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Abstract— Energy crisis is what being faced by every country 

today. Many efforts have been devoted to overcome the 

problems. One of several offered solutions is to develop solar 

cells (SCs) since solar energy is abundant and free to use. 

Solar energy is available a whole year with quite high power 

450 mWcm-2. Several types of SCs, especially silicon-based, 

have been mass-produced and applied in our daily life. 

Silicon-based SC has high efficiency yet has high price. Dye 

Sensitized Solar Cell is an inexpensive type of SC. The 

natural ingredients could be utilized as dyes for DSSC. In this 

research, Butea monosperma extract was employed as the dye 

for TiO2-based DSSC. In pursuit of an abundant, inexpensive 

and stable counter electrode as an alternative to platinum for 

dye-sensitized solar cells (DSSCs), we report a new, low-cost 

substitute material. Here for the first time, we demonstrate 

that V2O5 can be used as a counter electrode material in 

DSSCs. We note that the efficiency of DSSCs with 

commercial V2O5 and hydrothermal treated V2O5 are upto 

1.2% and 1.6%, respectively. The results indicate that, with 

optimization, V2O5 can be a promising choice to replace 

platinum from a cost perspective. The innovation of new 

economical counter electrodes offers a potential way to cut 

down the industrial costs which is crucial for large-scale 

production and commercial applications of DSSCs. 
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I. INTRODUCTION 

Global warming is a major concern of today’s world. Hence, 

there is an urgent need for environmentally sustainable 

energy technologies. Solar energy is the source of an 

enormous quantity of clean, renewable energy; it has attracted 

much attention as photovoltaic (PV) cells can directly convert 

solar energy into electrical energy with low carbon footprint. 

Despite being an abundant source of energy and promising 

industry, only approximately 0.015% of global electricity is 

generated from solar energy, however this could be massively 

extended by further reductions in cost and development of 

new markets for PV. In this context, dye sensitized solar cells 

(DSSCs) have emerged as an interesting low-cost 

photovoltaic technology. Furthermore, the other key 

attributes of DSSC technology are its simple manufacturing 

procedures, environmental friendliness, light-weight, 

flexibility, semi transparency and good performance in 

diverse light conditions. 

DSSCs have stimulated great research interest since 

the first report of high-efficiency from O'Regan and Grätzel 

in 1991. Although laboratory device efficiencies have 

reached 12%, to make this available for mass production, the 

cost of manufacture has to be reduced. DSSCs mainly consist 

of a photoanode, made of a few micron thick semiconductor 

such as TiO2 on a conductive substrate such as fluorine doped 

tin oxide coated glass (FTO), an organic sensitizer (dye, e.g. 

N719) or inorganic sensitizer (quantum dots, e.g. CdS, PbS), 

an electrolyte (typically I3 - /Ior Co2+/Co3+ redox couples) 

and a counter electrode (CE) made of platinum (Pt) or a 

carbon material on a conductive substrate. Each component 

of the device decides the efficiency and cost of the resulting 

solar cell. 

In order to achieve economic viability, one of the 

challenges in DSSC technology is to find a suitable 

replacement for the precious metal Pt. Pt is a preferred CE 

because of its excellent electro catalytic activity and high 

electrical conductivity. There are some reports which claim 

that Pt reacts with I3 - in the electrolyte to form PtI4 and in 3 

addition the catalytic activity decreases upon the exposure to 

dye solution and in the presence of I2 based electrolyte. 

Additionally, Pt is a rare and expensive metal. To reduce the 

fabrication cost, substantial research efforts have been placed 

on the exploration of alternative and cheap counter 

electrodes. To date carbon materials, conductive polymers, 

inorganic compounds such as sulfides, carbides, nitrides, 

phosphides, tellurides, and composites have been explored as 

effective alternative counter electrodes. Though some of 

these materials have reached the efficiencies comparable to 

or slightly inferior to that of existing Pt, there still remain 

concerns of ready availability, ecofriendliness, stability, 

economic viability and large scale production cost. Therefore, 

the fact remains that very few alternative materials are 

capable of replacing the expensive Pt in fabricating 

economical and highly efficient DSSCs. Despite having a 

number of strengths such as durability, environmental 

friendliness, stability, high melting temperatures, and high 

electrical and thermal conductivities, oxides  are less studied 

compared to other inorganic materials. Recently tungsten 

oxide has been reported as an efficient low cost CE. 

Vanadium based oxides belongs to transitional 

metal oxides which are of particular interest because of their 

low cost, abundance in nature, good electrical conductivities, 

good catalytic activity and excellent atmospheric stability. It 

is known that V2O5 is already considered as a promising 

material in technologies as cathodes in rechargeable ion 

batteries, optical electrical switches, spintronic devices, gas 

detectors, capacitors, and electrochromic devices. In this 

present work, we choose V2O5 as a material of interest for 

counter electrodes in DSSCs, because of its distinctive 

features: inexpensive, readily available, has excellent 

physical and chemical properties, and reasonable electrical 

conductivity. There are a few reports on the implementation 

of V2O5 in DSSC technology such as an electron blocking 4 

layer or a compact layer], and a composite of V2O5 in solid 

state DSSCs. To the best of our knowledge, this is the first 

time ever that V2O5 to be used as a CE in DSSCs. 

