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Abstract The potential of new porous solid polymer electro-
lyte (SPE) for poly (vinylidene fluoride)–poly (methyl meth-
acrylate) grafted natural rubber (PVDF-MG49) doped with
LiCF3SO3 based on application in electrochemical device sys-
tem has been investigated. The characteristics of the samples
are analyzed and studied using electron impedance spectros-
copy (EIS), X-ray diffraction (XRD), scanning electron mi-
croscopy (SEM), attenuated total reflectance Fourier trans-
form infrared (ATR-FTIR) spectroscopy, and linear sweep
voltammetry (LSV). Ionic conductivity of 3.25 ×
10−4 S cm−1 is achieved at room temperature, and the studies
suggested that ion transport proceeds in these materials via a
hopping mechanism similar to what is found in an ionic crys-
tal. It is found that dielectric constant and dielectric loss in-
crease with salt contents. A similar situation is also observed
in electrical modulus. Analysis of XRD shows a decrease in
crystallinity peaks of methyl methacrylate (MMA) in MG49
with the amount of added salt. The observations from SEM
micrographs show porosity structure of polymer electrolyte.
Based on the FTIR results, we are able to conjecture that

interactions between the lithium ion and with the oxygen
atoms from the MMA likely occur. Electrochemical studies
show that polymer electrolyte has high electrochemical stabil-
ity windows and is favorable for application in electrochemi-
cal devices.

Keywords Poly (vinylidene fluoride) . 49% poly (methyl
methacrylate) grafted natural rubber . Ionic conductivity .

Dielectric properties . Electrochemical properties

Introduction

Ionically conducting materials such as solid polymer electro-
lyte play an important role in solid-state electrochemistry es-
pecially in energy storage (rechargeable battery and capaci-
tor). The advancement and innovative inventions of electro-
chemical devices ranging from consumer electronic devices to
hybrid electric vehicles (HEVs) are always critically depend-
ing on the development of battery technology. However, the
battery performances always depends on the development of
materials of the component parts in the battery [1]. One of the
main components for flexible all solid-state lithium batteries is
the solid polymer electrolyte (SPE). The SPE is widely
regarded as an ideal solid electrolyte which provides freedom
of cell assembly and safety, especially for larger size batteries
[2]. However, the main drawback on practical use of solvent-
free polymer electrolyte is low ionic conductivity at room
temperature [3, 4].

To overcome this issue, a comprehensive study to improve
the ionic conductivity has been done. Some of these ap-
proaches include polymer blending, modification of polymer
structures, in situ thermal cross-linking, addition of inorganic
oxide fillers (ZnO, Al2O3, TiO2, and NiO), gamma irradiation,
UVirradiation, binary salts system, and use of plasticizers (EC
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and PC) [4–9]. Besides, Zhu et al. have tried to improve the
ionic conductivity by proposing single-ion polymer electro-
lyte (lithium oxalate polyacrylic acid borate). Although the
results showed low ionic conductivity, it achieved wide elec-
trochemistry stability up to 7 V [10]. Among all these tech-
niques, polymer blending is considered one of the most feasi-
ble techniques [2, 4, 6]. Aside from physical mixing, the blend
of the two polymers or more is also achievable by means of
simple photochemical reaction [11, 12]. The mixings of dif-
ferent polymers have created a new realm of technically im-
portant materials as their properties can be altered by varying
the composition of the polymer blends. Although a large num-
ber of combinations of polymers are possible, there are rela-
tively few leads to a totally miscible system [7].

The strong electron withdrawing and high dielectric con-
stant of polyvinylidene fluoride (PVDF) has been one of the
favorable choices for polymer electrolyte compositions. The
semi-crystalline thermoplastic polymer has at least four pos-
sible polymorphs, namely, α-phase, β-phase, γ-phase, and δ-
phase, due to its piezoelectric, ferroelectric, and pyroelectric
properties with configuration structures. Depending on the
annealing temperature (below 80–160 °C), poling voltage,
and pressure, the most common and stable PVDF phases are
α-phase and β-phase which are shown in the Fig. 1 [8, 13].
PVDF-based polymeric electrolyte has demonstrated suffi-
cient conductivity value for commercial usage in secondary
batteries. In the gel systems, the electrolytes based on PVDF
are responsible for the ionic conduction and acted as the pas-
sive substrate/separator that retains the solution within the
porous polymer framework [14]. Shen et al. have suggested
that this porous PVDF also actively participates in the ion
transport. In spite of the industrial importance and wide appli-
cation of gelated PVDF, the ion conduction mechanism re-
mains unsolved [15].

