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Abstract  Dye-sensitized solar cells were fabricated using graphene on platinum-based counter electrodes, 
electrolyte and titanium dioxide thin films deposited on fluorine-doped tin oxide, FTO, using doctor-blade technique. 
The prepared CEs were characterized using UV-Vis spectrophotometer and four-point probe for optical 
transmittance and sheet resistance respectively. Transmittance of single and double layers graphene on platinum was 
noted to be high at visible wavelength. Each layer increase in graphene corresponds to decrease of 2.41% in the 
optical transmittance of graphene films. Sheet resistance was found to reduce with increase in number of graphene 
layers with 1150, 550 and 201 Ω/sq for monolayer, bi-layer and MLG on FTO respectively. The solar cell was then 
characterized by analyzing the photocurrent-voltage characteristics obtained through applying external bias on the 
solar cell and the results showed incorporation of graphene layers in platinum based CEs increase the short circuit 
current density and the photoelectric conversion efficiency (ƞ). However, incorporation of MLG on platinum based 
CE led to reduction of ƞ. Pt/single Layer-Gr, Pt/double Layer-Gr, Pt/multilayer graphene CE’s had a conversion 
efficiency of 3.42, 3.58 and 2.25 % respectively. Pt/double Layer-Gr based CEs showed the highest conversion 
efficiency and improvement of 6.87 % on ƞ as compared to that of reference platinum-based CEs.  
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1. Introduction 

Dye-sensitized solar cell (DSSC) is the third generation 
of solar cell which has been developed by O’Regan and 
Gratzel in 1991 [1]. Photovoltaic device works by 
converting photon from solar energy to electrical energy, 
based on sensitization of wide bandgap semiconductor, 
dyes and electrolyte [2,3]. DSSCs have attracted 
considerable attention as a viable alternative to 
conventional silicon-based photovoltaic cells because of 
their low- production cost, high conversion efficiency, 
environmental friendliness, and easy fabrication procedure 
[4,5,6]. A typical DSSC is comprised of a titanium 
dioxide semiconductor, an electrolyte with redox couple 
(I3

−/I−), and the transparent conducting oxide (TCO) glass 
coating with platinum as the counter electrode (CE) to 
collect the electrons and catalyze the redox couple 
regeneration [7]. TiO2 is the most suitable material for the 
photoanode since the edge of the conduction band is 
located where it allows electron injection from the excited 
state of the dye [8]. The photoanode plays an important 
role in improving light to energy conversion efficiency of 
DSSCs by increasing two parameters, a short-circuit 
current density (Jsc) and an open circuit voltage (VOC).  

TiO2 exist in three crystalline phases namely; anatase 
(tetragonal), rutile (tetragonal) and brookite (orthorhombic) 
[9]. TiO2 has a wide application and this has been possible 
since heat treating leads to a wide variation in structural, 
optical and electrical properties. Thus, optimization of the 
annealing temperature is very crucial for the application of 
these TiO2 films [10,11,12]. Surface roughness of the 
TiO2 thin films has been reported to have a great effect on 
the optical transmitivity, particularly for films annealed at 
high temperatures [13]. Various methods for depositing 
TiO2 thin films have been reported. These methods 
include magnetron sputtering [14], RF sputtering [9], 
electron beam evaporation [15], sol-gel [16], and  
doctor-blade technique [17]. In this work, doctor-blade 
technique has been preferred due to its ease and low cost, 
large area of deposition, good uniformity, and high 
thickness control [18]. 

Platinum is the most common material used as the CE 
in DSSCs due to its high catalytic activity and resistance 
against iodine corrosion [19]. However, the cost of Pt 
which increases the cost of DSSCs and the PtI4 setback 
after reacting with the electrolyte limits the application of 
Pt on DSSCs [20]. It is viable to find alternative materials 
with the characteristics of low cost, simple fabrication 
process, and good reduction ability to the electrolyte so 
that the amount of Pt applied is reduced and the  
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performance of DSSC is enhanced.  In recent years, many 
researchers have been putting efforts on investigating the 
alternative materials to replace Pt, especially the carbon 
materials, such as carbon nanotubes, carbon black, 
mesoporous carbon, cobalt, and graphite [21-26]. 
Graphene is a new kind of carbon material which has a 
structure composed of one-atom-thick planar sheets of 
carbon with sp2 hybridization that are packed densely in a 
benzene ring structure or honeycomb lattice [27]. 
Graphene has many outstanding properties such as 
electron transport, mechanical properties, and high surface 
area [28,29]. Furthermore, graphene is easily synthesized 
at low production cost [30,31]. Nowadays, composite 
materials of graphene with other materials, such as metals 
and polymers, enjoy a tremendous increase in interest 
because graphene plays a significant role in improving 
physical and electrochemical properties when working 
synergistically with other materials [27,32,33]. 

