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Fabrication and Characterization of Dye-sensitized Solar
Cells Based on Natural Organic Dyes

In this work a prototype of the dye-sensitized scokll based on a natural organic dye from blaokbeas studied. The
cell was fabricated using technologies availabl&latzak University of Technology. The cell wastéeksby Keithley 5A
Source Meter, Model 2440 and solar simulator: AMG. .solar simulator Oriel (Xe 1000 W, 250-1100 neiass AAA,
purchased from European Fund of Regional Developniégre characterization of the cell provides I-Vadicteristics with
open circuit voltage of 445.5 mV, short circuit @nt of 308.94 pA, fill factor of 40.51 %, and eféincy of 0.3345 %. The
cell shows slight degradation in performance oieetwith a drop in the open circuit voltage to 40§ during 15 minutes.
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I. INTRODUCTION synthesized dye and iodin&l{ redox couple in an organic solvent
that Gratzel and O’Regan reported a solar cell wifitiency of 7 to

As the storage of a fossil supply is decrescentyeyear the ) . i
10 % [4]. Ever since this discovery there was atiooous approach

mankind must look for another source of energy.nEvtee most ] a =
powerful source we have now will be depleted somg ahd there is to improve perfc_)rmance, efficiency and stabilitytteése solar C-e||S.
also a problem with the nuclear waste we must densDne option is DSSC consists of dye, nanoporous crystals, e.g., Teger,

to look for that source in renewable energy techgies such as wind electrolyte solution and two glass slides (eleatraahd counter
or solar power electrode) that are coated with transparent coiyiokide.

The sun is a primary source of energy for mostftifens found on As mentioned above, support substrate can be githsugh it is
the earth. It is clear, abundant and most of afeveable. Fully possible to use a flexible plastic substrate. Tuppert substrate must
grasping the power of the sun we can improve oy efdife, reduce be transparent in visible and near UV region beedight is coupled

our dependence on fossil fuels and stimulate ecgnbynbringing into the cell through it. The anode electrode islenaf a thin film of a
new jobs to the industry transparent, conducting material, which is depdsite the inner side

Every year the use of solar energy technologiésci®asing in the of the support substrate. For this purpose indibin bxide (ITO)
world. It provides people with the energy to heae house (solar semiconductor is widely used. Although other semitttors such as
thermal energy) or change solar energy right toctetity fluorine-doped thin oxide (Sn@) can be used as well (FTO).

(photovoltaics) and decrease the dependence oathiee sources of T_he real photognode IS fo_rmed by a porous fllme_mocrystalllne_
power. semiconductor (Tig). These films are usually few micrometers thick

Ever since the invention of the silicon solar dellthe 1940s, (between 1- 10 pm) and average particle size i$ 5wd. This film

people have acknowledged the enormous potentigihotovoltaic can.be fabricateq in.diffe'rent Wgys. The most wideled method for
systems for large scale electricity production. lduer, fabrication of thin films is casting slurry of theanocrystals using

. . ) o
semiconductor grade silicon wafers are expensivgreat effort has spray, or drag coating and then calcine the fildGQ - 450°C. Thus
been put into developing cheaper thin-film solascand modules. structural stability can be created. The counlecteode is coated by
Such films may be pure inorganic or contain organaterials as an catalyst, e.g. Pt (Platinum) or carbon to speedhepredox reaction

essential part of the device. As one of the exampie dye-sensitized with the electrolyte. The dye molecules are adsbdrethe surface of
photoelectrochemical solar cells (DSSC). TiO, coated electrode. Between the electrode and thenteou

