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Abstract

Developments in dye-sensitized solar cells (DSSCs) attracted the attentions of researchers due
to their easy fabrication, high efficiency and green energy technique. Recent researches
increased their energy conversion technique for their different applications. Conventionally,
Pt or other conductive materials are used as conductive substrate in electrodes and catalysts in
dye-sensitized solar cells. The potential advantages of polymer solar cells include high
flexibility, good process ability, low material cost and independence from scarce resources. In
this work DSSC was fabricated by using glass substrates coated with conductive layer of
Indium Tin Oxide (ITO). Graphene, Graphene Oxide and Poly-Aniline were synthesized and
used as Photo-cathode (i.e. counter-electrode). Newly fabricated DSSCs were characterized
by Scanning Electron Microscope (SEM), Electrochemical Impedance Spectroscopy (EIS)
and I-V. Characterizing of DSSCs concluded that graphene showed 2.10%, graphene oxide
shows 2.90% while poly-aniline has 3.96% efficiency. Though the efficiency of the fabricated
cells was found low as compared to conventional Pt made counter electrode but it is much
cost effective for insensitive applications at massive scale.

Keywords: Solar Energy, DSSC, graphene, poly-aniline, counter electrode, Indium Tin
Oxide (ITO)

1. Introduction

Solar energy is the most abundant, clean and renewable energy available in the world.
Solar radiations are to be counted as 3.8 million EJ/year (Aleklett & Campbell, 2003). In the
last few decades, solar power is considered more important for micro-electro-mechanical
system (MEMS) with different kinds of micro or nano size machines(Chen, Chang, & Zhang,
2012). Researchers are very much interested in fabrication of the thin film solar cells due to
their high performance as compared to conventional cell (Malik, Butt, Saad, & Noor, 2017).
Now-a-days, dye-sensitized solar cells (DSSCs) are most popular for research and
development in this field. This is due to their simple structure, low fabrication cost and most
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importantly its moderate light-to-electricity conversion efficiency (10.4%) (Nazeeruddin et
al., 1993; O’regan & Grfitzeli, 1991). DSSCs are fabricated by combinations of different
materials including a transparent electrode coated with a dye sensitized thin mesoporous film
of nano-crystalline particles of TiO2, a counter electrode that is used as a catalyst and an
appropriate redox-coupler. An organic dye responsible for producing electricity by converting
photons of solar energy in a wide range of light conditions is also used (as shown in figure 1)
(Selim & Mohamed, 2017). Thin mesoporous film of titania and organic dye plays a vital role
in the power conversion efficiency of cell (Ahmad, Pandey, & Rahim, 2017; Hara et al., 2004;
Selim & Mohamed, 2017). Power conversion efficiency varies with dye. For example, the
energy conversion efficiency (1) of the cells consisting of rosella extract and blue pea extracts
alone and mixed extract was 0.37%, 0.05% and 0.15%, respectively (Wongcharee, Meeyoo,
& Chavadej, 2007). This present research is a comparative study on different materials used
as a counter electrode to fabricate dye-sensitized solar cell (DSSC). These counter electrodes
are coated with a conductive layer mostly of carbon. It has a key role as it catalyzes the
reduction of the redox species in DSSCs. It helps external circuit to transfer electrons to tri-
iodide and iodine in the redox (Zhang et al., 2011). Therefore, for considering a high
performance DSSC, it requires to have a counter electrode material which is expected to have
a good electrical and catalytic property with a chemically stable material (Kumar et al., 2015).
Normally, Platinum (Pt) film is used widely as a catalyst in DSSC. But there are some issues
with Pt which includes its high cost and availability. So to fabricate dye-sensitized solar cells
(DSSCs), it is the main focus to use a material with low cost, easy availability and most
importantly with high conductivity (Maiaugree et al., 2015). The aim of this research is to test
and made comparative study by substituting the ‘Pt” with Graphene, Graphene Dioxide and
Poly-analine. For considering these materials, objective was their cost and electrical
conductivity which effective the power conversion efficiency of the dye sensitized solar cell.

2. Experiment

Two steps procedure was adopted for fabrication of DSSC. Firstly, graphene, graphene
oxide and poly-aniline were prepared for coating of counter electrode. In the second phase of
experiment dye sensitized solar cell was fabricated by using these coated counter electrodes.

2.1 Synthesis of Conduction Polymers for counter electrode
Following are materials which were synthesis for the fabrication of counter electrode:
2.1.1 Graphene and Graphene Oxide

Graphene was prepared by the reduction of above prepared graphene oxide. For the synthesis
of graphene, 350 mg of already prepared graphene oxide was dispersed in 350 mL of distilled
water and then 5 mL of 80% hydrazine hydrate was added. The solution was heated at 100 °C
for 4 h until solution transferred into black suspension from yellow brown (Hu et al., 2011).
Subsequently, this solution was cooled, filtered and washed with ethanol and water several
times and dried in oven at 50 °C till complete drying.

