
RESEARCH ARTICLE

J.Natn.Sci.Foundation Sri Lanka 2016 44 (1): 77-81

DOI: http://dx.doi.org/10.4038/jnsfsr.v44i1.7984

Effect of cation size of iodide salt in the electrolyte on the 

performance of dye sensitised solar cells

W.V.T. Madhushani, Y.M.C.D. Jayathilake, K.S. Perera* and K.P. Vidanapathirana
Department of Electronics, Faculty of Applied Sciences, Wayamba University of Sri Lanka, Kuliyapitiya.

Revised: 03 August 2015; Accepted: 26 August 2015

* Corresponding author (kumudu31966@gmail.com)

22.2015

efficiencies. However, the use of liquid electrolytes in 

these cells have limited the practical use of such cells 

because they pose several adverse effects such as 

leakage of the electrolyte, toxicity of some solvents and 

desorption of the sensitising dye. One of the proposed 

alternative approaches to overcome these drawbacks is 

the use of gel polymer electrolytes (GPEs) instead of 

liquid electrolytes (Lang et al., 2008; Ahn et al., 2011). 

Usually GPEs simultaneously exhibit both the cohesive 

property of a solid and the diffusive transport property of 

a liquid. They consist of a liquid electrolyte trapped inside 

a polymer matrix. To prepare the liquid electrolytes in 

DSSCs, different salts as well as different solvents have 

been used (Lan et al., 2006; Voigt & Wullen, 2012). Due 

to high ionic conductivity, excellent thermal stability 

and outstanding long term stability, GPEs have been 

employed in various applications including rechargeable 

cells (Aravinda et al., 2009; Pandey et al., 2011), dye 

sensitised solar cells (Perera et al., 2011; Menaka et al., 

2013), electrochromic devices (Wu et al., 2013) and 

supercapacitors (Pandey et al., 2010; Tripathi et al., 

2013). There are several factors that govern the ionic 

conductivity in GPEs and their performance in devices. 

Among them are the polymer concentration, type of 

polymer, salt concentration and the type of salt. As far 

as DSS cells based on iodide/triiodide redox couple 

are considered, the iodide salt used to prepare the gel 

polymer electrolyte plays a major role in determining 

their photovoltaic performance. 

 In order to support the redox reactions, basically a 

good iodide ion conducting GPE should be present. As 

such, the cation of the salt is responsible for improving 

the anion or iodide ion conductivity. Several groups 
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INTRODUCTION

Due to low fabrication costs and reasonably high 

efficiencies, dye sensitised solar cells (DSSs) have been 

identified as a very suitable alternative to conventional 

p-n junction solar cells (Suthanthiraraj, 2013) and they 

have achieved high solar to electrical energy conversion
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have investigated the effect of the cation on DSS cell 

performance (Shen et al., 2008; Bhattacharya et al., 

2009). The role played by the cations on DSS cell 

efficiency is two-fold. Firstly is by influencing the short 

circuit current through iodide ion conductivity and 

secondly, by affecting the charge injection mechanism 

at the electrolyte/semiconductor interface. Therefore 

in summary, it can be stated that the cation size should 

be large enough to enhance the iodide ion conductivity 

while having a high charge density to support good 

photogeneration of electrons at the dye and faster 

diffusion at the dye-semiconductor interface. 

 In this study three different iodide salts, namely, 

potassium iodide (KI), zinc iodide (ZnI
2
) and 

tetrapropylammonium iodide (Pr
4
NI) were studied and 

their ionic conductivity as well as the performance in 

DSS cells have been investigated. Polyvinylidenefluoride 

(PVdF) has been used as the polymer, and ethylene 

carbonate (EC) and propylene carbonate (PC) have been 

used as the solvents in the GPEs.               

