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ABSTRACT

Extracts from Morinda lucida were used as natural sensitizers of a wide band-gap
semiconductor (TiOy) in photoelectrochemical solar cells. The natural dye, adsorbed onto the
semiconductor surface, absorbs visible light and promotes electron transfer across the
dye/semiconductor interface. Photogenerated current density and voltage as high as 2.56 mAm
and 440 mV respectively were obtained and effective energy conversion efficiency of 0.53% was
achieved. This simple and cheap techniques of cell preparation therefore open up a perspective
of commercial feasibility for inexpensive and enviromentlly friendly dye cells.

Keywords: Morinda lucida, band-gap, photoelectrochemical solar cell, natudyle,
semiconductor.

INTRODUCTION

This twenty-first century is gradually forming anthe perfect energy storm. Rising energy
prices, diminishing energy availability and segyriand growing environmental concerns are
quickly changing the global energy panorama. Enargl water are the keys to modern life and
provide the basis necessary for sustained econdevelopment. Industrialized societies have
become increasingly dependent on fossil fuels fgriad uses.

Modern conveniences, mechanized agriculture, andagjlpopulation growth have only been
made possible through the exploitation of inexpendpssil fuels. Securing sustainable and
future energy supplies will be the greatest chakefaced by all societies in this century( 1).

In 1998, the global annual energy was about 1&.7Tthe expected global annual energy in
2050 is estimated to be 26.4 — 32.9TW, in 2100rhimber may increase to 46.3 — 58.7T2N).(
Definitely , additional energy greater than thetal of all the energy currently produced is
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needed . Therefore, the requirement to develogpemsive renewable energy sources has
stimulated new approaches for the production ofiefit, low-cost solar cells (3).

Generally, photovoltaic devices are based on timeeqt of charge separation at an interface of
two materials of different conduction mechanism.dite this field has been dominated by solid-
state junction devices, usually made of silicorg anofiting from the experience and material
availability resulting from the semiconductor intlys The dominance of the photovoltaic field
by inorganic solid-state junction devices is nowingechallenged by the emergence of a third
generation of cells, based, e.g. on nanocrystatixide and conducting polymers films. These
offer the prospective of very low cost fabricatiand present attractive features that facilitate
market entry. It is now possible to depart compyefimm the classical solid-state cells which are
replaced by devices based on interpenetrating metiynctions.

The dye sensitization of nanoporous semicondudtaas mimic natural photosynthesis in the
conversion and storage of solar energy has beensively investigated ( 4 ) ,a highly efficient
solar cell based on dye-sensitized nanoporous Th@ film electrode, and power conversion
efficiency as high as 10% was obtained.

However,effort has been intensified towards dyesiws sensitizers. Since it plays a key role in
the harvesting of sunlight and transferring of selaergy into electric energy.

The best — studied example is that of Ru —bipyrayd bound via carboxylate bonds to analytase
(TiOy) crystallites. This complex is found to have irgercharge — transfer absorption in the
whole visible range, long excited lifetime, highdfficient metal — to — ligand charge transfer
(MLCT) and with a power conversion efficiency ofcaib 11% - 12% (5) . On the contrary, for
the weak binding energy with Ti3ilm and the low charge — transfer absorptionha thole
visible range, natural dyes sensitizers perfornrlgan Dye sensitized solar cell (DSSC) (6).

Naturally, various parts of the shoot and root stay of plants shows various color from red to
purple and contain various natural dyes which carextracted by simple procedures. In this
study, DSSCs were prepared using Natural yellowife extracted from the stem- back of
Morinda lucida and used as sensitizer, as this fruit is reltimbundant from Senegal to Sudan
and southward to Angola and Zambia; it is sometiplested around villages like in Benin
Nigeria .The extract from the plant is rich in amatjuinone as shown in figure la/(). The
interaction between the dye molecule (the core outée groups of natural dyes) and FiO
porous film was investigated.

Economic importance of Morinda lucida

Tests with animals confirmed the attributed acyivat several traditional medicinal applications
of Morinda lucida. Extracts showed anti-inflammatoantifever and pain-reducing activity in
tests with rats and promoted gastric emptying amestinal motility. Leaf extracts showed in
vitro antimalarial activity against Plasmodium fprum while in several other tests antidiabetic
properties were confirmed. Inhibiting effects om@ar tumours in mice have also been reported.
(8,9).

