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ABSTRACT: Solid polymer electrolyte (SPE) system
purely based on poly(vinylidenefluoride-hexafluoropro-
pylene) [P(VdF-HFP)] and magnesium trifluoromethane-
sulfonate (MgTf) has been synthesized via solution-
casting technique with acetone as solvent. Various
instruments have been used to examine the structural,
morphological, and thermal behaviors of the samples.
X-ray diffraction (XRD), horizontal attenuated total re-
flectance-Fourier transform infrared spectroscopy (HATR-
FTIR) and differential scanning calorimetry (DSC) are
utilized to study the conversion of crystalline to amor-
phous nature in the copolymer. The crystallinity of
copolymer matrix has been shown to be greatly affected
by incorporation of MgTf, even with low concentration

and absence of plasticisers. Scanning electron microscopy
(SEM), photoluminescence spectroscopy (PL), and AC
impedance spectroscopy further corroborate the findings.
FTIR spectra suggest complexation has occurred between
the constituents in these SPEs. Thermogravimetric analy-
sis (TGA) and DSC thermograms show some improve-
ments in thermal behaviors upon the addition of MgTf.
VC 2010 Wiley Periodicals, Inc. J Appl Polym Sci 117: 2050–2058,
2010
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INTRODUCTION

Solid polymer electrolytes (SPEs) fulfill the require-
ments and overcome the limitations of conventional
liquid electrolytes by addressing drawbacks such as
electrolyte leakage, flammable organic solvent, and
electrolytic degradation of electrolytes.1 When com-
pared with gel polymer electrolytes (GPEs), SPEs are
typically less reactive toward the electrodes. Addi-
tionally, they provide higher safety, prevent the
build-up of internal pressure during battery cycling
and can be designed in many desirable sizes and
shapes.2 In a rechargeable battery, SPE serves as
both the separator to prevent the electrodes from
coming into physical contact, and more essentially,
as the ionic conductor.3

High ionic conductivity, adequate chemical and
mechanical strength, extended thermal stability, and
low price are the favorable characteristics of polymer
electrolyte membranes.3 Among the various types of
polymers being studied, poly(vinylidenefluoride-co-

hexafluoropropylene) [P(VdF-HFP)]-based polymer
electrolytes show relatively high ionic conductivities
at ambient temperature, and it has been successfully
used as the quasi-solid state materials in combina-
tion with room temperature ionic liquids showing
good conversion efficiencies.4 It is semi-crystalline
and a chemically resistant copolymer with excellent
mechanical strength and relatively high dielectric
constants. High-dielectric constant materials have
received growing interest in recent years as they are
attractive as potential materials for various applica-
tions including gate dielectrics, high charge-storage
capacitor, and electroactive materials.5 Besides, it
also exhibits a lower glass transition temperature, a
lower melting temperature, and a higher solubility
in organic solvents.6 All these credits make it an
ideal candidate as polymer host for SPEs.
Many solid polymer electrolytes are focused

mainly on alkali metal salt systems, with particular
attention given to lithium. Out of the metals that
have not been so widely studies, magnesium salts
are of considerable interest because of the divalent
charge and the 2 : 1 anion to cation ratio. It is
expected that divalent species with stronger cou-
lomb interaction bears stronger structural and bond-
ing implications in the formation of SPE and appears
as an attractive candidate.7 Besides, investigations
on rechargeable magnesium batteries are interesting
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on three accounts in comparison with lithium bat-
teries: (i) The ionic radii of Liþ and Mg2þ are 68 and
65 pm, respectively, which are comparable in magni-
tude, (ii) magnesium metal is more stable than lith-
ium and can be handled safely in oxygen and humid
atmospheres, and (iii) the global raw material
resources of magnesium are plentiful. Owing to
these merits, investigations on electrochemistry of
magnesium-based rechargeable battery systems
assume significant importance.8

In this work, the effect of magnesium trifluorome-
thanesulfonate (MgTf) salt in structural, morphologi-
cal, and thermal behaviors in P(VdF-HFP)-based
polymer electrolytes have been evaluated. To
achieve the stated objectives, various common ana-
lyzes such as horizontal attenuated total reflectance-
Fourier transform infrared spectroscopy (HATR-
FTIR), X-ray diffraction (XRD), scanning electron mi-
croscopy (SEM), photoluminescence spectroscopy
(PL), thermogravimetric analysis (TGA), differential
scanning calorimetry (DSC), and AC impedance
spectroscopy are used.

