fraction of PMEMImBr gel with 2.0 M monomer is just

54.5 %. The weak cross-linking property of PMEMImBr

gel comes from the space charge repulsion interaction of

large unshieldable imidazolium ions. The gel fraction

changes little after 6 kGy. So PMEMImBr gels prepared at

5 kGy were used for further investigation.

The effect of cross-linker content on the gel fraction is

shown in Fig. 1b. The gel fraction increases sharply with

the cross-linker concentration in a narrow range at first,

while it changes little when the amount of cross-linker is

over 0.05 M. With the increase of monomer amount, more

cross-linker is needed to reach similar gel fraction. The gel

fraction of PMEMImBr gel with 0.5 M monomer is 85.9 %

at 0.01 M cross-linker, while PMEMImBr gel with 2.0 M

monomer needs more than 0.06 M cross-linker to reach the

gel fraction of over 85 %.

The basic feature of gel is its ability to absorb and hold

amount of solvent in its network structure. The equilibrium

swelling of gels is a result of the balance of internal cause

(e.g., the hydrophily of the polymer chain and the network

elasticity of the gel) and external cause (e.g., solvent

property). PMEMImBr gels belong to superhydrophilic

gels. The superhydrophility of PMEMImBr gel comes from

the fully dissociation of ions in water. Figure 2 shows

swelling dynamics behavior of PMEMImBr gels (PME-

MImBr-1–4) of different IL monomer contents, of similar

gel fractions (70–75 %), though. They differ in EDS value

due to different cross-linking density.

The SEM images (Fig. 3) of PMEMImBr gels show that

the pore size of gels decreases from PMEMImBr-1 to

PMEMImBr-4 in spite of the same proportion of monomer

to cross-linker. In similar gel fractions, the mean pore size

is 120 lm for PMEMImBr-1, while it is 20 lm for PME-

MImBr-4, hence its higher cross-linking density. The SR

curve of PMEMImBr gels with different concentration of

cross-linker PEGDMA as a function of time is shown in

Fig. S1. More cross-linker leads to denser network struc-

ture of the gels, which reduces the absorption ability.

Good mechanical capacity of gels is of great importance

for their applications. Compression test was performed to

investigate the mechanical behavior of synthesized gels.

Deformation can be used to fully characterize the

mechanical stability of a material and is essential for use in

biomedical applications, cosmetic application, and phar-

maceutical sciences [32]. The stress-compression curves

(Fig. 4) for gels are of similar shapes. In the initial linear

region of the curves, the gels follow Hooke’s law, where

they deform elastically and return to their initial length

when the stress is removed. Above a specified point, a

specimen cannot return to its original length (rupture-

fracture point). As shown in Fig. 4 and Table 1, both the

maximum compression strain and stress of gels increase

from PMEMImBr-1 to PMEMImBr-4.

Fig. 1 Gel fraction of PMEMImBr gels prepared with 0.5–2.0 M MEMImBr, as a function of a the dose and b cross-linker content

Fig. 2 Swelling ratio (in water) of PMEMImBr gels of similar gel

fractions, as a function of time
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Of all the specimens, PMEMImBr-2 gel is the best in

strength and flexibility. It can be compressed 83.2 ± 0.6 %

of its original length and can fully recover to its original

state after pressure removal, and it can be bent 180�
without breakage (Fig. 5). It has large EDS in water and

good mechanical properties for swelling in O/W emulsions.

O/W type emulsions have attracted much attention

recently because of their potential in the pharmaceutical,

biotechnology, and agriculture. Gels have special uses as

emulsion-type substrates. The swelling and adsorption

properties of gels in the O/W emulsions are yet to be

explored. Swelling behavior of the PMEMImBr gels in

emulsion was investigated for the first time. Solvent

polarity plays an important role in many chemical

processes in solution. According to Ref. [33], solvent

polarity can be defined as the overall solvation capability of

solvents, which depends on actions of all possible inter-

molecular interactions between solutes and solvents. There

are different definitions of solvent polarity and several

ways to measure it. Solvent polarity index (SPI) is a

common parameter to measure polarities of solvents and

high SPI value corresponds to high solvent polarity.

