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INTRODUCTION

Nowadays human society is facing a global energy crisis

and environmental pollution problems. This has grabbed the

attention of the scientific community towards the development

of efficient electrochemical devices. Besides, the fast growing

in the field of portable electronic devices does accelerate the

research on the polymer containing charged species as solid

electrolytes for next generation devices1. The reasons for choo-

sing polymers as candidate materials are due to their flexibility,

better safety and ease to fabrication at low cost2. Meanwhile

the charged species are the ions of the salts that dissolved in the

polymer system, it can be lithium salt, sodium salt3, magnesium

salt4 etc. Recently, ionic liquids (ILs) as a liquid salts compo-

sing organic cations and couter ions have become an interest

among the electrochemical researchers. The excellent physio-

chemical properties of ionic liquids, namely high ionic conduc-

tivity, good electrochemical and thermal stability and negli-

gible vapor pressure, allow them to be suitable electrolytes1,5-8.

At present, several processing methods have been deve-

loped to prepare the polymer electrolyte with the ionic liquids.

One of the conventional methods is the solvent-casting method
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which the polymer and ionic liquid are dissolved in a volatile

solvent, usually organic solvent and then evaporation of the

latter. This method requires a long mixing and drying time2.

The usage of solvents and the need of their evaporation are

not friendly to the environment. Another preparation method

is to soak the polymer film into the electrolyte. The disad-

vantage of this method is the amount of the electrolyte cannot

be well defined. By comparing these methods, the direct

polymerization of the homogenous mixture of monomer and

ionic liquid is more promising, known as in situ polymeri-

zation. There are two types in situ polymerization, namely (a)

in situ thermal polymerization and (b) in situ photopolymeri-

zation9.  The former involves heating, based on the previous

studies, the reaction had to be carried out at around 60- 80 °C

and for a long time about 2 to 24 h10-12. The latter is the tech-

nique that requires UV light as an energy source to cure the

monomer. This enables the polymerization to occur at room

temperature and shorter time in minutes. Thus, it is low energy

consumption, fast, environmentally friendly and low cost

methods. However, this one pot photopolymerization process

is limited to certain combinations of multifunctional monomers

with ionic liquids and only a few researches were successful
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reported. According to Andrzejewska and Stepniak9, poly-

ethylene glycol methacrylate, dipropyleneglycol diacrylate and

aliphatic urethane acrylate with 5 types of ionic liquids and

2,2-dimethoxy-2-phenylacetophenone (DMPP) as photo-

initiator, give a compatible and freestanding polymer films.

Besides, incorporation of N-methoxyethyl-N-methylpyrro-

lidinum bis(trifluoromethanesulfonyl)imide and 1-ethyl-3-

methy-limidazolium bis(perfluoroethylsulfonyl)imide into the

dime-thacrylic monomer, bisphenol A ethoxylate (15 EO/

phenol) dimethacrylate to obtain a homogenous polymer

electrolyte film with high ionic conductivity13,14.

In this work, a new combination of monomer glycidyl

methacrylate (GMA) with different amount of BmImTFSI was

explored. A single-step, in situ photopolymerization method

will be applied in order to obtain free standing polymer

electrolytes within a few minutes. Besides, as charge carrier,

BmImTFSI also acts as a plasticizer to improve the structure

and morphology of electrolyte films11. Photoinitiator, 2,2-

dimethoxy-2-phenylacetophenone (DMPP) plays an important

role to start the polymerization of glycidyl methacrylate by

forming benzoyl radicals once it was radiated by UV light15.

The chemical, physical and electrochemical properties of

prepared polymer electrolytes were studied and reported.

EXPERIMENTAL

Monomer glycidyl methacrylate, photoinitiator 2,2-

dimethoxy-2-phenylacetophenone, dichloromethane, silver

nitrate and ionic liquid BmImTFSI were purchased from Sigma-

Aldrich. All materials were used as received and no further

purification was done except BmImTFSI.