EXPERIMENTAL

Materials

Poly(vinylidenefluoride-hexafluoropropylene)
[P(VdF-HFP)] with average Mw ¼ 455,000 was
obtained from Sigma-Aldrich. Magnesium trifluoro-
methanesulfonate (MgTf) salt was obtained from
Acros and dried at 100�C for 1 h to eliminate trace
amounts of water in the material, before the prepa-
ration of solid polymer electrolytes (SPEs). Acetone
of AR grade was obtained from J. T. Baker.

Preparation of thin films

Several polymer electrolyte complexes were pre-
pared as in the compositions according to its weight
ratio of polymer to lithium salt, which are 90/10,
25/75, and 60/40, respectively. The thin films were
prepared by solution-casting technique with acetone
as solvent. The mixture was casted on a Petri dish
and allowed to evaporate slowly inside a fume
hood. This procedure yields mechanically stable and
free standing films. The completeness of acetone sol-
vent removal can be checked by HATR-FTIR spec-
troscopy. The thickness of the films was measured
using a micrometer screw gage.

Instrumentation

The HATR-FTIR studies was carried out using Per-
kin-Elmer FTIR spectrometer spectrum RX1 with
horizontal attenuated total reflection accessory in the
wave region between 1800 cm�1 and 650 cm�1, with

resolution 4 cm�1. Also, there were no signs of a car-
bonyl band from residual acetone around 1700 cm�1,
suggesting complete removal of acetone as solvent.
The XRD patterns were analyzed using Siemens

D-5000 Diffraction System using Cu-Ka radiation
with the wavelength of 1.5406 Å. The diffraction pat-
tern was recorded at room temperature for the
Bragg angles (2y) varying from 10� to 80�.
Those selected SPEs were then subjected to SEM,

with the model Leica S440. All the scanning electron
micrographs share a common magnification factor of
5000.
Thermogravimetric analysis (TGA) was performed

with a Mettler Toledo analyzer that consists of a
TGA/SDTA851e main unit and STARe software with
10�C min�1 heat rate between 30�C and 500�C under
a nitrogen atmosphere.
Differential scanning calorimetry (DSC) was also

performed with Mettler Toledo analyzer that con-
sists of a DSC823e main unit and STARe software.
Approximately 2 mg of sample was sealed in the
standard 40 lL aluminum pan. The sample was
heated sequentially from 30�C to 100�C, remained
for 1 min, and then cooled down to 30�C to elimi-
nate the trace amount of water absorbed into the
sample. After that, it was reheated up to 200�C and
again cooled down to 30�C. The heat rate used was
10 and �10�C min�1 for heating and cooling cycle,
respectively. All measurements were recorded under
nitrogen atmosphere.
Perkin-Elmer LS55 luminescence spectrometer is

used for photoluminescence measurements. The
sample holder was placed 60� against the excitation
wavelength. The excitation and emission wave-
lengths have been set at 280 nm and 360 nm,
respectively.
A HIOKI 3532-50 LCR Hi-Tester was used to per-

form the impedance measurements for each SPE
over the frequency range of 50 Hz to 1 MHz. The
equation r ¼ l/RbA is used to calculate the ionic con-
ductivity of thin film sample, where r is conductiv-
ity in S cm�1, l is thickness of thin film sample in
cm, Rb is bulk resistance in X obtained from Cole-
Cole impedance plot, and A is surface area of stain-
less steel blocking electrodes in cm2.

