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Abstract

The interest in the dye sensitized solar cell ig ¢ its low cost, simple preparation techniques d&enign effect on the
environment. Thin film of TiC&epositedn FTO (Fluorine doped Tin Oxide) acts as one etelds, platinum coated FTO acts as
the other electrode and eosin B solution acts a&s dbnsitizer. Lithium iodide, iodine in acetonérisolution is used as the
electrolyte. It is noted that an efficiency of 7.4¢as observed for a cell with Intensity 70 lux.0Alke open circuit voltage of
0.5V, short circuit current of 150pA and a fill fac of 0.68 were observed for the cell of area £Xf. The experimental model
is checked with theoretical model using MATLABvearfe. It is noted that the simulated values follayattern which closely
resembles the actual values of the experiment. effeet of the aging process on the overall perfarcgaof the device was
analyzed by means of electrochemical impedancdrsgeopy. The results shows that the electroly@®, apacitance of 20 pF

(parallel) and the resistance of 14.74 k ohms (falgin series with the platinum resistance ofS%ohms.
Index Terms: DSSC, efficiency, MATLAB and impedance spectrisstydies

1. INTRODUCTION

Solar energy is the primary and abundant souroenefgy
available from nature. Among the different typessofar
cells, dye sensitized solar cell (DSSC) [1] fallsder the
category of solid/liquid type. DSSC differs from
conventional semiconductor devices in that theassp the
function of light absorption from charge carrieansport.
These types of solar cells are new generation stais
emerged in early 1990’s targeting to achieve mddera
efficiency devices with low cost [1,2], easy falation [3],
low toxicity [4] and long term stability [5]. It etsists of a
porous nanocrystalline TgdTitanium dioxide) layer coated
onto a Transparent Conducting Oxide (TCO) glasstsate
using Dr.Blade [6 ] technique and platinum (Pt)tedaFTO
glass plate and the iodine based electrolyte isis&hed
between the two plates. Since Ti® insensitive to light due
to its wide bandgap (3.2 eV) [7], light absorptias
accompanied by a monolayer of dye (sensitizer) kvhsc
chemically bonded to the surface of %iParticle. In a
typical DSSC, dye molecule are adsorbed on theaserbf
TiO, which does the function of photoelectric conimrs
over a wide spectral range of solar spectrum. gright
falls on DSSC, the electrons in the dye moleculeites
from the HOMO (highly occupied molecular orbitadvel
to the LUMO (low unoccupied molecular orbital) I&wand
injected into the conduction band of Li@yer and into the
TCO (transparent conducting oxide).The vacant lewel
HOMO is filled with electron supplied by the iodirjel™)
ions from the electrolyte and the iodine is oxidiz® tri
iodide (f").Further , the platinum counter electrode acta as
catalyst for the redox reaction of the ions in éhectrolyte
solution and reduces froniito 1~

2. EXPERIMENTAL SETUP:

The cell has three main parts (1) working electr¢de
counter electrode and the (3) electrolyte. Nandahjse
TiO, (=20 nm —Zigma Aldrich) coated on the FTO (fluerin
doped tin oxide SngF) acts as the working electrode
(anode). Then it is immersed in eosin blue (Zigndridh)
for a period of 48 hours. The electrodepositedifiat (Pt)
on FTO acts as the counter electrode (cathode).tivbe
electrodes are then sandwiched with a thin layeiodine
based electrolyte in between the electrodes andkdsea
together to prevent the electrolyte from leaking.

2.1 Preparation of TiO,eectrode:

Cleaning of the FTO plate is done by immersing FT©®©
plate in acetone and sonicating for 10 min. 3.5f §i©®,
nano powdeis added to 15ml of ethanol and it is sonicated
for 30 min [8]. Then 0.5 ml of titanium tetra isopoxide
(binder) is mixed with the above solution until the
suspension is uniform [9]. The resultant Tgaste is coated

on FTO glass by doctor blade technique. Sinteoritabout

10 min at 450 C, repeat the above steps and change the
sintering time to 20 and 30 min [10].

2.1.1 Doctor blade Technique:

It is one of the suitable methods to produce narimba
structure of wide bandgap material and it is thestfi
technique used to create a JiQayer and it is less
sophisticated [1].This technique consists a flarghobject
(like a razor blade) or a round thin object (likegkass
stirrer), which is used to lay a layer of slurrytlwia
thickness determined by the spacer. The spacernis a
adhesive tape normally with a thickness of 8-10 agran
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average [11]. It is placed opposite sides of ttenanhere
the film is to be laid and the doctor blade draggetbss.
The surface structure and the thickness dependoontihe
blade is dragged across, position of the bladenduthe
process and the flathess of the spacer material thad
thickness of the film coated is the thickness & #pacer
thickness. The limitation of this technique igsidifficult to
find an appropriate spacing material with thickne$sl-
7um [12].

