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Abstract Counter electrode selection has been a major challenge that directly
affects the performance of dye sensitized solar cells. Platinum being a non-reactive
metal is the most accepted material as counter-electrode, however, it has limitations
due to its high cost and scarcity. In the present work, we have studied cost effective
carbon based materials as alternate electrodes in dye sensitized solar cells.

49.1 Introduction

Dye sensitized solar cells (DSSCs) have proven to be a low cost energy generation
alternative to the conventional silicon solar cells. DSSCs show many unique
advantages like ability to work in low light intensities and wide incident angles.
These cells consist of a dye coated semiconductor oxide, redox electrolyte and a
counter electrode (CE) [1, 2]. The working of DSSC is based on the photo exci-
tation of the sensitizer (dye) which relaxes itself by transferring an electron to
semiconductor oxide. The oxidized dye in this process gets regenerated by the
redox electrolyte, usually an iodine-triiodide redox couple. At the counter elec-
trode–electrolyte interface, electron is transferred from CE to electrolyte (liquid/
solid/quasi solid). A thin layer of generally used platinum as a CE is responsible for
catalyzing this electron transfer and is governed by the following reaction (1):

I�3 þ 2e� ! 3I� ð49Þ
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In this way, CE plays a significant role in regeneration of dye molecules by
catalyzing the reduction process in electrolytic medium [3]. This reaction (49.1) has
to be very fast as compared to recombination reaction at TiO2/electrolyte interface.
Therefore, a counter electrode material should have high electrical conductivity as
well as electrocatalytic activity. Figure 49.1 shows the desirable properties of a
material to be used as an efficient CE.

Platinum (Pt) has generally been preferred as it possesses most of these qualities
and functions well in DSSC. Nevertheless, its low electrochemical stability and
high cost have been the main factor affecting efficiency and the device cost. Further,
in practice, it has been quite challenging to replace expensive platinum based CE.
A number of materials from carbon family [4] e.g. carbon nanotubes, graphite,
carbon black, graphene, conductive polymers etc. have been investigated to func-
tion as CE in DSSCs. Specific carbon based materials provide almost all of the
desirable properties to replace platinum. Particle aggregation, size, dispersion and
solubility along with substrate adhesion are the key properties to be optimized for
carbonaceous materials to be used as CE in DSSCs. Therefore, the selection of
carbon based CE is made by taking into account the intrinsic properties of these
carbonaceous materials.

49.2 Aim of Study

The present study is intended to study alternative counter electrode materials
other than platinum for DSSCs. For the counter electrodes, carbon compounds
such as poly (3, 4-ethylenedioxythiophene)poly(styrenesulfonate) (PEDOT:PSS),
polyaniline (PANi), reduced Graphene Oxide (GO) and graphite paper were used.
DSSCs have been fabricated with standard device structure using gel electrolyte
medium and different counter electrode materials.

Fig. 49.1 Desirable
properties of counter
electrode in DSSCs
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49.3 Methods

For the fabrication of devices, we used the previously reported methods [5].
Different counter electrode materials were deposited by spin coating and drop
casting technique. The photovoltaic performance of the cells was measured using
Keithley (model 2400) digital source meter at different light intensities. For the
counter electrodes, carbon compounds such as poly (3, 4-ethylenedioxythiophene)
poly(styrenesulfonate) (PEDOT: PSS), polyaniline (PANi), reduced graphene oxide
(rGO) and graphite paper were used. Platinum counter electrode was also used as a
reference.

49.4 Results

Figure 49.2 shows the current density-voltage characteristics of the DSSCs fabri-
cated. The performance of PEDOT: PSS film as CE was found to better than rGO
and PANi films. It can be seen from the graph that the device with graphite paper as
a counter electrode exhibited open circuit voltage of 0.6 V and short circuit current
density of 2.32 mA/cm2 comparable to that of platinum with lower fill factor.

Figure 49.3 shows the SEM image of the graphite paper depicting layered
morphology with irregular grains forming a compact structure. Such layered and
rough surface might be responsible for better electrolyte-CE interface and increased
electrocatalytic activity of CE.

Fig. 49.2 Current Density-Voltage characteristics of the DSSC fabricated using different
materials as counter electrode
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The lower fill factor for the devices based on graphite paper as CE can be
improved by optimizing the device structure for compatibility of carbon based CE
with the other components of the cell.

49.5 Conclusion

Platinum being a scarce and costly material is a major concern for cost effective dye
sensitized solar cells. Carbon based materials are abundant and achieve nearly all
properties needed to effectively function as a counter electrode in DSSC. Graphite
paper has been used as counter electrode in the present studies; open circuit voltage
and short circuit current are nearly the same as obtained using platinum as refer-
ence; however, the fill factor is comparatively low which may be improved by
modifications in the device structure. Further, new carbon composites can be
explored for a competent alternative to already known platinum as a counter
electrode.
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Fig. 49.3 Scanning electron micrograph of the graphite paper
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