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Summary: In this paper we studied and firstly we synthesized for combination of three 

different material like PVA, F-127 and KI with different quantity.   We did the 

characterization for the prepared solid polymer films. For the prepaid solid polymer 

blend we studied connection or we can say relationship between ionic and electrical 

transport. We find out the impedance values for all prepared solid polymer films. Based 

on that impedance information we can conclude that we have got maximum conductivity 

value which is 8.2891 X 10-4   at (60/40 ) wt %. These parameters like dielectric 

occurrence, mobility and diffusion coefficient triggers the conductivity data.  
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Introduction:  

Now a days Free standing solid polymer is one of the most popular and interesting 

subject. Mostly we can use these in different applications for different purpose. We can 

say different applications not only in solar cell but also super capacitor and hybrid power 

sources.[1-6] Solid polymer strongly appears a one of the appropriate alternatives for 

electrochemical tool package, despite the fact that liquid contract in gel pores, it 

produces trouble and eventually gets the poor performance. Liquid electrolyte has 

different drawback not only evaporation and thermal stability but also it  release harmful 

gas which is very dangerous for human heath as well as environment. In current years, 

solid polymers have fascinated well known consideration due to their such a lot of high- 

quality properties together which includes just like liquid conductivity (10-2 to 10-4 
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S/cm),[7-9] that’s considered necessary for growing any electrochemical gadgets. The 

research of mobility ought to be completed to improve the conductivity. Experimenters 

are trying hard to find a good high ionic conductivity polymer. So far no one has been 

able to fully understand the ionic conductivity operation in solid polymer. That is why 

it is necessary to understand this important ionic mechanism movement which is based 

on polymer relaxation action. From this paper we have prepared a new solid polymer 

electrolyte by mixing KI with blend of PVA and F-127. In this we change the 

temperature of PVA from 1000 to 1200 C. PVA is very easy to use and available at a very 

low cost and does not require any expensive instruments. [10-12] Electrolyte is a very 

important part in PSSC. Electrolytes are of different types such as solid, liquid and gel. 

Among these, liquid electrolyte is the most efficient electrolyte, but at the same time, its 

problem is that it does not last for a long time, it dries up with  some period of time. Gel 

polymer electrolyte in now a days very good and reliable because of these factors like 

not only long term stability but also better ionic conductivity and good thermal stability. 

It is also have good compatibility with TiO2 electrode. In solar cell we can make solar 

cells by using different types of polymer electrolyte like PAN, PMMA, F-127, PVDF 

etc. All these types of polymers can be used with different salts to carry maximum ions. 

In our solar cell study, we have used two polymer blend, PVA and F-127 and provided 

an in depth look at them. We have used PVA and F-127 in our study because it has many 

advantages such as easy to manufacture, low cost, high electrical conductivity and most 

importantly it is very environmental stable.  Combination of PVA and F- 127 is expected 

to give us better properties. On the plus side, f-127 is readily soluble in most solvent 

PVA is a nontoxic polymer that forms very good free standing solid film. Detailed 

information about PVA can be obtained by different characteristic techniques like XRD, 

DSC.  There is no report on the utilization of F-127-PVA-blended GPEs in Perovskite 

sensitized solar cell available from the literature. A mixture of both PVA and F-127 

produces a good material, as the resulting material become very good and high electric 

conductive. Both PVA and F- 127 are mixed by electrochemical method. The polymer 

made by this method exhibits very good conductive and mechanical properties. PVA 

has high hydrogen bonding due to which the polymer chain shows a regular 

morphology. PVA is an artificial polymer so it dissolves in water. PVA and F-127 

polymer electrolyte have good polarity along with good mechanical strength. Due to 

mixing with the host polymer, the physical properties of the conducting polymer are 

improved in terms of flexibility and electrical conductivity. [25] A mixture of PVA and 

F-127 is prepared using solution cast technique. In this work, we have tried to prepare a 

new conducting polymer by using these two polymers, so we will get very cheap and 

high efficient material which will be very useful for making perovskite solar cell. In this 
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mixture we have used f-127 and PVA in the ration of 60:40 to make our solid polymer 

electrolyte. Our aim is to see how the number of mobility, density and diffusion 

coefficient of both these polymers affect the performance of PSSC. 