In this communication we bring the details on thehhology of electrode a liquid elect.rolyte !S encapsulated. )
fabrication such organic light — harvesting systemwith the electrical The dye molecule is excited from ground state bgogtion of

characterization of the solar cells based on owalyes extracted light phpton. This leads t(_) electron being t.raneider Into thg
from fruit tissues conduction band of the semiconductor layer whicvés the dye in

an oxidized state. Thus oxidized dye molecule ctiaoept another
Il. DYE-SENSITIZED SOLAR CELL PRINCIPLES light photon. The oxidized dye is reduced to theugd state by taking
in donor electron that is present in iodide/iodilectrolyte. After
reaching the FTO/ITO electrode, the electrons pémssugh an
external circuit, thus making external work andvarrat the counter
electrode, where they are accepted by electrolgtgalyzed by
platinum and recombine with triiodide into iodidegain. Thus
conversion of sunlight to electrical energy camizale.
In this paper antocyanine extracted from blackbemds used

The first panchromatic film, able to remit image lack and
white, followed the work of Vofel in Berlin, in whiche used dyes
and silver halide grains [1]. However, clear redtign and
verification of operating principle dates to 1960&en Gerisher and
Tributsh researched a ZnO photoelectrode sensitigearganic dyes
[2, 3]. But these cells had low harvesting efficiess and low photon

crystas and polyerysialine materile, Only st nyoducion af 120 OfWidel used dyes based on Ru and N3 @episuch a5
Y polycry y N3, N719 or “black dye”, on which one of the highefficiencies

mesoporous materials such as Ji@hd using synthesized dyes the where measured (10.0 % to 11 %) [4, 5]. The strattiormula for

performance of these cells improved. By using perdliO,
electrodes with a roughness factor of ca. 1000 Rseth on a some N3 based molecules are in Figs. 1 and 2.

ISSN 1337-6756, (© 2011 Technical University of Kosice




ELEKTROENERGETIKA, Vol.4, No.2, 2011

. MEASUREMENT OF ABSORPTION OF THE DYE

Before preparation of the cell, the absorption @ tlye extracted
from blackberry was measured. After blending arigafion of the
dye from the fruit it was rinsed in ethanol. Theatption spectrum of
the prepared soluton was measured by UviLine 9100

TBAOOC L spectrophotometer in the range between 320 nm 4066 bhm. The
absorption spectrum of pure ethanol was recordededisas that of
blackberry dye linked to TiQnanoparticles sintered on glass sheet.

Black dye All the results were put to chart and are presereéig. 4. The
absorption maximum of the anthocyanine dye solutitnacted from
blackberries is 545 nm which is in accordance Wigrature [6]. The
absorption maximum of the linked dye to pi€howed a slight shift to
the lower wave lengths with a value of 540 nm.

Figure 1 Structural formula of organic dye - “Bladye”.
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Figure 4 Absorption spectrum of blackberry dye gotuin ethanol
(black line), pure ethanol (red line) and blackpelye linked to TiQ
N3 dye nanoparticles sintered on glass sheet (blue line).

Figure 2 Structural formula of organic dye - N3.

Although DSSC using these dyes can achieve higforeance, IV.  MATERIALS AND THE FABRICATION OF THE
there is a problem with Ru at the center of the mdi whose price DsSsSC

is very high and such molecules are artificiallggared which raises  paterials used for preparation of DSSC were obtaiffiean
a cost of the final product even higher. Therefave,decided to use ol ARONIX. Titanium paste for preparations of arcelede was Ti-
antochyanine dye, which can be found in naturebandance. The Nanoxide D 20g. As the electrolyte lodolyte AN 5@saused. For a
structure of antochyanine is depicted in Fig. 3. counter electrode Pt-Catalyst T/SP was used. A ativduglass was
also purchased from SOLARONIX — TCO 30-8 5x5cm. Adye,
antocyanine extracted from blackberries was used.
The fabrication of the DSSC followed these steps:
1. Preparation of Ti@film
2. Staining of TiQ film with dye
3. Ptcoating of the counter electrode
4. Assembling process of the cell
Preparation procedure of DSSC film is :
1. First, the TCO glass sheet was gently cleaned witanel
and paper towel.
Deposition area on the conductive side of the glaas
defined by using scotch tape 3M. The size of thalfopen
areawas 2 cm x 3 cm.
Then, 3 or 4 drops of TiOsuspension was added onto the
deposition area. The suspension was smoothed ebgnly
using a glass stiring rod. The slide was allowedirnyp for
approximatelly 5-10 min before removing the tape.

