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Abstract

Natural dyes are environmentally and economically superior to ruthenium-based dyes because
they are nontoxic and cheap. In this study, dye-sensitized solar cells (DSSCs) were fabricated
using natural dyes light harvesting materials. The natural dyes were extracted from Acanthus
sennii chiov flower and Euphorbia cotinifolia leaf. In the as prepared DSSC, a quasi-solid state
electrolyte was sandwiched between the working electrode (photoanode) and counter electrode
(PEDOT-coated FTO glass). The photoelectrochemical performance of the as prepared quasi-
solid state DSSCs showed fill factors (FF) ranging from 47 to 60%, open circuit voltages (Voc)
and short circuit current densities (Jsc) ranging from 0.475 to 0.507 V and 0.352 to 0.642 mA
cm™ respectively at 100 mW cm” light intensity. The maximum power conversion efficiency (n)
of the as prepared DSSC prepared from Acanthus sennii chiov. Flower which was extracted by
1% HCI of ethanol reached 0.15% where Voc, Jsc & FF is 0.507 V, 0.491 mA cm ™ & 60%
respectively. On the other hand, the maximum power conversion efficiency using Euphorbia
cotinifolia leaf dye sensitizer with similar extraction solvent reached to 0.136%. This is the first
study that reports fabrication of DSSC using natural dye sensitizers extracted from these plants in

the presence of quasi-solid state electrolyte and PEDOT as a counter electrode.

Keywords: Dye-sensitized solar cell, Acanthus sennii chiov.flower, Euphorbia cotinifolia leaf,

quasi-solid state electrolyte, PEDOT



Dye-sensitized solar cells using natural dye aslight-harvesting materials

extracted from Acanthus sennii chiovenda flower and Euphorbia cotinifolia leaf

Abstract

Natural dyes are environmentally and economically superior to ruthenium-based dyes because
they are nontoxic and cheap. In this study, dye-sensitized solar cells (DSSCs) were fabricated
using natural dyes light harvesting materials. The natural dyes were extracted from Acanthus
sennii chiovenda flower and Euphorbia cotinifolia leaf. In the as prepared DSSC, a quasi-solid
state electrolyte was sandwiched between the working electrode (photoanode) and counter
electrode (PEDOT-coated FTO glass). The photoelectrochemical performance of the as prepared
quasi-solid state DSSCs showed open circuit voltages (Voc) varied from 0.475 to 0.507 V, the
short circuit current densities (Jsc) ranged from 0.352 to 0.642 mA cm™ and the fill factors (FF)
varied from 47 to 60% at 100 mWem™ light intensity. The dye extracted from Acanthus sennii
chiovenda flower, using acidified ethanol (in 1% HCI) as extracting solvent, exhibited best
conversion efficiency with a maximum open circuit voltage (Voc) of 0.507 V, short circuit
current density (Jsc) of 0.491 mA cm_2, fill factor (FF) of 0.60 and an overall conversion
efficiency (1) of 0.15%. On the other hand, the maximum power conversion efficiency of the dye
extracted from Euphorbia cotinifolia leaf was 0.136%. This is the first study that reports
fabrication of DSSC using natural dye sensitizers extracted from these plants in the presence of

quasi-solid state electrolyte and PEDOT as a counter electrode.

Keywords: Dye-sensitized solar cell, Acanthus sennii chiovenda flower, Euphorbia cotinifolia
leaf, quasi-solid state electrolyte, PEDOT