RESULTS AND DISCUSSION

Horizontal attenuated total reflectance-Fourier
transform infrared spectroscopy

Fourier transform infrared (FTIR) spectroscopy is a
vital part in the investigation of interactions between
macromolecules and ions taking place in polymer
electrolytes. SPE’s bands in these FTIR spectra vary
as a result of different compositions and occurrence
of complexation or interaction between various
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constituents. It is applicable in determining the
occurrence of complexation in crystalline or amor-
phous phase as well.9 With the help of horizontal
attenuated total reflectance (HATR) accessory, FTIR
spectra can be obtained directly from the resulting
solid polymer electrolyte thin films samples of this
work, without redissolving them with acetone. FTIR
spectra of LiTf salt, pure P(VdF-HFP), MT10, MT25,
and MT40 are shown in Figure 1. All HATR-FTIR
spectra are recorded in transmittance mode. Some of
the possible band assignments for P(VdF-HFP) and
MgTf have already been reported in literature10–13

and listed in Table I.
The bands mentioned in Table I are observable in

Figure 1(a,b). For MgTf, symmetrical stretching of
CF3 is observed at 765 cm�1, symmetrical stretching
of SO3 at 1032 cm�1, asymmetrical stretching of SO3

at 1179 cm�1 and 1259 cm�1, symmetrical vibration
of CF3 at 1229 cm�1, and characteristic peak of Tf�

anion at 1638 cm�1. On the other hand, for P(VdF-
HFP), a-phase of PVdF is observed at 760, 853, and
974 cm�1, CF3 stretching at 794 cm�1, amorphous
region at 871 cm�1, CAC skeletal vibration at
1147 cm�1, ACF2A stretching at 1147 cm�1, symmet-
rical stretching of ACF3 at 1179 cm�1, asymmetrical
stretching of ACF2A at 1203 cm�1, and ACAFA
stretching at 1382 cm�1 and 1400 cm�1.

In HATR-FTIR spectrum of sample MT10 in
Figure 1(c), which contains P(VdF-HFP) : MgTf (90 :
10), it is observed that there is formation of a new
peak at 834 cm�1. This can be assigned to band that
attributes to newly formed amorphous region of
P(VdF-HFP).14 There are several peaks that have
visible decrease in intensity, such as asymmetrical

stretching of SO3 at 1259 cm�1 and characteristic
peak of Tf� anion at 1638 cm�1 from Figure 1(a),
and also a-phase of PVdF at 760 cm�1 and 974 cm�1,
together with CF3 stretching at 794 cm�1 from Figure
1(b). However, there are more apparent changes
observed from Figure 1(b,c). The bands at 1147,
1179, and 1202 cm�1 in Figure 1(b) merge to form a
single peak at 1171 cm�1 in Figure 1(c). The same
observation happens for 1382 cm�1 and 1400 cm�1

in Figure 1(b). The two peaks also merge to form
another single peak at 1401 cm�1 in Figure 1(c).

Figure 1 HATR-FTIR spectra of (a) MgTf salt, (b) pure P(VdF-HFP), (c) MT10, (d) MT25, and (e) MT40 in transmittance
mode.

TABLE I
Possible Assignments of Transmittance Bands in HATR-

FTIR Spectra of Pure P(VdF-HFP) and MgTf

Compound
Wavenumber

(cm�1) Possible assignment

MgTf 765 Symmetrical deformation
mode of CF3

1032 Symmetrical stretching of SO3

1179, 1259 Asymmetrical stretching of
SO3

1229 Symmetrical vibration of CF3
1638 Characteristic peak of Tf�

P(VdF-HFP) 760, 853, 974 a-phase
794 CF3 stretching
871 Amorphous region
1062 CAC skeletal vibration
1147 ACF2A stretching
1179 Symmetrical stretching of

ACF3
1202 Asymmetrical stretching of

ACF2A
1382, 1400 ACAFA stretching
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When the concentration of MgTf increases from
low, intermediate to high (10, 25, and 40 wt %,
respectively), there are two other observable
changes in the HATR-FTIR spectra as well. The
intensities of bands at 794, 853, and 974 cm�1

decrease to unnoticeable, whereas bands at 834 and
875 cm�1 increase to become more prominent. The
former three bands correspond to the a-phase of
PVdF, which is actually the crystalline region of
the copolymer, whereas the latter two bands corre-
spond to the amorphous region of the copolymer.
The relative intensity of these two groups of bands
that are obtained from the calculation of computer
program software ‘‘Spectrum’’ is shown in Figure 2
for pure P(VdF-HFP), MT10, MT25, and MT40 sam-
ples. As seen, the MgTf loading leads to an abrupt
decrease of crystallinity and followed by slighter
increase of amorphosity with increasing amount of
MgTf. However, this only serves as a representa-
tion for the sake of comparison, rather than the
actual ratio of crystalline to amorphous region.
Other bands such as 1029, 1249, and 1644 cm�1

have increased in intensity, when the concentration
of MgTf is increased.