Graphene oxide was prepared by oxidation of pure graphite powder. 3 g of graphite powder
and 3 g of sodium nitrate was taken in 150 mL of concentrated sulphuric acid in a beaker in
ice bath. Afterwards, 9 g of potassium permanganate was added in it gradually. This solution
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was then shifted to 40 “C temperature hot plate and stirred for 2 h. Then 150 mL of distilled
water was slowly added slowly which raised the temperature of solution up to 98 “C. 30 ml of
80% hydrogen oxide was added in it and stirred for further 10 min and then diluted with 700
mL of distilled water. This solution was filtered and washed with distilled water until pH of
solution became 7. Finally, it was dried at room temperature to get graphene oxide in powder
form (Hu et al., 2011).

2.1.2 Poly-analine

5 mL aniline was dispersed in 90 mL of 1 M hydrochloric acid in ice bath. Meanwhile 2.5 g
of potassium dichromate was dissolved in 100 mL of 1 M hydrochloric acid and placed in
refrigerator. This pre-cooled solution was then added dropwise in aniline solution. After few
minutes, this solution turned green which was the indication of polymerization. This solution
was stirred for 4 h in ice bath and then left overnight to complete the polymerization at same
temperature. After 24 h this solution was filtered and washed with water and then ethanol and
dried in oven at 50 °C. The dried polyaniline was then ground with pestle and mortar to get
fine powder (Gull et al., 2016).

2.2 Fabrication of DSSC
2.2.1 Development of semi-conductor

For the fabrication of DSSC, ITOs were used but to develop a photoanode, a nano-crystalline
semiconductor was developed. A paste of high viscosity of TiO2 was prepared to deposit on
the ITO substrate. This paste was prepared in ethylene glycol. Before sintering, all the
particles and fluids were blended so that mixture stabilizes both mechanically and
chemically.2 gram nano-powder of semiconductor was mixed with 100 ml of ethylene glycol
and stirred for 30 mins. As a result, highly viscous paste with a semiconductor metal oxide
nanopowders was prepared. This paste can be deposited either by ‘screen printing’ or
‘doctor’s blade’ method. In this experiment ‘doctor’s blade’ method was used as shown in
figure 1.

Figure 1: Deposition of TiO2 paste b4 on Photo-anode (ITO Substrate)

2.2.2 Preparation of Photocathode (Counter Electrode)

Electrophoretic Deposition (EPD) technique is used for coating counter electrode (Choi et al.,
2011; Jeon, Choi, Hwang, & Kim, 2013).

This coating method comprises of two steps:
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. Preparation of suspension

Electrophoretic Deposition (EPD)

2.2.2.1 Preparation of Suspension

A solution of 250 ml of ethanol and 35 mg of magnesium nitrate was taken in a beaker. 025%
by weight of the materials (i.e. graphene, graphene dioxide and polyaniline) was taken into
this solution. This mixture was taken for an ultrasonic bath for 1 — 2 h. After the bath, mixture
was ready for the electrophoretic deposition (EPD). Prepared suspension is shown in figure
in 2.

Figure 2: Suspension of three materials prepared

after sonication

GRAPHENE ‘GRAPHENE OXIDE POLY-ANILINE

\

2.2.2.2 Electrophoretic Deposition

A dense black suspension was ready for EPD. ITO glass substrate was mounted as cathode of
the circuit while a stainless steel substrate was used as anode for whole EPD setup. After that
a DC voltage was applied for a specific time of 5 sec. According to a study the best result
especially in case of graphene was deduce at 30 Volts for 5 - 10 seconds (Choi et al., 2011).
So for this study same criteria were observed for applying voltages for the 10 seconds. After
deposition, the substrate was annealed at 300°C for 1 — 2 minutes as shown in figure 3.

Figure 3: Deposition of layer on counter

electrodes after EPD
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2.2.3 Assembling of DSSC

In this study N3 (cis-Bis(isothiocyanato) bis(2,2’-bipyridyl-4,4’-dicarboxylato ruthenium(ll))
was used. This dye was prepared in 50 ml of ethanol with 0.1 gram of N3 dye (powder). This
mixture was put in ultrasonic bath for 45 minutes. After sonication, this mixture was stirred
for 1 hr at 50°C. DSSC was prepared by sandwiching a photoanode and photocathode
(Counter Electrode). Before the cell is sandwiched, coated photoanode with TiO2 was put in
dye mixture so that TiO2 film may absorb dye for the photo catalytic process. This
photoanode was left in N3 dye solution for two days under dark environment for better
results. After the dye absorption, both photoanode and cathode were sandwiched to gather and
tied up with the help of paper clip binder as shown in figure 4. Then two drops of electrolyte
(Lithium Chloride lodide/triiodide ions) were plunged on to the end joints of two substrates.
Substrates were homogenized by shaking so that the entire electrolyte may spread between the
whole cell. This electrolyte acts as a redox coupler and helps in transferring electron between
anode and cathode of the DSSC. In this way a lab scale small DSSC becomes ready to test all
the electrical properties of the cell.

