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Electrochemical properties of a Zn/ PVA+Iodine aqueous solution/carbon cell have been investigated. In 
this cell, PVA+Iodine aqueous solution is used as an electrolyte and zinc and carbon rods serve as 
electrodes. As a cell compartment the cylindrical glass vessels of length 3.0 cm and of diameter 2.0 cm 
are used. The discharge voltage–current, charge voltage/current–time and discharge voltage/current–time 
characteristics and open circuit verses time has been examined. The open-circuit voltages and short-
circuit currents of cells are observed 1.4 volt and 5.14 mA respectively. The current-voltage 
characteristics and open circuit voltage-time, charge voltage/current-time and discharge voltage/current-
time studies are made. The open circuit voltage has been observed for 100 hours. It is found that the cell 
is well stable and also rechargeable.  
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1. Introduction 
 
Organic semiconductors have been studied for more than fifty years and exhibit many properties that still 

are far from understanding them as well as it has been achieved with inorganic materials [1]. Much work was 
and is done to study electric and electrochemical properties of organic semiconductors [2] and their use as the 
active component in optoelectronic and electro-optical devices [3,4]. This is mainly due to low cost, simplicity 
of device fabrication, interesting electrical, electrochemical and optical properties, and environmentally 
harmless or friendly technology. An additional motivation stems from the academic point of view due to the 
molecular properties and the various open scientific questions [5]. The field of organic electronics has reached 
the point where several applications are routinely available for use; others are close to be commercialized, 
while others are in a design or testing phase for novel applications including nanoscale technologies.   

This enormous progress in applications of organic materials in optoelectronic devices is mainly due to the 
fact that many aspects of organic device performance are already well understood, and have been thoroughly 
documented in the scientific literature. But besides the increasing understanding of some physical properties of 
organic materials, many others are not yet fully understood. 

Organic molecules are suitable candidates as building blocks for the future electronics due to their size, 
easy availability in high purity, tunable optical, electrical [6] and structural properties and moreover due to their 
ability to self-organize into different nanostructures [7-9]. Many potential applications of organic 
semiconductors may be realized via investigation and modification of their conductivity [10-13].The wide 
range of organic molecular species offers different electronic components like diodes [14,15],

 
switches [16-18],

 

storage [19,20],
 
wires [21-23]

 
and insulators, which fueled the hope that electronic devices can be shrunk from 

the current micrometer-length scale all the way down to the molecular scale [24]. A further advantage is given 
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by the possibility to dissolve the organic materials in solvents; thus allowing applying cost-effective, high 
volume, continuous printing techniques in the production of organic electronics, with great reductions in cost of 
the final device. 

Some organic semiconductors are very sensitive to humidity [10,11], temperature [25-26], infra-red, 
visible and ultraviolet radiation [27], and different types of gases stick as ammonia [28]. Obviously, 
investigation of electrochemical behavior and fabrication of electrochemical cells and sensors with liquid and 
solid electrolytes on the base of organic materials is very promising area [29,30]. For example, Panozzo et al. 
[31] have described a high-efficiency light-emitting electrochemical cell on the base of organic salt and Arnold 
[12] has reported an electrochemical glucose sensor. Organic- based transistors that are available to detect 
charged/uncharged chemical species in aqueous media via the electric field have been developed by Bartic et al. 
[32]. A number of ions selective electrode devices, semi-conducting oxide sensors and electrochemical ones 
based on liquid and solid electrolytes have also been described [12,33]. 

Poly(vinyl alcohol) PVA is a polymer and is a potential candidate for use in electrolytes [34,35]. PVA has 
solubility in water. Also both iodine and PVA are harmless. Therefore, it would be useful to use this material in 
electrochemical devices that could be used for storage and conversion of energy. In an earlier study [2], we 
reported a rechargeable zinc/orange dye aqueous solution/carbon cell. This cell can be used as a source of 
electric power for low power applications, as an electrochemical sensor of moisture or water precipitation, and 
for measuring environmental parameters. The voltage and current generated by an electrochemical cell is 
directly related to the types of materials used in the electrodes and electrolyte. In this work, we investigated 
electrochemical properties of a Zn/ PVA+Iodine aqueous solution/carbon cell. The open-circuit voltages and 
short-circuit currents of the cell are observed. The discharge voltage/current–time characteristics exhibit stable 
and constant behavior.  

 
 
2. Experimental 
 
Poly vinyl alcohol (MERCK), [-CH2CHOH-]n, with density 0.4 - 0.6 gcm-3 at room temperature and 

iodine were used for preparation of the poly vinyl alcohol (PVA)- iodine  aqueous solution for Zn/ PVA+Iodine 
aqueous solution/carbon cell. The wt.% ratio of PVA and iodine in the aqueous solution was 5:1.  