Purification of BmImTFSI: The oily liquid BmImTFSI

was further purified by liquid-liquid extraction method.

BmImTFSI was added into dichloromethane and washed with

deionized water. The washing process was repeated until the

aqueous phase was free from halide which can be detected by

AgNO3 solution16. The solvent dichloromethane was removed

on rotary evaporator and followed by drying process using

vacuum line.

Preparation of polymer  films: An appropriate amount

of DMPP (2 wt. %) and BmImTFSI were added into GMA

monomer and stirred until a homogenous mixture obtained.

The homogenous mixture was then spread on the Teflon plate

and cured under 196-5251 UV box (Rs Ltd) with four 60W

UV lamp. While the samples were under curing of UV, a conti-

nuous flow of nitrogen gas was needed. The thickness of the

films was controlled in between 300-600 µm. The completion

of photopolymerization was ensured by curing the GMA and

DMPP mixture with different irradiation times and followed

by ATR-FTIR analysis.

Characterization of the polymer  films: ATR-FTIR analysis

was done using Spectrum 400 Perkin Elmer GX Spectrometer.

The prepared film samples were cast on NaCl window and

analyzed with the frequency in the range of 4000 to 650 cm-1.

This analysis was carried out to observe the changes of the

vibrant energy of the covalent bond possessed by the polymer

host before and after the addition of BmImTFSI.

Besides, thermal properties of the PGMA films were

investigated by using the Shimadzu TGA-50 model. The

heating rate was set at 20 ºC/min and the measurement tempe-

rature range was started from ambient temperature to 600 ºC.

Bruker D8-advance diffractometer were used to study the

X-ray diffraction pattern of the prepared samples. The range

of diffraction angle, 2θ  from 10º to 50º were selected to study

the structure of prepared PGMA films. The morphological

studies of the PGMA films were carried out by using Model

LEO VPSEM with 250x and 1000x magnification at 15 kV

electron beam.

The ionic conductivity of the PGMA films were measured

using HIOKI 3532-50LC HiTester impedance analyzer. The

prepared films were sandwiched between two stainless steel

electrodes and measured from 50 to 50000 Hz. Apart from

that ionic conductivity was measured as the function of

temperature in the range of 303 to 373 K. The ionic conduc-

tivity, σ was calculated using the formula σ = l / Rb·A, where

l represents the thickness of the film (cm), Rb is the bulk

resistance of  film and A is the effective contact area (cm2) of

the electrode.

RESULTS AND DISCUSSION

ATR-FTIR analysis: The polymer  films, hereafter named

PGIL-0 to PGIL-70, were prepared by in situ photopolymeri-

zation of the GMA mixture which consists of photoinitiator,

DMPP and different wt. % of BmimTFSI. After UV curing, a

transparent, freestanding and flexible film formed. However,

the maximum loading of BmImTFSI is 70 wt. % in order to

produce a freestanding film (PGIL-70). The further additional

of BmImTFSI results in unstable  film.

The FTIR spectra in Fig. 1(a) shows the vibrational peak

at 1637 cm-1 which corresponds to stretching of sp2 C=C double

bond of GMA monomer. After the UV curing, the C=C peak

disappeared, as shown in Fig. 1(b). Besides, FTIR spectra  also

shows the changes of polymer systems  as in Fig. 1(c) when

the BmImTFSI was added. This includes the changes of

intensity, shapes and the shift of peaks and these may be able to

show the occurrence of complexation and interaction between

the ionic liquid and the polymer matrix. By comparing the

PGIL-0 and PGIL-70, after the incorporating of BmImTFSI,

six new peaks appeared as highlighted in Fig. 1(d). These peaks

are corresponding to the C-S and S-N stretching mode at 788

cm-1, C-H vibration mode of cyclic BmIm+ at 1080 cm-1, S-N-

S asymmetric stretching mode at 1055 cm-1, C-SO2-N bending

mode at 1351 cm-1, C-C and C-N bending mode at 1573 cm-1

and cyclic BmIm CH2 stretching mode at 3158 cm-1. The

intensity of these six peaks increases and more significant with

the ascending of BmImTFSI content.