Elastomer polymers, especially rubber material, are notable
for its elasticity, soft elastomer nature at room temperature,
and low glass temperature (Tg). Polymer electrolytes based
on rubber have been developed using modified natural rubber
such as ENR50, LENR50, and MG30. In this research, 49 %
poly (methyl methacrylate) grafted natural rubber (MG49)

was chosen. MG49 consist of 49 % of poly (methyl methac-
rylate) (PMMA) grafted on rubber molecules. A typical poly-
merization reaction of MG49 is shown in Fig. 2. This modi-
fied grafted co-polymer of natural rubber latex and methyl
methacrylate has gained attention due to its polar characteris-
tics which serve as a conducting medium for transporting
lithium ions and to achieve low Tg for better chain mobility
[4, 6, 7, 9, 16–20].

In this work, we prepared and characterized the PVDF-
MG49 polymer blend electrolytes with AC impedance spec-
troscopy, X-ray diffraction, Fourier transform infrared, scan-
ning electron microscopy, and linear sweep voltammetry. Fur-
ther studies were also done on ionic conductivity dependence
upon temperature and electrical properties based on dielectric
relaxation and modulus. We expect that the blending of soft
elastomer MG49 which has good elasticity and adhesion
properties with high porosity and mechanical strength PVDF
will give a high ionic conductivity [17].

Materials and procedures

Materials

Forty-nine percent poly (methyl methacrylate) grafted natural
rubber, MG49, used in this research was purchased from
Green HPSP Malaysia (Mw=150,000). Poly (vinylidene fluo-
ride), PVDF (Mw=180,000), lithium sheet (99.9 % trace met-
al), and lithium trifluoromethanesulfonate, LiCF3SO3

(156.01 g/mol), with 99.99 % purity were obtained from Sig-
ma-Aldrich. Tetrahydrofuran (THF) was acquired from
JT Baker.

Sample preparation

MG49 was cut into small pieces before subject to swell/
dissolve in stoppered flasks containing THF for a night. The
solution was then stirred with magnetic stirrer coated with
Teflon for 24 h until complete dissolution of MG49 was
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Fig 1 Schematic view of PVDF
with alpha-phase (consists of a
series of non-polar anti-parallel
chains) and beta-phase phase
(consists of a series of polar
parallel chains)

204 J Solid State Electrochem (2016) 20:203–213



obtained. In another new flask, PVDF was dissolved in THF
and stirred for 24 h. These two solutions were then mixed
together and kept under continuous stirring for 24 h. After a
homogenous solution was obtained, the dissolved LiCF3SO3

salt was then added slowly to the mixed solution and contin-
uous stirring was applied for another 24 h. The resulting ho-
mogenous polymer electrolyte solution was cast in a petri dish
and allowed to evaporate slowly at room temperature in a
fume hood until a film was obtained. The film was further
dried in vacuum oven at 45 °C for 24 h to remove any residue
solvent. The samples were then kept in desiccator before use
for any characterizations. These steps were repeated for prep-
aration PVDF-MG49 with 5–30 wt% of LiCF3SO3.

Sample characterizations

The ionic conductivity measurements were done at room tem-
perature using alternate current (AC) impedance spectroscopy
using high-frequency response analyzer (HFRA Solartron
Schlumberger 1286) at a frequency of 0.1 to 1 MHz. The
sample film was sandwiched between two stainless steel elec-
trodes with a surface contact area of 2.01 cm2 and mounted it
to the holder. Using the Z-View software, the bulk resistance
Rb of the sample film was determined and ionic conductivity
was calculated based on equation σ=d/RbA, where d is the
film thickness (cm) and A (cm2) is the effective contact area
of electrolyte and the electrode. The data of complex imped-
ance were used to study the dielectric constant and modulus.
X-ray diffraction technique was conducted using Siemens
model D5000 to determine the crystalline phase of the poly-
mer electrolyte samples at diffraction angle of 2θ range from
2° to 60°. The X-ray radiation source used was CuKα with
wavelength of 1.5418 Å. The morphological studies on the
cross-section fractured surfaces of polymer electrolyte sam-
ples were done using SEM with ×5000 magnification at
15 kVelectron beam. The attenuated total reflectance Fourier
transform infrared (ATR-FTIR) analysis was performed using
PerkinElmer Spectrum 2000 in the range of 4000 to 600 cm−1