1. Introduction

Dye sensitized solar cell (DSSC) is a promising alternative to conventional silicon solar cells,

which effectively utilizes a property of nanocrystalline wide band gap semiconductor (metal



oxide) porous electrode [1]. It provides a prime attention as an alternative source of clean and
green energy due to its several advantages, such as low price to performance ratio, low
processing cost, and low intensities of incident light, mechanical robustness, light weight and
aesthetically appealing transparent design [2, 3]. A DSSC consists of a fluorine-doped
SnO,(FTO) layer, a nanocrystalline wide band gap metal oxide semiconductor porous electrode,
dyes, an electrolyte, and a counter electrode [4, 5] as shown in scheme 1. In the assembly of
DSSC, the dye plays an important role in harvesting solar energy and converting it to electrical
energy with the aid of a semiconducting photoanode [1, 6, 7]. Therefore, the cell performance is
mainly dependent on the type of dyes used as a sensitizer [8]. Many metal complexes and
organic dyes [1, 6, 9] have been synthesized and used as sensitizers. Ruthenium based complexes
are considered as good sensitizers for DSSCs because their intense charge transfer absorption
over the entire visible range and highly efficient metal to ligand charge transfer [10]. These
complex dyes are capable of delivering DSSCs with high conversion efficiency [11] as compared
to natural DSSCs [1, 12, 13]. On the other hand, natural dyes have several advantages over rare
metal complexes (ruthenium based complexes) because ease of extraction with minimal
chemical procedures, large absorption coefficients, low cost, non-toxicity, environmentally
friendly, easily biodegradable and wide availability [8, 15-17]. Moreover, synthetic organic dyes
have been fraught with problems, such as complicated synthetic routes and low yields [14]. Thus,
several dyes extracted from natural pigments including anthocyanins, carotenoids and
chlorophylls have been used as sensitizers in DSSC [12, 16-19]. Chlorophyll is the well-known
and dominant natural pigment in terms of absorbing specific wavelengths of the visible light,
converting sunlight to chemical energy [20]. The common types of chlorophyll are "chlorophyll
a" present in all photosynthetic plants and "chlorophyll b" found widely in higher plants and
algae [19]. It possesses a common basic structure that is a porphyrin structure consisting of four
pyrrole rings [19]. The presence of magnesium ion in the center is the unique feature of the
chlorophyll structure and it plays an important role in the absorption of light energy. Chlorophyll
in its raw form 1s not an efficient sensitizer for DSSC applications because lack of binding sites
to TiO, [21]. Hence different approaches have been adopted to improve the photoelectrochemical
performances [19]. Anthocyanin is one of such flavonoid compound present in many fruits,
flowers, leaves and is responsible for the red, violet and blue colors [1, 19]. The advantage of

anthocyanin is the binding of carbonyl and hydroxyl groups of the chlorophyll to the surface of a



porous TiO, film. This helps excess for anchoring the dye on the surface of TiO, film and also

provides easy electron transfer from the anthocyanin molecule to the conduction band of TiO; [1].

In this study, DSSCs were assembled using locally available natural dyes extracted from
Acanthus sennii chiov. flower and Euphorbia cotinifolia leaf using a very simple extraction
technique. The optical properties of the extracted dyes were characterized by UV—Vis absorption
spectroscopy. Those dyes that have the best optical properties were used as a light harvesting
material for the construction of DSSC. To the best of our knowledge, no report has been shown
for dyes extracted from these plants for DSSC application using quasi-solid state electrolyte and

PEDOT as a counter electrode.

The blue-doped PEDOT film on FTO glass has a potential application for electrodes and has
been used as an alternative to platinum due to its good conductivity, remarkable stability and a
comparatively lower price than platinum [22]. A quasi-solid state electrolyte is a particular state
of matter, neither liquid nor solid, or conversely both liquid and solid [23]. Because of the unique
network structure of polymers, quasi-solid state electrolytes show better long-term stability,
higher electrical conductivity, and better interfacial contact when compared to liquid electrolytes
[24, 25]. The conductivity of the quasi-solid state electrolytes depends on the molecular weight
and the morphology of the polymer because of the higher mobility of charges in the amorphous
phase of polymers when compared to the crystalline phase. The photoelectrochemical

performances of the as prepared DSSCs assembled from these dyes were measured.

