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Abstract 

In this study, solid polymer electrolyte films were prepared using corn starch as polymer doped with various wt.% ratios of NaHSO3 

via solution casting technique. The SPE films have been characterized using electrical impedance spectroscopy (EIS) and X-ray 

diffraction (XRD). The plots of conductivity versus NaHSO3 (wt.%) have shown an increasing trend along with NaHSO3 content. 

It was found that the highest ionic conductivity at room temperature is 2.22 × 10-4 Scm-1. Besides, XRD analysis also indicates 

that the increase in amorphous content will enhance the conductivity value.  

 

Keywords:  electrical impedance spectroscopy, X-ray diffraction, solid polymer electrolyte, corn starch 

 

Abstrak 

Dalam kajian ini, filem elektrolit polimer pepejal telah disediakan menggunakan kanji sebagai polimer dan ditambah dengan 

pelbagai nisbah berat (wt.%) NaHSO3 melalui kaedah penuangan larutan. Filem-filem SPE tersebut telah diuji menggunakan 

spektrometer elektrokimia impedans (EIS) dan analisa pembelauan sinar-X (XRD). Plot kekonduksian melawan kandungan 

NaHSO3 menunjukkan peningkatan dengan meningkatnya wt.% NaHSO3. Ia telah dijumpai bahawa kekonduksian tertinggi pada 

suhu bilik adalah 2.22 × 10-4 Scm-1. Disamping itu, analisis XRD menunjukkan peningkatan kandungan amorphous akan 

membantu dalam peningkatan nilai kekonduksian.  

 

Kata kunci:  spektrometer elektrokimia impedans, pembelauan sinar-X, elektrolit polimer pepejal, kanji 

 

 

Introduction 

In the past few years, solid polymer electrolytes (SPEs) 

have received much attention due to their wide range of 

applications in electrochemical devices such as 

batteries, solar cell, chemical sensors, and 

supercapacitors [1-5]. The main advantages of SPEs are 

their high ionic conductivity, leakage proof, simple to 

prepare and have excellent mechanical strength [6-8]. 

However, most of the conventional synthetic polymers 

come from petroleum and are known as non-degradable. 

This is believed that synthetic-based polymer 

electrolytes would give an impact on the environment. 
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To overcome this problem, biodegradable polymer 

electrolytes were used to replace the traditional ones. 

 

The uses of natural polymers such as starch [9, 10] 

cellulose and its derivatives [11, 12] and chitosan [13] 

have attracted attention in previous works due to their 

mechanical and electrical properties. In this study, starch 

is chosen as a polymer host due to its characteristics 

which are naturally in abundance, low cost, 

biodegradable [14,15] and possess high solubility. This 

is important to choose a suitable material to ensure it 

would not give a long-lasting effect on the environment. 

According to [16], it was mentioned that most of the 

natural polymers like starch relatively show a very low 

ionic conductivity. Then, in order to enhance the 

conductivity, several attempts have been taken such as 

blending of polymer [17], plasticization [18, 19] and the 

addition of ceramic fillers [20-22] into a polymer 

electrolyte. 

 

The addition of salts such as sodium also helps to 

improve the conductivity of SPE films [23]. The 

selection of sodium (Na) as a dopant due to its 

characteristics which are low atomic mass, affordable in 

price, low toxicity and abundance element in nature 

[24]. From the previous research, it was reported that the 

maximum conductivity value of SPE films based on 

sodium ions was achieved in the range 10-3 Scm-1 [25]. 

The low crystallinity nature also would influence to the 

high conductivity of the film itself. Hence, this study 

focuses on the results of an investigation on the 

structural and ionic conductivity of corn starch doped 

with sodium bisulfite (NaHSO3) using EIS and XRD. 