with scanning resolution of 4 cm−1. The electrochemical sta-
bility window of the sample was evaluated using linear sweep

voltammetry analysis in configuration of stainless steel/SPE/
lithium. A voltage sweep was carried out on the material be-
tween 0 to 5 V at a constant rate of 10 mV s−1.

Results and discussions

Ionic conductivity studies

Figure 3a, b represents the complex ac impedance spectra of
PVDF-MG49- LiCF3SO3 (5 to 30 wt%) electrolytes at room
temperature. The electrolytes for 10 to 30 wt% of salt show
nearly linear curves. The slanted spikes at high frequency
region are attributed to the electrolyte resistance. This sug-
gested that majority current carriers and conduction in the
electrolyte are contributed by ions but not the electrons. On
the other hand, Fig. 3c shows the variations of calculated ionic
conductivity as a function to weight percentage of LiCF3SO3

salt contents for PVDF-MG49- LiCF3SO3 electrolytes. From
the graph, it is observed that ionic conductivity increased with
lithium salt contents. The highest ionic conductivity of 3.25×
10−4 S cm−1 is achieved at 30 wt% of LiCF3SO3. The increase
in the ionic conductivity is due to increases in charge carriers
in the matrix electrolyte system. This can be shown by the
equation σ=ce(u++ u−)=cΛ where σ is the conductivity of
electrolyte, Λ is molar conductivity, c is salt concentration, e
is charge of an electron, and u+ and u− represent the ion mo-
bility. As number of charges increase, the ionic conductivity
also increases [4, 6]. However, further addition of lithium salt
above 30 wt% causes the sample to be unstable (not free-
standing). This might be due to the large anions from the
lithium salt acts as a plasticizer by interrupting the ordered
arrangement of the polymeric backbones and thus reduces
the crystallinity in the electrolytes. The reduction of crystal-
linity is shown in analysis of X-ray diffraction (XRD). This
means that more free spaces and voids are created for ion
migrations. It is worth to mention on a steep increase in ionic
conductivity at low concentration of salt loading before it
slowly increases at higher salt contents as shown in Fig. 3c.
In this case, at low concentration of salt, the ionic conductivity
is strongly affected by the number of charge carriers as

Fig 2 Typical polymerization
reaction of rubber grafted with
MMA monomer
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mobility of ions is relatively uninfluenced. Contrary, at higher
concentration of salt, ionic conductivity is more strongly de-
pendent on the ionic conduction pathways and ion mobility
[21, 22].

Temperature dependence–ionic conductivity studies

Figure 4 depicts the dependence conductivity on the temper-
ature analysis by the Arrhenius plot for PVDF-MG49-
LiCF3SO3 (30 wt%) to study the transportation property of
the polymer electrolyte. At the fixed concentration of salt,
the temperature dependence–ionic conductivity plot displays
a linear relationship with the regression value obtained is close
to unity (with regression coefficient of 0.9946). This suggests
that the semi-crystalline polymer electrolyte followed the Ar-
rhenius rules in which cation transport property is ionic hop-
ping mechanism, similar to that in an ionic crystal where ions
jump into the neighboring vacant site with well-defined path-
ways. The estimated activation energy (Ea) is valued at
0.14 eV. Contrary to amorphous polymer electrolytes, the
ion transportation is much influenced by the dynamic forma-
tion of suitable coordination sites between which ions can
migrate [23].