 

1. Experimental procedure: 

      Preparation of polymer electrolyte: 

Double distilled water, methanol are used as solvent to make polymer electrolyte. PVA 

polymer was dissolved in double distilled water and F-127 and KI were dissolved in 

methanol, all these chemicals were used from Aldrich, USA. All the dissolved chemicals 

solutions were collected together by solution cast method and then we made solid 

polymer film from it.  

Sample Result and Discussion 

1. Results and discussion : 

1.1 Conductivity measurement 

Use the formula below to determine the ionic conductivity of these 16 samples: 

                                  𝜎 = 𝐺 × 𝑙/𝐴                                              (1) 

Where l is the sample thickness, A is the test-ready area of the sample, G is the 

conductivity (G=1/Rb), Rb is the apparent resistance on the real axis of the Nyquist plot, 

is the ionic conductivity, and l is the thickness of sample. 

Table 1. Solid polymer electrolyte systems' ionic conductivity at room temperature. 

Composition(wt % of KI) σ (S/cm) 

90 6.4494  x 10-8 

80 8.12499  x 10-5 

70 1.8034  x 10-4 

60 8.28  x 10-4 

50 2.1586  x 10-4 

40 2.1186  x 10-4 

30 1.7455  x 10-4 
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The ionic conductivity of all 16 samples calculated and written in the above table1. 

When we add KI to the polymers PVA and F-127, the ionic conductivity of the polymer 

increases and the increased conductivity is highest at 60%wt. of KI. Where the 

conductivity value approaches at sample (4) i.e.  8.28 x 10-4 S/cm it decrease after that.  

For the calculation we apply the frequency in between 100Hz to 1MHz, temperature 

same as room temperature. As more KI is added, the ionic conductivity and number of 

mobile charge carriers increases, but if the KI concentration exceeds 60wt %, the ionic 

conductivity decreases. The conductivity measured solid film thickness ranged from 

0.012 to 0.030 cm and the impedance measured solid polymer film area range from 1.77 

to 2 cm2. 

The ionic conductivity for electrolytic systems is: 

                          𝜎 = n : q : 𝜇                                  (2) 

Where n is the carrier density, q is the carrier charge and µ is the carrier mobility. Therefore, 

increasing the parameter n or q will definitely distress the ionic conductivity value. 

 

1.2 Ion dissociation factor: 

The carrier concentration can be stated as follows, in accordance with the electrolytic 

dissociation theory:            

                   n = n0 exp(-U/2εkT)                                              (3) 

ɛ is the permeability of the system, U and k are the Boltzmann constant, and the 

temperature dissociation energy T of the sample salt.  

From table 1 we will know what the role of charge carriers is in solid polymer of 

impedance measurement values. Using all 16 samples, we can calculate the 

relationship between the total number of charge carriers and room temperature. 3.35 

eV is the dissociation energy of KI. With the addition of KI to the polymer 

concentration, Figure 1 depicts the shift in the relative quantity of charge carriers. 

Relative number of charge carriers is high up to KI 60% wt doping limit and then it  

 

20 2.2586 x 10-8 

10 3.6911 x 10-6 

http://www.jetir.org/


©2023 JETIR July 2023, Volume 10, Issue 7                                                                     www.jetir.org (ISSN-2349-5162) 

JETIR2307552 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org f453 
 

 

starts to decrease slowly.              

Figure 1. Changes in the number of carriers in the polymer matrix of PVA and f-127 

saturated solid electrolyte solution with increasing KI content. 

The figure 1 demonstrates how the quantity of charge carriers has a major impact on the 

conductivity of KI matrix solid polymers. [18-19] 

 

1.3 Dielectric studies: 

Variations of a few nanometers at the molecular level have a direct effect on the 

dielectric, and with this study we can obtain detailed information about the various 

molecular motions and slower processes in the sample. Figure 2 shows the dielectric 

constants of all samples at 100 kHz. 
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When KI is added to a polymer, the electrolyte matrix's dielectric constant is altered. 

Low frequencies produce the maximum value of the dielectric constant, which causes a 

quantitative shift in the free carriers as well as the electrical conductivity. 