 

Materials and Method 

Preparation of samples 

Corn starch (C6H10O5) and sodium bisulfite (NaHSO3) 

with a purity of 96% were used to prepare the SPE films 

by using a solution casting technique (Figure 1). The 

solvents (distilled water and glycerine) were added with 

various amounts (5- 40 wt. %) of NaHSO3 as tabulated 

in Table 1 and stirred until no left residue. The weight 

percentage was calculated using a formula as expressed 

in Equation 1. Then, 1 g of corn starch was mixed with 

the solutions and heated at the temperature of 60-70 ˚C. 

All solutions were stirred using a magnetic stirrer until 

it turned homogenous. After that, the homogenous 

solution was cast into a petri dish and left it dry naturally 

about three days until electrolyte films are formed. For 

a further drying process, samples were kept in a 

desiccator filled with silica gels.  

 

wt. % =
x

x+y
 × 100                                                      (1) 

 

where, wt.% is the varying values for salt in percentage, 

x is the amount of dopant (g) and y is the amount of 

polymer. 

 

Characterization techniques 

Electrical impedance spectroscopy (EIS) were used to 

determine the electrical properties of SPE films. The 

impedance data were measured using HIOKI 3532-50 

LCR Hi-Tester which is interfaced with a computer at 

room  temperature  in  a  frequency  range  of 50 Hz to 

1 MHz. The samples were cut into 3.00 cm size of 

diameter and placed between two blocking electrodes. A 

digital micrometre screw gauge was used to measure the 

thickness of SPE films. The ionic conductivity was 

calculated by using Eq. 2 [26]. Bulk resistance, Rb can 

be obtained by taking average values from the plot of 

imaginary impedance (-Zi) against real impedance (Zr) 

known as the Cole-cole plot as shown in Figure 2.  

 

σ =
𝑙

𝑅𝑏𝐴
                                                                (2) 

 

 

From Equation 2, l is the thickness of SPE films while A 

is the surface area of blocking electrode contact.  

 

X-ray diffraction (XRD) technique was used to identify 

the nature of SPE films whether they are crystalline, 

amorphous or both. Prepared samples were cut into a 

dimension of 1.00 cm × 1.00 cm and placed onto the 

glass slides before being measured. A MiniFlex II 

diffractometer with Cu Kα radiation was used to analyse 

the samples in a range of 2ϴ = 10˚ to 80˚ with 5˚/min of 

step size. Then, the obtained data were used to analyse 

the phase identification, crystallinity and/or 

amorphosity of the SPE films by using Search-Match 

and Origin software.  
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Crystallinity (%) =
Ac

AC+Am
 x 100                               (3) 

 

where Ac is peak areas for crystalline and Am is 

corresponding to the peak areas for amorphous. Then, to 

study the phase of the mentioned materials with the d-

spacing, it can be obtained by matching the peaks in the 

given datasheet from Search-Match software.  

The percentage of crystallinity for SPE films can be 

verified by dividing the area under all peaks with the 

area under the whole diffractogram. Equation 3 shows 

the formula to calculate the crystalline value of SPE 

films. 

 

 

 

 

Figure 1.  A schematic diagram for preparation of SPE films 

 

 

Table 1.  Composition of corn starch-NaHSO3 SPE films 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SPE samples 
NaHSO3 

(wt. %) 

NaHSO3 

(g) 

Solvent (mL) 

Distilled water Glycerine 

A 0 0 20 0.6 

B 5 0.053 20 0.6 

C 10 0.111 20 0.6 

D 15 0.176 20 0.6 

E 20 0.250 20 0.6 

F 25 0.333 20 0.6 

G 30 0.429 20 0.6 

H 35 0.538 20 0.6 

I 40 0.667 20 0.6 
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Figure 2.  The Cole-cole plot for 15wt. % of NaHSO3 at ambient temperature 

 

 

 

Results and Discussion 

Figure 3 shows the different images of corn starch films 

and corn starch doped with NaHSO3 films. The images 

were taken by using a mobile phone camera that have 8 

MP and 5× magnifications. It was observed that the SPE 

films had changed from transparent to translucent when 

the amount of salts added is increased. In addition, it is 

also may alter the structure and morphology of films as 

well.  