A schematic representation of the as prepared DSSC is shown in scheme 1. The working
principles or operating mechanisms of the as prepared DSSC begin with illumination of light

energy. The following are the key operating steps of a typical DSSC.

i.  Photo-excitation of the dye via absorption of light. The dye is excited by the absorption
of photon energy (hv).
ii.  Injection of excited electrons in to the conduction band (CB) of TiO,, resulting in the
oxidation of the dye.
iii.  Electron transport to the counter electrode. The electron in the conduction band of TiO,

flows through the external circuit in to the counter electrode.



1v.

V1.

Vii.

Reduction of tri-iodide ions (I3"). The oxidized redox mediator, (I3"), diffuses toward the
counter electrode and is reduced to I ions.

The oxidized dye accepts electrons from the I ion redox mediator, regenerating the
ground state of the dye (regeneration of dye), and I" oxidized to tri-iodide ion (I3).

The recombination of the injected electrons with the oxidized mediator (tri-iodide, I3) at
the interface between TiO, or FTO and electrolyte before the electron has been collected
and passed through the load and reached to the counter electrode [26]. This process limits
the efficiency of the DSSC.

The recombination of the injected electron with the oxidized dye [27] at the interface
between the dyes and TiO,.This is also another limiting reaction for the performance of

DSSC.

The as prepared natural dye DSSC represented in scheme 1 uses the aforementioned

processes/mechanism to convert solar energy in to electrical energy.

Quasi-solid

A state electrolyte
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Scheme 1. A schematic representation of the as prepared DSSCs



2. Experimental Section

2.1. Chemicalsand materials

Triton X-100 (sigma Aldrich), 3,4-ethylenedioxy-thiophene (EDOT, 97% sigma Aldrich), tetra
ethyl ammonium tetra floroborate (C,Hs)sNBF, , 99%, sigma Aldrich ), acetone (C3HgO, 99%,
sigma Aldrich), acetonitrile (CH3CN, 99.9%, sigma Aldrich), iodine (99%, G.P.R England), and
35% (w/w) of polyvinyl pyrrolidone (PVP), SnO,: F transparent conductive glass (FTO, 2 cm X
1.5 cm, with sheet resistance 15 €)/sq, sigma Aldrich), 3-ethyl-2-methylimmidazolium iodide
(EMIM-I), sodium iodide (BDH), glacial acetic acid (99-100%, SCR-china), TiO, powder (P25,
Degussa AG, a mixture of about 30% rutile and 70% anatase, sigma Aldrich ), ethanol
(CH3CH,0H, 97%, Fluka), 2-propanol (99.5%, Fluka) and natural dye extracted from Acanthus
sennii chiov. flower and Euphorbia cotinifolia leaf. All the purchased chemicals and solvents

were used without further purification.

2.2. Preparation of natural dye sensitizers: Acanthus sennii chiov. flower and
Euphorbia cotinifolia leaf were collected from Bahir Dar city of Ethiopia and these samples were
washed with pipe water to get ride off the dust particles. After washing, a sample was dried in
the laboratory room in dark place for four weeks at room temperature. After that, the samples
were crushed with a super blender to produce a fine powder. Scheme 2 shows the photographic
picture of plants, respective powder and solution of natural dyes extracted from Acanthus sennii
chiov. flower and Euphorbia cotinifolia leaf. These powders were used for extracting different
dyes using different solvents (such as distilled water, ethanol, mixtures of distilled water and
ethanol mixed with different concentration of hydrochloric acid (HCl) for each solvent at room
temperature. For a typical extraction of dyes, 2 g of powdered Acanthus sennii chiov. flower was
mixed with 50 ml distilled water containing 1% HCI by using a magnetic stirrer for 2 hrs to
disperse the powder completely and then kept for 24 hrs. Then the solution was filtrated by
decantation followed by a glass filter to obtain clear solutions. To prevent the dye from light
exposure, the extract solution was covered with aluminum foil. The same amount of Euphorbia
cotinifolia leaf powder was soaked in 50 ml distilled water containing 1% HCI in a separate
bottle. Similar procedures were applied by taking the same amount of powder and solvent for all

the rest extracting solutions except the concentration of the acid (different % of HCl was



employed for acidification of solvents). The representative images of plants, their respective

powder and extracted solutions of the samples are shown below.

| 4‘ -
(I) Plant parts Powder Extracted dye solution
Scheme 2. (I) Acanthus sennii chiov. flower, (II) Euphorbia cotinifolia leaf along with its
respective plant parts, powder and extracted solution, a and b represent extracted solutions

using acidified (1% HCI) distilled water and acidified ethanol (1% HCl) solvents respectively.

