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Abstract

Four natural dyes, extracted from natural matesalsh as flowers, and leaves, were used as
sensitizers to fabricate dye-sensitized solar cdIBSSCs). The photoelectrochemical
performance of the DSSCs based on these dyes shatihe open circuit voltage¥dc) varies
from 0.433 to 0.470 V, and the short circuit photoent densitiesJsg ranges from 0.044 to
0.138 mAcm?, the fill factors EF) and the cell efficiencies() also vary from 0.400 to 0.570
and 0.021 to 0.065 %. The DSSC sensitized Witiscus Sabdariffdlowers extract was found

to be superior to those obtained from other dyée DSSC gave ascof 0.138 mAcnt , Voc

of 0.470 V, FF of 0.504 , ang of 0.065 %. The sensitization performance reléadteraction
between the dye and TiBurface is discussed.

Key Words: Natural Pigments, DSSCs, Photoelectimoted Performance, Ti©

1. Introduction

At present, the main method of utilization of saaergy is the conversion of solar energy into
other energy sources. In 1954 the silicon solar deeloped by Bell marks that human can
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make solar energy converts into electrical ene@yuse, is epoch-making significance [1].
However, it is not suitable for large-scale civilisince this type of battery has the more stringent
requirements for raw materials and production pecélthough the subsequent development of
polysilicon and amorphous silicon solar cells ifatigely simple in production process, high
prices still can’t meet the large-scale use.

In 1991, Professor Gréatzel reported a new low-adsmical solar cell using organic dye
absorbed nanocrystal titanium dioxide (F)@Im as the photoanode, known as Gréatzel cells or
dye-sensitized solar cells which gave a photoeteatonversion efficiency of 7% under
simulated sunlight irradiation [2]. The DSSC proesisextremely cheap photovoltaic energy
production by combining the advantages of none wacyrocessing, extremely low costs
components, low embodied energy of production, miahty high efficiencies and superior
performance compared to silicon solar cells undféusk light conditions.

Never the less, the technology still suffers frornwamber of technical challenges that has
hindered large-scale deployment, notably, diffigutt scale-up, low efficiencies and stability.
Advances in the synthesis of materials and experiahd¢ools have led to an improvement of
more than 12% [3]. Because of the simple produgbimtess, much lower cost relative to silicon
cells and the lifetime of more than 15 years, thpe of cells provides a feasible approach for
large-scale utilization of solar energy [4].

Natural dyes have become a viable alternative peesive and rare organic sensitizers because
of its low cost, easy attainability and abundannesupply in the environment. Various
components of a plant such as the flower petadsele and bark have been tested as sensitizers.
The nature of these pigments together with othearpaters has resulted in varying performance.
In this study pigments frorBougainvillea spectabilis (B Slowers mangifera indicaeaves
known as mangdM L), Hibiscussabdariffa (H S)flowers commonly known as Rosellend
Ocimum Gratissimuncommonly known as Scent LeavéS L), were extracted and used as
sensitizers. The results from the sensitizatioriopeance shows that, the DSSC sensitized with
the extract of H S outperformed the other DSSCsigeed with other natural dyes in this paper.
All the photoelectrochemical performance were measwand characterized for all the above
sensitizers.

1.1 Principlesand Operation of a DSSC

Dye-sensitized solar cells are prepared in a saitdarrangement and are comprised of two
electrodes: the photoanode and the counter-etkxticig.1[5]. The photoanode is a conducting
glass covered by a mesoporous and nanocrystallibg film, sensitized by the dye-sensitizers.
The counter electrode is a conducting glass covieyed thin film of catalyst, such as platinum
or graphite. Between these electrodes is placeadiator layer, usually a solution of/I" in
nitriles.
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Fig. 1 Schematic arrangement of a dyesensitized solar cell

In order to promote the energy conversion, theighbnlis harvested by the dye-sensitizers
leading to an excited-state capable of inject actedn into the semiconductor conducting band.
The oxidized dye is immediately regenerated byntleeliator and the injected electron percolates
through the semiconductor film, reaches the condgglass and flows by the external circuit to

the counter electrode. The counter electrode oresble for regenerating the oxidized specie of
the mediator, reducing it by a catalyzed reactisimgi electrons from the external circuit. Since
there is not a permanent chemical change for dygsiseed solar cells, the estimated lifetime of

these devices is 20 years [6].