2.2 Preparation of Pt electrode:

The counter electrodg@Pt) is prepared by Bulk electrolysis
method [13]. In our experiment the working elecedq&TO
glass plate) is kept at a constant potential of\tOwith
respect to the reference electrode (Pt wire) bysiitig
current at the counter electrode and the curremtaisitored
over a period of time. Choloroplatinic acid of 5 mM
concentration is used as an electrolyte. In thjgegment a
current of -1.3 mA is passed over a period of 16€oads.
The amount of charge passed during the electrobaisbe
calculated by integrating the current with respectime.
The area of the electrode is kept as 0.25chhe total
charge passed during electrolysis is -1.21%@00 Using this
value the weight of Pt deposited is found to b&8dg and
the thickness of the Pt layer deposited is obtaibgd
dividing the volume by area.

2.2 Preparation of sensitizer:

The light harvesting efficiency and hence the cosios
efficiency depends on the properties of the semsitused.
An ideal sensitizer should be capable of absorbBight
below threshold wavelength of about 920nm.lts redox
potential should be sufficiently high that it care b
regenerated rapidly via electron donation from the
electrolyte or a hole conductor. In the presentgtigation
14mg of Eosin b disodium salt is added to 20 metbénol,
acts as a sensitizer and the electrode is dippethen
sensitizer for 48Hrs.

2.3 Preparation of electrolyte:

The properties of the electrolyte also have gréateon the
conversion efficiency and stability of the cell.thee present
work 330mg of Lil and 33 mg of iodine in 5ml of
acetonitrile act as the electrolyte.

2.4 DSSC assembly:

The two prepared electrodes are then sandwiched
along with a tissue paper to let the iodine basect®lyte
between the electrode and it is sealed to prehent t
electrolyte from leaking (Fig.1). The area of exjpasis
1x1cnf.

Fig .1 DSSbAssemny

2.4 Photovoltaic measurements:

The voltage-current characteristic of the cells evearried

out using an incandescent lamp as a source of power
100watts/crf, operating at 230 Vc. The distance between
the lamp and the test sample is adjusted to getetipgired
input intensity on the cell. The measurements atechfor
1000 lux, 70 lux and also for the sunlight as therse.

3. RESULTSAND DISCUSSION:

The results and discussion focused on (1) theieffiy of
the cell at different intensities after optimizitite sintering
time (2) software (MATLAB) model to compare witheth
experimental part and (3) the Impedance spectrascop
studies to find the resistance and capacitanceeotell.

3.1 Efficiency:

Initially the parameters such as thickness of ,TiO
(~1000nm), thickness of Pt (228nm) and the dipping
duration (48 hrs) in the sensitizer are kept camstdahe
sintering time is varied from 10 to 30 min at 400¢@s
noted that the film sintered at 30 min gave goditiehcy.

So the cells are fabricated using the above saidnpeters
and it is exposed at different intensities (70 t60@0
lux).The cell parameters obtained at various intessare
shown in Table (1). The experimental observatioowsh
that the efficiency for 70 lux was above 7.5 %. The
calculated fill factor value of 0.68, open circuitltage of
0.05V and the short circuit current of 150 uA webserved
for the cell. From the tabulation it is noted tet higher
intensities (47000 lux) the efficiency was found be
.00159%. This may be due to the evaporation oftrelste

at higher intensities as the electrolyte is senbletween the
two electrodes by a tissue paper which is extermigside.
The electrolyte is send, drop by drop through tissue
paper and it is noted that at very high intensitiess
evaporated very fast.
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Table 1. Comparison of Cell Parameters at different

Intensities

Light Open Short
Intensi Circuit Circuit Efficiency Fill

ty \oltage Current (%) Factor
(Lux) (mV) (ha)

70 50 75.5 7.56 0.68
1000 51.3 166 0.28 0.2
47000 6 123 0.00159 0.79
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Fig-3 Graph of Current Vs Voltage for intensity 400ux

It is noted that the evaporation of the liquid élelyte often
caused some practical limitations of sealing anmd lterm
operation. It is suggested that the long term ktatman be
improved by using p-type semiconductor [14, 15]hote
transporting organic material [16] to replace theuid
electrolyte. But the conversion is low compareth liquid

electrolyte.

Therefore quasi

solid state

ionic iliqu

electrolyte might be a better choice to increasedtability

as it has good physiochemical propertisch as high
thermal stability, negligible vapor pressure, rigkly high

ionic conductivity and good stability. The curréfg voltage
graph for 70 lux and 47000 lux is shown in theZignd 3.