The wood ofMorinda lucida yields yellow to red dyes. In Nigeria and Gaboa thot bark
(figure Ib) is used to dye textiles into scarled.r®n occasions of national grief or the death of a
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chief, the Ashanti people of Ghana dye cotton datd with the root bark of Morinda lucida.
These cloths, called ‘kobene’, are worn as mourdmegs by official people and by the family of
the deceased. The root is the most important toadit source of yellow dye for textiles in the
Kasai Province of DR Congo. The bitter-tasting soare used as flavouring for food and
alcoholic beverages and in Nigeria they are popatarchewing sticks. The wood is yellow
(hence the name brimstone tree), darkening to wetimwn in the sapwood and to dark brown
in the heartwood. It is medium-weight and hardyarks and finishes well, and it is durable,
being resistant to fungi, termites and other insdttis excellent for making charcoal, but is also
used for construction, mining props, furniture, @@ poles and fuelwood (10). The wood is
yellow (hence the name brimstone tree), darkerongetiow-brown in the sapwood and to dark
brown in the heartwood. It is medium-weight anddhat works and finishes well, and it is
durable, being resistant to fungi, termites aneihsects.

In West Africa Morinda lucida is an important pian traditional medicine. Decoctions and
infusions or plasters of root, bark and leavesracegnized remedies against different types of
fever, including yellow fever, malaria, trypanosasis and feverish condition during childbirth
(11). The plant is also employed in cases of deehypertension, cerebral congestion,
dysentery, stomach-ache, ulcers, leprosy and gooear In Nigeria Morinda lucida is one of the
four most used traditional medicines against fe%&j. In Cote d’'lvoire a bark or leaf decoction
is applied against jaundice and in Congo it is loiored with a dressing of powdered root bark
against itch and ringworm(13).

Fig 1 (a) Anthraquinone Structure from Morinda lucida. Colour; reddish brown (b) bark peels from Morinda lucida

2.1 Preparations of natural dye sensitizers

Back ofMorinda lucida were cut into slices and dried in an airy bukdaace in the laboratory
for several days until their weight becomes invaridhey were then crushed into tiny bits and
extracted into a mixture of ethanol- fluka, 96%vjviand water (4:1 by volume) keeping them
overnight.

The residual part were removed by filtration arttdie was (A) used as prepare(B) washed
with hexane severally to remove oil droplets ankrcphyll that may be present .BotA) and
(B) were then hydrolysed with few drops of HCI sotttiee extracts becomes deep redish in
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colour as the natural pH of 4.2 was adjusted to Bath resulting extracts were centrifuged to
further remove any solid residue and used direaglprepared for the construction of the DSSCs
at room temperature. In this condition, both extraemained stable for many weeks at room
temperature in ethanol/water solvent.

2.2 Preparation of DSSCs

TiO, paste purchased from Solaronix (nanoxide —T, mdlcanatase particles size ~ 13nm, ~
120nf/g (SA) was coated by screen printing method cmcglnaned fluorine doped Tin-Oxide

(FTO) conducting glasses (Nippon glass sheet 1@1&v). Finally, the glass sheet was

sintered at 45 for 30 minutes and furnace-step cooled to roamptrature to melt together

the TiQ; nanocrystals and to ensure its good mechanicakamhen the glass surface.

The TiQ; electrodes thickness was determined by Dekailipragter to be 8.15mm .

The impregnation of the electrode was achievedhbyimhmersion of the electrode (face-up) in
the natural dye extracts A and B for 4-6 houtsgs turned the Tigthick- film from fairly white

to fairly reddish colour. The impurities/exces® dyas washed away with anhydrous ethanol ,
dried in moisture free air and stored in a darkyainbus conditions.

DSSCs of 1crhactive area were assembled by sandwiching iaméthick (before melting)
Surlyn polymer foil as spacer between the photoanadd the Patinium counter electrode
(prepared by spraying method). Sealing was dorleebping the structure in a hot-press at@0
for 10-14 seconds. The cell was impreginated byroducing a liquid electrolyte (0.5M KI +
0.05M kin solvent of ethylene glycol + acetonitrite witlvaelume ratio of 4:1 ) into the cell gap
via a pre-drilled hole centered on the countertadele. The hole was later covered to prevent the
electrode from leaking.

2.3 Characterization and measurements
The crystalline phases of the Li@m was identified by x-ray diffraction (sciend@AD-2R)
using graphite monochromatized Cutadiation § =0.154nm).

UV-visible absorption measurements of the extracegdB were carried out With Avante UV-
VIS spectrophotometer.