In this work, the effect of incorporation of graphene 
layers to the platinum based counter electrode to the 
performance of DSSC was investigated. The use of 
graphene on Pt-based CEs is found to enhance the photo 
catalytic activity of the solar cell that resulted in higher 
conversion efficiency.  

2. Experimental Procedure  

In preparation of the working electrode, FTO SnO2: F 
glass substrates (Melting point <1000°C, Xinyan 
Technology Co. Limited, China) were cut into 1.5 x 2 cm 
pieces using the diamond cutter. The as cut SnO2: F glass 
substrates then cleaned. A 1 x 1 cm2 window was cut from 
a scotch magic tape and placed on the conductive side of 
the FTO glass substrates. The titanium nanoxide T/SP  
(18% wt, 15-20 nm, Solaronix, Switzerland) was stirred 
manually before use using a clean glass rod. Thin film of 
nano-crystalline TiO2 films was applied by slot-coating 
(doctor blading) the titanium nanoxide paste on the 
conductive side of the FTO substrates using the cleaned 
tempered glass. The scotch tape was removed carefully 
and the coated glass was then covered by Petri dish for 30 
minutes. The thicknesses of the films were controlled 
through applying uniform pressure in the pasting region. 
The samples were kept in a dark box for 20 minutes to 
enhance homogeneity. The samples were annealed at 
1°C/min then sintered at 450°C for 30 minutes in a KL20 
furnace. They were let to cool in the furnace  

While preparing the platinum CE, the SnO2: F glass 
substrates (2.0 x 1.5 cm, 7 Ω/sq) and the tempered glass 
were cleaned using acetone (purity 99.5%), ethanol (purity 
99.5%) and deionized water sequentially for five minutes 
in each step. The glass substrates were then dried using 
pressurized warm hair. A scotch tape was cut into 1 x 1 
cm2 window and placed on the conductive side of the FTO 
SnO2: F glass substrates. A thin layer of Platisol T/SP 
(Solaronix, Switzerland) was doctor bladed on the 
conductive side. The films were then kept for 20 minutes 
in a clean dark box to enhance homogeneity after which 
they were heat treated at annealing rate of 2°C/min and 
sintered at 400°C for 30 minutes to activate the Pt film. 
They were let to cool in the furnace after which they were 
instantly used to fabricate the DSSCs.  

In preparation of Pt on graphene based CEs, the CVD 
graphene (coverage > 98%), in which gaseous 
carbonaceous precursor, methane, was flowed at 1000°C 
over FTO SnO2: F glass substrates (1.5 x 2 cm), 
(Graphene Laboratories Inc., USA) were used [34, 35]. 
Films were soaked in ethanol for five minutes and then 
thoroughly rinsed with deionized (DI) water for 5 minutes. 
The films were then dried using pressurized air and placed 
in a hot air furnace 50°C where they were retrieved for 
coating. A scotch tape was cut into 1 x 1 cm2 window and 
placed on the conductive side of the graphene coated FTO 
SnO2: F glass substrates. A thin layer of platisol T/SP 
(Solaronix, Switzerland) was doctor bladed on the 
graphene side which was identified using a multimeter. 
The films were then kept for 20 minutes in a clean dark 
box to enhance homogeneity after which they were heat 
treated at an annealing rate of 2°C/minute and sintered at 
400°C for 30 minutes to activate the Pt on graphene film. 
They were let to cool in the furnace after which they were 
instantly used to fabricate the DSSCs. CEs samples were 
analyzed using UV-Vis spectrophotometer. 