Polarity of solvent influences the swelling of gels. Most

hydrophilic gels collapse when organic solvents exist, and

lipophilic gels deswell when high polar solvents (like

water) exist because their chains stretching is blocked in

aquatic environment [34–36]. PMEMImBr gels show large

EDS and similar swelling kinetic curves in different O/W

emulsions (Fig. 6). EDS of PMEMImBr-2 in dichlor-

omethane (or chloroform)/water emulsion is larger than

that in pure water, whereas EDS in tetrachloromethane/

water emulsion and other benzene series/water emulsion is

lower than that in pure water. The polarity order of solvents

is water (W)[ chloroform (C)[ dichloromethane

(D)[ benzene (B)[ p-xylene (P)[ toluene (T)[ tetra-

chloromethane (TC) (Table 2).

According to Ref. [37], second-order kinetics model can

be used to describe the swelling procedure of gels:

dW=dt ¼ ks W1 �Wð Þ2; ð3Þ

where ks (h
-1) is the rate constant of swelling and W? is

the theoretical maximum swelling degree. With initial

condition of t = 0 and W = 0, Eq. (4) can be deduced:

t=W ¼ Aþ Bt; ð4Þ

Fig. 3 SEM images of a PMEMImBr-1, b PMEMImBr-2, c PMEMImBr-3, d PMEMImBr-4 gels when swollen to EDS

Fig. 4 Compression curves of as-prepared PMEMImBr gels of

similar gel fraction

Table 1 Preparation conditions and properties of PMEMImBr gels (Nos. 1–4) irradiated to 5 kGy

No. Concentration

of MEMImBr

(M)

Concentration

of PEGDMA

(M)

Gel fraction

(%)

Maximum

compression

stress (kPa)

Maximum

compression

strain (%)

EDS (g/g)

in water

1 0.5 0.005 74.3 23.4 ± 1.5 83.0 ± 0.7 87.3

2 1.0 0.010 74.0 39.3 ± 0.9 83.2 ± 0.6 80.5

3 1.5 0.015 73.0 107.6 ± 1.3 86.3 ± 0.6 67.4

4 2.0 0.020 72.2 154.8 ± 1.0 88.1 ± 0.8 51.7
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where A ¼ 1= ksW
2
1

� �
¼ 1= dW=dtð Þ0, which is the recip-

rocal of initial swelling rate (r0), and B = 1/W?. W? and

ks can be calculated with the curve of t/W * t. The results

are presented in Table 3.

The W?,cal values of PMEMImBr gels calculated by

Eq. (4) in O/W emulsions are almost the same as the

measured W?,exp values. This indicates that the swelling

behavior of PMEMImBr gels follows second-order kinetics

(correlation coefficients R2[ 0.99), which is controlled by

stress relaxation of PMEMImBr gels. The swelling

behavior of PMEMImBr gel exhibits a slight overshooting

effect, and the EDS value of PMEMImBr gel is slightly

lower than the corresponding maximum swelling ratio

value. From Fig. 6 and Table 3, it can be seen that the ks
values of the PMEMImBr swelling in pure water are

slightly larger than those in benzene series/water and

chloromethane/water emulsions, which indicates that the

swelling rates in emulsions are a bit slower than those in

water added with hydrophobic organic solvents.

