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Poly(acrylonitrile) (PAN) and polyethyl glycol methyl ether (PEGME) blended with lithium 

perchlorate (LiClO4) as dopant salt and propylene carbonate (PC) as plasticizer are prepared in the 

form of thin film. Fourier transform infrared studies show the evidence of the complexation between 

PAN, PEGME, and LiClO4. The maximum conductivity of polymer electrolyte is up to 4.16 mS cm
-1

 

at 90 
o
C by optimizing the composition of the polymers, salts, and plasticizer, and the temperature 

dependence of the conductivity of solid polymer electrolyte obeys the Vogel–Tamman–Fulcher (VTF) 

relationship. X-ray diffraction studies are carried out to reveal that the PAN phase changes from 

crystalline to amorphous when PEGME concentration increases. 

 

 

Keywords: Conductivity, polymer electrolytes, Fourier transform infrared spectroscopy, polyethyl 

glycol methyl ether 

 

 

 

1. INTRODUCTION 

Research on polymer electrolytes has been growing since 1973 when Fenton et al. developed 

complexes of alkali metal ions with poly (ethylene oxide) (PEO) [1]. The interest in the study of 

polymer electrolyte system is due to the potential application of these materials in a great variety of 

electrochemical devices such as high energy density batteries, fuel cells, sensors, and electrochromic 

devices [2-12]. Generally, there are three types of polymer electrolytes: solid polymer electrolytes 

(SPEs), gel polymer electrolytes (GPEs), and composite polymer electrolytes (CPEs) [13-20]. 

http://www.electrochemsci.org/
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In GPEs, polymer matrixes are required for the immobilization of electrolytes. Among the 

polymer matrixes that are promising for the application in GPE, polyacrylonitrile (PAN) [21,22], 

poly(vinylidene fluoride) (PVDF) [23,24], poly(methyl methacrylate) (PMMA) [25], and 

poly(ethylene oxide) (PEO) [26-29] based polymers have been most extensively studied. The use of 

poly (acrylonitrile) (PAN) as a host polymer was first reported by Reich and Michaeli [30] and then by 

many others [31]. Slane and Salomon [32] studied a composite polymer electrolyte that consisted of 

zeolite powders dispersed in PAN-based gels with LiAsF6. PAN-based electrolytes showed interesting 

characteristics such as high ionic conductivity, high thermal stability, desirable morphology for 

electrolyte uptake and compatibility with the lithium electrodes [33]. Moreover, it has been revealed 

that –CN group in PAN could interact with Li
+
 ions and PAN might provide rigidity to the polymer 

electrolytes with high lithium ion conduction [34]. 

The blending of polymers may lead to the increase in stability due to one polymer portraying 

itself as a mechanical stiffener and the other as a gelled matrix supported by the other. Monofunctional 

polyethylene glycols (methoxypolyethylene glycols, PEGME) can serve as lubricants, foam regulators, 

defoaming agents, emulsifiers, thickeners, superabsorbent polymers, stabilizers in emulsion and 

suspension polymerization, concrete superplasticizers, and textile auxiliaries [35]. Compared with 

poly(ethylene glycol) (PEG), PEGME only has a single free hydroxyl group, and some derivatives 

contain a polymerizable group that may allow incorporation of the MPEG group into PAN. Moreover, 

the lithium salts (LiAsF6, LiClO4, LiCF3SO3, LiBF4, and LiN(SO2CF3)2) are added so as to increase 

the amorphicity and the introduction of conducting moieties into the matrix. In the present work, 

hybrid solid polymer electrolyte films that consist of PAN, MPEG, LiClO4, and propylene carbonate 

(PC) are examined to overcome the problem inherent to gel electrolytes. The choice of LiClO4 salt is 

due to its smaller dissociation energy, and PAN–LiClO4-based electrolytes have higher 

electrochemical stability than any of the other PAN Li
+
 salt-based electrolytes [36]. The effect of PAN/ 

PEGME blend ratio on the ionic conductivity and mechanical stability has been investigated to 

optimize the appropriate concentration of plasticizer at which the electrolyte provides both maximum 

conductivity and good mechanical stability. The prepared polymer electrolyte films are characterized 

by XRD, FTIR, ac impedance, and Instron universal tester for the structural, complexation, 

conductivity, and mechanical properties, respectively. 

