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ABSTRACT

Development of renewable energy resources in theféure is an urgent issue. One strategy is tbeetbpment of
dye-sensitized solar cells (DSSCs); they are exhepromising, because they are made of low-cosernads and
they do not need elaborate apparatus to manufactlitanium (iv) oxide is the most promising matef@a the
electrode of DSSCs, while ruthenium complexes msnane of the best sensitizers for Ji@We studied the
performance of anthocyanin-dyed Ti@ a DSSC material. Anthocyanin dye is an extirach hibiscus sabdariffa
which is an adible plant called zobo by Nigeria@ptical absorbance measurements showed that ardhotylyed
TiO, electrode could absorb incident solar radiationybed the ultraviolet region. Comparison of curreattage
characteristics with those of a bare (unstained)asccell revealed that the anthocyanin-dyed cells han
outstanding better photovoltaic behaviour than tteee cell. Out-door diurnal power variation measoments
showed that the anthocyanin-stained Jé&ctrode was not stable under exposure to intidelar irradiation.
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INTRODUCTION

The quality of human life depends largely on thailability of energy. However, the world is headitogvards a
global energy crisis due to a decline in the atidlity of cheap oil so that a decreasing dependeamcthe fossil fuel
is recommended [1]. The importance of the util@atiof renewable energies such as photovoltaicsghasn
remarkably because of the escalation of fossilgneosts and demand for G@duction in order to prevent global
warming [1,2]. To fulfill these requirements, somaw candidates of solar cells or photovoltaics Haeen invented
and developed.

Dye-sensitized solar cell (DSSC) which was invenbgdGratzel in 1991 is expected to be one of thet-ne
generation photovoltaics because of its environmii@ndly properties, low manufacturing cost andwvlo
manufacturing energy consumption [1-5]. Recentlghlr energy conversion efficiency was achieveca@mall-
sized DSSC than practical amorphous-type solas.c8fatzel's group has successfully developed & pimwver
conversion efficiency of about 11% with thick sgimated nanoporous TiGilms as a photoelectrode [1,4,6]. Soon
ZnO is seemed to be promising material for soldraggplications, since its band gap energy (3\37is similar to
TiO; [4,7-14]. Now, the remaining problems of DSSC foagiical use are concerned with the unit cell sird
structural design, fabrication process of cells ematiules, and long term stability under out-doceragion [2,5,15].
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Any solar cell is a device that causes a voltafferédince between the outer contacts at open ciunder incident
photon irradiation. The dye-sensitized solar celsddl on nanoporous titanium dioxide shows high eion
efficiency and stands out as a prototype of the heterogeneous solar cells [3,5]. DSSC are disfirmmn
conventional p-n junction devices by the distribotof the functions of light absorption, electroarisport and hole
transport to different materials [3,5,16]. Thesavrfeatures have caused a scientific controversyespect to
whether the origin of the open-circuit voltage iB8Cs should be interpreted in terms of built-ireptals, which is
suggested by some authors and denied by otherEJL7-

The central idea in DSSC fabrication is to sepattaelight absorption process from the charge ctite process,
mimicking natural light harvesting procedures irfasynthesis, by combining dye sensitizers withisenductors
[5,15,20,21]. This enables the use of wid-egapdheap oxide semiconductors such as,TEarly DSSC designs
involved transition metal coordinated compoundg.(euthenium polypyridyl complexes) as sensitizeesause of
their strong visible absorption, long excitatiofetime, and efficient metal to ligand charge trangb,20,22].
Although highly effective, with current maximum iefency of 11% [1,4,6,20], the costly synthesis amdlesired
environmental impact of those prototypes call foeaper, simpler, and safer dyes as alternativasirlaigments,
including chlorophyll, carotene, and cyanin, aeefy available in plant leaves, flowers, and fraitel fulfill these
requirements [16,20,21]. Hence, this work studiee photovoltaic performance of a DSSC fabricateth wi
anthocyanindye (a local dye extracted fronibiscussabdariffg by comparing its characteristics with those of un
dyed solar cell. Out-door diurnal power variatiomdy was carried out to ascertain the stabilitaithocyanindye.
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Figure 1. The structure (left) and principle of operation (right) of dye-sensitized solar cell