Fig. 5 Photographs of as-prepared PMEMImBr-2 gel compressed on a mechanical strength tester (a-1), under pressure (a-2), removal of

pressure (a-3), and its excellent elasticity to 180� bending (b)

Fig. 6 Swelling kinetic curves of PMEMImBr-2 gel in benzene series/water (a) and chloromethane series/water (b) emulsions (temper-

ature = 25 �C; the concentration of organic solvents in O/W emulsions is 0.2 g/g)

Table 2 The impact of solvent parameters on EDS of the gel

obtained in different emulsions

Solvents SPI [39–41] Da (g/mL) EDS (g/g)

Benzene (B) 3.0 0.879 79.3

Toluene (T) 2.4 0.867 72.0

p-Xylene (P) 2.5 0.861 73.4

Dichloromethane (D) 3.4 1.327 82.5

Chloroform (C) 4.4 1.483 89.4

Tetrachloromethane (TC) 1.6 1.594 81.3

Water (W) 10.2 0.997 80.5b

a D densities measured at 25 �C
b EDS (g/g) in pure water
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The swelling model in the whole process cannot be used

to totally describe the initial stages of swelling precisely.

Peppas and co-workers [38] proposed the following equa-

tion to describe the initial stages of swelling (W/

W? B 0.6),

F ¼ W

W1
¼ ktn or lnF ¼ ln k þ n ln t; ð5Þ

where F denotes the amount of solvent fraction at time t,

k is a constant related to the structure of the network, and

the exponential n is a number indicative of the type of

diffusion.

The results calculated by Eq. (5) are also presented in

Table 3. The diffusion exponent ranges from 0.58 to 0.62.

For the gels swelling in emulsions, the n values are found

to be over 1/2. Hence, the diffusion of solvent molecules

into the gels can be regarded as non-Fickian diffusion,

which is generally explained as a consequence of slow

relaxation rate of the polymer matrix. That means the

relaxation rate of the PMEMImBr gels is slower than the

diffusing rate of emulsion particles in gels because of the

entanglement of polymer chains in gels. From Table 3 and

the initial stage of swelling in Fig. 6, it can be seen that

k values of PMEMImBr gels in benzene series/water and

chloromethane/water emulsions are similar (from 0.53 to

0.58) to those in water. This proves that the swelling rates

on the initial stage of swelling in emulsions are close to

that in water, and the polarity of organic solvents does not

affect much on swelling rates in the initial stage when

small amount of hydrophobic organic solvents exists.

Figure 7 shows EDS of the PMEMImBr gel in O/W

emulsion systems compared with common superhy-

drophilic PDMAEMA gel. The PMDAEMA and PME-

MImBr gels are both superhydrophilic gels with similar

EDS values in pure water. The EDS of PMEMImBr gels is

72.0–79.3 g/g in 0.2 g/g benzene series/water emulsions

and 81.3–89.4 g/g in 0.2 g/g chloromethane series/water

emulsions, while it is just 4.6–30.1 for PDMAEMA gels.

The special swelling behavior of PMEMImBr gel in

O/W emulsions should attribute to the structure of PME-

MImBr gel. PMEMImBr polymer chains in water can be

dissociated from the polymer chains with free negative

bromide ions and positive imidazolium ions which con-

tributes to the stretch of polymer chains in water. When

small amount of hydrophobic organic solvents exists, the

dissociation of imidazolium positive ions and free negative

bromide ions in water and the electrostatic repulsion of

polymer chains with imidazolium positive ions avoid the

collapse of the gels. In addition, the extra osmotic pressure

from the dissociation also facilitates the PMEMImBr gel to

keep a large EDS value in emulsions.

It is important to know the amount of organic compo-

sition in the swollen PMEMImBr gel. In order to figure out

the composition of emulsion absorbed in PMEMImBr gel,

we investigated the composition of organic solvent in the

O/W emulsions by 1H NMR. The results are given in

Table 4.