 

 

 

2. EXPERIMENTAL 

2.1. Materials 

The starting materials polyethyl glycol methyl ether (PEGME) and poly(acrylonitrile) (PAN) 

with an average molecular weight of 2,000 and 150,000 obtained from Aldrich were dried at 373K 

under vacuum for 10 h. LiClO4 (Aldrich) was dried at 343K under vacuum for 24 h. Plasticizer 

propylene carbonate (PC) (Alfa Aesar) was used without further purification. 
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2.2. Preparation of thin films 

Appropriate weight percentage of PEGME, PAN, PC, and LiClO4 were dissolved in DMF. The 

solution was stirred for 24 h at room temperature to obtain a homogenous mixture. The solution was 

then poured into a Petri dish and allowed to evaporate slowly inside a hood. This procedure yields 

mechanically stable and free standing thin films. The films were dried in a vacuum oven at 333K under 

a pressure of 10
−3

 Torr for 24 h. The resulting films were visually examined for their dryness and free-

standing nature. 

 

2.3. Measurements 

FTIR studies were carried by using Perkin-Elmer FTIR Spectrophotometer Spectrum RX1. It 

was recorded in the range of 4,000 and 400 cm
−1

, with resolution 4 cm
−1

. X-ray diffractograms (XRD) 

were obtained at room temperature on a Rigaku RINT 2000 instrument, using Ni-filtered Cu K 

radiation (40 kV, 100 mA). An Instron universal tester model 3369 was used to study the mechanical 

properties. The load cell used was 5 kg and the crosshead rate was 5 mm/min. Measurements were 

performed with film specimens (1.35 cm wide, 6 cm long, and 50 ~ 60 mm thick). The ionic 

conductivity () of the gel polymer electrolytes was determined by AC impedance spectroscopy (CHI 

627D). The membrane was sandwiched between two parallel stainless steel discs (d = 1 cm). The 

frequency ranged from 100 kHz to 10 Hz at a perturbation voltage of 10 mV. The ionic conductivity 

was calculated from the electrolyte resistance (Rb) (obtained from the intercept of the Nyquist plot with 

the real axis), the membrane thickness (l), and the electrode area (A) according to the equation: 

 

b

l
R

A
                                              (1) 

 

3. RESULTS AND DISCUSSION  

3.1. FTIR studies 

Infrared spectral (IR) analysis is a powerful tool for identifying the nature of bonding and 

different functional groups present in a sample by monitoring the vibrational energy levels of the 

molecules, which are essentially the fingerprint of different molecules [37]. Fig. 1 shows the FTIR 

spectra of PAN/PEGME/PC (wt. %: 96/4/100) polymer matrix and Fig. 2 shows the FTIR spectra of 

polymer electrolytes prepared by blending various concentrations of LiClO4 with PAN/PEGME/PC 

(wt. %: 96/4/100), among them, the most characteristic peaks of the interaction between polymer 

electrolytes and lithium salt are contributed to the –C=O group of PC, –C≡N group of PAN, and –

CH2–O–CH2– group of PEGME. Fig. 3 shows the FT-IR spectra of –C=O group in polymer 

electrolytes prepared by blending 0, 150, 200, 250, 300, and 400 mg LiClO4 with 1 g 

PAN/PEGME/PC (wt. %: 96/4/100), the characteristic frequency at 1790 cm−1
 is assigned to the 

carbonyl stretching of PC in PAN/PEGME/PC electrolyte (wt. %: 96/4/100), the –C=O characteristic 
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frequency of the propylene carbonate shifts to 1780 cm
−1

 gradually after the addition of LiClO4, 

indicating the interaction of the plasticizer with LiClO4 on complexation.  
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Figure 1. The FT-IR spectrum of PAN/PEGME/PC (wt. %: 96/4/100). 
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Figure 2. The FT-IR spectra of polymer electrolytes prepared by blending (a) 0, (b) 150, (c) 200, (d) 

250, (e) 300, and (f) 400 mg LiClO4 with 1 g PAN/PEGME/PC (wt. %: 96/4/100). 