In order to prove the interaction between the BmImTFSI

and polymer matrix, both of epoxy stretching peaks at 842

and 905 cm-1 decrease in the intensity and the peaks shift to

846 and 906 cm-1, respectively after inclusion of 70 wt. % of

BmImTFSI. Similar observation is shown in Fig. 2(a), the

C-O-C ester peak of pristine PGMA (PGIL-0) with two

shoulders at 1146 cm-1 changes in shape and shifts to 1131

cm-1 when the 70 wt. % BmImTFSI was incorporated. Besides,

intensity of the peak of C-O-C symmetrical stretching mode

at 1252 cm-1 (PGIL-0) decrease gradually and shifts upwards

to 1272 cm-1 (PGIL-70). This indicates the interaction between
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Fig. 1. FTIR spectra for (a) monomer GMA, (b) PGIL-0, (c) pure

BmImTFSI and (d) PGIL-70
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Fig. 2. FTIR spectra of PGILs  films and BmImTFSI in the wavenumber

region (a) 1400-1000 cm-1 and (b) 1800-1660 cm-1

O– and BmIm+ which leads to the ion transportation by

breaking and reforming the coordination bonds17. Another

evidence for this interaction was shown by the C=O peak, shifts

from 1722 to 1726 cm-1. In Fig. 2(b) the intensity of the peak

decreases with the higher BmImTFSI mass loading. This is

because more O– and BmIm+ were formed when higher amount

of BmImTFSI was added. The interaction between BmIm+

and O– may reduce the electronegativity differences between

C and O atoms of the C=O bonds. This will then contribute to

the less intense absorption and less intense peak was formed.

Thermal analysis: Fig. 3 shows the thermagravimetric

analysis thermograms of the prepared PGIL films and pure

BmImTFSI. The polymer matrix PGIL-0, undergoes a one-

step weight loss process with a decomposed temperature of

261 ºC and ended at 350 ºC with the total mass loss of 99 %.

This single step of degradation was due to random chain

scission18. The BmImTFSI shows a single weight loss process

which starts at 453 ºC and ended at 508 ºC with the total weight

loss of 95 %. However, after the incorporation of BmImTFSI

into the system, the thermogram shows two-steps weight loss

process. The initial loss is corresponding to the degradation

of the polymer matrix, PGMA and followed by the decompo-

sition of the BmImTFSI in the system. It should be noted that

the BmImTFSI incorporated films possess a higher onset of

the weight loss process for PGMA than that of the pristine

PGMA. Based on the thermogram, the initialization decom-

posed temperature of PGIL-70 was increased to 267 ºC and

its total weight loss was 93.3 % after the temperature reaches

477 ºC. These evidences prove that high thermal stability of

the prepared polymer  films and the films are safe to be used

at high temperature (up to 250 ºC).
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Fig. 3. Thermagravimetric analysis thermogram of the PGIL films and pure

BmImTFSI with heating rate at 20 ºC/min from ambient temperature

to 600 ºC

Structure and morphological analysis: XRD diffracto-

gram (Fig. 4) shows the typical X-ray diffraction patterns of

the PGIL films measured at room temperature. The diffracto-

gram of PGIL-0 film shows 2 humps in the range between 15-

25° and 25-35° meanwhile PGIL-10 to PGIL-70 show only

one hump in range of 15-22°. The presence of the humps

explained the PGIL films exist as amorphous. As the amount

of BmImTFSI increases, the diffraction peaks become broader

and less intense. This result could be due to the disruption of

the PGMA crystallinity by incorporating of the BmImTFSI as

a plasticizer19,20. The decreasing of the crystallinity of the films

results in the softer films formed. Apart from that, the increases

of the amorphousity results in the reduction of the energy

barrier to the segmental motion of the polymer . In other words,
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Fig. 4. X-ray diffractogram for PGIL- (a) 0, (b) 10, (c) 20, (d) 30, (e) 40,

(f) 50, (g) 60 and (h) 70

these may enhance the ionic mobility in the polymeric system

and therefore improve  the ionic conductivity of polymer  at room

temperature21.