This phenomena can be explained by ion hopping
mechanism happens between coordinating sites and lo-
cal structural relaxation. As the temperature increased,
the vibrational modes of polymer segments increased
and gained sufficient energy to push against the

hydrostatic pressure, which is imposed by its surround-
ing atoms and turns to the formation of voids [24]. At
the same time, the polymers will experience expansion
effect, resulting in more local vacant spaces and creates
more free volumes for segmental motions. Subsequently,
this weakens the interactions between the polar group of

Fig. 3 AC impedance spectra for
SPE PVDF-MG49- LiCF3SO3

with a 5 wt% and b 10–30 wt%
lithium salt contents; c variation
of ionic conductivity as a function
of weight percentage of
LiCF3SO3 salt in PVDF-MG49-
LiCF3SO3 complexes
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Fig. 4 Arrhenius ionic conductivity plot of PVDF-MG49-LiCF3SO4

(30 wt%)
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the polymer backbones and Li+ and thus promotes the
decoupling process of the charge carriers from the seg-
mental motion of the polymer matrix. This facilitates
the migration of ions and diminishes the ion cloud ef-
fect between the electrodes and electrolyte interface.
These two entities (vacant sites and polymer segmental
motions) then permit free charges to hop from one site
to another thus increase conductivity. Therefore, the
neighboring ions from adjacent sites tend to occupy
these vacant sites and coordinate with the polymer
chains again. Eventually, the ionic hopping mechanism
is generated. It is worth noting that no abrupt change in
the value of conductivity with respect of temperature
was observed, inferring no phase transitions within the
temperature regime for all the complexes [25].

Overall, the mechanism of PVDF-MG49-LiCF3SO3

complex in lithium ion polymer battery can be illustrat-
ed as in Fig. 5.

Dielectric relaxation studies

Dielectric relaxation studies are vital tool to gain valuable
information about the conduction processes since they can
be used to understand the origin of the dielectric losses, elec-
trical and dipolar relaxation time, and its activation energy in
the polymer electrolyte system. It is a ratio of the permittivity
of a substance to the permittivity of free space [26–29]. Gen-
erally, the dielectric constant is a measure of how much the
charge stored. The cause of the dielectric constant is due to
electrode polarization effects, space charge effects (normally
observed in ionic glasses), and also water trace that may be
retained by the films. The dielectric permittivity is determined

from the measured values of the impedance using the follow-
ing relation [26, 27, 30–32]:

ε* ¼ ε0 þ jε″ ¼ ‐Z 0= Z’2 þ Z″2
� �

ωCo

� �þ j −Z″ð Þ= Z 02 þ Z″2
� �

ωCo

h i
;

ð1Þ
where Z’ is the real part of complex impedance, Z^ is the
imaginary part of complex impedance, ω is the angular fre-
quency (2πf), Co is vacuum capacitance (εo×A/d), and ε’ and
ε^ are the real and imaginary components of the dielectric
permittivity, respectively. εo is the permittivity of free space
(8.85×10−12 F/m), A is area, and d is the thickness of the
electrolyte.

Figure 6 shows the frequency dependent plot of ε’ and ε^
(also known as dielectric loss) parts of dielectric permittivity
curves. From the graph, it is observed that both ε’ and ε^
increase toward low frequency and gradually slowly ap-
proaching zero at high frequency. As the amount of salts in-
creases, the dielectric constant increases. The highest value for
both ε’ and ε^ is observed at 30 wt% salt. The increase of
dielectric constant with respect to salt content is due to the
enhanced of charge carrier density in the space charge accu-
mulation region, which caused the equivalent capacitance en-
hancement [29]. This means that PVDF-MG49- LiCF3SO3

(30 wt%) has the maximum number of charge stored. Since
the graph does not show any relaxation peaks, this indicates
that the increase in conductivity value is due to increase in free
charge carriers [33]. The same trend for dielectric loss (ε’) is
observed as for dielectric constant. No appreciable peaks were
observed.

