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Abstract 

In this paper we studied local natural dyes extracted from curcumin to study I-V characteristic 
for dye-sensitized solar cell. In preparing the cell, some commercial nanoscale titanium dioxide 
(TiOR2R) was used as a semiconductor material and photoelectron, which was coated on glass 
slides of tin oxide mixed with fluorine (FTIO), these slides were immersed in the extracted dye 
to obtain the positive end of the cell, while the negative end of the cell was obtained by coating 
the (FTO) glass slides with graphite thin iodine solution which used as liquid electrolyte.The cell 
was collected and electrical properties (I-V) characteristic was investigated. The results showed 
that the highest efficiency of cur cumin dye was 0.44156%. 

Keywords: Curcumin dye, natural dyes, commercial nanoscale titanium dioxide, liquid 
electrolyte 

Introduction 

Energy is the fundamental need for mankind today. It ensures better quality of life. For daily use 
uninterrupted energy has become a necessity for humanity now days. As blood is to body 
electricity is to economy of any country so without it economy will tremble and it will be very 
hard to sustain it. All over the world energy is one of the leading issues and every country is 
looking for energy resources as its demand is increasing sharply. Non-renewable energy 
resources are either too expensive or damaging the environment and also they are eventually 
going to end in near future. That’s why the world is moving towards renewable energy resources 
which are naturally replenished in a relatively small period of time. Though hydroelectric is very 
cheap renewable energy source but it is not available to all places in the world while on the other 
hand solar has the potential to take over the whole power generation. From over the centuries, 
sun is providing energy in both forms: light and heat. Today, solar energy is used to produce 
electricity by using photovoltaic cells [1]. 

Energy is the most important element for human being in the world to survive. From morning 
until night, energy is involved in every life aspect. Overall, the sources of energy are divided into 
2 which are renewable energy and nonrenewable energy.  The renewable energy is energy that 
will not run out even though it is continuously used for long period while non-renewable energy 
is energy that will round out if it is continuously used for long period. Wind, water wave and 
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solar energy are examples of r renewable energy. Coal, oil and natural gas are examples of non-
renewable energy. Compared to other energy sources, solar energy has many advantages. It is 
environmentally friendly, clean, abundant and free of noise pollution. Besides that, solar energy 
is unlimited energy which is available everywhere and free. Solar energy must be converted into 
electrical energy so it can be used. The solar cell is a device that directly converts solar energy 
into electrical energy through photovoltaic process and the solar cell was firstly invented by 
Charles Frits in 1883 using junction formed by coating selenium with gold but the efficiency was 
only 1 %. Generally, solar cells are divided into 3 types, monocrystalline, polycrystalline and 
thin film where the monocrystalline solar cell has higher efficiency than polycrystalline and thin 
film solar cells [2]. 

Solar energy is clean and is abundantly available. Solar technologies use the sun to provide heat, 
light, electricity, etc. for domestic and industrial applications. With the alarming rate of depletion 
of the major conventional energy resources such as Coal, Petroleum and Natural gas, coupled 
with the environmental degradation caused by the process of harnessing these energy sources, it 
has become an urgent necessity to invest in renewable energy resources that would power the 
future sufficiently without degrading the environment through greenhouse gas emission. The 
energy potential of the sun is immense, but despite this unlimited solar energy resource, 
harvesting it is a challenge mainly because of the limited efficiency of the array cells. The best 
conversion efficiency of most commercially available solar cells is in the range 10-
20s%.Although recent breakthrough in the technology of solar cells shows significant 
improvement but the fact that the maximum solar cell efficiency still falls in the less than 20s% 
range shows there are enormous room for improvement [3]. 

 

Material & Method 

The materials used in this work is Curcumin which is a small-molecular weight compound 
isolated from the roots of Curcuma longa L. it has been used traditionally for centuries in Asia 
for medicinal, culinary and other purposes .A large number of in vitro and in vivo studies in both 
animals and man have indicated that curcumin has strong antioxidant, anti-carcinogenic ,anti-
inflammatory, anti-antigenic, antispasmodic, antimicrobial, and anti-parasitic and other 
activities.  