We used data from complex impedance spectroscopy to determine the electrical 

modulus and transmittance after making more thorough experimental observations of 

the transition behavior, ion transport mechanism, and dielectric characteristics. The 

conductance behavior of ions in solid polymer electrolytes is studied using the dielectric 

study of solid polymer electrolytes, which is highly helpful and significant. The ionic 

conductivity formulated as:                                                

휀 ∗ = 휀′ + 𝑖휀" 

                                         |휀*|=  √휀′2 + 휀" 

 

The displacements of ε’ and ε” for KI salt compositions from 10 to 90 mass % are shown 

in Fig. 3(a) and Fig. 3(b), respectively. ε’ and ε” were deliberate using the equations:  

휀′ =
−𝑍"

𝜔𝐶(𝑍′2 + 𝑍′′2)
 

 

휀" =
−𝑍′

𝜔𝐶(𝑍′2 + 𝑍′′2)
 

 

𝐶 =
휀0𝐴

𝐿
 

where z’ and z” are the real and imaginary parts of the resistance, C is the capacitance of 

the empty measuring cell, w is the pulse, A is the area, ε0 is the dielectric constant and L 

is the thickness of the solid polymer film. The behavior of the graphs is similar in that 

there is a sharp increase at low frequencies and a gradual decrease at high frequencies. 

This is the result of polarization. 
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(a) 

 

              

 

 

  (b) 

 

Figure 3.    (a) Real part of the dielectric constant (ε0) variation with frequency for various 

composition concentrations in weight percent of KI salt (b) and imaginary dielectric 

constant (ε") loss variation with frequency for various composition concentrations in 

weight percent of KI salt at room temperature. 

1.4 Dielectric loss tangent : 

             We have determined the tangential loss in the manner shown below in order to 

better understand the phenomenon of insulation and conductive behavior: 

tan 𝛿 = 
휀"

휀′
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where ε’ and ε” are the real and imaginary parts of the dielectric constant of the solid 

polymer electrolyte. The attenuation is still calculated for different frequencies and 

components as shown in the figure 4. It has the highest conductivity of any other 

combination, which is also corroborated by the conductivity data, and has greater bumps 

at higher frequencies. Figure 4 shows the variable frequency shear damping of F-127 and 

KI films at different concentrations at room temperature. The loss spectra are 

characterized by peaks observed in the frequency characteristics of the F-127 and KI 

films, indicating the presence of long dipoles in the solid polyelectrolyte films. The 

frequency of relaxation depends on the characteristics of bipolar relaxation. As the KI 

concentration increased, the transverse damping peak shifted to a higher frequency, and 

the conductance peak gradually decreased, reaching 60% of the KI mass concentration. 

With the exception of KI  the amorphous content of the substance is believed to have 

increased. Dielectric expansion is observed in the dielectric loss map due to the 

orientation of the electrode array. The obtained regeneration phenomenon corresponds 

to the dielectric regeneration time »1.33 × 10-7 s for 60% KI. 

𝑇 =
1

2𝛱𝑓𝑚𝑎𝑥
 

where ƒmax is the peak frequency and T is the dielectric recovery time. 

 

Figure 4. Tangent losses were estimated for various KI salt concentrations at room 

temperature using various frequencies. 

1.5 Dielectric modulus: 

In solid polymer electrolyte systems, the dielectric modulus has been estimated and 

examined for various recovery events. [18] The data ε* can be converted into the formula 

M* according to the following relation:                                                        
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𝑀∗  =  
1

휀∗
= 𝑀′ + 𝑀” 

 

                                    |𝑀∗| =  √𝑀′2 + 𝑀"2                         (8)                                              where  

virtual dielectric coefficient M’ and real dielectric M”: 

𝑀′ =
휀′

[(휀′)2 + (휀′′)2]
 

 

𝑀′′ =
휀′′

[(휀′)2 + (휀′′)2]
 

(a)   

 

  (b) 
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Figure 5. (a) Real component (M') of the dielectric device at various frequencies and KI 

concentrations (b) imaginary part (M") at various polymer concentrations at various 

frequencies. Using polymer electrolyte F-127 at room temperature, various KI systems.       

                           

2. Conclusions:  

We were successful in creating solid PVA, F-127, and KI polymer electrolyte 

membranes. With is KI doping, complex impedance spectroscopy revealed improved 

ionic conductivity that peaked at 60% wt% of KI salt. The maximum dielectric loss is 

seen at low KI frequency concentrations, which is caused by electrode polarization. 

Electrical conductivity is governed by an increase in the overall number of charge 

carriers. As a result, the free mobile charge carriers indicated in the dielectric data are 

responsible for the increase in ionic conductivity. The conductance mode is also 

followed by n/n0 measurements. 
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