
 

J. Appl. Environ. Biol. Sci., 7(7)152-159, 2017 

© 2017, TextRoad Publication 

ISSN: 2090-4274 

Journal of Applied Environmental  

and Biological Sciences 

www.textroad.com 

 

Corresponding Author: Siti Khatijah Deraman, Faculty of Applied Sciences, Universiti Teknologi MARA, Tapah, Perak, 

Malaysia, E-mail: sitik1297@perak.uitm.edu.my 

Conductivity and Dielectric Properties of PVC Doped with NH4CF3SO3 

Polymer Electrolyte Membrane 
 

Siti Khatijah Deraman1, R.H.Y. Subban2,3, N.S. Mohamed4 

 
1Faculty of Applied Sciences, Universiti Teknologi MARA, Perak Branch,Tapah Campus,35400 Tapah Road, 

Perak,  Malaysia 
2Faculty of Applied Sciences, Universiti Teknologi MARA, 40450 Shah Alam, Selangor, Malaysia 

3Institute of Science, Universiti Teknologi MARA, 40450 Shah Alam, Selangor, Malaysia 
4Center for Foundation Studies in Science, University of Malaya, 50603 Kuala Lumpur, Malaysia 

 
Received: March 26, 2017 

Accepted: June 1, 2017 

ABSTRACT 

 

In this work, PVC-EC (PEN) and PVC-BuMeNTf2N (PBN) system doped with NH4CF3SO3 and EC films have 

been prepared by the solution cast technique. The highest conductivity for the salted system at room temperature 

is found to be 2.50 × 10-7 S cm-1 at 30 wt.% NH4CF3SO3 (A4) concentration. Addition of EC increased the ionic 

conductivity value of the highest conducting sample in the salted system. The plasticized sample at room 

temperature with 5 wt.% EC concentration is found to have a maximum value of 3.06 × 10-5 S cm-1 , whereas 15 

wt.% Bu3MeNTf2N gave ionic conductivity value of 1.56 × 10-4 S cm-1 at room temperature which is the highest 

amongst the samples studied in this work.The dielectric constant, εr studies were observed to follow the trend of 

the conductivity studies for all systems. The sample with the highest conductivity value possessed the highest 

value of dielectric constant. Analysis of the experimental conductivity data showed that the most applicable 

conduction mechanism in PVC-EC (PEN) and PVC-BuMeNTf2N (PBN) system can be best represented by the 

overlapping large polaron tunneling (OLPT) model. 

KEYWORDS: Ethylene Carbonate (EC), Ionic Liquid (IL), OLPT Model. 

 

INTRODUCTION 

 

A proton conductor is an electrolyte with movable hydrogen ions (protons). These ions are the primary 

charge carriers in the electrolytes. Proton conducting polymer electrolytes have recently become an area of 

widespread interests due to their possible applications in a variety of electrochemical devices such as fuel cells, 

chemical sensors and electrochromic displays [1-2]. A few groups of researchers have studied proton conducting 

electrolytes using strong inorganic acids such as H3PO4, H2SO4 and HCl as the doping salts [3-4]. However, the 

electrolytes containing inorganic acids suffer from chemical degradation and mechanical integrity and thus are 

unsuitable for practical applications [5]. 

Ionic liquid (IL) meet the requirements of plasticizing salts and offer an improved thermal and mechanical 

properties to flexible polymers. Different polymer electrolytes containing IL have been reported to possess high 

conductivity. In addition, the incorporation of ILs into polymer electrolytes distinctively improves their 

electrochemical stability and increases the ionic conductivity of the polymer electrolytes [6].  

The incorporation of room temperature ionic liquids (RTILs) into polymer electrolytes represents a recent 

promising approach to obtain highly conducting, thermally and electrochemically stable polymer electrolytes. 

Other advantages, RTILs are nonflammable and negligible vapour pressure [7-8]. Addition of ionic liquids 

(single or binary) increases ionic conductivity in those complexes as reported by previous works [9-10]. 

In this work, the use of Bu3MeNTf2N ionic liquid as a plasticising agent is explored. It would be interesting 

to see whether the IL interacts with the polymer in complexation with the salt, or does it just acts like a 

plasticising agent. The conductivity and dielectric properties of the proton conducting polymer electrolytes have 

been studied and presented in this paper. 
 

MATERIALS AND METHOD 

 

PVC with molecular weight of 2.33×105 gmol-1, NH4CF3SO3 (Sigma-Aldrich, 99.0 %), EC (Sigma-Aldrich, 

98.0 %) and Bu3MeNTf2N ionic liquid (Sigma-Aldrich, 98.0 %) were used in this work. All chemicals were 

used as received.  
 