 

The C≡N group stretching spectra of SPEs based on PAN is presented in Fig. 4, the group 

frequency at 2242 cm
−1

 is assigned to C≡N stretching frequency of neat PAN. After the addition of 

LiClO4 gradually, a new component (at 2270 cm
−1

 in Li-based PAN) split from the C≡N stretching 

band of free C≡N at 2242 cm
−1

 was observed, demonstrating the Li
+
 ion coordination with the C≡N 

group of PAN [38]. The relative peak intensity at 2270 cm
−1

 increases with salt concentration due to an 

increase in the number of carrier ion. The characteristic frequency at 2270 cm
−1

 is not clear in low 
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LiClO4 concentration, but it’s obvious in high LiClO4 concentration, this can be attributed to the 

following two factors: (1) the bonding energy of –C≡N group is stronger than –C=O group, 

accordingly, the –C≡N characteristic peak is not clear, (2) as shown in Fig. 5, several factors influence 

the interaction between polymer matrix and lithium salt, such as the interaction between lithium ion 

and plasticizer may decrease the bonding opportunity between lithium ion and the –C≡N group of 

PAN. 
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Figure 3. The FT-IR spectra of –C=O group in polymer electrolytes prepared by blending (a) 0, (b) 

150, (c) 200, (d) 250, (e) 300, and (f) 400 mg LiClO4 with 1 g PAN/PEGME/PC (wt. %: 

96/4/100). 
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Figure 4. The FT-IR spectra of –C≡N group in polymer electrolytes prepared by blending (a) 0, (b) 

150, (c) 200, (d) 250, (e) 300, and (f) 400 mg LiClO4 with 1 g PAN/PEGME/PC (wt. %: 

96/4/100). 
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Fig. 6 shows the FTIR spectra of PEGME –CH2–O–CH2– group in solid polymer electrolytes 

prepared by blending 0, 150, 200, 250, 300, and 400 mg LiClO4 with 1 g PAN/PEGME/PC (wt. %: 

96/4/100). The characteristic frequency of –CH2–O–CH2– group at 1035~1185 cm
-1

 increases with the 

increasing LiClO4 concentration, this change is expected because of the well known coordination of 

lithium ions to the un-bonded electrons of the ether oxygen [39]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. The interaction mechanism of lithium ion, plasticizer, and polymer matrix. 
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Figure 6. The FT-IR spectra of –CH2–O–CH2– group in polymer electrolytes prepared by blending (a) 

0, (b) 150, (c) 200, (d) 250, (e) 300, and (f) 400 mg LiClO4 with 1 g PAN/PEGME/PC (wt. %: 

96/4/100). 
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The dissociation of lithium salt is an important parameter that determines the ionic conductivity 

of the electrolyte, the absorption peak of LiClO4 can be de-convoluted into two components centered 

at 624 and 640 cm−1
, respectively. Among them, the 624 cm−1

 band can be attributed to the free ClO4
− 

and the 640 cm−1
 mode is assigned to the ion-pair formation or the contact of ClO4

− with lithium ion 

[40]. Fig. 7 shows the FT-IR spectra of ClO4
− in polymer electrolytes prepared by blending 400 mg 

LiClO4 with 1 g PAN/PEGME/PC. Weight percentage of PAN/PEGME/PC is 96/4/100, 90/10/100, 

and 80/20/100. The ratio of peak areas (624 cm−1
/640 cm−1

) can be used as an index of the degree of 

ionization of the lithium salt in the polymer electrolytes. The dissociation of LiClO4 increased with the 

PEGME content in Fig. 7, indicating that the PEGME segment promoted the dissociation of lithium 

salt in electrolytes. 
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Figure 7. The FT-IR spectra of the ClO4

–
 in polymer electrolytes prepared by blending 400 mg LiClO4 

with 1 g PAN/PEGME/PC. (a) wt. % of PAN/PEGME/PC is 96/4/100, (b) wt. % of 

PAN/PEGME/PC is 90/10/100, and (c) wt. % of PAN/PEGME/PC is 80/20/100. 

