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ABSTRACT

Electrochemical properties of a zinc/orange dye aqueous solution/carbon cells have been
investigated for dierent concentrations of orange dye. In this cell, orange dye is used as
an electrolyte and zinc and carbon rods serve as electrodes. As a cell compartment the
cylindrical glass vessels of 4.0 cm in length and with a diameter 2.5 cm are used. Eects
of concentration have been examined on the discharge voltage-current, charge voltage/
current-time and discharge voltage/current-time characteristics. The open-circuit
voltages and short-circuit currents of cells are observed as dependent on the orange dye
concentration. The eciency of current discharge/charge is found larger at higher
concentration of the dye. The discharge voltage/current-time characteristics exhibit
stable and constant behavior at all concentrations.

Keywords: Charge-discharge process; electrochemical sensor; orange dye;
organic semiconductor; rechargeable cell.

INTRODUCTION

The study of electric and electrochemical properties of organic materials is
attracting considerable interest. This is largely due to its low cost, ease of device
fabrication, interesting electrical, electrochemical and optical properties, and that it
is an environmentally harmless technology. Organic materials are promising
candidates for future cost eective electric, electronic, and optoelectronic devices
such as rechargeable batteries, fuel cells, electrochromic devices, sensors, light
emitting diodes, lasers, photodiodes, solar cells, and ®eld eect transistors
(Rajendran et al. 2003, Sayyad et al. 2005). A wealth of information has been
obtained on the behavior of dierent types of cells, employing organic electrolytes
(Karimov et al. 2006, Wu et al. 2006, Park et al. 2007, Ye & Xu 2007).
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There is a large range of organic materials which are semiconductors. Some
of these organic semiconductors are very sensitive to humidity (Gutman & Lyon
1981, Gutman et al. 1983), temperature (Karimov 1982, 1994), infra-red, visible
and ultraviolet radiation (Karimov et al. 2000), and dierent types of gases,
such as ammonia (Fiodiorov 1999). Obviously, investigation of electrochemical
behavior and fabrication of electrochemical cells and sensors with liquid and
solid electrolytes based on organic materials is a very promising area (Stetter et
al. 2003, Oh et al. 2003). For example, Panozzo et al. (2002) have described a
high-eciency light-emitting electrochemical cell on the base of organic salt, and
Arnold et al. (1995) have reported an electrochemical glucose sensor. Organicbased transistors that are available to detect charged/uncharged chemical
species in aqueous media via the electric ®eld have been developed by Bartic et
al. (2003). A number of ions selective electrode devices, semi-conductor oxide
sensors and electrochemical ones based on liquid and solid electrolytes have also
been described (Blythe 1979).
Very recently, we have studied electrical and optical properties of orange dye
(Sayyad et al. 2005, Karimov et al. 2004, Moiz et al. 2005). It is a p-type organic
semiconductor (Karimov et al. 2006) and is a potential candidate for use in
electronic devices (Moiz et al. 2005). A heterojunction of Poly-N-epoxipropyl
carbazole/orange dye exhibited recti®cation behavior (Karimov et al. 2002).
Orange dye has excellent solubility in water, and shows good absorption in the
visible region. It is also stable in normal conditions and 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 (Karimov et al. 2006),
we reported a rechargeable zinc/orange dye aqueous solution/carbon cell. Zinccarbon cells are the most popular primary cells. A rechargeable zinc/orange dye
aqueous solution/carbon cell represents a very attractive and low cost battery
with no environmental eect. 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 report the eects of orange dye concentration on opencircuit voltage, short-circuit current, discharge voltage-current characteristics,
charge voltage/current-time characteristics and discharge voltage/current-time
characteristics.
MATERIALS AND METHODS

Organic semiconductor-3orange dye, C17H17N5O2 (Fig. 1) with a molecular weight
232 g, density 0.9 gcm and p-type conductivity was used for preparation of the
electrolyte for zinc/orange dye aqueous solution/carbon electrochemical cell. In

Eects of orange dye concentration on electrochemical properties of zinc/orange .....

79

order to examine, the eects of orange dye concentration on electrochemical
properties of the cell, solutions of four dierent concentrations of the dye (10.0
wt.%, 5.0 wt.%, 2.5 wt.% and 1.25 wt.%) were prepared in distilled water. As cell
electrodes, the rods and rectangular sheets of the carbon and zinc, respectively,
were employed. The diameter of the carbon rods was 8.0 mm. Width and thickness
of the zinc sheets were 1.2 cm and 1.0 mm, respectively. The length of both
electrodes was 5.5 cm. For each cell, the separation between Zn and carbon
electrodes
was maintained at 4.0 mm and the volume of the electrolyte was 3.0
cm3. The cells were assembled in cylindrical glass vessels (Fig. 2) with the length
and diameter of each cell as 4.0 cm and 2.5 cm, respectively.
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Figure 1: Molecular structure of orange dye (OD)

