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ABSTRACT

The goal of this present work gives an overview of present generation solar cells — dye sensitized high band gap ZnO
semiconductor electrodes have been synthesized by wet chemical (sol-gel) methods by mixing zinc nitrate hexahydrate
[ Zn (NO3)2.6H20] solution with glycerol with continuous stirring at the temperature ~900C. The synthesized ZnO have
been characterized by X-ray diffraction analysis (XRD) method. The obtained ZnO powder has been converted in the
form of pellets of thickness 1.46 mm, 1.76 mm and 1.25 mm. Then electrodes have been prepared by developing
electrical contact on the surface of the pellet. The synthesized electrodes have been studies for photoelectrochemical
(PEC) measurements under darkness and illumination. The dye sensitized electrodes are chemically stable and do not
photodegrade easily. The performance of dye-impregnated ZnO electrodes were found up to 6-8 cycles. This research
work to serve futuristic application as a solar energy for humankind.

INTRODUCTION

A dye sensitized solar cell is a photoelectrochemical (PEC)
system, which is most cases, involves use of some high band
gap n-type semiconductor, such as ZnO and TiO,. In such
system the operation is based on the photo-injection of
electrons from dye molecules into the conduction band of the
semiconductor and hole transfer to a redox mediator. The
photo-injected electrons then reach the external circuit
through the semiconductor network, whereas the holes, in the
form of oxidized ions, transit through the electrode pores
towards the counter electrode. The effect of dye sensitization
in PEC cell with a p-type semiconductor is scantily studied".
Besides the low light absorption by a dye mono-layer and the
low injection efficiencies of dye multilayers necessitate the
use of a high surface area electrode, and in this regard,
nanostructured semiconductors can play a very significant
role. Why?....used high band gap electrodes. The wide gap
oxide semiconductors are most suitable to perform the
functions in the DSSC. ZnO and TiO, are the semiconductor
material in a dye sensitized solar cell [DSSC]. ZnO and TiO,
have same electron affinities and almost the same band gap
energies but ZnO has much higher election diffusivity than
TiO,, a high electron mobility, a large excitation binding
energy, is available at low cost, and stable against photo-
corrosion”. They are transparent because their wide gap and
therefore path most of the solar radiation to the active Die
material which is active material is main absorber of the
incident solar-radiation.

It is also n type with high carrier concentration and so can act
as an electron transport layer especially that it has a
conduction band edge that matches the lumo level of the Die
where it must extract the photo generated electrons from the
Die. These materials are also chemically stable and inert
against the environmental effects'*”.

ZnO is a high band gap (E; = 3.2 eV) n-type semiconductor’
that possesses optical properties which rander it important
industrially as a phosphor in field emissive display and in
other cathodoluminescent devices as a photocatalyst and as
the gain medium in UV semiconductor losers. In this paper

ZnO electrodes with the particle size (~ 54 nm) have been
prepared by sol-gel method”.

METHOD AND MATERIAL

1. Sol-Gel synthesis of ZnO

All samples of ZnO were synthesized by a sol-gel method’
involving the use of glycerol as key reagent. Zn (NO,),.6H,0
was dissolved in double distilled water to get precursor
solution with zinc concentration 0.5, 0.1 & 0.2N. Precursor
solution was then placed on a hot plate at 60-70°C & a fixed

amount of glycerol was added drop by drop with continuous
stirring.

The resulting dark brown gel was further heating at 250°C for
2hrs. to get ZnO powder. The obtained samples of ZnO
powder were suspended in alcohol and sonicated for 30
minutes. Following this content dried in oven at 60°C then
calcinated at 600°C. By pressing ZnO powder in a uniaxial
cold pressing KBr press, employing 1.3 cm. diameter die,
pellets of thickness (1.46mm, 1.77mm & 1.25mm) were
obtained. The pellets were again sintered in muffle furnace
(separately at 600°C,700°C & 1100°C) for 1hr. After grinding &
polishing with alumina powder, pellets were analyzed for
density and electrical resistance.

2.Preparation of working electrode

To form working electrode an electrical contact (back) was
developed from one surface of the pellet. To form the contact,
two drops of silver paste were put one side of the pellet and
then a Cu wire was prepared over it, gently, and then dried at
60 °C for 30 minutes to ensure complete drying®. The contact,
so prepared, was examined for its ohmic nature and then all
the sides of the pellet except 1 cm® area the centre of the other
side (i.e. front side) of the pellet was sealed with epoxy resin.
Epoxy coating was cured for 2 hour at 70°C.

3.The treatment of ZnO electrode with Dye solution

The ZnO working electrodes, prepared as above, were
dipped vertically, through a hanger, in the alcoholic solution
of the chosen dyes”, for 16 hours, duration at 24+2 °C.
Following this, the electrodes were dried in oven at 60 ‘C for
30 minutes. The different concentrations of dyes under which
this study has been conducted, were 10%,10° & 10*M.