 

3.2. Conductivity studies 

The ionic conductivity of a polymer electrolyte depends on the concentration of carriers and on 

their mobility. Generally, the ionic conductivity of polymer solid electrolytes increase with 

temperature due to the higher segmental motion of polymer chain in the amorphous phase. The 

investigation of conductivity contain two topics in this study, one studies the conductivity of SPEs by 

blending various LiClO4 concentrations with PAN/PEGME/PC (wt %: 96/4/100), the other one studies 

the conductivity of SPEs by blending various polymer concentrations (PAN/PEGME/PC wt %: 

96/4/100, 90/10/100, and 80/20/100) with the same LiClO4 concentration. 

The temperature dependence of the ionic conductivity of the polymer electrolytes is generally 

following by either an Arrhenius Eq. (2) [41,42] or a Vogel–Tamman–Fulcher (VTF) Eq. (3) equation 

[43-52], 
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where A is a constant that is proportional to the number of carrier ions, B’ is the pseudo-

activation energy for the redistribution of the free volume, kB is the Boltzmann constant (1.38 × 10
-23

 J 

K
-1

), Ea is the activation energy, and To is a reference temperature, normally associated with the ideal 

Tg at which the free volume is zero or with the temperature at which the configuration entropy 

becomes zero [53]. 
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Figure 8.  vs. T plot of polymer electrolytes prepared by blending 150 (■), 200 (▼), 250 (▲), 300 

(◆), and 400 mg (★) LiClO4 with 1 g PAN/PEGME/PC (wt. %: 96/4/100). 

 

Eq. 4 is Eyring equation, a linear relationship is obtained from the plot of 
B

 
ln( )

h

k T


 vs. 1/T, the 

slope is –ΔH, and the intercept is ΔS. Accordingly, the Arrhenius active energy (Ea), entropy (ΔS), and 

enthalpy (ΔH) can be estimated from Arrhenius equation and Eyring equation [54-58]: 

 

B

 -
ln( )

h H
R S

k T T

 
                                                  (4) 

 

where h is Planck's constant (6.63 x 10
-34

 J s), ΔH is the enthalpy of electrolyte, ΔS is the 

entropy of electrolyte. 
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3.2.1 Conductivity of SPEs prepared by blending various LiClO4 concentrations  

with PAN/PEGME/PC (wt %: 96/4/100) 

Fig. 8 shows the conductivity vs. temperature plot of polymer electrolytes prepared by blending 

150, 200, 250, 300, and 400 mg LiClO4 with 1 g PAN/PEGME/PC, weight ratio of PAN/PEGME/PC 

is 96/4/100, and the conductivity of SPEs is summarized in Table 1. When 1 g PAN/PEGME/PC 

blends with 400 mg LiClO4, the conductivity of SPEs is up to 3.69 × 10
-3

 S cm
-1

 at 90 
o
C. Fig. 9 shows 

the VTF plot of SPEs ionic conductivity at various temperatures, the observed temperature 

dependences of conductivity are well fitted by Vogel–Tammann–Fulcher (VTF) equation, the VTF 

fitting parameters of the ionic conductivity for these SPEs are summarized in Table 2. 

 

Table 1. Conductivity of polymer electrolytes prepared by blending various LiClO4 concentrations 

with 1 g PAN/PEGME/PC. 

 

T / K 

Concentration of LiClO4 (mg LiClO4 / g PAN/PEGME/PC)

150 
a
 200 250 300 400 

303 6.92×10
-2

 
b
 1.55×10

-1
 2.45×10

-1
 5.96×10

-1
 1.31 

313 1.15×10
-1

 2.67×10
-1

 3.86×10
-1

 8.23×10
-1

 1.62 

323 1.68×10
-1

 3.90×10
-1

 4.92×10
-1

 1.08 1.89 

333 2.63×10
-1

 5.18×10
-1

 6.64×10
-1

 1.33 2.36 

343 3.44×10
-1

 6.19×10
-1

 8.23×10
-1

 1.45 2.84 

353 4.22×10
-1

 7.31×10
-1

 9.64×10
-1

 1.81 3.20 

363 4.78×10
-1

 7.47×10
-1

 1.02 2.09 3.69 
a
 The polymer electrolytes is prepared by blending 150 mg LiClO4 with 1 g 

PAN/PEGME/PC, the weight ratio of PAN:PEGME:PC is 96:4:100. 
b The unit of conductivity is mS cm

-1
. 