2.3. Preparation of photoanode: The TiO; film on the FTO glass was prepared using a
doctor blade technique [28]. The mesoporous titanium dioxide (TiO,) paste was prepared with
similar methods described elsewhere [29]. First, FTO glasses (2 cm x1.5 cm) were cleaned with
ethanol, acetone and then 2-propanol for 20 minute in each step using ultrasonic bath. Then 3 g
of commercial TiO, powder was mixed with a small amount of distilled water (1 ml) containing
0.1 ml of acetic acid to prevent aggregation of the particles. After the powder had been dispersed
by the high shear forces in the viscous paste, it was diluted by slow stepwise addition of 4 ml
distilled water and 0.05 ml Triton X-100 under continued grinding (mixing) with in a porcelain
mortar and pestle. With the conductive side facing up, apply two parallel strips of scotch tape on

the edges of the glass plate which was used to monitor the film thickness and to control the



active area for dye absorption. Titanium dioxide paste was deposited on the FTO glass between
the two pieces of tape and was coated by “doctor blade” method (i.e. sliding a paste with a glass
rod on the substrate) to spread the paste across the plate. This process was continued until the
layer became homogenous. After the film dried at room temperature, the tape was removed
carefully without scratching the TiO; coating. The as prepared TiO, film was sintered at 450°C
for 30 minutes to enhance the film compactness and crystallinity. After sintering, the films were
allowed to cool naturally and immersed into the extracted dyes for about 24 hrs until the TiO,
film covered with the dyes. After the dye adsorbed, the film was taken out of the dye solution
and was rinsed with ethanol to remove unabsorbed dye and any other residues available on the
surface. Finally, it was dried with an air gun and ready to combine with the counter electrode for

DSSCs device preparation.

2.4. Preparation of counter electrode: The counter electrode was prepared by
electrochemical polymerization of 3, 4-ethylenedioxy-thiophene (EDOT) in a three electrode and
one compartment electrochemical cell [30]. The electrochemical cell consisted of FTO glass
(used as the working electrode), a platinum foil (used as the counter electrode), and a quasi-
Ag/AgCl (used as the reference electrode). These three electrodes were immersed into a solution
of 0.1 M EDOT and 0.1 M ((C,Hs)sNBF,) in 50 ml acetonitrile. The polymerization was carried
out at +1.8 V for 2 seconds. At this deposition potential and time, the electrode surface has been
covered with a blue-doped PEDOT film and the film was rinsed with acetonitrile and dried in air

for use.

2.5. Preparation of quasi-solid-state electrolyte: The polymer gel electrolyte was
prepared as reported elsewhere [31]. For a typical preparation, 0.9 M of 3-ethyl-2-
methylimmidazolium iodide (EMIM-I) was added to acetonitrile under stirring to form a
homogeneous liquid electrolyte. 0.5 M of sodium iodide was added in the above homogeneous
liquid electrolyte. Then, 0.12 M of iodine and 35% (w/w) of polyvinyl pyrrolidone (PVP) were
also added. The resulting mixture was heated in the temperature range of 70 to 80°C under
vigorous stirring to dissolve the PVP polymer, followed by cooling down to room temperature to
form a gel electrolyte. Finally, the gel electrolyte was deposited in the form of thin film on top of

the dye-coated TiO; electrode.