In this report, we show that the photovoltaic 

performance of hydrothermally treated V2O5 (H-V2O5) 

shows better photo conversion efficiency compared to 

commercial V2O5 (C-V2O5) and has the potential to 

compete with expensive Pt counter electrodes. It is 

worthwhile to mention here that, the adhesion issues 

associated with C-V2O5 during film process prompted us to 
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treat this material hydrothermally to alter its particle sizes and 

improve the film process. So proper care has been taken in 

terms of hydrothermal synthesis conditions (temperature and 

duration) to avoid formation of any kind of hydrate or mixed 

valent vanadium oxide phases. 

II. EXPERIMENTAL PROCEDURE 

A. Examined Materials 

For fabrication of DSSC, TiO2 powder (Naresh scientific 

Company), acetic acid (Naresh scientific Company), pure 

water, polyethylene glycol 400mol (precision chemicals), 

polyethylene glycol 20000mol (precision Chemical 

Industries), Vanadium Pentoxide, acetylacetone (Naresh 

scientific Company) iodine electrolyte, graphite carbon 

pencil, and Toughened glasses were used in this research. For 

the dye, butea monosperma), red yeast and frozen blueberries 

were used. Experimental steps were done in three parts, 

which are the preparation of the cathode electrode (TiO2 

photoelectrode), preparation of the anode electrode (carbon 

counter electrode) and the preparation of the dye-sensitized 

solution. 

B. Preperation Method 

The DSSCs were composed of a TiO2 photo electrode which 

were immersed in a dye solution, a Carbon counter electrode 

and the liquid electrolyte. Therefore, in these experiments, we 

divided the preparation method in three methods which based 

on each layer that require different preparation method. 

The TiO2 films were made by spreading TiO2 

pastes on the toughened glass plates by the spin coating 

technique. TiO2 paste were prepared by mixing grounding 

the TiO2 powder with distilled water, acetic acid, acetyl 

acetone and polyethylene glycol (PEG). Extensive stirring 

were proceeded to ensure complete dispersion of TiO2 

nanoparticles and to facilitate the spreading of the colloid on 

toughened glass [9]. Droplets of each paste were placed onto 

the toughened glass, on the turning table of a spin coater. 

Adhesive tapes were placed on the edges of toughened glass 

to form a guide to spread the pastes for about 10 seconds. 

Then, the TiO2 was sintered at 450°C for 60 minutes. The 

resulted electrode were then cooled down to 80°C. Thickness 

of the TiO2 film was controlled by multiple coating processes 

in which the coated substrates were subjected repeatedly to 

spin-coating and drying steps. 

To prepare the Carbon counter electrode, the 

toughened glass was wiped with ethanol. Then, the toughened 

glass surface was colored by using graphite carbon pencil. 

After that, the surface was checked to ensure that there was 

no space that the carbon did not cover. 

The preparation of the dye-sensitized solutions 

varries based on the dye chosen. For the Butea 

monosperma(flame of the forest) were left to defroze. No 

water was added into the solution. Cathode electrode was 

then immersed in the dye solution for six hours. After that, 

the surface of the TiO2 photo electrodes were cleaned by 

using the ethanol to ensure that there were no blueberry 

remained on top of the TiO2 surface. For gardenia-blue dye 

and gardenia-yellow dye, 20 droplets of each dye were mixed 

with 15ml of pure water. It was then left for six hours for 

gardenia-blue dye and four hours for gardenia-yellow 

solution. All of these were carried out at 21°C, without the 

presence of light. The TiO2 photo electrodes were then taken 

out of the dye solution, and dried using the dryer for two 

minutes at temperature around 40°C to 42°C. 

In the preparation of liquid electrolyte, 10ml of 

ethylene glycol was added into a beaker. Then, 0.127g of 

iodine (I2) was added into the beaker containing ethylene 

glycol. After that, 0.83g of potassium iodide was added. By 

using the glass rod, the mixture was mixed until there was no 

grain of iodine and potassium iodide can be seen. 

Toughened glass was cut into the same dimensions 

as the WE and a small hole was drilled to facilitate the 

injection of electrolyte, using a sand blasting unit, with a 

smooth finish given by ending the drilling with a portable 

glass hole drilling tool. The drilled FTO substrates were 

subjected to the same cleaning and drying procedures as was 

the case for the photo anode substrates. C-V2O5 and H-V2O5 

pastes were prepared by mixing 4:1 ratio of V2O5 powders 

with ethyl cellulose and few drops of α-terpineol to make an 

appropriate viscous paste to facilitate the screen printing 

process. Finally the V2O5 films were prepared by screen 

printing on the as- 6 prepared FTO substrates followed by 

sintering in air at 450°C for 30 min at a heating rate of 

5°C/min to remove the binders. Then the V2O5 films were 

allowed to cool down to room temperature. 