2. Experimental section
2.1 Natural Dyes Extraction

Fresh leaves ofMangifera Indicaand Ocimum gratissimuin and flowers of Bougamvillea
spectabillis, and Hibiscus sabdarijfavere collected. The collected leaves Mangifera Indica,
Ocimum gratissimunand the flower ofBougamvilleawere grinded to small particles using a
blender with 50 ml deionized water each as extgctiolvent. The solution was filtered to
separate the solid from the pure liquid. Also ¢béected flowers of thaibiscus sabdariffavere

air dried in a shade tprevent pigment degradation till they became irardrin weight. The
dried flowers ofHibiscus sabdariffawere left uncrushed because previous attempts @rove
failure to extract the dye from crushed samplestdyellification [7]. The method of heating in
water was used to extract the dye. Distilled watas the solvent for aqueous extraction. 5 g of
the sabdariffasample was measured using analytical scale balamtelipped in 50 ml of the
solvent heated to 108C for 30 min after which solid residues were fiérout to obtain clear
dye solutions.
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2.2 Preparation of TiO; paste

The TiG films was prepared using a modified sol-gel methadwhich 2 g of P25 Ti@
powder was dissolved in 10 ml of deionized watexediwith 0.2 mol of Triton-X 100 and 0.4 g
of acetaldehyde, then vibrated ultrasonically #@h®urs

2.3 DSSCs Assembly

All the materials were first cleaned and rinsedhwdistilled water and dried. The photoanode
was prepared by first depositing a blocking layertloe FTO glass (solaronix), followed by the
nanocrystalline Ti@ The blocking layer was deposited from a 2.5 wti¥@,Tprecursor and was
applied to the FTO glass substrate by spin coatimt) subsequently sintered at 44D for 30
mins. The nanocrystalline Tidayer was deposited by screen printing. It was tiatered in air
for 30 mins at 500°C. the counter electrode was prepared by screetingia platinum catalyst
gel coating onto the FTO glass. It was then driet0@°C and fired at 408C for 30 mins. The
sintered photoanode was sensitized by immersidhersensitizer solution at room temperature
overnight. Sensitization was achieved by immerdhg photoanode in the extracts. The cells
were assembled by pressing the photoanode agdiesplatinum-coated counter electrodes
slightly offset to each other to enable electricahnection to the conductive side of the
electrodes. Between the electrodes, @ BDspace was retained using two layers of a theahost

hot melt sealing foil. Sealing was done by keephegystructure in a hot-pressed at f@for 1
min. the liquid electrolyte constituted by 50 mmail tri-iodide/iodide in acetonitrile was
introduced by capillary action into the cell gapotigh a channel previously fabricated at
opposite sides of the hot melt adhesive, the cHama®then sealed.

2.4 Characterization

The current-voltageJfV) data was obtained using a keithley 2400 sourcemader AM1.5
(100 mw/cn) illumination from a Newport A solar simulator. &hfilm morphology was
obtained by scanning electron microscope (Carl Z&8/1). The absorption spectrum of the
dyes were recorded on Ava-spec-2048 spectrophosonmethe region of 350—700 nm. The cell
active area was 0.5 émThickness measurement was obtained with a Dek®X surface
profiler. X-ray microanalysis was carried out WiNCA EDX analyzer.

3. Results and Discussion

Fig. 3.1.shows the representative UV-vis absorption spdotréhe aqueous extracts of H S, B
S, S L,and M L. The extracts of H S exhibits Gaaption peak of 550 nm. This absorption is
attributed to the presence of anthocyanins. Theenotal adsorption of these dyes is accepted to
occur because of the formation of bond with théamer of nanostructured T3OIn the extract of
Bougainvillea spectabilifFig. 3.1 (B S)] the absorption peak was founduatb370 nm, which
can be associated to the presence of indicaxarsthchbetacyanin pigment.
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Fig. 3.3.The Scanning electron microscope surface morphaégyO, sample.
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Fig 3.4. EDX Image Showing the Elements Present in the Canpound

Fig. 3.4 presents the EDX Image of TiOl'he elements present in the Fi@e Titania, Chlorine,
Oxygen and Nitrogen. Nitrogen is present due to hilwaver that was used to dry the TiO
semiconductor.