2.6. Fabrication of Natural DSSCS. The quasi-solid state electrolytes were deposited in
the form of thin film on the surface of dye coated TiO, films [30]. These electrolytes were
sandwich in between the photoanode and the PEDOT-coated FTO glass counter electrode. The
assembly of DSSC was completed by attaching the non-titanium dioxide covered area of the
photoelectrode and the non-overlapping edge of the counter electrode to the measuring
equipment by means of cords and crocodile clips. The photoelectrochemical cell (PEC) was then
mounted in a sample holder inside a metal box with an area of a 1 cm’ opening to allow light to

enter from the source.

2.7. Optical properties of Natural dyes. The optical absorption of the as-prepared dye
solution was determined by UV-Vis absorption spectrophotometer (Perkin Elmer Lambda 35) in
the wave length range of 300 to 800 nm. The effect of extracting solvents on the optical

properties of dyes was also studied.

2.8. Photoelectrochemical M easurements. Photoelectrochemical measurements were
performed by using a computer controlled CHI630A Electrochemical Analyzer. A 250-W
tungsten—halogen lamp regulated by an Oriel power supply (Model 68830) was used to
illuminate the as prepared DSSC. The measured photocurrent spectra were corrected for the
spectral response of the lamp and the monochromatic by normalization to the response of a
calibrated silicon photodiode (Hamamatsu, Model S1336-8BK) whose sensitivity spectrum was
known [32]. The intensity of the incident light was 100 mW cm™. All experiments were carried

out at ambient temperature.

3. Result and Discussion

3.1. Optical absorption measur ements of the extracted natural dyes

The UV-Vis absorption spectra for the dye solution extracted using different solvents are shown
in Fig. 1 & 2 below. Fig. 1 (I) and (II) represent UV-Vis absorption spectra of dye solutions
extracted from Euphorbia cotinifolia leaves using ethanol and distilled water acidified with
various concentrations of HCI solvents. As shown in Fig. 1 (I), all the extracted solutions have
shown an absorption peaks at 419, 536 & 655 nm. This absorption peak of extracted dyes shows
almost closely related to chlorophyll and anthocyanin as reported earlier [1, 33]. Chlorophyll

absorbs strongly in the blue and red regions of the absorption spectrum [9, 18] which



corresponds to the absorbs region from 400 to 500 nm and 600 to 750 nm respectively [33, 34].
It also absorbs very little in the green region of the spectrum from 500 to 600 nm and this also
reflected in the absorbance region of anthocyanin since anthocyanin dyes absorb in the region
between 500 and 600 nm [1, 33]. From Fig. 1 (II), the absorption peaks are 513, 510 and 510 nm
for each (different acid concentration) 1, 2 and 3% HCI respectively. These absorption peaks are
closely related to the absorption peaks of anthocyanin which indicates anthocyanin is the major
components of the observed pigments as reported earlier. As shown from Fig.1 (I) and (II),
solutions extracted by both 1% HCI acidified ethanol and distilled water have relatively higher
absorbance than solutions extracted by 2% and 3% acidified ethanol and distilled water, due to
an increase in the extraction of anthocyanin using an optimal acidification of extracting solvents
which leads to a suitable protonation reaction. This indicates anthocyanin pigments are highly
soluble in 1% HCI for these studies. A similar finding was reported so far [35]. In this study,
extraction of dyes using different acid concentrations was also studied. The dye that was
extracted at low acid concentration shows a good interaction with the working electrode results
the best cell efficiency compared with the one extracted with higher acid concentration. This is
due to the existence of the dye in a stable form with lower acid concentration, where the ions
hydrated to form bases (a stable form). The optical properties also assures that the extracted
solution have a higher absorbance at lowest acid concentration compared with the highest acid

concentration.
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Figure 1. UV-Vis absorption spectra of dye solutions extracted from Euphorbia cotinifolia
leaves using (I) ethanol and (II) distilled water acidified with (a) 3% HCI (b) 2% HCI & (c) 1%
HCI concentration as extracting solvents.