For comparison, a Pt CE was prepared using a 

sputtering system on FTO substrates. Three kinds of DSSCs 

were therefore fabricated, i.e. using Pt, C-V2O5 and H-V2O5 

as counter electrodes, and their performances were compared. 

C. DSSC Assembly 

The cathode electrode and the anode electrode were put 

together, overlapping each other, and a space at the end of 

each electrode was made. Next, both electrodes were fasten 

using the double clip. Three drops of iodide solution were 

added at the end of the electrode and the solutions were 

spread over the entire electrode. Then, the remaining iodide 

solution were wiped off using cotton swab soaked with 

alcohol. After that, a tester with crocodile clip were attached 

at both ends of the electrode. 

III. RESULTS & DISCUSSION 

A. Working 

A schematic presentation of the operating principles of the 

DSC is given in Fig. 1. At the heart of the system is a 

mesoporous oxide layer composed of nanometer-sized 

particles which have been sintered together to allow for 

electronic conduction to take place. The material of choice 

has been TiO2 (anatase) although alternative wide band gap 

oxides such as ZnO [2], and Nb2O5 [3] have also been 

investigated. Attached to the surface of the nanocrystalline 

film is a monolayer of the charge transfer dye. Photo 

excitation of the latter results in the injection of an electron 

into the conduction band of the oxide. The original state of 

the dye is subsequently restored by electron donation from 

the electrolyte, usually an organic solvent containing redox 

system, such as the iodide/triiodide couple. The regeneration 

of the sensitizer by iodide intercepts the recapture of the 

conduction band electron by the oxidized dye. The iodide is 

regenerated in turn by the reduction of triiodide at the 
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counterelectrode the circuit being completed via electron 

migration through the external load. The voltage generated 

under illumination corresponds to the difference between the 

Fermi level of the electron in the solid and the redox potential 

of the electrolyte. Overall the device generates electric power 

from light without suffering any permanent chemical 

transformation 

 
Fig. 1: 

B. Titania Particle Size Evaluation 

Based on Table , as the size of the particle increases, the 

contact area between the conductive surface and the 

dispersion is insufficient and this will decrease the Coulomb 

force between the titania particles, and thus, will lead to the 

inconstant film thickness when being applied using the spin 

coating technique as the titanium dioxide particles does not 

dispersed completely. After the film application, we can see 

that the film thickness is not constant besides having cracks 

and holes on the surface. This will then lead to the low and 

unstable power generation. The presence of cracks, holes and 

inconstant film thickness made the sintering process difficult 

which made the movement of electron throughout the titania 

electrode is limited. 

Particl

e size 

[nm] 

Uniformit

y of 

The film 

thickness 

Surface 

conditio

n 

sinterabilit

y 

Power 

stabilit

y 

7 △ ○ ◎ ◎ 

60 x X △ △ 

160 x X x x 

Table 1: Titania Particle Size Evaluation 

◎: Excellent               ○: Good 

△: Acceptable              ×: Not acceptable 

From the experiment conducted, we can conclude 

that the best TiO2 powder’s particle size is 7nm. It has the 

best condition for sintering and the most stable power 

produced besides having the uniformity of the film thickness 

and good surface condition. The mesoporous photoelectrodes 

films composed of small-sized TiO2 nanocrystalline particles 

have the advantages of providing a large surface for greater 

dye adsorption and facilitating electrolyte diffusion within 

their pores 

IV. CONCLUSION 

There are many factors that will influence the performance 

and efficiency of a DSSC such as the chosen of the materials, 

coloring and the thickness of the electrode. From all of the 

experiments conducted, we discovered that the particle size 

of TiO2 is the best at 7nm and suitable to be applied for the 

current research. Therefore, all the next consecutives 

experiments will be conducted by using the 7nm TiO2. 

And we have demonstrated the utilization of V2O5 

as counter electrodes in DSSCs. Since the DSSCs using these 

counter electrodes still yield low fill factors and low 

efficiencies as compared to conventional Pt counter 

electrodes; further improvements need to be carried out. 

However this looks a promising avenue of investigation since 

it was found that photovoltaic performance is affected by the 

morphology of V2O5 materials. By tuning the morphology of 

counter electrodes made of V2O5 and improving the layer 

adhesion, one can likely enhance the device performance and 

certainly can push the cell efficiencies towards conventional 

Pt. This work opens a way for further development of more 

practical and cost effective, stable Pt-free counter electrodes 

materials for DSSCs. 
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