The disappearance and shifting of some bands,
formation of new peaks, and changes in intensity of
the peaks in the HATR-FTIR spectra of SPEs suggest
that some extent of co-ordination or complexation
has occurred between the constituents in these
SPEs,15 namely, P(VdF-HFP) and MgTf. In summary,
these observations establish the complexation of
P(VdF-HFP) with MgTf.

X-ray diffractometry analysis

Besides FTIR, XRD analysis is one of the most com-
mon ways to investigate the occurrence of complex-
ation between polymer host and dopant salt in
polymer electrolytes.16 XRD patterns of pure
P(VdF-HFP) thin film recast from its acetone solu-

tion, P(VdF-HFP)/MgTf solid polymer electrolyte
(SPE) thins films with 10, 25, and 40 wt % are
shown in Figure 3.
For pure P(VdF-HFP), four peaks are found at

2y ¼ 18.0, 20.0, 26.9, and 38.8�, which correspond
well with the characteristic peaks at 2y ¼ 18.2, 20,
26.6, and 38� for crystalline pure poly(vinylidene)
(PVdF) reported in literature.17,18 This suggests the
coexistence of multiphase system having crystalline
PVdF and amorphous PHFP regions. This can be a
confirmation of the partial crystallization of PVdF
units in the copolymer and gives a semi-crystalline
structure of P(VdF-HFP).19

When 10 wt % of MgTf is incorporated into the
pure polymer, it causes a shift in the P(VdF-HFP)
peak at 2y ¼ 20.0� to 20.7�. The behavior demon-
strates that complexation has occurred between the
magnesium salt and the polymer.20 As more MgTf is
added, the intensity of peak at 2y ¼ 20.0� is gradu-
ally reduced. This implies that the salt has disrupted
the crystalline region of (PVdF-HFP) and increased
the amorphous region.
The increasing domain of amorphous region in

the samples is evident from the broadening of the
crystalline reflections at 2y ¼ 38.8�.21 This sug-
gests either the formation of smaller crystallites in
the semi-crystalline PVdF or a less-ordered struc-
ture of the salt containing system, which leads to
reconstruction of amorphous nature.22 The amor-
phous domain of polymer electrolytes allows
greater diffusion in accordance with high ionic
conductivity, which can be obtained in amorphous
membranes that have a fully flexible backbone.23

Generally, a decrease in the crystalline region
effectively increases the flexibility of the polymeric
backbone, and thus promotes better ionic
transport.24

Figure 2 Comparison of relative intensity of bands corre-
sponding to crystalline and amorphous regions of pure
P(VdF-HFP), MT10, MT25, and MT40 shown in HATR-
FTIR spectra.

Figure 3 X-ray Diffractograms of (a) pure P(VdF-HFP),
(b) MT10, (c) MT25, and (d) MT40.
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On the other hand, Figure 3(c,d) show a few new
peaks at 2y ¼ 18.7, 27.4, 29.8, 32.0, 33.8, and 37.0�,
appear above the salt concentration of 25 wt %. This
indicates that there is certain amount of free salt,
which does not complex with polymer because of
the excess amount of it. These peaks may also arise
from large ion clusters that are formed by strong
interaction of ions and the ordering of large ion clus-
ters, concerning with ion percolation paths, is accel-
erated with salt concentration.25

Scanning electron microscopy

Depending on the type and amount of salt present
in the polymer matrix, the morphology of the poly-
mer electrolyte will vary and greatly influence its
properties. Morphological examination of this study
is carried out to study the phase morphology
changes of the pure polymer and the resulting solid
polymer-electrolyte thin films, after the addition of
magnesium salt. Scanning electron micrographs of
pure P(VdF-HFP), samples MT10, MT25, and MT40
have been presented in Figure 4.