A dye-sensitized solar cell was assembled by sealing 
the dye-coated TiO2 electrode with the platinum-coated 
FTO counter electrode using a dupont surlyln (meltonix 
1170-25 solaronix) a thermal plastic hot-melt sealant with 
a thickness of 50 µm leaving a small space for the 
electrolyte introduction. The electrolyte was then 
introduced into the space between the electrodes via the 
small space that was left during sealing, which was later 
sealed by already melted plastic hot-melt sealant at 70°C. 
Solar cell was then characterized by analyzing the I-V 
characteristics obtained through applying an external bias 
on the cell in a dark room. A 450 W halogen lamp 
adjusted to an intensity of 100 mW/cm2 was used. The 
irradiance on the DSSC’s was maintained at 100 mW/cm2 
with the use of a solar power meter TM206 and single 
crystal Si photoanode. During characterization, the cells 
were covered with a black-printed paper with a hole 
measuring 1cm2 for the active area. The following 
parameters were taken; open circuit voltage, short circuit 
current, and fill factor. 

3. Results and Discussion. 

3.1. Optical Properties of Graphene Films on 
FTO 

Transmittance spectra of bare FTO, single layer 
graphene, double layer graphene and multi-layer graphene 
layers on FTO CEs was obtain from 280 nm to 800 nm. 
The transmittance of both bare FTO and Gr on FTO CEs 
increases with the change in wavelength from 290 nm to 
800 nm. At shorter wavelengths, below 280 nm, the 
transmittance is observed to be low for all samples. With 
the increase in graphene layers from monolayer, bi-layer 
then few layers on FTO, the optical transmittance is noted 
to reduce as shown in Figure 1. 

At 575 nm, all sample show maximum transmittance 
with bare FTO, monolayer, bi-layer and multi-layer on 
FTO having 83.5, 81.1, 78.7, and 64.5 % respectively. The 
transmission of graphene displays the expected optical 
density of about 2.3% with reference to the bare FTO. 
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Further, the transmittance trend of graphene on FTO to 
that of the bare FTO is similar depicting that graphene-
FTO interface does not cause optical interference. The 
transmittance of graphene was noted to drop with the 
increase in the number of layers, with multilayer graphene 
on FTO giving the lowest transmittance that is below 70%. 
Single layer and bi-layer on FTO is highly transparent in 
the visible-UV range. High transmittance of few layers of 
graphene on FTO is significant for DSSC in allowing the 
movement of incident sunlight down to the active region 
of DSSC photoanode. Graphene can absorb light of 
wavelength range from 200 to 800 nm and therefore the 
addition of graphene layers caused an increase of light 
absorbance thus reducing the transmittance as observed. 

 

Figure 1. Transmittance spectra of bare FTO glass, single, double and 
multi-layer graphene on FTO glass 

Platinum on graphene-based CEs transmittance spectra 
were obtained from 280-800 nm and all samples exhibit 
similar trend. At shorter wavelength the transmittance is 
observed to be low. However, with the change in 
wavelength, from 300 nm to 800 nm, the transmittance of 
all samples increases as shown in Figure 2. 

 
Figure 2. Transmittance spectra of bare FTO, platinum deposited on 
FTO and Pt on single, double and multilayer graphene using doctor blade 
method 

From 350-400nm, all the four samples indicate transient 
instability, caused by excitation and cross relation of the FTO 
atoms. Beyond 450 nm, the three samples experienced 
dynamic stability. The average transmittance obtained at 
wavelength of 575 nm is 79.6%, 77.2%, 74.8% and  

62.5% for Pt on FTO, Pt /one layer Gr, Pt/ bi-layer 
graphene and Pt/ multi-layer Gr on FTO respectively. 
Incorporation of platinum on Gr/ FTO was noted to 
slightly lower the transmittance as illustrated in Table 1.  