When the initial concentration of organic solvent is

lower than 0.2 g/g, the absorbed ratio of organic solvent to

water is similar with the ratio of organic solvent to water in

the original emulsion. This means the O/W emulsion is

Table 3 Data of the swelling

kinetics of PMEMImBr gel in

O/W emulsions

Solvent/water emulsion ks (h
-1) W?,cal W?,exp R2

4
a k n R2

5
a

Pure water 0.030 80.3 83.5 0.9938 0.53 0.58 0.9973

Benzene/water (B/W) 0.022 79.9 79.6 0.9966 0.55 0.58 0.9974

Toluene/water (T/W) 0.026 73.7 72.7 0.9969 0.58 0.62 0.9914

p-Xylene/water (P/W) 0.024 73.6 73.4 0.9968 0.55 0.60 0.9960

Dichloromethane/water (D/W) 0.023 85.0 86.0 0.9959 0.56 0.58 0.9974

Chloroform/water (C/W) 0.016 94.4 90.8 0.9972 0.53 0.58 0.9961

Tetrachloromethane/water (TC/W) 0.017 85.8 81.3 0.9978 0.53 0.58 0.9974

a R2
4 and R2

5, correlation coefficients from Eqs. (4) and (5), respectively

Fig. 7 Equilibrium degree of swelling of PMEMImBr and

PDMAEMA gel in O/W emulsions, temperature = 25 �C, the

concentration of organic solvents in O/W emulsions is 0.2 g/g, and

the gel used here was PMEMImBr-2
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absorbed completely. The PMEMImBr gel swells hardly in

organic solvents, and the EDS in pure organic solvents is

less than 0.3 g/g (Fig. S2). The amount of organic solvent

absorbed into the gels increases with concentration of the

initial organic solvent, but the concentration of organic

solvent in swollen PMEMImBr gel is lower than that in

original emulsion. This is because that low-polarity organic

solvent hinders the swelling process of PMEMImBr gel

when its organic solvent concentration becomes too high.

O/W emulsions obtained by flow shearing force are usually

polydisperse in droplets sized at 0.1–10 lm [42–44]. Being

smaller than the pore size of PMEMImBr gels, the emul-

sion droplets can be absorbed easily into the gel network.

In emulsions of lower organic solvent concentration, the

droplets are even smaller, which is helpful to the absorp-

tion of emulsion droplets. As concentration of organic

solvent increase, the emulsion droplets shall become too

large to be absorbed into the gel network. Therefore, the

concentration of organic solvent in swollen PMEMImBr

gel is usually lower than that in original emulsion at

organic solvent concentrations of greater than 0.2 g/g.

In order to investigate the influence of emulsifier on the

EDS, PMEMImBr gels and PDMAEMA gels were used to

swell in aqueous solution of Tween-20 emulsifier without

other organic solvents added. The maximum concentration

of Tween-20 was 0.06 g/g, and the EDS in emulsion

changed less than 1 % compared with that in pure water.

Therefore, it proves that the few amount of Tween-20

emulsifier does not affect the swelling ratio of PMEMImBr

and PDMAEMA gels.

In general, drug concentration in the substrate for con-

trollable release is lower than 1 wt% [45], so the absorption

ability of the PMEMImBr gel can be developed as drug

containing soft substrate by adjusting the initial active drug

ingredients concentration. Given such emulsion absorption

property, the PMEMImBr gels can also be used as potential

adsorption separation materials for emulsion–wastewater

remediation [46], carrying materials in agricultural, cos-

metics, biomedical application, or as actuators [47] for

controlled protein and DNA delivery.

4 Conclusion

In this work, a new PIL gel based on MEMImBr

monomer has been successfully synthesized by using

radiation technique for the first time. The resultant PIL gel

shows good flexibility, mechanical strength, and high

equilibrium swelling ratio in benzene series/water emul-

sions and chloromethane series/water emulsions, and the

EDS in chloroform/water O/W emulsion reaches as high as

89.4 g/g at 25 �C which is similar to the EDS in pure

water. O/W emulsions containing the organic solvents with

higher polarity contribute to the swelling of PMEMImBr

gels, and the O/W proportion of emulsion in the swollen

gel equals approximately that of original emulsion when

the concentration of organic solvent is lower than 0.2 g/g.

This material should be the first step for development of

absorbent materials in heterogeneous environment. This

work provides a simple and efficient way to synthesize PIL

gels and emphasizes the application of PIL gels for emul-

sion absorption.
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