Fig. 2 (I-ITI) shows the UV-Vis absorption spectra of dye solutions of Acanthus sennii chiov.
flower extracted using acidified ethanol, mixtures of acidified distilled water & ethanol, and
acidified distilled water. Acidifications were carried out using different hydrochloric acid
concentrations. All the extracted solutions show a broad absorption peak in the visible region
between 500 - 600 nm with a maximum absorption wavelength at 523 nm, 524 nm and 524 nm
for each acidified ethanol; 523, 525 & 522 nm for each mixtures of acidified distilled water and
ethanol; and 517, 523 & 525 nm for each acidified distilled water with different hydrochloric
acid concentration (1, 2 & 3% HCI) respectively. As shown in Fig.1(I) and (II) above, these
absorption regions are also the main characteristics of anthocyanin pigments [1, 33].
Acidification leads to a protonation reaction and the equilibrium shifts from the quinonoidal to

the flavylium form, which increases the extraction of anthocyanin.
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Figure 2. UV-Vis absorption spectra of dye solutions extracted from Acanthus sennii chiov.
flower using (I) acidified ethanol, (II) mixture of acidified distilled water and ethanol, and (III)
acidified distilled water each with (a) 3% HCI (b) 2% HCI and (c) 1% HCI concentrations.
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3.2. Photod ectr ochemical measurements of natural DSSCs

From the current density-voltage (J-V) curves of the as prepared DSSC, the performance of
DSSCs was evaluated by short circuit current density (Jsc), open circuit voltage (Voc), fill factor
(FF), and power conversion efficiency (1) [36]. The photovoltaic characteristic of DSSCs is

defined as;

The overall energy conversion efficiency (1) of DSSCs is calculated using

- Jac*x V5o xFF

n By Tt 2)

Where P« is maximum output power and Pj, is the power of incident light.

=
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Figure 3. J-V curve of DSSCs sensitized by Acanthus sennii chiov. flower extracted with
(a) acidified (in 1% HCI) distilled water, (b) mixtures of acidified distilled water (with 1% HCI)
& ethanol, (d) acidified ethanol (with 1% HCI) while (c) acidified (in 1% HC]) distilled water, (e)
acidified (in 1% HCI) ethanol extracts of Euphorbia cotinifolia leaf.

Fig.3. shows current density—voltage (J-V) curves using different natural dye sensitizers
extracted by different solvents at different acid concentrations. The Fill Factors of DSSCs
prepared by dyes extracted at different solvents are varied from 47 to 60%. The Voc and Jsc
ranges from 0.475 to 0.507 V and 0.352 to 0.642 mA cm™respectively. The power conversion
efficiency of the cell sensitized by the dye extracted from Acanthus sennii chiov. flower using

ethanol (1% HCI) was relatively higher than DSSCs sensitized by dyes extracted from

11



Euphorbia cotinifolia leaves, where the cell parameters are Voo; 0.507 V, Ji; 0.491 mA cm™, FF;
60% and n; 0.150 %.

Table 1 summarizes the photoelectrochemical performances of DSSCs fabricated from various
dye sensitizers. As shown in table 1 the efficiencies observed in this study are significantly
higher than those of the DSSCs sensitized by other natural dyes. More importantly, it showed an
optimal performance compared to other natural dyes employed so far by other groups. This is
due to the interaction between TiO, and anthocyanin extracted from Acanthus sennii chiov.
flower by the acidified ethanol resulted a good charge transfer and the higher solubility of
anthocyanin in acidified (1% HCI) ethanol reduces the aggregation of dye molecules. While in
Euphorbia cotinifolia leaves, the dominant components are chlorophyll pigments which have
less interaction with TiO, film leading poor charge transfer. As a result, the DSSCs sensitized by
natural dyes mainly composed of chlorophyll did not offer high conversion efficiencies. The FFs
of DSSCs prepared by dyes extracted from Euphorbia cotinifolia leaves is lower than the FFs of
that of Acanthus sennii chiov. flower due to the higher resistance and more recombination in a
solar cell which can reduce the device’s FF and power conversion efficiency [37]. As shown in
table 1, the anthocyanin and chlorophyll dye extracted using different solvents showed lower
power conversion efficiency. However, in this work, a quasi-solid-state electrolyte was
employed as an electrolyte along with PEDOT as a counter electrode instead of platinum leading

to a better performance of the as prepared DSSC.