MATERIALSAND METHODS

2.1 Electrode preparation

In this work, an equal amount of well blended poredeactivated carbon (PAC) and a kind of naturalpbite

powder (NGP) was used as counter electrode for belle. The deposition of our counter electrodefloarine-

doped tin oxide (FTO) glass substrate was enaliemigh the sol-gel process and doctor- blading otetihe
conducting side of a 2.5cm x 2.5cm FTO was idedifind covered on each of the two parallel edgdsanilouble
layer of masking tape to control the thicknesshef TiG; film (Fig. 2). The covered FTO edge measuring &15c
8mm provided the electrical contact area. Beforpod#ion, the glass substrate was cleaned withoaegtthen
methanol and etched through plasma treatment fan.1fhe carbon paste which was prepared througigedol
technique was applied at one of the edges of thduwding glass and distributed with a squeegeénglidver the
tape-covered edges. A hot air blower was used yotltg electrode for about 3 minutes before remowimg
adhesive tapes. The edges were cleaned with eth@ihel carbon electrode was sintered at®C5hh a furnace
(carbolite 201 tubular furnace) for about 15 misute
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Figure 2. Preparation of the FTO for electrode deposition

Nanocrystalline titanium (iv) oxide (Ti-nanoxidesp) was used as photo-electrode. The same bladedetas
adopted in depositing the Tidayer and the film was allowed to dry naturallyttvaut blowing before removing the
adhesive tapes. The edges were also cleaned Wihat The electrode was sintered for 30 minute®afC using
the same carbolite 201tubular furnace.

2.2 Dye sensitization

Theanthocianindye used in sensitizing the mesoporous,fii® was extracted from hibiscus sabdariffa whistai
common edible plant called zobo by Nigerians. Etiom of the pigment from hibiscus sabdariffa wakiaved
through this simple process:

(i) Blend the hibiscus sabdariffa using electric blende
(ii) Add 90% ethanol and continue blending.
(iif) Use sieve to extract the pigment which forms ow. dy

The TiO, photo-electrode was immersed into a solution efltital dye overnight. The electrode was preheated
80°C for 15 minutes before it was dipped into the @géution. Another photo-electrode was prepared auith
sensitization.

2.3 Cdll fabrication

Sealing gasket (SX 1170 — 60 PF) brings the eassinfy a 60um thick hot melt foil for sealing thedls (Figure 3).
The sealing gasket was cleaned in ethanol befoxastrightly placed on the dyed working electrotiee counter
electrode was gently placed on top of the framelaid in position with a clamp with the conducticarbonized
side towards the working electrode. The set up heds over a hot plate for 1 min at 1%0 before allowing it to
cool for a few minutes. We introduced few dropshaf electrolyte (lodolyte R-150) through one of mem holes
by capillary action. The holes were then sealedgigimosil 4R sealant. Electrical contacts were madapplying
silver paint along the conducting side of each tebeie. A second cell was assembled using the ud-dye,
electrode to obtain our plain cell. The active aocef area of thathocyanindyed cell was 1.54cfrand that of the
plain cell was 2.25cf
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Figure 3. The sealing gasket

2.4 Solar cell characterization

The thickness of both electrodes was measured mEhtpk stylus 7.0 surface profiler. The sheetstasice of the
carbon counter electrode was measured using dogd®r (auto calculating 4 pt. Probe resistivity ®stem). The
optical absorbance of thanthocyanirstained TiQ was measured using Avaspec 2.1 spectrophotomEher.
current-voltage (I-V) characteristics were measursitig an Oriel class A solar simulator (AM 1.50&0N/cnrf).
Outdoor output power measurements were carriedising a copper/constantan thermocouple and Mastd
digital multi-meter. This diurnal measurement wasried out on top of a zinc roof measuring 6.5mrfrground,
for three non-consecutive days within a space refethiveeks.