Current-voltage (I-V) characteristics of DSSCs weramined under a standard solar radiation
of 1000W/n¥ using overhead Veeco-viewpoint solar simulatdgua point Keithley multimeter
coupled with a Lab-tracer software was used foa datjuisition at room temperature.

Based on the DSSC I-V curve, power conversion iefficy ¢)) was calculated according to the
equation:

N =FF X d:X Vodl (1)

where; &is the short-circuit voltage (volts), | is theensity of the incident light (W/f), Voc
is the open circuit coltage (volts) , FF is théféictor defined as;
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FFaVn JcVoc (2

Where ; 4, and V, are the optimum photocurrent and voltage exafdet from the maximum
power point of the |-V characteristics curve (498,

RESULTS AND DISCUSSION

Generally, anthocyanins and their derivates shdnoad absorption band in the range of visible
light ascribed to charge transfer transition froighlest occupied molecular orbital (HOMO) to

lowest unoccupied molecular orbital (LUMO) [13]. #drption spectra of anthocyanidins

(anthocyanins without the glycoside group) are tyaitependent on the substitute groups, R
and R, (14), i.e.,

R RL R2
2 pelargonodin H H

/M cyanidin OH H

| penindin OGH H
R/, delphindin OH OH
| |[ I petunidin OGH OH
ﬁ/ 7 malvidin OGH OCH

Figure II. Anthocyanidins structure and the substitute groups R and R,.
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Fig Il Absorption spectra of ; (A) anthraquinone and chlorophyll (B) anthraquinone fromMorinda lucida

Figure 11l shows the UV — VIS absorption spectrikatracts A andB. Both dye extracts were
soluble in ethanol /water solvent and resultedeéapdcoloured solutions. It can be seen that the
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extractA exhibits a maximum at 600nm and 440nm wBildoroadened- band at 600nm shows
an absorption maximum. The difference in the gltsmm characteristics is due to the different
composition of chlorophyll (440nm) and Anthraquieo(600nm) in the solutions which in turn

gives different colours to the extracts. As shopwoth dye extracts strongly and equally
absorbed light at= 600nm.

Table I. Photoelectrochemical parameters of the DS sensitized by natural dyes A and B under irradiion
with simulated sunlight at 1000wm? intensity ( AM 15) at the working area of 1.0 crh

DSSC sensitizers Apna,(nm) | Jsc (MA cmi®) | Voo (mV) | FF | n%
Extract A 60404g”d 2.56 440 | 047 053
Extract B 440 1.15 350 | 0638 025

Table 1shows the maximum reproducible values of the eneogyersion efficiency, the open-
circuit voltage and the short-circuit photocurrentthe cells sensitized with extract&)( and
(B). The energy conversion efficiency of the cellsgred with extracA is significantly higher
than theB cell , this could be attributed to the fact thaell made from extrachA enjoys
sensitization at peaks 600nm and 440nm respegtalsb, the low cell B efficiency could be
related to low injection efficiencies indicatingaththe overlap of the dye excited states and the
metal oxide state conduction band, the dye regémerkinematics , and the dye excited state
life time are not optimal ( as depicted in figui¢ . However no deviation from this trend was
observed when attempts were made to enhance tloeptibe of the individual dyes (i.e; by
varying the duration of immersion). Moreover ,botlls show no invariance in the efficiency
under 3 hours Continuous stimulated sunlight ille@ation but on exposure to direct sunlight
noticeable decay was seen in about 5-6 hours md®ls. This effect could be attributed to the
UV in sunlight which seems to degrade the pigmastebserved in the fairly fading away of the
photoanode colour.

CONCLUSION

In this approach, natural dyes were extracted fidorinda lucida using different cheap
techniques for possible application as sensitizelBSSCs .The attached dyes, rather than the
emiconductor itself, are the absorbing species.yTihgect electrons into the semiconductor
conduction band upon excitation. These electroestlaen collected at a conducting surface,
generating photocurrent. As a result of this adearent, the development of environmental
friendly, inexpensive and efficient photochemisalar cells became commercially feasible.

Among the different dyes investigated , the dye tammg mixture of chlorophyll and
Anthraquinone extracts gave a significantly high#hotocurrent, voltage and reasonable
efficiency, this could be due to better interactioestween the surface of TiGnd the dye
molecules. However, studies on the long-term btaloif the cell developed revealed a decay in
the efficiency over time.
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