Fig. 3.3 shows the SEM micrograph morphology of 7#m. From the figure, it shows that the
TiO, nanoparticles produced have a mean particle sizbofit 15 nm. It also reveals that the
surface is porous and has agglomeration.

The typical J-V curves of the DSSCs using the sensitizers exttaftem mango leaves,
bougainvilleaflowers, scent leaves ahébiscus sabdariffdlowers are shown ifig. 3.2.
Based on th@-V curve, thefill factor (FF) andsolar cell efficiency(77) were determined using

equations (1) and (2) respectively.

FF - Pmax - 'Jmax meaX (1)
Pin J SC xVOC
p=FFX9sc*Voe 144, @)

IRRADIANCE
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WhereVmnax= maximum voltage (V);
Jmax= Maximum current density (mA/é)
Jsc = short circuit current density (mA/&n
Voc = 0Open circuit voltag€V) and
Pirraoiance= light intensity (mWi/crf)

Photovoltaic tests of DSSCs using these naturas dgesensitizers are summarized able 1.
From the effective area of 0.5 &ithe performance of the natural dyes as sensitineBESSSCs
was evaluated by short circuit curredsq, open circuit voltageMoo), fill factor (FF), and
energy conversion efficiencyj().

As displayed inrable 1 andFig. 3.2, the fill factors of these DSSCs varies from 0.400@.570.
The Voc varies from 0.433 to 0.470 V, and thsc changes from 0.044 to 0.138 mA¢m
Specifically, a highVoc (0.470 V) andJsc (0.138 mAcm?®) were obtained from the DSSC
sensitized by thelibiscus sabdariffaxtract; the efficiency of the DSSC reached 0.%69 hese
data are significantly higher than those of the DSSensitized by other natural dyes in this
work. This is due to broader absorption range efdénsitizers, higher interaction between;TiO
nanocrystaline film and the pigment extracted fridibiscus sabdariffavhich leads to a better
charge transfer [8].

Table 1.Photovoltaic performance of DSSCs with differemtsitizers under 100mwWem

Sample J(MAcm™?) Vo(V) FF n (%)
HS 0.138 0.470 0.504 0.065
SL 0.044 0.466 0.400 0.021
M L 0.114 0.433 0.570 0.049
BS 0.093 0.433 0.550 0.040

It was once reported that DSSCs based on anodewimog Hibiscus Sabdariffaand
Bougainvillea spectabiliextracts shows a photoelectrochemical perfomanée§lsc= 0.23
mAcm?, Voc= 0.44 V,FF= 0.49 andj = 0.07 %) [7] andJsc= 0.088 mAcnf, Vo= 0.2 V,FF=

0.374 andy = 0.0066 %) [8]. When compared to our results WitB extract sensitized DSSC, it

is in agreement with Mphande and Pogreljiihiand Eliet.al[9] and when compared to Yirga
et.,al[8] a 5.7 % improvement in shortcircuit currenhdity of the B S extract sensitized DSSC
was observed. The differences in thibiscus sabdariffaDSSC might be attributed to the
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differences in concentrations of phytoconstituantslifferent parts of the plant [10], and the
differences in théougainvillea spectabillisensitized DSSC was due to the extracting solvent
(water for our studies and ethanol in their red@arc

The low conversion efficiency observed with DSSChs#tized with extract ofOcimum
gratissimumwas due to the presence of aggregated dyes omjextihg dyes at the surface of
the TiQ, that leads to small solar to electricity convemsgfficiency [11]. This is because there
are no available bonds between the dye and, Ti@lecules through which electrons can
transport from the excited dye molecules to the,Tin [12]. This result indicates that the
interaction between the sensitizer and the ;Tiin is significant in enhancing the energy
conversion efficiency of DSSCs

4. Conclusions

Four dyes obtained from nature, including flowewrsq leaves of plants were



used as sensitizers in the formed DSSCs. The pleotaechemical performances of the DSSCs
based on these dyes shows thatthe ranged from 0.433 to 0.470 V, adscwas in the range
of 0.044 to 0.138 mAci. The DSSC sensitized Hyibiscus Sabdariffaextract offered the
highest conversion efficiency of 0.065 % among tber extracts. The results obtained are
encouraging and should prompt more detailed studiescover the exact mechanism involved.
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