Very distinguishable changes can be observed
from pure P(VdF-HFP), to low, intermediate and
high concentrations of MgTf. Pure P(VdF-HFP)
shows normal porous surface with uniform small

pore size. The morphology changes, as soon as 10
wt % of MgTf is incorporated into the polymer, to
become having less number of pore. It also starts to
show some kind of layered feature. When the mag-
nesium salt concentration reaches 25 wt %, the mor-
phology follows the observation in MT10, only with
even lesser amount of pore and greater pore size.
When higher amount of magnesium salt is added
into the polymer, say 40 wt % of MgTf in this case,
the morphology changes drastically to become sig-
nificantly more layered and even greater pore size.
These features are very similar to those reported in
literature.10

This type of morphology in sample MT40 has
been observed before and designated to be spheroi-
dal.6 An open pore structure of the polymer electro-
lyte matrix is essential for ionic conductivity across
the thin film.26 This type of open porous structure
provides enough channels for the migration of ions,
accounting for better ionic conductivity.27

Photoluminescence (PL) spectroscopy

As discussed earlier, ionic conductivity can be
related to ion mobility, which is strongly associated
with amorphosity. In samples with high amorphous
nature, the conducting ions within that sample

Figure 4 Scanning electron micrographs of (a) pure P(VdF-HFP), samples (b) MT10, (c) MT25, and (d) MT40 with magni-
fication factor of 5000.
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should have better mobility to give greater ionic con-
ductivity. It is generally accepted that in the conven-
tional polymer electrolyte, conducting cations are
coordinated by strongly electron-withdrawing con-
stituents, such as fluorine in P(VdF-HFP) backbone.
Thus, ion conduction is strongly coupled with seg-
mental motions of the polymer matrix, which are
closely associated with the local free volume and
local viscosity around the charge-transporting ions.28

Fluorescence studies can be used to provide infor-
mation on local viscosity effects in SPEs. This tech-
nique can also detect structural alterations in the
local environment and it has been used to study the
structural, conformational, and dynamic properties
of polymer systems.29

Typical fluorescence emission and excitation spec-
tra of pure P(VdF-HFP), MT10, MT25, and MT40 are
shown in Figures 5 and 6, respectively. The results
are very similar to that reported in literature.30 There
is no distinctive change in shape of spectra upon the
addition of magnesium salt. However, it can be
clearly observed that as the content of magnesium
salt increases the intensity also increases. SPE with
the highest content of MgTf, MT40, exhibits a higher
intensity than other SPEs. This suggests the higher
degree of free ionic motion, or simply ion mobility,
is observed when greater amount of magnesium salt

is incorporated with P(VdF-HFP). The enhancement
of ion mobility can be attributed to the addition of
MgTf that disrupts the crystalline phase of P(VdF-
HFP) and restructures it to amorphous.

Thermogravimetric analysis (TGA)

The weight loss of the pure P(VdF-HFP), together
with samples MT10, MT25, and MT40 have been
subjected to thermogravimetric analysis (TGA)
under nitrogen atmosphere, to examine their thermal
stability, which is important from the industrial
point of view. The TGA thermograms in Figure 7
show that all the samples are thermally stable up to
380�C. This is highly desirable for its potential appli-
cations in electrochemical devices.
Minor weight losses are found in almost all sam-

ples during initial heating. This is most likely due to
the moisture absorption into the thin films given
that the magnesium salts are quite sensitive to mois-
ture.10 More interestingly, the initial weight losses of
MT25 and MT40 do not stop until �150�C, which
can be attributed to the greater interaction between
the divalent magnesium ions and the moisture/re-
sidual solvent molecules. Volatilization of monomers
and oligomers adsorbed in the polymer matrix can
also be responsible for these initial weight losses.20

Thermal data such as weight loss percentages,
decomposition temperatures, and onset temperatures
of decomposition of pure P(VdF-HFP), MT10, MT25,
and MT40 obtained from thermograms have been
tabulated in Table II. From the table, it can be
observed the weight loss percentage increases imme-
diately upon the addition of MgTf. This can be due
to the presence of Tf- group, which can be burnt off
easily as carbon oxides, sulfur oxides, and hydrogen
fluoride, as compared with the polymer host and
Mg2þ ions. However, the weight loss of MT10 only
differs marginally when compared with that of
pure P(VdF-HFP). This can be to the less interaction

Figure 5 Photoluminescence emission spectra of pure
P(VdF-HFP) (^), MT10 (h), MT25 (-), and MT40 (�) with
excitation (kexc) at 280 nm.