 

The variation of ionic conductivity as a function of 

NaHSO3 composition at room temperature as shown in 

Figure 4 while Table 2 presents the value of bulk 

resistance, Rb and ionic conductivity. The thickness of 

dried samples is measured in the range between 0.101 

mm to 0.293 mm. In Figure 4, the ionic conductivity of 

free salt SPE is 1.1 × 10-6 Scm-1. The conductivity of the 

SPE films increased to 7.65 × 10-6 Scm-1 when 5 wt.% 

of NaHSO3 was added and continued the increasing 

trend until 15 wt.% of NaHSO3 has been added to the 

corn starch. Then, the addition of 20 wt.% of NaHSO3 

into polymer electrolyte causes the conductivity of SPE 

films started to drop with value 1.06 × 10-4 Scm-1. The 

decreased trend of conductivity continued in 25 wt.% to 

40 wt.% of NaHSO3 until the value is 6.98 × 10-6 Scm-1. 

It can be said that the increase of ionic conductivity 

along with the addition of NaHSO3 may be influenced 

by the amorphous nature and also increase in the number 

of charge carriers [27]. As expected, from XRD analysis 

in Figure 4, it was proven that the amorphous nature of 

SPE films has increased with the addition of NaHSO3. 

This can be seen through the highest conducting SPE 

film (15 wt.% of NaHSO3) shows a higher amorphous 

nature. According to literature, the increase of 

amorphous state in SPE films will enhance the mobility 

of free ions through the system and so does the ionic 

conductivity [28-31]. In contrast, at higher salt 

concentration there will be an increase in aggregation of 

ions which lead to the formation of neutral ion pairs, 

thus limits the movement of freely ions [32]. Hence, 

decrease in conductivity values. 

 

XRD patterns of corn starch with different NaHSO3 

composition is shown in Figure 5. The corn starch 

diffraction pattern can be identified with a broad peak 

located at 2Ɵ = 15˚ to 28˚, which known as amorphous 

hump [35]. This can be assigned as (002) and (112) 

planes with a tetragonal structure and have a lattice 

constant of a = 6.07 Å and c = 8.60 Å (JCPDS 80-31). 

Then, the presence of peaks at angle 2Ɵ = 24.6˚, 33.1˚, 

39.2˚, 47.4˚, 47.7˚, 52.3˚, 61.7˚, 65˚ and 69.8˚ for pure 

NaHSO3 which correspond to the planes of (101), (103), 

(110), (006), (200), (115), (107), (008) and (220). It is a 

well agreement to the orthorhombic structure with a 
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lattice constant of a = 5.60 Å, b = 8.95 Å and c = 6.96 Å 

(JCPDS 83-1570). The appearance of a crystalline peak 

in the polymer-salt system indicates that sodium salts 

have existed. Table 3 shows the value of d-spacing for 

pure corn starch, NaHSO3 and SPE films with various 

ratios of NaHSO3. D-spacing values had been obtained 

using Search-Match software and being compared with 

the data provided by the datasheet. From the results, it 

can be concluded that the d-spacing values of the 

mentioned materials are almost well-matched with the 

values provided in the JCPDS database. 

 

Furthermore, to confirm the crystallinity of SPE films, 

the percentage of crystalline was calculated by using 

Equation 3 and it was tabulated in Table 4. Based on the 

results, the crystalline value was against the 

conductivity pattern. This is because the decrease in the 

degree of crystallinity of the SPE films will impart a 

better ion’s diffusion in polymers, thus resulting in 

increases of conductivity. It also assumed that the 

association of ions was promoted due to the presence of 

glycerine as a plasticizer [33, 34]. This happened due to 

the properties of the plasticizer itself which is a high 

dielectric constant (ɛr = 78.5) that can weaken the 

Coulombic force between anion and cation of salt. So, 

that it can help for the salts to dissociate easily, hence 

increased the ion’s concentration [35, 36]. 