3.2 Software model (MATLAB)

The obtained experimental results were comparel thig
simulated results and it is noted that simulatddesfollow
a pattern which closely resembles the actual vahegshave
been obtained from the experiment conducted (F5y Bhe
programme used is shown in the annexure 1.
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Fig 5 Simulated graph @urrent density Vs Voltage for
intensity 1.0e16 cifs®

3.3 Impedance spectroscopic studies.

The effect of the aging process on the overallgrerhnce
of device was analyzed by means of electrochemical
impedance spectroscopy [18]. This technique allotgs
determine the chargeansfer resistances at the platinum
counter electrode and at the TiO2/dye/electrolgterface,
as well as to determine the Nernstian diffusionhinitthe
electrolyte. In our present work, the impedance
measurements were performed in the dark condition.
Electrochemical impedance spectroscopy data is amiym
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analyzed by means of equivalent electrical circogdels,
which may consist of resistors, capacitors, indtgcto
assembled in series or in parallel. The experimatdta is
fitted into the equivalent circuit in a specificangement of
electrical elements and relevant information conicey the
reaction kinetics, ohmic conduction processes arassm
transfer phenomena occurring in DSSCs are knowre Th
fittings of the experimental data were accomplisivitth the
CH Electrochemical analyzer software. The results show
that the resistance of platinum is 25.58 ohms andtte
working electrode-electrolyte interface capacitaisc20 pF
connected in parallel with a resistance of 14.74kns.

AC impedance spectrum of DSSC is measured from the
frequency range of 0.1Hz to 1MHz is shown in thg6Fi
The semicircles in the frequency regions of 1000000
Hz, 1000-1 Hz, 1-0.1 Hz correspond to platinum edat
TCO glass, TiQ-electrolyte interface, Electrolyte resistance
respectively. The capacitance in the AC impedance
spectroscopy results not only from the chemicaloiscbut
also electrical potential. Impedance spectroscapicies
shows the conversion efficiency depends on theeseri
resistance (in this case that of platinum coatinipe
resistance of FTO glass.
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Fig.6. Impedance spectra obtained for the
fabricated DSSC

4. CONCLUSION:

Nano crystalline (20nm) Ti© solar cell is
fabricated and the cell parameters are calculateiffarent
intensities. The obtained experimental results were
compared with the simulated results and it is notest
simulated values follow a pattern which closelyerables
the actual values that have been obtained from the
experiment conducted. There may be a slight varain
values which is attributed to the various exterfaaitors
such as the drying up of electrolyte, temperatufe o
surrounding etc.

AC impedance spectrum of DSSC is measured
from the frequency range of 0.1Hz to 1MHz. The
semicircles in the frequency regions of 1000-100600
1000-1 Hz, 1-0.1 Hz correspond to platinum coat&DT

glass, TiQ -electrolyte interface, electrolyte resistance
respectively. The capacitance in the AC impedance
spectroscopy results not only from the chemicaloiescbut
also electrical potential. Impedance spectroscapicies
shows theconversion efficiency depends on tigeries
resistance (in this case that of platinum coatinidie
resistance of FTO glass.
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ANNAXURE-1

3.2.1 Parameters used to define the characteristic of
DSSC:

L - electron diffusion length

Jsc - short circuit current.

® - light intensity

D - diffusion co-efficient of electrons

n(x) - excess concentration of the photo generalectrons
at a position x within the film measured from @, /
transparent conducting oxide interface.

A - light absorption co-efficient of the porous film.
m - ideality factor
t —Life time of free electrons.

3.2.2 Modeling:

A simple mathematical model of the DSSC can be done
using two equations [17]. The first one is a cauitin
equation that describes the transport, recombimatiod
generation of electrons within the nano porous:film

y .
o n(x) n(x)—n 3

(x) _n(x) " + @ aexp(—ax) =L
5x2 r ot

D

When the DSSC is irradiated the equation becomes,

iy
cn(x) n(x)—n
D -

7 T

L+ @ aexp(—ax)=0
Ox

Moreover there are two boundary conditions,

Under short-circuit conditions, electrons are gasitracted
as photocurrent and none of the electrons are ddireatly
to the counter electrode.

Therefore,
n(0) = n,
And,

dn

T |x=d =0
dx

Whered is the porous electrode thickness.

The excess concentration of photo generated efecabthe
back contact coniacs @and the photo voltag¥, ,, are related
by the following equation:

V| = %mmi"’c::m

The short circuit current density is given by
Laexp(—da)

—La+ tm}{i] +
7 (g
cosh| —
yil
Where L is the diffusion length given by,

L :\IDT_

The voltage and current density are related bydhewing
equation,

J qOPL

:kTrn]ﬂ L(J  —J)

q d
gDny ta.uh[ LJ

The open circuit voltage and the voltage at maxinpaonver
point are given by

V +1

v :kTmln LJ__ sy

oe g d’
1 gDn, tanh(z}
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