Figure 6 Photoluminescence excitation spectra of pure
P(VdF-HFP) (^), MT10 (h), MT25 (-), and MT40 (�) with
emission (kemn) at 360 nm.

Figure 7 Normalized dynamic TGA thermograms of
pure P(VdF-HFP) (-), samples MT10 (l), MT25 (~), and
MT40 (n) under nitrogen atmosphere.
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between the polymer host and magnesium salt, as
the content of magnesium in MT10 is too low to
cause significant disruption of crystallinity of the
polymer. When the concentration increases, this
effect starts to take place and causes high degree
of ion dissociation. When magnesium salt is dissoci-
ated into Mg2þ and Tf� ions, the latter is much
susceptible to thermal degradation. The weight loss
percentage drastically increases to 62.87% as 40 wt
% of MgTf is added into the system.

On the contrary, the dissociated magnesium ions
have caused other beneficial effects, which are the
increments of onset temperatures of decomposition
and decomposition temperatures. The onset temper-
ature of decomposition of samples increases from
about 380�C to 395�C, and slightly lesser extent for
decomposition temperature, which increases from
� 398 to 401�C, upon the addition of MgTf. This can
be related to the presence of higher level magnesium
metal ions, which requires more energy to be ther-
mally degraded. Although MT40 suffers from hav-
ing the highest weight loss percentage, it is compen-
sated with improved decomposition temperature

and highest onset temperature of decomposition.
The thermal stability of P(VdF-HFP)-based solid
polymer electrolytes, in this study, is sufficient to be
applied in the fuel cells, which operate at above
100�C.24

Differential scanning calorimetry (DSC)

DSC techniques have been used widely to study
phase transition of polymer electrolytes in order to
correlate thermal information about the amorphous
and crystalline phases with ionic conductivity.31 The
glass transition, melting, and crystallization tempera-
tures together with thermal stability of the materials
are all important parameters resulting from the
microstructure and morphology of the system.22

However, the glass transition temperatures have not
been examined due to the limitation of the DSC
instrument used. Figures 8 and 9 show the DSC
thermograms of pure P(VdF-HFP), MT10, MT25, and
MT40 in heating and cooling runs, respectively.
For the heating runs, the endothermic peak at

137�C in Figure 8(a) corresponds to the melting of

TABLE II
Weight Loss Percentages, Decomposition Temperatures, and Onset Temperatures of

Decomposition of Pure P(VdF-HFP), MT10, MT25, and MT40 Obtained from
Normalized TGA Thermograms

Sample
% Weight loss
(up to 500�C)

Decomposition
temperature (TD)

Onset temperature
of decomposition

Pure P(VdF-HFP) 46.21% 405.94�C 384.74�C
MT10 46.81% 397.81�C 381.47�C
MT25 52.13% 401.39�C 392.20�C
MT40 62.87% 401.27�C 394.94�C

Figure 8 DSC thermograms of (a) pure P(VdF-HFP), (b) MT10, (c) MT25, and (d) MT40 in heating run.
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the copolymer P(VdF-HFP) SPE thin film, which is
close to that reported in literature.10 When concen-
tration of MgTf increases, the samples exhibit lower
melting temperatures than that of pure polymer,
accompanied with broadening of melting peak, as
shown in Figure 8. The variation of melting tempera-
tures (TM) and broadening of melting endotherms
can be associated with the interaction between MgTf
and polymer chains11 or changes in PVdF crystal
phase from dominant a-phase to coexistence of a-,
b-, and c-phase crystals.32

As for the cooling runs, the crystallization temper-
ature appears at higher crystallization temperatures
(TC) upon the addition of MgTf in Figure 9, probably
due to the sparsely distributed MgTf that plays the
role of nucleating agent and of accelerating the crys-
tal growth.33 However, the crystallization exotherms
in these samples shift slightly toward lower temper-
atures with increasing magnesium salt content, as
the densely populated MgTf no longer promotes but
rather inhibits the growth of polymer crystals to
give delayed recrystallization.34 The TC occurring at
lower temperature than TM is typical for
macromolecules.