Figure 3 Structural formula of natural organic dyanthocyanine.
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After the tape was removed the glass was put orhtiie
plate and dried of 30 min at 100 °C. The glass slide then
fried at 450 °C for other 30 min.
After frying, the glass slide was allowed to co@wa to
room temperature.
The staining process was as followed:
1. First, blackberries were blended in petri dish éiftdred
through a filter paper.
Then, ethanol was added to the juice and poured o
a small shallow dish.
Finally, the cool glass slide with TiQvas placed in a dish
containig the blackberry juice and kept immersed 36
min.
Pt coating of the counter electrode:
1. Another TCO glass slide was cleaned gently by ethamd
dried with paper towel.
Then, an entire surface of the conductive sidehefglass

5.

2.

degrading over time; degradation of the efficierscgf exponential
character.
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Figure 4 |-V characteristic of the experimentaldat

Table 1: Degradation of solar cell's parameters.

was coated by Pt-Catalyst T/SP and fried at 400 °C.
Assembly process was:

UMe | WAl | UodmV] | Ime[nA] | UmelmV] | FF[%]

1. The assembly process began with taking the, i@ated

[min]
0 | 308.940 4455 | 202.740 275.0 | 40.51

glass slide, which was stained in blackberry juiaad
putting it face to face with the Pt coated glasdesIThe

5 | 380.400 419.0 | 238.800 275.0 | 41.20

glass was put slightly offset to allow enough roéwn

10 | 371.520 406.0 | 238.740 261.5 | 41.39

electrical contacts.

15 | 358.120 406.0 | 224.650 261.5 | 40.40

After that, both sides were hold together usinglbirclips
and a drop of lodolite electrolyte was put and end of
the glass. The electrolyte solution penetrated th&ocell
by capillary effect and stained entire cell. Byaalting
contacts to both sides of the cell, this was reéaty
subsequent electrical characterization.

IV. CHARACTERIZATION OF THE DSSC

The performance of a solar cell is defined byesglvparameters

V. CONCLUSION

The absorption spectrum of both the blackberrytgmis rinsed in
ethanol with maximum at 545 nm and that as linked TiO,
nanoparticles sintered on a glass sheet with maximati 540 nm.
Slight shift to the lower wave lengths was observed

DSSC were successfully fabricated using anthocyardiye
extracted from blackberries. The open circuit \gdtaof 445.5 mV,

such as short-circuit curreng ind open-circuit voltage j¥ obtained short circuit current of 308.94 pA, fill factor o40.51 % and
under standard illumination conditions (AM 1.5).lI Factor (FF) efficiency of 0.3345 % were evaluated. The cellvehadegradation in
under standard conditions is a measure of a dietlasior of the cell. performance over time of the exponential type \sittirop in the open

It is obtained using a full current-voltage chaeaiziation as follows:

FF = _ {V‘T]mﬂx
UGI‘_'IEC VGI‘_"FEC
1)

E

MaE

The global power conversion efficiency of energyedectricity

conversion efficiencyr|) of the cell with Pout electrical power under

standard illumination conditions is given by:

F

out

Pz'rz

FF

= JT_':EUGE—_

@)
whereP;, is incident optical power.

The measurements of I-V curves were carried outguiieithley
5A Source Meter, Model 2440. The samples were ithated by AM
1.5G solar simulator Oriel (Xe 1000 W, 250-1100 natdss AAA. | -
V characteristics of the solar cell are displayeéig. 5.

Table 1 shows the parameter values as a functiimefafter
assembling the cell. From values in Table 1 casdes that
parameters of DSSC (¥ lse Vi, Imy FF and efficiency) are slightly

circuit voltage to 406 mV in 15 minutes.
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