 

 

 

 

Figure 3.  The selected images of corn starch-NaHSO3 SPE films 

 

 

Table 2.  Bulk resistance and ionic conductivity of corn starch-NaHSO3 films 

Samples 

(Content of NaHSO3, wt.%) 

Bulk resistance, 

Rb (Ω) 

Ionic conductivity, 

σ (Scm-1) 

A 0 3.00 x 103 1.1 x 10-6 

B 5 4.20 x 102 7.65 x 10-6 

C 10 6.00 x 101 8.96 x 10-5 

D 15 2.50 x 101 2.22 x 10-4 

E 20 4.00 x 101 1.06 x 10-4 

F 25 1.47 x 102 5.43 x 10-5 

G 30 1.60 x 102 3.69 x 10-5 

H 35 7.00 x 102 1.33 x 10-5 

I 40 1.17 x 103 6.98 x 10-6 
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Figure 4.  The trend of conductivity SPE films with various compositions of NaHSO3 

 

 

 

Figure 5.  XRD diffraction patterns for corn starch and corn starch-NaHSO3 SPE films 
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Table 3.  The comparison between d-spacing values of experimental and theoretical of SPE films 

Samples 
Software Experimental Result 

d (Å) d (Å) 2Ɵ (˚) 

Pure corn starch  

(JCPDS 80-31) 

4.294 

3.036 

4.295 

3.037 

20.6 

29.3 

NaHSO3  

(JCPDS 83-1570) 

4.752 

3.925 

3.483 

2.803 

2.061 

1.619 

1.294 

4.748 

3.920 

3.481 

2.803 

2.061 

1.618 

1.299 

18.6 

22.6 

25.5 

31.9 

43.8 

56.8 

72.7 

5 wt.%  

 

4.752 

2.134 

4.832 

2.138 

18.3 

42.2 

10 wt.%  

 

4.752 

2.134 

4.742 

3.727 

18.7 

23.8 

15 wt.%  

 

1.829 

1.742 

1.816 

1.721 

50.1 

53.1 

20 wt.%  

 

3.483 

2.809 

2.749 

2.376 

1.963 

1.883 

1.769 

3.380 

2.816 

2.743 

2.389 

1.926 

1.886 

1.767 

26.3 

31.7 

32.6 

37.6 

47.1 

48.2 

51.6 

25 wt.%  

 

2.809 

1.963 

1.829 

2.818 

1.916 

1.808 

31.7 

47.2 

50.4 

30 wt.%  

 

4.752 

1.218 

4.948 

1.218 

17.9 

78.4 

35 wt.%  

 

3.925 

3.809 

3.483 

2.809 

2.634 

3.973 

3.820 

3.463 

2.884 

2.689 

22.3 

23.2 

25.7 

30.9 

33.2 

40 wt.%  

 

2.634 

1.584 

2.696 

1.577 

33.1 

58.4 
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Table 4.  The Percentage crystallinity and amorphosity of complexed SPE films. 

Composition of NaHSO3  

(wt. %) 

Percentage of Crystallinity 

(%) 

Percentage of Amorphosity 

(%) 

0 (Pure corn starch) 10.51 89.49 

100 (NaHSO3) 67.39 32.61 

5 72.31 27.69 

10 61.97 38.03 

15 35.88 64.12 

20 44.25 55.75 

25 48.49 51.51 

30 49.83 50.17 

35 53.40 46.60 

40 44.52 44.52 

 

  

 

Conclusion 

In summary, solid polymer electrolytes based on corn 

starch with a varied amount of sodium bisulfite 

(NaHSO3) is successfully prepared via solution casting 

technique. EIS analysis shows that at 15 wt.% NaHSO3 

electrolyte obtains the highest conductivity of 2.22 x 10-

4 Scm-1 and is supported by the amorphous phase. This 

also shows that the enhancement of conductivity is not 

only influenced by the concentration of ions but also by 

the high mobility and diffusion of free ions. Based on 

the XRD study, the addition of NaHSO3 as a dopant salt 

also improved the amorphousness of the SPE films.   
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