 

Table 2. VTF parameters of polymer electrolytes prepared by blending various LiClO4 concentrations 

with 1 g PAN/PEGME/PC. 

 

 

Concentration of LiClO4 (mg LiClO4 / g polymer)

150 
a
 200 250 300 400 

σo / mS cm
-1

 11.21 2.32 4.13 9.06 28.15 

To / K 212.82 264.5 247.23 229.16 181.95 

B’ / KJ mole
-1

 458.95 103.83 157.35 200.87 374.21 

R
2 b

 0.998 0.999 0.998 0.998 0.998 
a
 The polymer electrolytes is prepared by blending 150 mg LiClO4 with 1 g 

PAN/PEGME/PC, the weight ratio of PAN:PEGME:PC is 96:4:100. 
b Correlation coefficient. 

 

Fig. 10 shows the Arrhenius plot of polymer electrolytes prepared by blending 150, 200, 250, 

300, and 400 mg LiClO4 with 1 g PAN/PEGME/PC (wt%: 96/4/100), the Arrhenius active energy (Ea), 

entropy (ΔS), and enthalpy (ΔH) can be estimated from Arrhenius equation and Eyring equation, and 
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are summarized in Table 3. Ea, ΔS, and ΔH decreases with increasing concentration of LiClO4, 

depicting lower Ea facilitates the lithium ion hopping in polymer backbone. 

 

Table 3. The Ea, ΔS, and ΔH of polymer electrolytes prepared by blending various LiClO4 

concentrations with 1 g PAN/PEGME/PC. 

 

 

Concentration of LiClO4 (mg LiClO4 / g polymer)

150 
a
 200 250 300 400 

ΔH / kJ mole
-1

 27.33 21.11 19.11 15.77 13.36 

ΔS / J mole
-1

K
-1

 -176.05 -189.17 -192.58 -196.67 -198.71 

Ea / kJ mole
-1

 30.09 23.86 21.87 18.53 16.12 
a
 The polymer electrolytes is prepared by blending 150 mg LiClO4 with 1 g 

PAN/PEGME/PC, the weight ratio of PAN:PEGME:PC is 96:4:100. 
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Figure 9. VTF plot of ionic conductivity for 1 g PAN/PEGME/PC (wt %: 96/4/100) doped with (■) 

150, (▼) 200, (▲) 250, (◆) 300, and (★) 400 mg LiClO4. 

 

3.2.2 The conductivity of SPEs prepared by blending various polymer concentrations  

(PAN/PEGME/PC wt %: 96/4/100, 90/10/100, and 80/20/100) with the same LiClO4 concentration 

Fig. 11 shows the  vs. T plot of polymer electrolytes prepared by blending 400 mg LiClO4 

with 1 g PAN/PEGME/PC, weight ratio of PAN/PEGME/PC is 96/4/100, 90/10/100, and 80/20/100, 

and the conductivity of SPEs is summarized in Table 4. SPEs prepared by PAN/PEGME/PC (wt %: 

80/20/100) show conductivity of 1.5 × 10
-3

 S cm
-1

 at 30 
o
C, and 4.16 × 10

-3
 S cm

-1
 at 90 

o
C, the 

conductivity increases with the increasing weight ratio of PEGME, implying the incorporation of –

CH2–O–CH2– group in PEGME facilitates ionic transport of electrolyte. The observed temperature 

dependences of conductivity are well fitted by Vogel–Tammann–Fulcher (VTF) equation, and the VTF 

fitting parameters of the ionic conductivity for these SPEs are summarized in Table 5. Fig. 12 shows 
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the Arrhenius plot of polymer electrolytes prepared by blending 400 mg LiClO4 with 1 g 