This situation can be explained according to the behavior
of the dipole movements with the dielectric permittivity relat-
ed to the free dipoles oscillating in the presence of an

Fig. 5 Illustration of typical working principle of lithium ion polymer battery and mechanism of SPE for PVDF-MG49-LiCF3SO3
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alternating electric field. At the very low frequencies ( f<1/τ,
where τ is the relaxation time), dipoles follow the electric
field. As the frequency increases, dipoles begin to lag behind
the field and slightly decrease. When the frequency reaches
the characteristic frequency ( f=1/τ), the dielectric constant
drops (relaxation process). At the very high frequencies
( f>1/τ), dipoles can no longer follow the field and ε’≈ε’∞.
Higher values of dielectric constant at the low frequencies can
be explained as the formation and accumulation of the charges
at the grain boundaries and at the interfaces between the elec-
trolyte and the electrode (known as space charge polarization).
This is well known as the non-Debye type of behavior, where
the ion diffusion explains the space charge regions with re-
spect to the frequency.

Dielectric modulus studies

Similarly, the real and imaginary parts of modulus functions
are expressed by the following [16–27, 30, 31]:

M* ¼ j ω Co Z* whereZ* referredas Z’orZ^ð Þ ð2Þ
M ’ ¼ ε’= ε’2 þ ε”2

� � ð3Þ
M” ¼ ε”= ε’2 þ ε”2

� � ð4Þ

In order to reveal the relaxation peak in ε^ plot, the effect of
the electrode polarization must be excluded. This can be
achieved by studying the dielectric modulus plots since the
dielectric modulus (M*) corresponds to the relaxation on the
electric field in the material when the electric displacement
remains constant [26]. In this case, the appearance of the peak
in the imaginary part of dielectric modules can be related to
transition ionic dynamics and the conductivity relaxation of
the mobile ions [31]. Another purpose is to support the elec-
trical conductivity data. The advantages of modulus studies
were to recognize the conduction process and the effect on the

frequency [27]. Figure 7 shows the frequency dependence of
the real part (M’) and imaginary part (M^) of dielectric mod-
ulus. With increasing lithium salt content, the value of relax-
ation peaks shifted to the higher frequency. The distribution of
the relaxation peaks is due to the distribution of relaxation
time of the free charge. The existence of the relaxation peak
curves at the higher frequencies in the real part modulus indi-
cates that the polymer electrolyte films are ionic conductor
[28, 29, 32]. The relaxation peak does not exist in the imagi-
nary modulus graph which is because the residual water does
not contribute toward conductivity enhancement [27].

It is observed that M’ and M^ decrease when approaching
low frequencies due to the electrode polarization phenome-
non. This contribution of electrode polarization can be ignored
at lower frequencies of M’ and M^. Furthermore, the tail was
observed in the lower part of the frequency which indicates
that the samples are capacitive in nature for M’ and the distri-
bution of relaxation time of the ionic conductor for M^. The
existence of the long tail can be considered as the result of the
large capacitance associated with the electrode [27].

Analysis XRD

X-ray diffraction measurements are conducted to examine the
nature crystallinity and the occurrence of complexation in
polymer electrolyte in the presence of various salt concentra-
tions. The crystalline phase is depicted in Fig. 8, showing that
crystalline peaks decreased as salt dopant increased. The semi-
crystalline nature of PVDF was confirmed by the appearance
of the peaks at 2θ=18.3°, 20.1°, and 26.5° while MG49 crys-
talline peak was observed at 2θ=29.5° [34, 35]. The sharp
peak at 20.09° is attributed to the presence of β-polymorph
of PVDF. From the diffractogram, significant change in peak
intensity was observed at 2θ=29.5°. As the salt concentration
increased, the intensity peak decreased [17, 18]. This indicates
that the polymer electrolytes undergo structural reorganization

Fig. 6 Variations of real (ε’) part and imaginary (ε^) of dielectric constant with frequency for SPE PVDF-MG49- LiCF3SO3 at different salt contents
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leading to decrease in crystallinity and complexation occur-
ring at oxygen-based MMA group which comprises of oxy-
gen group (further supported by FTIR results) [34]. Moreover,
the salt is well-solvated in the polymer matrix as no crystalline
peaks of lithium salt are observed [4, 6, 9, 34, 36, 37].