Generally, as we mentioned in the abstract and introduction part ruthenium based complex dyes
are capable of delivering DSSCs with high conversion efficiency as compared to natural DSSCs.
However, processing of this complex contain heavy metal, which make this types of DSSCs be
unpopular from the environmental aspects. Furthermore the high cost, long-term unavailability,
rarity and the complicated synthesis of ruthenium complexes needs to search for alternative
photosensitizers for the use in TiO, based photovoltaic devices. Hence natural dyes can be used
as alternatives for the same purpose with an acceptable efficiency. The advantages of natural

dyes include their availability, eco-friendly, low cost and biodegradable nature.
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Tablel. The photoelectrochemical parameters of the as prepared DSSCs sensitized with dyes
extracted from Euphorbia cotinifolia leaves and Acanthus sennii chiov. flower extracted at

different solvents.

Natural Je FF

dye Solvent Voe(V) (mAcm?) (%) H(%) Reference
Ascf Ethanol with 1% HC1 0.507 0.491 60.4 0.150  This work
EcL Ethanol with 1% HC1 0.436 0.642 48.5 0.136  This work
Ascf Mixtures with 1% HCI 0.485 0.392 60.4 0.115  This work
EcL Distilled water with 1% HC1  0.418 0.542 47 0.106 This work
Ascf Distilled water with 1% HC1  0.475 0.351 60.6 0.101 This work
Lyceum Ethanol 0.580 0.420 42 0.100  [38]
Shawii

Olivegrain Ethanol 0.550 0.580 38 0.120  [36]

Sal. SF Ethanol 0.214 0.071 56 0.015 [30]
JM.F Ethanol 0.221 0.034 52.6  0.004 [30]
Lemon leafs Acetone 0.225 0.017 54.1 0.040 [9]

Key: Ascf: Acanthus sennii chiov. flower, ECL: Euphorbia cotinifolia leaves, Sal. S F: Salvia
spelendens flower, J.M.F: Jacaranda mimosifolia flower, Mixtures: mixture of distilled water

and ethanol.
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4. Conclusion

In this work, natural dyes extracted from two locally available plants such as Acanthus sennii
chiov. flower and Euphorbia cotinifolia leaf were used as sensitizers for DSSC. These natural
dyes used as a light harvesting material were extracted using different solvents at different acid
concentrations. The comparisons of different acid concentrations as an extracting solvent and its
effect on the absorption spectra were investigated. The dye solutions extracted from parts of the
plant material contains anthocyanin and chlorophyll. The as prepared DSSC were assembled
using PEDOT-coated FTO glass as a counter electrode, natural dye anchored TiO; film as a
photoanode, and quasi-solid state electrolyte as an electrolyte sandwiched in between the two
electrodes. The photoelectrochemical performances of the as prepared DSSC were evaluated.
When chlorophyll pigments were used as a light harvesting, did not offer high conversion
efficiencies, due to lack of available interaction between the dye and TiO, molecules resulting
low loading on the surface TiO; films. The highest photoelectrochemical performance of the as
prepared DSSCs was observed for a dye extracted using acidified (in 1% HCI) ethanol (where
Voc of 0.507 V, Jsc of 0.491 mA cm_z) and its power conversion efficiency reached 0.150%.
Generally, natural dyes as sensitizers/light harvesting materials for DSSCs are promising because

of their environmental friendliness, low-cost of production and simple manufacturing technique.
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Highlights
eNatural dyes were extracted from different parts of plants using different extracting solvents
eNatural dyes were used as a light harvesting pigments for Dye-sensitized solar cell

e The effect of dye extracting solvents on the performance of solar energy conversion has been

studied.

eQuasi-solid state electrolyte and PEDOT as a counter electrode has been used for DSSC

assembly