PAN/PEGME/PC, weight ratio of PAN/PEGME/PC is 96/4/100, 90/10/100, and 80/20/100, the 

Arrhenius active energy (Ea), entropy (ΔS), and enthalpy (ΔH) can be estimated from Arrhenius 

equation and Eyring equation, and are summarized in Table 6. Ea decreases with increasing weight 

ratio of PEGME, demonstrating the –CH2–O–CH2– group in PEGME facilitates the lithium ion 

hopping in polymer electrolytes. 
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Figure 10. Arrhenius plot of ionic conductivity vs. T for polymer electrolytes prepared by blending 

(■) 150, (▼) 200, (▲) 250, (◆) 300, and (★) 400 mg LiClO4 with 1 g PAN/PEGME/PC (wt. 

%: 96/4/100). 

 

Table 4. Conductivity of polymer electrolytes prepared by blending 400 mg LiClO4 with 1 g 

PAN/PEGME/PC. 

 

T / K 

PAN/PEGME (wt. %)

96/4 
a
 90/10 80/20 

303 1.30 
b
 1.41 1.50 

313 1.60 1.74 1.85 

323 1.89 2.10 2.20 

333 2.36 2.54 2.73 

343 2.84 2.91 3.19 

353 3.20 3.37 3.75 

363 3.69 3.72 4.16 
a
 The polymer electrolytes is prepared by blending 400 mg LiClO4 with 1 g 

PAN/PEGME/PC, the weight ratio of PAN:PEGME:PC is 96:4:100. 
b The unit of conductivity is mS cm

-1
. 
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Table 5. VTF parameters of polymer electrolytes prepared by blending 400 mg LiClO4 with 1 g 

PAN/PEGME/PC. 

 

T / K 

PAN/PEGME (wt. %)

96/4 
a
 90/10 80/20 

σo / mS cm
-1

 28.15 43.14 39.14 

To / K 181.95 154.43 170.11 

B’ / kJ mol
-1

 374.21 508.05 434.81 

R
2 b

 0.998 0.999 0.998 
a
 The polymer electrolytes is prepared by blending 400 mg LiClO4 with 1 g 

PAN/PEGME/PC, the weight ratio of PAN:PEGME:PC is 96:4:100. 
b Correlation coefficient. 

 

Table 6. The Ea, ΔS, and ΔH of polymer electrolytes prepared by blending 400 mg LiClO4 with 1 g 

PAN/PEGME/PC. 

 

T / K 

PAN/PEGME (wt. %)

96/4 
a
 90/10 80/20 

ΔH / kJ mole
-1

 13.36 13.11 12.17 

ΔS / J mole
-1

K
-1

 -198.71 -198.35 -201.81 

Ea / kJ mole
-1

 16.62 15.85 14.92 
a
 The polymer electrolytes is prepared by blending 400 mg LiClO4 with 1 g 

PAN/PEGME/PC, the weight ratio of PAN:PEGME:PC is 96:4:100. 
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Figure 11.  vs. T plot of polymer electrolytes prepared by blending 400 mg LiClO4 with 1 g 

PAN/PEGME/PC. (a) wt. % of PAN/PEGME/PC is 96/4/100 (■), (b) wt. % of 

PAN/PEGME/PC is 90/10/100 (●), (c) wt. % of PAN/PEGME/PC is 80/20/100 (▲). 
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Figure 12. Arrhenius plot of ln  vs. T for polymer electrolytes prepared by blending 400 mg LiClO4 

with 1 g PAN/PEGME/PC. (a) wt. % of PAN/PEGME/PC is 96/4/100 (■), (b) wt. % of 

PAN/PEGME/PC is 90/10/100 (●), (c) wt. % of PAN/PEGME/PC is 80/20/100 (▲). 