Table III shows the calculated crystallinity (XC) of
same set of samples. Crystallinity (XC) can be deter-

mined from the equation XC ¼ DHm

DHh
m

� �
� 100% from

the cooling DSC thermograms, where DHm denotes

the heat of fusion of sample and DHh
m as the refer-

ence heat of fusion of the crystalline a-PVdF, 104.7
J g�1.35 The area under the curve is getting smaller
and smaller with increasing amount of MgTf. With
the values calculated from the computer software,
when the amount of lithium salt increases, crystal-
linity of the samples decreases, as shown in Table
III. This result is commensurate with the findings
of XRD and HATR-FTIR data discussed in previous
sections. It is well-known that amorphous/crystal-
line nature affects the ionic conductivity of polymer
electrolytes. As the complexation between the mag-
nesium salt and polymer primarily takes place in
amorphous region, the migration of ions can be
promoted by the decrease of crystallinity of the
polymer matrix, thus leading to higher ionic
conductivity.36

Ionic conductivity

To complete the investigation of SPE, ionic conduc-
tivity, which is the most important property of mem-
branes, was also performed using AC impedance
spectrometer at room temperature. Figure 10 depicts
ionic conductivity of recast P(VdF-HFP), MT10,
MT25, and MT40 at room temperature. Membrane
recast from P(VdF-HFP) shows extremely low con-
ductivity in the order of 10�11 S cm�1. The abrupt
jump of conductivity values from pure P(VdF-HFP)
to MT10 is clearly due to availability of dopant salt
in the system. However, this trend does not continue
when higher amount of MgTf is doped into the sys-
tem. The gradient of plots changes sharply to a
much flatter one. This change of ionic conductivity
enhancement rate suggests that it is caused by fac-
tors other than increasing amount of dopant salt in
the system, which can be surmised as declining of
crystallinity in P(VdF-HFP) as a result of MgTf salt
incorporation. Results shown in Figure 10 indeed
corroborate with all the discussions above, as ionic
conductivity is closely related to polymer’s
crystallinity.

Figure 9 DSC thermograms of (a) pure P(VdF-HFP), (b)
MT10, (c) MT25, and (d) MT40 in cooling run.

TABLE III
Calculated Crystallinity of Pure P(VdF-HFP), MT10,

MT25, and MT40

Sample Crystallinity (XC)

Pure P(VdF-HFP) 20.98%
MT10 14.91%
MT25 9.26%
MT40 6.63% Figure 10 Ionic conductivity of P(VdF-HFP), MT10,

MT25, and MT40 at room temperature.
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CONCLUSIONS

A series of SPE system based on P(VdF-HFP) and
MgTf that range from 10 to 40 wt % have been syn-
thesized via solution casting technique with acetone
as solvent. FTIR spectra reveal some disappearance
and shifting of bands, changes in intensity, and for-
mation of new peaks suggest that MgTf is well-dis-
sociated within P(VdF-HFP) and complexation has
occurred between the constituents in these SPEs.
XRD, HATR-FTIR, and DSC data suggest that the
incorporation of MgTf effectively reduces the degree
of crystallinity in P(VdF-HFP)-based solid polymer
electrolytes, even at low concentration. SEM, PL, and
impedance spectrometer further corroborate the
findings with the existence of spheroidal structure in
the micrograph, achieving higher intensity in the PL
spectrum and difference observed in ionic conduc-
tivity enhancement rate. This signifies that MgTf is
successfully incorporated and complexed with
P(VdF-HFP), which leads to the effective disruption
of crystalline domain and gives rise to new P(VdF-
HFP)/MgTf amorphous phase. TGA and DSC ther-
mograms show improvements in decomposition
temperature, onset temperature of decomposition,
melting, and crystallization temperatures upon the
addition of MgTf. This system has already shown
good prospects even with only a polymer host and a
magnesium salt. It is worthy to be further explored
with incorporation of other additives, such as plasti-
cisers, fillers, or ionic liquids.
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