Moreover, by observing the cross-sectional morphology

through SEM micrograph (Fig. 5), the PGIL samples show a

homogenous surface without any phase separation. The PGIL-

0 shows an uneven and rough cross sectional surface because

of its brittle properties. This property causes the sample to

crack and split easily22,23. However, the roughness of the surface

and the cracking effect reduces accordingly as the content of

BmImTFSI increases. A smooth and uniform surface can

be observed on PGIL-70 film and it also shows a very good

adhesion properties of glass and steel19.

Fig. 5. Micrograph SEM of (a) PGIL-0, (b) PGIL-30 (c) PGIL-70 at 1000x

magnification and (d) PGIL-50 at 250x magnification

Ionic conductivity analysis: The conductivity studies

were done at room temperature and the results were shown in

Fig. 6. For the PGIL-0, a PGMA without BmImTFSI shows the

conductivity of 1.82 × 10-9 Scm-1. By increasing the BmImTFSI

content from 10 to 40 wt. %, the conductivity shows a slight

increment. The PGIL-40  films have the conductivity of 3.19

× 10-9 S cm-1. However, a drastic increase can be observed

upon the addition of 50 to 70 wt. % of BmImTFSI. The addi-

tion of 70 wt. % of BmImTFSI achieved the highest ionic

conductivity of 3.08 × 10-6 S cm-1.
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Fig. 6. Conductivity of the PGILs with different composition of BmImTFSI

in wt. % at ambient temperature

The increases in ionic conductivity are due to the increases

of the charge carriers in the PGMA-BmImTFSI complex

system as provided by the following equation: σ = cΛ, where

Λ is molar conductivity and c is salt concentration24. The strong

plasticizing effect of BmImTFSI, softened the polymer

backbone and increased the flexibility of polymer segment25.

This enhances the segmental mobility and initiates the ionic

hopping mechanism17.

Fig. 7 is the Arrhenius plot of PGIL-70 film from 303 to

373 K. At 373 K, the ionic conductivity value is 6.37 × 10-3 S

cm-1 which shows the increases of the ionic conductivity by

four orders of magnitude. A linear plot was found in between

conductivity and the temperature with the regression line in

0.9991. This indicates the PGIL films perform Arrhenius-like

behaviour based on Arrhenius equation: σ = σoe
(-Ea/kT), where

the σo is pre-exponential factor, Ea is activation energy, k is

Boltzmann constant and T is temperature in unit K. From the

plot, the σo is 1 × 1011 S cm-1 and Ea is 0.98 eV. The BmImTFSI

in the PGIL films provides BmIm+ and TFSI- ions that exhibit

the highest self-dissociating and ionic hopping properties26.

As the heat was supplied to the system, the ions gain the kinetic

energy and this enhances the mobility of the charge carriers in

the films.
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Fig. 7. Temperature dependance of ionic conductivity of PGIL-70 film from

303 to 373 K
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Conclusion

The BmImTFSI based-polymer  films were prepared by

in situ photopolymerization methods. The changes in shapes,

intensity and shifts of the vibrational peaks of ATR-FTIR

spectra proved the completion of the polymerization of GMA

and also the interaction between PGMA and BmImTFSI.

BmImTFSI is dissolved and compatible with the PGMA,

homogenous and transparent films were obtained and proved

by SEM micrograph. To obtain a freestanding film, the maxi-

mum loading of BmImTFSI into the PGMA polymeric system

is 70 wt. % and it shows the ionic conductivity of 3.08 × 10-6

S cm-1 at ambient temperature. The  films exhibited Arrhenious

behaviour. Finally, BmImTFSI incorporated in the films

provides charge carriers and acts as a plasticizer to enhance

the ionic conductivity.
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