The discharge voltage-current, charge voltage/current-time and discharge
voltage/current-time characteristics of all the cells were measured at room
temperature by Keithley 196 Digital Multimeter.
-
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Figure 2: Schematic diagram of Zn/orange dye aqueous solution/carbon cell

Results and discussion

A comparison of discharge voltage-current (V-I) relationship of the zinc/orange
dye aqueous solution/carbon electrochemical cells at dierent concentrations of
orange dye is shown in Fig. 3. The zinc electrode's potential has negative
polarity with respect to the carbon electrode (Karimov et al. 2006). The V-I
relationship is typical for electrochemical cells (Hibbert 1993). The open circuit
voltage/short circuit current-concentration of orange dye in aqueous solution is
shown in Fig. 4 and their measured values are listed in Table 1. The increase of

80

M. Saleem, Muhammad H. Sayyad, Zubair Ahmad, Khasan S. Karimov and Zioda M. Karieva

cell's output voltage and current are probably due to the increase of the
concentration of orange dye molecules, involved in the reactions. At these
processes, load resistance of the cell was changed accordingly. For the
measurement of voltage-current discharge characteristics, the load resistance
was variable. It was equal to ``in®nite'' and ``zero'' for the measurement of
open-circuit voltages and short-circuits currents, respectively. The current
eciency (E ) for a ®xed time (t) of 4 hours is calculated by the following
formula (Crow 1988) and given in Table 1.
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Figure 3: Voltage versus current discharge characteristic of zinc/orange dye aqueous

solution/carbon cells for dierent concentrations
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Figure 4: Open circuit voltage/short circuit current versus orange dye concentration

curves for zinc/orange dye aqueous solution/carbon cells
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where I is the discharging current and I is the charging current.
Optimal curves for charging and discharging at an orange dye concentration
of 10.0 wt% are shown in Figures 5 and 6. The discharge voltage/current-time
characteristics exhibit stable and constant behavior (Fig. 6). As a cell is charged,
its voltage increases and as this voltage is opposite to the voltage of the supply,
the current of the cell decreases (Fig. 5). The discharge characteristics were
measured under constant load. These characteristics show that power is
practically constant in the observed interval of time. Thus, charges produced by
the cell in the unit of time are equal to the charges supplied to the load.
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Figure 5: Charge voltage/current-time curves for 10.0 wt% concentration

of orange dye in aqueous solution

The reactions taking place in this cell can be represented as (Karimov et al.
2006):
At anode : Zn ! Zn2  2eÿ
2
At cathode : 2 C17H17N5O2  2H2O  2eÿ2 C17H17N5O OH  2OHÿ 3
The over all cell reaction is
2 C17H17N5O2  2H2O  ZnZn2  2 C17H17N5O  2OHÿ 4
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Figure 6: Discharge voltage/current-time behavior for 10.0 wt% concentration of

orange dye in aqueous solution

As seen from Eq. 4, zinc is involved in chemical reaction, therefore it may be
considered that the zinc electrode is active with respect to the carbon electrode
in the zinc/orange dye aqueous solution/carbon electrochemical cell (Karimov et
al. 2006). The electrical energy of each cell as a change of standard Gibbs free
energy (1G0), given in Table 1, is calculated by using following expression
(Hibbert 1993).
5
1G0  nFE0
where n is the number of electons transferred per mole (equal to 2); F is
the Faraday constant (96487 C); and E0 is the standard electromotive force of
the cell.
The capacity of the cell (C), that is the proportional to energy accumulation
by the cell, was calculated using the expression (Hibbert 1993).
nFW
6
C
MW
where W is the weight of the active electrode material (zinc in this case). Its
weight is equal to 2.136 g; MW is the molecular weight of the material (zinc =
65.37). The calculated value of C is 6.31 kC = 1.75 Ah.
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Table 1: Measured and calculated parameters of zinc/orange dye
aqueous solution/carbon cells
Orange dye
Concentration
(wt.%)

10.0
5.0
2.5
1.25

Open circuit
Voltage
(V)

1.87
1.36
1.15
0.90

Short circuit
Current
(mA)

3.75
3.46
3.27
3.08

Current
Eciency
(%)

74
69
64
60

Free energy
Change,
(kJ/ mol)

-724
-668
-631
-594

As a rule, an increase in the dimension of the cell and electrodes has an eect
on the electrochemical properties and in particular, results in an increase in the
output current.
CONCLUSIONS

For dierent concentrations of orange dye in aqueous solution, electrochemical
zinc/orange dye aqueous solution/carbon cells have been fabricated and their
electrochemical properties have been investigated. The cells are rechargeable.
The value of open circuit voltage and short circuit current are found to be
dependent on orange dye concentrations. At higher concentrations of orange
dye, values of open circuit voltage and short circuit current are also observed
high.
The current discharge/charge eciency is also observed to be concentration
dependent and higher with higher concentrations of orange dye. The stable and
constant behavior is observed for discharge voltage/current-time characteristics
for all concentrations of orange dye in aqueous solution. Higher concentration
of orange dye can be used for better eciency in zinc/orange dye aqueous
solution/carbon electrochemical cells.
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