In order to make poly vinyl alcohol (PVA)-based polymer electrolyte, 0.6 g of PVA was placed in 20 ml 
of distilled water in a 100 ml beaker and put it onto hot plate at 75C. When PVA was fully dissolved in distilled 
water, then filtered it and calculated value of iodine was added to it.  

Experimental cell assembly for the polymer electrolyte- based zinc/carbon cell is shown in fig. 1. The cell 
was sealed in cylindrical glass vessel and cell’s length and diameter were 3.0 and 2.0 cm respectively. The 
separation between two electrodes was 1 cm and the volume of the solution was 3.0 cm3, length of both the 
electrodes was 3.5 cm. The shape of carbon electrode was cylindrical and zinc electrode was in rectangular 
shape. The diameter of the carbon rods was 5.0 mm. Width and thickness of the zinc sheets were 0.5 cm and 
1.0 mm, respectively.  
 

        
 

Fig. 1. Schematic diagram of Zn/ PVA+Iodine aqueous solution/carbon cell. 
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  The discharge voltage-current, open circuit voltage-time, charge voltage/current-time and discharge 
voltage/current-time characteristics of cell was measured at room temperature by Keithley 196 Digital 
Multimeter. 

       
 
3. Results and discussion 
 
The discharge voltage-current (V-I) relationship of the zinc/ PVA+Iodine aqueous solution /carbon 

electrochemical cell is shown in Fig. 3. The zinc electrode’s potential has negative polarity with respect to the 
carbon electrode [2]. The V-I relationship is typical for electrochemical cells [36]. 

 The charge voltage/current-time and discharge voltage/current-time curves of the cell are presented in fig. 
3 and 4 respectively. The cell was discharged at load of 700 Ω. It is found that the cell is rechargeable. The 
measured values of open-circuit voltage and short-circuit current of the fully charged cell are 1.4 V and 5.14 
mA, respectively (fig. 2). The discharge voltage/current-time characteristics exhibit stable and constant 
behavior (fig. 4).  
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Fig. 2. Voltage versus current discharge characteristic of  Zn/ PVA+Iodine aqueous solution/carbon cell. 
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Fig. 3. Charge voltage/current-time curves for Zn/ PVA+Iodine aqueous solution/carbon cell. 

 
The current efficiency ( iE ), i.e., the ratio of the quantity of electricity obtained from the cell and that used 

to charge it (fig. 3 and 4) for a fixed time ( t ) of 4 hr as calculated by the following formula [37], is 66%. 
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where dI is discharging current and cI  is charging current. 
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Fig. 4. Discharge voltage/current-time behavior for Zn/ PVA+Iodine aqueous solution/carbon cell. 

 
In the zinc/ PVA+Iodine aqueous solution /carbon cell, when the zinc electrode was replaced by carbon 

and charged the cell, it was found that in the discharge mode the operating voltage dropped from 182.7 to 6.3 
mV and current from 0.34 to 0.008 mA, during 12 hours. This indicates that in the zinc/ PVA+Iodine aqueous 
solution /carbon cell, the zinc electrode is active with respect to that of carbon. 
 The electrical energy of the cell as a change of free energy ( G∆ ) was found to be -270 kJmol-1 by using 
following expression [36]. 
 

nFEG −=∆             (2) 
 
where n  is the number of electrons transferred per mole (it is equal to 2); F  is Faraday constant (96487 C); 
and E  is the electromotive force of the cell. 
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Fig. 5. Open circuit voltage of Zn/ PVA+Iodine aqueous solution/carbon cell during 100 hrs of storage. 

 
The capacity of the cell ( C ) was calculated using the expression [36]: 
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)(MW
nFWC =            (3) 

where W  is the weight of the active electrode material (zinc in this case): its weight is equal to 2.136 g; MW  
the molecular weight of the material (for zinc it is equal to 65.37). The calculated value of the C is 6.31 kC = 
1.75 Ah.    
 
 

4. Conclusions 
 
An electrochemical zinc/ PVA+Iodine aqueous solution /carbon cell has been fabricated and its 

electrochemical properties have been investigated. The cell is found to be rechargeable. The value of open 
circuit voltage and short circuit current of the fresh and fully charged cell are 1.4 V and 5.14 mA, respectively.  

The current discharge/charge efficiency is 66%. The stable and constant behavior is observed for 
discharge voltage/current-time characteristics. The cell may be used as a source of electric power of low power 
applications, as an electrochemical sensor and for measuring environmental parameters. 
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