The molecular formula of curcumin is CR21RHR20ROR6R, its molecular weight is 368.37 g/mole, and 
melting point is 183.8°C, Ethanol, Acetone, FTO coated glass substrate and 40TTitanium dioxide40T, in 
addition to devices used to study I-V characteristic such as   USB spectrometer 2000. Computer 
with orion8.6program Voltmeter Ammeter. 
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Figure (1) FTO glass with TiOR2 Rlayer deposition with Curcuma longa L 

Natural Dyes Preparation  

The natural dyes sensitizer used in this work was prepared by extracting anthocyanin from 
Curcumin. The Curcumin was extracted from commercially purchased turmeric powder prepared 
from the ground rhizome of Curcuma longa L. Approximately 0.5 g of the sample was dissolved 
in 50 mL of ethanol.  After extraction, the solid residues were filtered out, and the clear solutions 
were used as prepared. Then, the extract was stored in a dark container (away from direct 
sunlight) overnight, and used further as sensitizers in DSSCs. 

Preparation of TioR2R Film 

A nanoparticle powder TiOR2R was used to prepare the films.  Water and acetic acid have been 
added due to the contribution to the mechanical properties of the films, i.e. good adhesion to the 
substrate and preventing the formation of cracks. Terpineol is added to prevent particle growth, 
ethyl cellulose to achieve porosity of the films due to decomposition during thermal annealing.  
The films were deposited with a Doctor-blade technique on an FTO glass. Doctor-blade 
technique is process of paste deposition on some surface by a razor blade, while the scotch tape 
is used as a pattern which gives the shape to the deposited layer and uniform thickness of the 
film about 40 μm. After the deposition, the films were left at room temperature for a few 
minutes,  after which each film due to calcination  was treated with the procedure:  at  120°C/10 
min,  at  250°C/10  min,  at 400°C/10  min,  at 450°C/5 min  and  finally at  500°C/15 min,  
similar to the procedure presented elsewhere. 
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Preparation of Electrolyte 

The electrolyte was prepared by dissolving 1.66 g of lithium iodide (approx. 60 mM.LiI) and 
0.254 g of iodine (approx. 0.5 mM I2]) in 20 ml of ethylene glycol at 50°C with stirring.  The 
preparation of iodine-based electrolyte was chosen based on the reported procedures. 

Solar Cell Assembly 

The DSSC was assembled by preparing two slides, a dye-stained slide (electrode) and a graphite-
coated slide (counter electrode). To prepare the dye-stained slide, the TiOR2R coated slides were 
immersed in the dye for an hour. During this stage, the color of the TiOR2R layer changed from 
white to slightly to color of dye who dunk it. Subsequently, the stained film was rinsed in water 
and ethanol. Next, the dye-stained slide was gently blotted dry with tissue paper. To prepare the 
graphite-coated slide, the conductive side of the glass plate was coated with carbon by gently 
sweeping the surface with a graphite stick (2B pencil). Next, the carbon-coated glass plate was 
coated with black by holding the carbon-coated side of the glass plate above a candle flame. 
Then, the carbon coated glass plate was heated on a hot plate at 150°C for 15 min before 
allowing it to cool at room temperature. Next, the cell device was assembled by placing the 
graphite-coated slide face down on top of the stained titanium dioxide coated side. The two 
opposing slides were placed on top of each other with a slight offset to ensure that all of the 
stained titanium dioxide was covered by the counter electrode and that a space was available for 
connecting the crocodile clips. Next two binder clips were used on opposite edges to gently hold 
the slides together. Then, two drops of the iodide/iodine electrolyte solution were placed at the 
edges of the plates. The complete cell is shown in Figure 6. Subsequently, the two binder clips 
were alternately opened and closed to promote the uniform dispersion of the iodide/iodine 
electrolyte between the slides. Then, the alligator clips that were attached to the overhanging 
edges were connected to the multi-meter. The negative and positive terminals were attached to 
the stained titanium dioxide (electrode) and graphite stained (counter electrode) slides, 
respectively. 

Results 

 
Figure (2) set up of I -V Characteristic Measuring Apparatus 
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Table (1) I-V Characteristics of korkumm Mixed ethanol solar cells at  
0. 
 