     

METHODS AND MATERIALS

Preparation of gel polymer electrolytes

Polyvinylidenefluoride (PVdF – Aldrich), ethylene 

carbonate (EC – Aldrich), propylene carbonate (PC – 

Aldrich), tetrpropylammonium iodide (Pr
4
NI – ABCR), 

zinc  iodide (ZnI
2
 – Aldrich) and potassium iodide 

(KI- Aldrich) with purity greater than 98 % were used 

without further purification. The composition of gel 

polymer electrolytes were based on the values reported 

by Arof et al. (2014). After weighing and magnetically 

stirring the appropriate amounts of the materials, 

heating was done at 120 °C for 15 min. A weight of 

one tenth of the total mole amount of the iodide salt 

of iodine (I
2
 – Breckland Scientific Supplies) was later 

added to the mixture and the final product was hot 

pressed between two well cleaned glass plates. After 

leaving inside a dessicator for 24 hrs, it was possible 

to obtain thin electrolyte films with no pinholes and 

bubbles. 

Measurement of ionic conductivity 

A circular shaped pellet was cut from the electrolyte film 

and loaded inside a brass sample holder with stainless 

electrodes. The brass sample holder was sealed by means 

of an O ring. The diameter and thickness of the pellets 

were measured by a micrometer screw guage. Impedance 

data were collected using a Metrohm frequency response 

analyser (FRA M101) in the frequency range from 

0.01 – 37 kHz. The data were analysed using the Non 

Linear Least Square (NLLS) fitting method. The intercept 

on the real axis at high frequency region was taken as 

the bulk electrolyte resistance of the GPE (R
b
). After 

determining R
b
, the ionic conductivity of the sample (σ) 

was calculated using the equation,

σ = (1/ R
b
)(t/A)              ...(1) 

                               

where t is the thickness and A is the area of cross section 

of the pellet sample.   

Preparation of photo anode

Fluorine doped tin oxide (FTO) glass slides were cleaned 

well using detergents and distilled water. The preparation 

of titanium dioxide (TiO
2
) paste was done by grinding 

TiO
2
 alone (Degussa  P-25) initially for a few minutes. 

Then, a few drops of acetic acid and ethanol and one drop 

of TritonX were mixed. This was spread on an active area 

of 1 cm2 on FTO glass strips using doctor blade method. 

Sintering was done at 450 °C for 45 mins. The resulting 

nano porous electrodes were allowed to cool down to 

room temperature and dipped in ethanolic Ruthenium 

dye (N719) solution for dye absorption for 24 hrs. 

Fabrication of DSS cells

A platinum coated glass strip was used as the cathode 

and three DSS cells were fabricated in the configuration, 

FTO/TiO
2
/Dye/Gel polymer electrolyte/Pt/FTO. The 

photo current - voltage characteristics of the cells were 

measured under 100 W illumination.

RESULTS

 

One impedance data plot is shown in Figure 1 as a 

representative example. Z’ and Z’’ stand for real part 

and imaginary part of the impedance, respectively.  The 

conductivity variation with inverse temperature for all 

the samples investigated are shown in Figure 2. Table 1 

summarises the performance characteristics of solar cells 

fabricated using the three systems.

DISCUSSION 

Impedance plots taken for gel polymer electrolytes with 

blocking electrodes normally consist of two semi circles 

and a spike, at high frequency, intermediate frequency 

and low frequency, respectively. The semicircle at high 

frequency region corresponds to bulk electrolyte and 

the semicircle at intermediate frequency stands for the 

charge transfer resistance. The low frequency region has 
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Figure 1: A typical impedance plot obtained for one GPE at room 

temperature. Intercept on the X axis was obtained by 

extrapolating the semicircle

Figure 2:  Dependence of conductivity on inverse temperature for 

GPEs based on salts Pr
4
NI, KI and ZnI

2

Table 1: Characteristics of the solar cells fabricated using three 

different GPEs

   KI system Pr
4
NI system ZnI

2
 system

V
oc

 (mV) 661.2 693 593.8

Jsc (mA) 2.08 3.1 1.68

FF % 47.37 45.87 49.04

Efficiency, η % 0.20 0.31 0.15

a spike to represent capacitive features. One impedance 

plot obtained from the impedance data analysis is shown 

in Figure 1. It consists of a part of a semicircle in the 

intermediate frequency region. In all resulted impedance 

plots, the semicircle at high frequency region was not 

observed. This is evidently due to the absence of the 

required frequency range in the measuring system.  