The relationship between degree of amorphousity and ionic
conductivity can be related to the greater ionic diffusivity and
mobility of ions in the amorphous phase because of low ener-
gy barriers. In amorphous phase, polymer backbones are more
flexible and have higher segmental chains motion. This seg-
mental motion in amorphous phase promotes ion motion by
making and breaking the coordination sphere of the solvated
ion and providing space (free volume) into which the ion may
diffuse under the influence of the electrical field [4, 6, 9].

Morphological studies

The SEM micrographs in Fig. 9 are taken at the cross-
sectional areas for SPEs with different amounts of LiCF3SO3

salts at magnification of ×5000. In Fig. 9a, b, the smooth

surfaces of MG49 and PVDF are shown, respectively. After
blending together (see Fig. 9c), the surface morphology dras-
tically changed and became rougher. It is observed that most
surfaces are surrounded by small regular round shape PVDF
and have phase separation which suggested that the polymer
blend is compatible but not miscible. The immiscible blend is
proven by XRD patterns in which the PVDF-MG49 blend (in
Fig. 8c) shows distinguishable peaks of PVDF and MG49. It
is worth to note that the crystalline peak of MMA at 2θ=29.5°
has lower intensity when compare to crystalline peak in pure
MG49. The above results suggested that PVDF is not miscible
with MG49. This can be explained by law of thermodynamics
through Gibbs free energy and also entropy in which the rela-
tionship governing mixtures of dissimilar components can be
represented by the following equation [6]:

ΔGm ¼ ΔHm−TΔSm ð5Þ
where ΔGm is free energy of mixing,ΔHm is the enthalpy of
mixing (heat of mixing), and ΔSm the entropy of mixing. A
blend of two components is classified as miscible,

Fig. 7 Variations of the M’ part and M^ part with frequency for SPE PVDF-MG49- LiCF3SO3 at different salt contents

Fig. 8 XRD patterns of a PVDF, bMG49, c PVDF-MG49, d SPE-10wt% of LiCF3SO3, e SPE-20wt% of LiCF3SO3, f SPE-30wt% of LiCF3SO3, and
g pure salt LiCF3SO3
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thermodynamically, if the overall change of Gibbs free energy
of the mixing is negative [4].

The cross-sectional views of SPEs doped with different salt
concentration are shown in Fig. 9d–f. After introducing the
lithium salt, interconnected pores were observed. The pres-
ence of micro-pores formed through the complex process of
interaction between solvent, lithium salt, and the polymers
during evaporation. Furthermore, the amount of pores and
its sizes are influenced by the difference in driving force of
phase separation and kinetically controlled by the relative rate
of evaporation of the compounds [4, 6, 9]. Nevertheless, the
formation of the pores in the polymer–salt matrix will aid the
mobility of ions by providing and creating more pathways for
ions transportation [34, 38]. When the concentration of salts
increases, the surface morphology becomes smoother [18].
This implied that salt helps promote compatibility of PVDF-
MG49 in the complex matrix. As mentioned before, the salts
disrupt the chain organizations in the polymer and subse-
quently decrease the crystalline phase. The increase in
amorphousity which has a higher state of entropy will help

in polymers mixing. One of the reasons polymers is mixable is
because they are more disordered mixed together than when
they are separate. This is proven in XRD patterns in Fig. 8c
where the mixed polymers have lower intensity in crystallinity
peaks compared to their respective individual single polymer.

Analysis ATR-FTIR

Complex formation and local structural changes in the poly-
mer electrolyte matrices were determined from analysis of
ATR-FTIR. Figures 10, 11, and 12 elucidate the FTIR spectra
of SPEs at various concentrations of lithium salt. In Fig. 10,
the detected peaks are CH2 rockingmode, CH2 twistingmode,
symmetric stretching CF2, asymmetric stretching C–O–C
group, and symmetric stretching CF2, respectively, at bands
840, 976, 1065, 1146, and 1181 cm−1 [17, 18, 29, 37, 39].
Others peaks that were observed are amorphous phase of
PVDF at 872 cm−1 and free SO3

− of lithium salt at
1032 cm−1 [29, 30]. When the salt concentration increased,
the intensity peaks for amorphous phases, SO3

− anion, and vs-

Fig. 9 SEM micrographs at
cross-sectional morphology of a
MG49, b PVDF, and SPEs
PVDF-MG49 doped c 0 wt%, d
10 wt%, e 20 wt%, and f 30 wt%
of LiCF3SO3 salt
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CF2 of PVDF were increased. Besides, intensity peak of vas
C–O–C group was found to be decreased and shifted to
1152 cm−1. This implied complex reaction has occurred at
oxygen from ester group [32].