Voltage (V) Current ( mA ) Voltage (V) Current ( mA ) 

0 19.012 6.4569 19.5021 

2.60709 19.30931 7.49956 15.03213 

4.8415 19.5025 7.6663 7.99156 

  7.73 0 

 

 
Figure (3) I-V Characteristics of DSSCs made using korkumm Mixed ethanol, taken under 

0.55mWc/m2 illumination of artificial sunlight 

Table (2) I-V Characteristics of kokum Mixed acetone solar cells at 0.55mW/cmP

2 
Illumination 
 

Voltage (V) Current ( mA ) Voltage (V) Current ( mA ) 

0 19.012 7.49956 15.03213 

2.6079 19.30931 7.6663 7.99156 

4.84015 19.5021 7.73 0 

6.4569 19.5021   
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Figure (4) I-V Characteristics of DSSCs made using kokum and Mixed acetone, taken 
under 0.55m W/cm2illumination of artificial sunlight 

Table (3) I-V Characteristics of kokum with chloroform solar cells at 0.55mW/cm2 
Illumination 
 
Voltage (V) Current ( mA Voltage (V) Current ( mA 

0 18.44164 7.49956 14.58116 
2.6079 18.73003 7.6663 7.75181 
4.84015 18.91704 7.73 0 
6.4569 18.91704   

 
Figure (5) I-V Characteristics of DSSCs made using kokum and Mixed chloroform, taken 

under 0.55m W/cm2illumination of artificial sunlight 
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Table (4) I-V Characteristics of kokum with chloroform solar cells at 0.55mW/cm2 Illumination 

Voltage (V) Current ( mA ) Voltage (V) Current ( mA ) 
0 20 7.49956 15.8133 
2.60709 20.3176 7.6663 8.40668 
4.84015 0.51557 7.73 0 
6.4569 0.51557   

 

 

 

 

 

 

 

 

 

 

 

Fig
ure (6) I-V Characteristics of DSSCs made using kokum Mixed methanol, taken under 
0.55Wm/cm2illumination of artificial sunlight 

 

Table (5) I-V Characteristics of korkumm based solar cells at 0.55mW/cm P

2
P illumination. 

S.NO Dye 
solution 

Vo(mA) VRmR(mv) IRscR(mA) IRmR(mA) Jsc(mA\cm2) FF η 

1 Ethanol 7.72 7.34 19.85 18.55 3.176 0.89 0.3968 
2 Acetone 7.74 7.27 19.25 18.17 3.08 0.89 0.3858 
3 Chloroform 7.74 7.32 18.77 17.52 3.0032 0.88 0.3719 
4 Methanol 7.743 7.39 20.26 18.69 3.242 0.88 0. 
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Figure (7) Structure of Dye Sensitized Solar Cells 

Conclusion & Discussion 

*In figure (1) kokum mixed ethanol the short-circuit current (Isc  ) =19.85mA, short-circuit 
density(Jsc  )=3.176mA.cm,open-circuit voltage ( VRocR )=7.72mV,fill factor (FF  )= 0.89 the 
maximum voltage (Vmax   ) = 7.34mV, the maximum photocurrent (Im  ) =18.55mA and the 
power conversion efficiency (η ) = 0.3968%  

*In figure (2) kokum mixed Acetone the short-circuit current (Isc  ) =19.25mA, short-circuit 
density( Jsc )=3.08mA.cm,open-circuit voltage (Voc  )=7.74mV,fill factor (FF  )= 0.89, the 
maximum voltage ( Vmax  )=7.27mV, the maximum photocurrent (Imax  ) =18.17mA and the 
power conversion efficiency (η ) = 0.3858% . 

*In figure (3) kokum mixed chloroform the short-circuit current (Isc  ) =18.77mA, short-circuit 
density(Jsc  ) = 3.0032mA.cm,open-circuit voltage (VRocR)  =7.74mV,fill factor (FF  )= 0.88, the 
maximum voltage ( VRmaxR  )=7.32mV, the maximum photocurrent (IR R  ) =17.52mA and the power 
conversion efficiency (η ) = 0.3719% . 

*In figure (4) kokum mixed methanol the short-circuit current (IRscR  )  = 20.26mA, short-circuit 
density(Jsc  )=3.242mA.cm,open-circuit voltage (VRocR  ) = 7.743mV,fill factor (FF  )= 0.88, the 
maximum voltage ( VR R  ) = 7.39mV, the maximum photocurrent (IRmaxR  ) =18.69mA and the 
power conversion efficiency (η ) = 0.40165%  

*In table (5) we not that in curcumin dye, the highest efficiency is (0.4016) when using a 
methanol   solution.   

The cell was collected and electrical properties (I – V) characteristic was investigated. The 
results showed that the highest efficiency of cur cumin dye was 0.44156%. 
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