From Figure 2, it is clear that the conductivity of all the 

samples increase with temperature as expected. Due to the 

increase of temperature, ions get more kinetic energy and 

become more mobile resulting a high ionic conductivity. 

From the three systems GPE based on KI exhibits the 

highest conductivity, while the GPE based on ZnI
2
 shows 

the lowest conductivity at all temperature values. This 

shows the presence of more K+ and I- ions in the KI system 

than Zn+ and I- ions in ZnI
2
 system. The possible reason 

may be the higher dissociation energy needed by ZnI
2
 to 

form Zn+ and I- due to the multivalency. Higher mobility of 

small, single valent K+ ions, compared to the larger, double 

valent Zn++ ions is another reason for the observed higher 

conductivity of the KI based electrolyte. As far as Pr
4
Ni is 

considered, it has a lower conductivity than KI but a higher 

conductivity than ZnI
2
. In the former, the size of the cation 

is larger than K+ and Zn+. Therefore, its mobility is expected 

to be lower (Arof et al., 2014). This may be the reason for 

having a lower conductivity than the KI system.  However, 

due to the presence of the monovalent  bulky cation Pr
4
N+, 

the ionic dissociation and formation of Pr
4
N+ and I- ions 

should be more favourable than in ZnI
2
. Therefore, Pr

4
NI 

system poses a higher conductivity than ZnI
2
.

 Solar cell performances shown in Table 1 clearly 

show that the open circuit potential (V
oc

) and the short 

circuit current density (J
sc
) values are higher for the DSS 

cells having electrolytes with bulky Pr
4
N+ cations.

In these iodide/triidiode redox couple based DSS cells, 

charge recombination takes place between the electrons 

ejected to TiO
2
 and triiodide in the gel polymer electrolyte. 

When the size of the cation in the iodide salt is large, 

triiodide diffusion reduces and this results in reducing 

the charge recombination. As a result, the Fermi level of 

TiO
2
 increases. This increases V

oc
 substantially. This is the 

reason for V
oc

 to increase, when the cation size increases.

 

 J
sc
 depends on the mobility of  iodide ions (I-), which 

becomes higher with the size of the cation (Arof et al., 

2014). This is expected as the bulky Pr
4
N+ cation favours 

a higher degree of ionic dissociation, thereby increasing the 
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number of iodide (I-) ions needed for the redox reactions. 

This is the reason for better solar cell performance despite 

lower conductivity values of the Pr
4
N+ based GPE. Higher 

conductivity of the KI based system comes largely from 

the higher mobility of K+ ions, which does not contribute 

to solar cell performance. Accordingly, the DSS cell 

based on Pr
4
NI can show a higher Jsc than the other two 

cells. However, this pattern was not followed for  KI 

and ZnI
2
 systems. Although K+ is smaller than Zn+, KI 

based solar cells have higher V
oc

 and J
sc
. This elucidates 

the fact that there should be another factor governing 

the performance other than the size of the cation. K+ 

and Zn+ ions differ in their valency. K+ is a mono valent 

ion while Zn2+ is divalent. Therefore, it can be assumed 

that due to the multivalent nature, ZnI
2
 based  solar cell 

showed lower V
oc 

and J
sc
 in addition to having the lowest 

ionic conductivity.  Fill factors of the three cells are more 

or less the same as observed by Shen et al. (2008). The 

efficiencies are very low in all three cells, which may be due 

to many reasons such as not fine tuning the composition 

of the gel polymer electrolytes and insufficient amount 

of iodide introduced. However, from these values it is 

clear that salts with larger cations generally give rise 

to higher efficiencies for solar cells. For mono valent 

cations considered in this study, it is observed that the 

conductivity variation is related to cell parameters in an 

opposite way (Bhattacharya et al., 2009). 

CONCLUSION

Larger cations such as Pr
4
N+ play a great role in improving 

the cell performance than high charge density cations 

such as K+.  
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