Conductivity Studies  

Figure 1(a) and (b) presents the impedance plot of PVC-EC (PEN) and PVC-Bu3MeNTf2N (PBN) system 

doped with NH4CF3SO3. The cole-cole plot is quite different from that of PVC- NH4CF3SO3 (not shown) in that 
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a spike at low frequency region is observed implying that the material is capacitive and the capacitance is 

frequency dependent [1]. The low frequency spike is attributed to the effect of blocking electrodes [2].  

 

 
 

Figure 1(a): Complex impedance plot of PVC-NH4CF3SO3-EC (PEN) at 300K 

 

 

 
 

Figure 1(b): Complex impedance plot of PVC-NH4CF3SO3-Bu3MeNTf2N (PBN) at 300K 

 

The room temperature conductivity of ionic liquid electrolyte is higher than that of EC electrolyte. The 

difference in conductivity is attributed to the nature of the plasticiser. It therefore may be inferred that 

Bu3MeNTf2N dissociated more NH4CF3SO3 when compared to EC. This is attibuted to several factors: 

Bu3MeNTf2N has higher dielectric constant and so dissociates more salt [3], Bu3MeNTf2Nhas highernumber of 

charge carriers that enables ion aggregates present in the electrolyte system at high salt concentration to be 

dissociated, Bu3MeNTf2N lowers the glass transition temperature of the electrolyte more so than EC [4] and 

Bu3MeNTf2N increased the formation of amorphous regions more so than EC [5]. The first two factors led to 

enhancement in number of free ions while the last two factors led to higher mobility of ions which resulted in 

higher ionic conductivity [6]. On top of that,Bu3MeNTf2N has low viscosity which led to higher diffusion rate 

of ions and so higher mobility and higher conductivity [7].      
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Dielectric Relaxation Studies  

The results of ionic conductivity may be corroborated by the results of dielectric constant and dielctric loss 

as a function of frequency for PVC-EC and PVC-Bu3MeNTf2N system as depicted in Fig 2(a) and (b) 

respectively. 

 

 

 
 

Figure 2(a): Dielectric constant as a function of frequency for PVC-EC (PEN) and PVC-Bu3MeNTf2N 

(PBN) system 

 

 
 

Figure 2(b): Dielectric loss as a function of frequency for PVC-EC (PEN) and  

PVC-Bu3MeNTf2N (PBN) system 

 

Dielectric constant measures the amount of charge stored. A higher dielectric constant value for PBN sytem 

implies that more H+/NH4
+ ions are present indicating that Bu3MeNTf2N causes more dissociation of salt to 

occur when compared to EC. Hence, higher ionic conductivity in PBN system. Both dielectric constant and 

dielectric loss increase sharply at low frequencies. At low frequencies, the ions move along the direction of the 

e-field but are unable to be transported to the external circuit because of the blocking electrodes. As a result, 

they are trapped near the electrode-electrolyte interface leading to formation of a hetero-charge layer called 

electrode polarisation and so the values of εr and εi is high at low frequencies [8].At high frequency, both εr and 

εi  saturates and reach a constant value. In this region, the e-field alternates rapidly that the ions find it  difficult 

to follow the fast periodic orientation of the field due to their finite mass. As a result, there is absence of excess 

distibution of ions at the interface since the ions stay in the bulk of the sample leading to decreased polarisation 

and reduced εr and εi value [9]. This behaviour is said to be non-Debye in nature indicating that both PEN and 

PBN system exhibiits conductivity relaxation behaviour, which are non exponential with time [10]. This 

behaviour may be further corroborated by displayingtheir loss tangent (tan δ) results at several temperatures as 

depicted in Figure 3(a) and (b) for PEN and PBN system respectively. It is observed that at all temperatures, loss 

tangent increases with frequency until a certain frequency where a well defined peak is present afterwhich it 

decreases.As temperature increase,s the peak of loss tangent shifts towards higher frequency thus reducing the 

relaxation time, ι as shown in Figure 4 (a) and (b) for PEN and PBN system respectively. The decrease in 

relaxation time with increase in temperature  is attributed to faster movement of H+/NH4
+ions that follows the 
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orientation of the applied field [11]. Also, the height of the peak in Figure 3(a) and (b) increases with increasing 

temperature suggesting plurality of relaxation mechanism thus confirming their non-Debye nature and gives 

indication of increment in the number of ions for conduction with higher temperatures [12].Increase in number 

of conducting species with temperature is attributed to decrease in viscocity of the electrolyte system, implying 

that the PBN sytem is less viscous than the PEN system.  

