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Abstract- The solid polymer electrolyte (SPE) film based on hydroxylethyl cellulose, magnesium triflate, 1-ethyl-3-
methylimidazolium and lead(II) oxide nanoparticles was prepared by solution casting technique. The SPE formed exhibits 
low ionic conductivity at room temperature, hence various weight percentages (1%, 2%, 3% and 4%) of lead(II) oxide 
nanoparticles is incorporated into the SPE to enhance the conductivity. By conductivity studies it revealed that the maximum 
ionic conductivity of 4.9910-4 S cm-1 is achieved for SPE with 3 wt. % of lead(II) oxide nanoparticles at room temperature. 
All the SPEs obeyed Arrhenius theory. 
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I. INTRODUCTION 
 
Biodegradable host polymers have been studied as 
one type of sustainable candidate in solid polymer 
electrolyte (SPE) owing to the global warming and 
the blooming of the fossil fuel crisis. Hydroxylethyl 
cellulose (HEC) has been chosen in this study due to 
its biodegradable properties. It has been widely used 
in pharmaceutical and food industry. [1] SPEs allured 
huge amount of attention due to their fantastic 
applications in energy storage devices because they 
possess good thermal stability, flexible, easy at 
handling and fabrication and good contact at interface 
with working electrodes. [2–4] However, the low 
ionic conductivity at room temperature hinders their 
commercialization. Thus, various attempts were 
introduced (such as blending polymer with 
amorphous polymers, crosslinking polymers, 
incorporation of ionic liquids and doping of either 
inorganic nanoparticles or organic solvents) to 
mitigate the problem. [5–6] Two methods were 
adopted in this study in order to enhance its 
conductivity, which are incorporation of 
nanoparticles and ionic liquids. 
Lead(II) oxide (PbO) nanoparticles were used in this 
study because it is one of the semiconductors which 
possess fundamental size-dependent optoelectronic 
properties and their wide range of applications. [7] It 
has been widely used as network modifiers in 
luminescent glassy materials, storage batteries, gas 
sensors, pigments and nanoscale electronic devices. 
[7–10] Additionally, doping of nanoparticles 
maximize the adsorption of electrolyte through their 
porous structure and minimize the chance of leakage. 
[3,6] Moreover, the reactive groups on the 
nanoparticles improves the properties (ionic 
conductivity and mechanical strength) of the 
nanoparticles-based SPE. [11] The ionic conductivity 

of the solid polymer electrolyte can be further 
enhanced by incorporating the ionic liquids. Hence, 
1-ethyl-3-methylimidazolium ionic liquid was 
incorporated in this study because of its non-volatile, 
non-flammable, electrochemical stability, wide 
electrochemical window and high ionic conductivity. 
[12] 
 
II. DETAILS EXPERIMENTAL 
 
2.1. Materials and Procedures 
Hydroxylethyl cellulose (HEC), magnesium 
trifluoromethanesulfonate (MgTf2), lead(II) oxide 
(PbO) nanoparticles (25–30 nm) and 1-ethyl-3-
methylimidazolium (EMIMTf) were purchased from 
Sigma–Aldrich, USA. PbO nanoparticles were 
activated in accordance with the method reported by 
Taghizadeh M.T. and Aghjekohal P.S. before use. [1] 
HEC and MgTf2 were pre-heated at 100 °C for 1 hour 
in order to remove the moisture. In the preparation of 
SPE, different weight percentages of HEC, MgTf2, 
EMIMTf and PbO nanoparticles were dissolved in 
deionized water. The solution was sonicated for 30 
minutes followed by continuous stirring for 24 hours 
at room temperature. The solution was then casted on 
Teflon coated aluminium foil and was allowed for 
evaporation under 70 °C for 24 hours. An opaque, 
thin film was obtained. The opaqueness of the SPEs 
increased with the amount of PbO nanoparticles as 
shown in Fig. 1. The designation and compositions of 
the SPEs are given in Table 1.  

Table 1: Designation and compositions of SPE 
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Fig. 1: The opaqueness level of (a) P1 (b) P2 (c) P3 and (d) P4 

 
2.2. Characterizations 
The thickness of the film was measured using 
Mitutoyo micrometer screw gauge. Ionic conductivity 
measurement was performed by using HIOKI 3532-
50 LCR HiTESTER, over a frequency range between 
50 Hz and 5 MHz at different temperatures. Samples 
were mounted on the holder with stainless steel (SS) 
blocking electrodes under spring pressure with the 
configuration of SS/SPE/SS blocking electrodes. The 
conductivity-temperature study was conducted in the 
temperature range of 25–120 °C.  
 
III. RESULTS AND DISCUSSION 
 
3.1. Ionic conductivity  
The electrical properties of SPE complexes with 
different weight percentages of PbO nanoparticles 
were analyzed by impedance spectroscopy. The ionic 
conductivity (σ) of the SPE was evaluated according 
to formula: [2]  
σ = d/(Rୠ × A)    (1) 
where Rb is the bulk resistance; d is the film thickness 
and A is the effective area of the electrode. 
Fig. 2 depicts the evaluated Cole-Cole plot of SPEs 
(with and without PbO nanoparticles) at room 
temperature. When the content of PbO nanoparticles 
was increased from 1 to 3 wt. % into P0, the real part 
impedance (Z’) decreased as shown in inset of Fig. 2. 
It indicates that the ionic conductivity increased from 
P0 to P3 (as illustrated in Fig. 3) resulted from the 
adsorption of Mg2+ ions on the host polymer. Mg2+ 
ions were readily to adsorb on the host polymer 
because the salt dissociates easily due to the large 
size of anion. Similarly, the transportation of Mg2+ 
ions was also eased by the presence of partially 
positive and negative charge on PbO nanoparticles 
which minimized the formation of intermolecular 
hydrogen bonding among the polymer chains. Thus, 
the recrystallization of host polymer was prevented. 
[3] When the contents of PbO nanoparticles were 
increased to 4 wt. %, the Z’ increased due to the 
aggregation of nanoparticles. Hence, higher amounts 

of nanoparticles decreased the charge carrier 
kinematics due to blocking phenomenon. [4]  
 

 
Fig. 2: Cole-Cole plot of the SPEs (with and without PbO 

nanoparticles) and inset is the enlarged view of the measured 
Cole-Cole plot 

 

 
Fig. 3: Ionic conductivities at different wt. % of PbO 

nanoparticles at room temperature 
 
Fig. 4 describes the temperature dependent ionic 
conductivities of SPEs (with and without PbO 
nanoparticles). The ionic conductivities for all SPEs 
are directly proportionate to the absolute temperature 
with regression values (R2) close to unity, which 
means that SPE obeyed Arrhenius theory. It can be 
explained by free volume model, in which the 
expansion of host polymer upon heating provides 
more space for transportation of mobile carriers. 
Additionally, the mobility of charge carriers was 
enhanced when the temperature was increased. Hence 
the mobility of charge carriers were able to overcome 
the energy barrier to the segmental movements of the 
SPE. [4]  

 
Fig.4:Temperature dependence ionic conductivities for SPEs 

(with and without PbO nanoparticles) 
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CONCLUSIONS 
 
Solution casting technique was used to prepare the 
SPEs and they were evaluated by doping it with 
different wt. % of PbO nanoparticles. Impedance 
spectroscopy was used to measure the ionic 
conductivities of the SPEs upon addition of PbO 
nanoparticles. It was found that P3 achieved highest 
ionic conductivity (4.99×10-4 S cm-1) at room 
temperature. All SPEs obeyed Arrhenius theory. 
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