RESULTSAND DISCUSSION

The thickness and sheet resistance of the carhameelectrode were 4.2um and X¥gquarerespectively while
the thickness of the photo-electrode was 6.2Anthocyanirstained TiQ electrode showed an outstanding optical
absorbance within the wavelength range of 283nr6nf. Peak absorbance of 2.16A.U., 2.26A.U. andA13.
were recorded in the UV region at 324.45nm, 34487and 369.35nm respectively (Figure 4). Appreciable
absorbance was recorded in the visible region tmithoutstanding peaks; 2.26A.U. and 2.16A.U. atthgelength

of 405.99nm and 426.47nm respectively. Meanwhikse land Kang, 2010 [23] studied an unstained naoagor
TiO, and obtained optical absorbance of 1.3A.U. and 1J2Aat 200nm and 350nm respectively but no optical
absorption was recorded beyond UV region. Alsoare iG, nanowire studied by Meng et al, 2008 [20] showed
no optical absorbance beyond 400nm. Henceathigocyanindye greatly improved the optical absorbance of the
TiO, electrode.

Figure 5 and Figure 6 are the photocurrent-voltwracteristics of DSSCs fabricated with #m¢hocyanirdyed
and un-dyed electrodes respectively. The cell patars obtained for thenthocyanirdyed cell were; open circuit
voltage (0.33V), short circuit photocurrent (2.60foi¥), fill factor (0.68) and photoelectric conversiefficiency
(0.58%); while the results obtained for the pla@il gvere; open circuit voltage (0.24V), short citgohotocurrent
(0.20mA/cnd), fill factor (0.63) and photoelectric conversiefficiency (0.03%). The performance of the dyed cel
could be compared to the results obtained by Siritaat al, 2008 and Waitatal 2006 [15,22].
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Figure 4. Optical absorbance of anthocyanin-stained TiO, electrode
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Figure 5. The |-V curve of the cell sensitized with anthocyanin dye
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Fig. 6. The I-V curve for the plain cell

Figures 7, 8, 9, 10 and 11 are the results of théomr power variation study. Ttamthocyanirdyed cell performed
better than the plain cell on days 1 and 2 butlbtdd a poorer photovoltaic behavior on the thiad.dThe
astonishingpoor photovoltaic performance of tlathocyanirdyed cell under out-door operation can be clearly

observed in Figure 10,whereas Figure 11 revealadtltie plain cell was relatively stable after expesto out-door
solar irradiation.
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Figure 7. Power-Temperature curves for anthocyanin-dyed and
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Figure 8. Power-Temperature curves for anthocyanin-dyed and
plain cells Day 2
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Figure 9. Power-Temperature curves for anthocyanin-dyed and
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Figure 10. Power-Time curves for anthocyanin-dyed Cell
Days 1, 2 and 3.
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Figure 11. Power-Time Curves for the Plain Cell; Days 1, 2 and 3.

CONCLUSION

Nanocrystalline titanium (iv) oxide was sensitizaeding anthocyanindye, which is an extract from hibiscus
sabdariffa. Dye sensitized solar cell basedanthocyanindye and a second plain-cell were successfullyidated
and characterized. The effect of this local dyatenoptical absorbance of the wide band gap, B&niconductor
and the photovoltaic behavior of the cells weraligit. The sensitized photoelectrode was able torbkiscident
solar radiation beyond the ultraviolet region. Theident solar light to electric energy conversgfficiency was
found to be 0.58% and 0.03% for taethocyanirdyed cell and the un-dyed cells respectively. @hthocyanin
dyed cell showed an impressive out-door photowltshaviour, but could not maintain stable charésttes.
Generally, theanthocyanindye is a viable photo-sensitizer for nanocrysiallitanium dioxide, though the local dye
need to be improved to ensure its stability unde+dwor operation.
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