Figure 4: A complete assembled DSSC in Laboratory

3. Results

3.1 Optical Microscopy

Initial investigation was made to check the uniformity and the nano-structure of the TiO2
which proved the nano particles of the TiO2 layer deposited on the ITO substrate. The image
in figure 5 also confirmed a smooth and a fine layer of TiO2 paste firmly deposited on the
substrate to form a perfect photo-anode for the fabrication of dye sensitized solar cell
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Figure 5: Optical Microscopy Images of TiO2 layer on ITO

Optical ~ Microscopy Optical ~ Microscopy Optical ~ Microscopy
Image of TiO, layer at Image of TiO, layer at Image of TiO, layer at
X5 magnification level x10 magnification level x20 magnification level

3.2 Scanning Electron Microscopy

Counter electrodes fabricated by using Graphene, Graphene-Oxide and Poly-analine were
investigated by scanning electron microscopy (SEM). Investigations related to the uniformity
of the deposition and the morphology of the structure of materials used was carried out. From
the SEM images in figure 6, it is clear that a thin layer of each material was deposit almost
with 75% of uniformity. Some of the flakes were deposited in clusters which reduce the
catalytic activity.

The other half of the figure 6 shows the structure of the particles of the materials. Graphene
oxide flakes have a smooth and even surface while the Graphene consists of randomly
aggregated crumpled particles which are due to the process of formation of graphene from
graphene-oxide. While the third material, poly-analine has a typical worm like structure in
cluster form.
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Figure 6: SEM images of counter electrode prepared by different materials

SEM image of Graphene SEM image of Graphene
deposited layer on ITOs flakes

SEM Image of Graphene- SEM Image of Graphene-
oxide deposited layer on oxide flakes

ITOs

SEM Image of Poly-analine SEM Image of Poly-analine
deposited layer on ITOs flakes

3.3 Electrochemical Impedance Spectroscopy

Electrostatic impedance spectroscopy (EIS) is considered as one of the least destructive and
most informative techniques of electrochemical analysis available for determining the
catalytic activities of counter electrode. A dummy cell with three electrodes was formed for
EIS, where ‘Pt” was used as counter electrode, Ag/AgCl as reference electrode while the third
one was the deposited material on ITO which was under test. Same electrolyte (Lithium
Chloride lodide/triiodide ions) was used in this test which was previously used in DSSC
fabrication.

Figure 7 shows graph which can be used to determine the catalytic activity of counter
electrode. The region of semicircle within high frequency corresponds to charge transfer
process between electrode and electrolyte, while the other one which is in the lower frequency
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range represent impedance of electrolyte. Equivalent circuit of the test cell prepared for
performing EIS is also shown in figure 7.

Figure 7: Nyquist plot of Graphene, Graphene-oxide and Poly-analine counter electrode

3.4 1-V Characteristics

Photocurrent-voltage curves were formed to evaluate the overall efficiencies of the newly
fabricated DSSCs by using three materials under observation. Parameters like open circuit
voltage, Short circuit current, fill factor and efficiencies of each counter electrode were
deduce from figure 8 and were summarized below in table 1.

As the lower fill factor of the material exhibit to an inefficient link between electrolyte and
the catalyst layer result in poor electronic efficiency, so from the figure 8, it can be observed
clearly that fill factor of graphene is least from all the three while poly-analine has the
maximum fill factor between the three materials so it has a lower efficiency from all the three
materials while poly- ] analine  has the
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4. Conclusion

Different tests were applied for concluding a comparative study between three different
counter electrodes that were made in laboratory. After successful electrochemical impedance
spectroscopy and photocurrent density-voltage curves a summarized result was made in figure
20. From the same figure it was concluded that graphene, graphene-oxide and poly-analine
shows 0.492V, 0.701V, 0.606V open circuit voltage respectively. Although Graphene-Oxide
shows more open circuit voltage i.e. 0.701 V from poly-analine i.e. 0.606 V but due to poor
fill factor and low short circuit current, it has lower efficiency than poly-analine. After
calculating efficiency of all three counter electrodes it was concluded that poly-anailine shows
maximum efficiency with 3.96% subsequently graphene-oxide 2.90% and graphene 2.10%.
Moreover, it is assumed that these materials exhibit high thermal and physical properties
which may increase their potential for precise applications. Further studies are required to
explore and enhance their potential for large scale activities.
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