 

 
 

Figure 3(a):Tangent loss for PVC-EC (PEN) system 

 

 
 

Figure 3(b): Tangent loss for PVC-Bu3MeNTf2N (PBN) system 
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Figure 4(a): Relaxation time, ι for PVC-EC (PEN) system at elevated temperature 

 

 
 

Figure 4(b): Relaxation time, ι for PVC-Bu3MeNTf2N (PBN) system at elevated temperature 

 

Increment in number of ions at higher temperatures may be envisioned from the values of dielectric 

constant and dielectric loss at several temperatures as given in Table 1. It clearly shows the increment in both εr 

and εI with temperature. At low temperatures, ions cannot free themselves from their complexed sites and so 

their number is low. When temperature rises, they gain enough energy to break free from their complexed sites 

and become free ions giving rise to larger number of ions. The energy required to break free from the 

complexed site is known as activation energy of relaxation, Ea and these are 0.46 eV for PEN and 0.30 eV for 

PBN system as obtained from Figure 4 (a) and (b) respectively.  

 

Table1: εrand εi values for several temperatures for PEN and PBN system 
Temperature  

(K) 
εrat 250 Hz εiat 250 Hz εrat 950000 Hz εiat 950000 Hz 

PEN PBN PEN PBN PEN PBN 

313     35.42 46.63 15.93 20.12 4.15 4.20 0.62 0.70 

323              76.18 188.82 314.56 429.54 4.23 4.29 0.91 0.97 

333              115.09 259.33 566.62 827.68 4.39 4.49 1.09 1.18 

343              500.68 1250.31 1520.29 2101.10 4.57 4.68 2.65 2.78 

363              512.39 1414.31 2023.17 2839.03 5.03 6.92 2.67 2.97 

 

Evidence of the non-Debye behaviour of these electrolytes may also be observed in plot of lnεI versus lnω 

at several temperatures as shown in Figure 5 (a) and (b) for PEN and PBN system respectively. The dielectric 

loss increases with increasing temperature for a particular frequency but decreases with increase in frequency 

for a particular temperature. This concurs with the results of increment in number of ions as temperature 

increases as displayed in Table 1. As temperature increases, number of mobile ions increases due to greater 

dissociation of salt and the number of ions in the PBN system is higher than PEN system for a particular 

temperature or frequency. Also, apparent from these figures are the presence of two different slopes. In the low 

frequency region, there is stronger frequency dependence of dielectric loss whereas in the high frequency region 

the frequency dependence of dielectric loss is weaker. This is due to electrode and space charge polarisation 

which takes effect at low frequency [13-14], whereas at high frequency dielectric loss saturates due to the ions 
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staying in the bulk rather than the interface between electrode and electrolyte as mentioned earlier. The plot of 

Figure 5 (a) and (b) in the high frequency region enables a power law exponent termed as s to be calculated. The 

value of s lies between 0 and 1 and its variation with temperature reveals further ion dynamics as shown in 

Figure 6 for both PEN and PBN system. The s represents the degree of interaction between mobile ions with the 

environment surrounding them. 

 

 
 

Figure 5(a): Frequency dependence of dielectric loss for PEN system at different temperature 
 

 

 
 

Figure 5 (b): Frequency dependence of dielectric loss for PBN system at different temperature 
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Figure 6: Variation of exponent S with temperature for both PEN and PBN system 

 

Since s decreases with temperature to a minimum value at a certain temperature and increases thereafter, it 

can be implied that that the conduction of ions in both systems studied in this work could be interpreted by the 

overlapping large polaron-tunnelling (OLPT) model [15]. In this model, large polaron wells at two sites overlap 

thereby reducing the polaron hopping energy.   

 

CONCLUSION 

 

A new type of proton conducting polymer electrolyte based on PVC for potential application in protonic all-

solid-state electrochemical cells have been obtained via solution casting technique. The increase in free ions 

signified higher conductivity and this is shown by the values of ɛr, which indicate the amount of charge carriers. 

Dielectric constant value increased with addition of NH4CF3SO3 up to 30 wt. % beyond which ɛr value 

decreased. 

Analysis of the experimental conductivity data showed that the most applicable conduction mechanism in PVC-

EC (PEN) and PVC-BuMeNTf2N (PBN) system can be best represented by the overlapping large 

polarontunneling (OLPT) model. 
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