 

3.3. Mechanical properties of PAN/PEGME/PC electrolytes 

It is known that the mechanical properties of the SPEs are as important as the ionic 

conductivity at room temperature for their practical applications. The stress–strain properties of three 

PAN/PEGME/PC electrolytes are summarized in Table 7, which may be used to evaluate the 

mechanical properties of corresponding SPEs. The Young’s Modulus of the SPEs follow the order: (wt 

% of PAN/PEGME/PC is 96/4/100) > (wt % of PAN/PEGME/PC is 90/10/100) > (wt % of 

PAN/PEGME/PC is 80/20/100), SPEs possess higher PAN weight ratio shows higher Young’s 

Modulus, whereas SPEs possess higher PEGME weight ratio shows lower Young’s Modulus, this can 

be attributed to PEGME is soft matter, incorporate PEGME into PAN decreases the mechanical 

properties of SPEs. 

 

Table 7. The mechanical properties of PAN/PEGME/PC electrolytes. 

 

PAN/PEGME/PC 
Max of tensile stress 

/ MPa 

Tensile strain 

/ % 

Young’s modulus 

/ GPa 

96/4/100 
a
 67.15 3.04 3.11 

90/10/100 46.82 3.42 2.82 

80/20/100 23.19 4.96 1.98 
a
 The weight ratio of PAN:PEGME:PC is 96:4:100. 
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Figure 13. XRD pattern of (a) neat PAN, (b) PAN/PEGME (wt %: 96/4), (c) PAN/PEGME (wt %: 

90/10), (d) PAN/PEGME (wt %: 80/20), and (e) neat LiClO4. 
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Figure 14. XRD pattern of polymer electrolytes prepared by blending 400 mg LiClO4 with 1 g 

PAN/PEGME/PC. (a) wt. % of PAN/PEGME/PC is 96/4/100, (b) wt. % of PAN/PEGME/PC is 

90/10/100, (c) wt. % of PAN/PEGME/PC is 80/20/100. 

 

3.4. X-ray diffraction studies 

Fig. 13 shows the XRD patterns of SPEs (PAN/PEGME/PC) with various PAN/PEGME 

weight ratio compared with neat PAN and LiClO4. The XRD pattern of neat PAN (Fig. 13a) shows a 

crystalline peak at 2θ = 17
o
 and it corresponds to orthorhombic PAN (1 1 0) reflection [59-61]. The 

XRD pattern of LiClO4 (Fig. 13e) shows intense peaks at angles 2θ = 23.2, 32.99, and 36.58
o
, which 

represent the crystalline nature of the salt. As shown in Fig. 13b, 13c, and 13d, the XRD pattern of 

SPEs (PAN/PEGME/PC) with various PAN/PEGME weight ratio show the incorporation of PEGME 
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into PAN decrease the crystallinity of PAN electrolyte. Fig. 14 shows the XRD patterns of Li-based 

PAN/PEGME/PC, most of the peaks pertaining to LiClO4 disappeared in the Li-based SPEs 

complexes, this indicates the complete dissolution of the LiClO4 in the polymeric matrix. It is evident 

from Fig. 14b and 14c that the amorphous nature is predominant in the Li-based SPEs complexed 

system. 

 

 

 

4. CONCLUSIONS 

PAN–PEGME–LiClO4–PC blended polymer electrolytes have been prepared by a solvent 

casting technique. FTIR and XRD studies revealed the occurrence of complexation between PAN, 

PEGME, and LiClO4 in the composite matrix polymer. Ionic conductivity studies reveal that polymer 

electrolyte prepared using 1 g PAN/PEGME/PC (wt. % of PAN/PEGME is 96/4) blends with 400 mg 

LiClO4 has the highest ionic conductivity of 3.69 mS cm
-1

 at 90 
o
C, whereas polymer electrolyte 

prepared using 1 g PAN/PEGME/PC (wt. % of PAN/PEGME is 80/20) blends with 400 mg LiClO4 

has the highest ionic conductivity of 4.16 mS cm
-1

 at 90 
o
C. The temperature dependence conductivity 

of the PAN–PEGME–LiClO4–PC blended polymer electrolytes obeys the VTF relationship, and the 

active energy (Ea), entropy (ΔS), and enthalpy (ΔH) of polymer electrolytes are estimated. SPEs 

possess higher PAN weight ratio shows higher Young’s Modulus, indicating PEGME is soft matter. 
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