In Fig. 11, a drastic drop in intensity was observed for
carbonyl group, C=O at band 1728 cm−1 while the vas C–O
group peak at 1280 cm−1 almost disappeared when concentra-
tion of salt increased [35, 37, 39]. In addition, a new peak
evolves at the lower frequency (1645 cm−1) and its intensity
increases with salt concentration. According to Kumutha
et al., this band corresponds to Li+→O=C interaction [17].
On other hand, it is found that the deformation mode of CH2

and O–CH3 at 1435 cm
−1 and 1448 cm−1 was shifted to lower

frequency at 1425 cm−1 and 1454 cm−1 respectively [17, 18,
34, 39]. The changes in intensity, emerging of new peak, and
peak shifting, especially at C–O–C, C=O, O–CH3, and C–O

groups indicated that lithium ion salt prefers to undergo a
complex interaction with the oxygen group.

Figure 12 shows that a broad peak corresponding to hy-
droxyl group, v(OH), was observed and increases with salt
concentration which is due to the hydroscopic nature of lithi-
um salt at around 3400 cm−1 [35]. The infrared bands at 2986,
2972, 2955, and 2853 cm−1 are assigned respectively to sym-
metric stretching CH2, CH3, asymmetric stretching CH, and
symmetric stretching CH [35, 37, 39, 40]. Overall, the inten-
sity of peaks in region 2853–2986 cm−1 decreased when lith-
ium salt was introduced. Notably, the vsCH2 at band
2986 cm−1 was shifted to 3027 cm−1 and became vasCH2.

LSV study

For application in electrochemical devices, it is important for
polymer electrolyte to have high electrochemical stability.
This is an essential parameter because the instability of

Fig. 10 FTIR spectra (1200–800 cm−1) of PVDF-MG49-LiCF3SO3 (0,
10, 20, and 30 wt%)

Fig. 11 FTIR spectra (1800–1200 cm−1) of PVDF-MG49-LiCF3SO3 (0,
10, 20, and 30 wt%)

Fig. 12 FTIR spectra (3800–2700 cm−1) of PVDF-MG49-LiCF3SO3 (0,
10, 20, and 30 wt%)

Fig. 13 Linear sweep voltammogram of PVDF-MG49-LiCF3SO3

(optimum, 30 wt%) based polymer electrolyte
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electrolyte will cause irreversible reactions and capacity fad-
ing [41]. Figure 13 shows the linear sweep voltammetry
(LSV) curve for PVDF-MG49-LiCF3SO3 (30 wt%). The an-
odic decomposition limit of the polymer electrolyte is consid-
ered as the voltage at which the current flows through the
cells. As can be seen from the plot of current versus voltage,
the electrolyte shows anodic stability of 3.0-V windows. The
high electrochemical stability window is a valuable property
for the fabrication of stable and durable electrochemical
devices.

Conclusion

Solid polymer electrolyte PVDF-MG49-LiCF3SO3 has been
successfully prepared via solution casting technique. The re-
sults showed that ionic conductivity increases with salt con-
centration and the highest value of ionic conductivity was
obtained at 3.25×10−4 S cm−1 for 30 wt% of salt. Further
studies indicated that ion transport of polymer electrolyte is
involved in ion hopping mechanism. Dielectric study revealed
that dielectric constant increases with salt concentration to-
ward the end of low frequency. Dielectric modulus also in-
creases, but toward the high frequencies. XRD results showed
that crystalline decreases with concentration of salt. The
increase in amorphousity have enhanced the ionic con-
ductivity and improved the overall morphological struc-
tures of the SPE due to increase compatibility of salt
with polymer blends. Evidence of the complex interac-
tion occurred between the oxygen group of MG49 and
lithium ion was observed in FTIR spectra. The electro-
chemical stability window shows that the SPE is suit-
able to apply in electrochemical devices.
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