4.Photoelectrochemical (PEC) Studies

The PEC measurements were carried out in PEC cell in three
electrodes configuration. The working electrodes were ZnO
semiconductor, electrodes, while counter electrode was a Pt
mesh electrode. Saturated calomel electrode (SCE) was used
as reference electrode. The PEC cell was filled with nearly 30
cm’ of electrolyte (pH=7,10" MNaOH) solution.

The current-voltage characteristics of the cell were
determined both under darkness and illumination employing
a Potentiostat (Model: EG&G VERSASTAT II). For illumination
150 W xenon are source, (Driel, USA) was used. A comparison
of the data, recorded under darkness and illumination,
revealed the level of photoactivity of the electrode towards
the splitting of water®.

RESULTS AND DISCISSION
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The prepared ZnO samples were subjected to X-ray
diffraction analysis at solid state physics laboratory, New
Delhi. The observed X-ray diffractogram indicated major
peaks corresponding to miller indces (101), (100), (002),
(110), (103) and (102) with relative intensities as 100, 59.04,
44.47,32.78,27.82 and 20.40 %.

This set of diffraction peaks, with their relative intensities
resembles very closely to ZnO phase. Hence, the formula of
polycrystalline ZnO phase in the in the samples of
confirmed.

Employing the X-ray diffraction analysis data', the average
particle/grain size of crystalline solids calculated by use of
Scherrer’s. equationi.e.B=0.9%. [/t cos[]is lies in the range
54 nm,which suggest the formation of a nanostructured ZnO.

Electrical resistance” of the ZnO pellets of all the samples
were highly resistive, with resistively > few K(). Density values
of ZnO pellets were found in the range 7.07 — 7.04 g/cm’ for
samples sintered at 600 — 700°C and slightly increased were of
the order 7.32 g/cm’samples sintered at 1100°C.

The observed current was recorded in PEC cell, comprising
ZnO working electrode, under darkness and illumination.
The obtained curves clearly suggest (by comparing the dark
current with current recorded under illumination) that the
ZnO is photosensitive'“"". But, in presence of dyes there is
significant gain in photo-current, compared to the values
recorded, when no dyes were used. The only exception to this
is, probably, eosin, in presence of which, there is no significant
gaininphotocurrent.

Further when crystal violet/rose Bengal dye is used, the
photocurrent was highest, when dye concentration is raised,
initially, there is gain in photocurrent, but beyond a certain
concentration (with different dyes), probably, the
photocurrent decreases.

A possible reason for this is that at low dye concentration, the
light absorption cross-section is small, but, with the increases
in dye amount, the probability od deexcitation of excited the
drop in photocurrent generation at higher dye concentration®.

From fig. 1-4, from current - Voltage curves, the ZnO samples
are behaving like a p-type material as photocurrent is seen
only under cathodic bias'. Hence, in the studied dye
densitized PEC cells comprising p-type ZnO working
electrode, the dye molecules may serve as, (i) additional light
absorbing units attached to ZnO electrode and (ii) mediators
facilitating the transfer of electrons from the conduction band
ofthe ZnO to H' ions present in the electrolyte.

In the investigated dye molecules, apart from lone pair of
electrons at N, O ans I in the attached peripheral functional
groups, the carboxylate group is also present, the absorption
of the dye molecules with ZnO is likely through the formation
of Zn-linkages with these centers. The injection of
photogenerated holes from dye molecules to ZnO conduction
band may, thus, smoothly occur via such linkage®.

The success of the dye, with p-type ZnO, will largely depend
upon how quickly electrons is transferred from the
photoexcited dye molecule to the H' ions. The oxidized dye
molecule must also swiftly return to its original state, by
accepting electrons from the conduction band of the ZnO, in
order to avoid photodegradation of dye’, itself.

To achieve high stability of PEC cell and significant
photocurrent generation a proper alignment of energy levels
of dye system, H'/H® redox level and ZnO band edges is thus,
very crucial. To this effect the use of rose bengal nd crystal
violet,at appropriate concentration,looks promising.
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Conclusion

The dye sensitized ZnO electrode has been prepared by sol-
gel method through the zinc nitrate hexa hydrated
[ZnO(NO,),.6H,0]. It has been found the particle size of
prepared ZnO electrode is 54nm. There is definite advantage
of employing, dye sensitized ZnO electrode in the PEC study.
The dye investigated here are chemically stable and do not
photo-degrade easily. The performance of dye impregnated
ZnO electrodes were tested in repeated cycles, the observed
photo-current values were found reproducible only up to 6-8
cycles, after which the valuesrecorded aregular decrease.
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