Table 1. Transmittance of Gr on FTO and Pt/Gr on FTO glass CEs 

Gr layers 
Transmittance (%) 

FTO/Glass Pt/FTO/Glass 
Bare 83.5 79.6 

Monolayer 81.1 77.2 
Bi-layer 78.7 74.8 

Multi-layer 64.5 62.5 
 
It can be observed that there is no optical interference 

that occurs when platinum is interface with graphene 
within the visible and NIR range (400-850 nm). The 
transmission curves however coincide at the extremes, 
both within the ~300nm range and the ~850 nm range 
indicating reduced transmission of ultraviolet and NIR 
radiation (beyond 850 nm). This is mainly caused by the 
FTO glass substrate which undergoes transient instability 
within these wavelength ranges hence absorbing almost all 
the incident radiations. The highest optical transmittance 
of graphene and Pt/Gr CEs is maximum at 750 nm with 
the Pt CE indicating a transmission of 78.5% whereas Pt/ 
one layer Gr CE and Pt/ bi-layer Gr having a transmission 
of 77.3% and 75.4% respectively. The high and constant 
transmittance of 70% in the most of the visible range 
indicates that platinum on graphene layers CE’s can be 
used for rear illumination and in window application. 

3.2. Sheet Resistance of Graphene Layers on 
FTO Substrate 

The sheet resistance of graphene layers deposited on 
FTO substrate was evaluated using four-point probe. This 
was done by taking four equally spaced, co-linear probes 
to make electrical contacts on graphene deposited on FTO. 
Direct current was applied between the outer two probes 
(1 and 4) and voltage drop measured between the inner 
probes (2 and 3) then RS obtained. Sheet resistance was 
observed to be high on single layer graphene on FTO and 
low on multi-layer graphene on FTO as given in Figure 3.  

 
Figure 3. Variation of sheet resistance (Ω/sq) with graphene layers 
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Single layer graphene on FTO is noted to have the 
highest sheet resistance of 1150 Ω/sq. With the increase in 
graphene layers, the sheet resistance reduces with double 
layer and multi layer graphene on FTO having 550 and 
201 Ω/sq respectively. Surface resistance of the graphene 
sheets is very important in an electrochemical cell, as the 
sheet resistance determine the resistance of the electrons 
in the cell, influencing directly on the efficiency of the 
DSSC. The comparison of transmittance of platinum on 
graphene layers CEs with obtained sheet conductance is 
shown in Figure 4. Sheet conductance of graphene based 
CEs is noted to increase with number of graphene sheets. 

 
Figure 4. Variation of transparency and sheet conductance as function of 
graphene layers supporting Pt 

3.3. I-V Characteristic Curve for DSSC 
Fabricated Using Platinum on Gr CEs 

DSSCs were fabricated to evaluate the power 
conversion efficiencies of the solar cells with Pt deposited 
on different number of graphene layers. The current 
density- voltage curves of both graphene based CEs and 
reference Pt-based CEs DSSCs recorded under 1000 Wm-2, 
A.M 1.5 irradiation are given in Figure 5. The I-V curves 
obtained are observed to follow typical trend for DSSCs.  

 
Figure 5. The phot°Current density-voltage curves of Pt/graphene layers 
CE’s and reference Pt DSSCs 

The solar cell parameters, including open-circuit (VOC), 
short-circuit photocurrent density (Jsc), fill factor (FF), 
and power conversion efficiency (η) were obtained and 
summarized in Table 2. Incorporating graphene on 

platinum-based CEs is observed to affect Jsc, VOC, FF and 
η of DSSCs.  

Table 2. Photovoltaic parameters Pt/graphene layers and Pt based 
CEs DSSCs 

Sample VOC 
(v) 

JSC 
(mA/cm2) 

F.F 
(%) 

Pmax 
(mW/cm2) 

Ƞ 
(%) 

Pt 0.72 7.27 0.64 5.23 3.35 
Pt/bi-layer Gr 0.71 7.63 0.66 5.42 3.58 
Pt/single 
layer Gr 0.70 7.52 0.65 5.26 3.42 

Pt/multi-layer 
Gr 0.66 5.98 0.57 3.95 2.25 

 
The reference DSSC fabricated with Pt as counter 

electrode has VOC, Jsc, FF and efficiency of 0.72V, 7.27 
mA/cm2, 0.64 and 3.35 % respectively. Incorporation of 
graphene based CEs seem to affect the characteristics of 
the prepared DSSCs. Pt on double layer Gr CEs was noted 
to improve Jsc, FF and Ƞ to 7.63 mA/cm2, 0.66 and  
3.58 % respectively with slightly lower value of VOC to 
that of Pt reference counter electrode. The improved 
performance of the solar cells with Pt on double layer Gr 
electrodes is related to the improved electron transfer of 
graphene on the counter electrode. Comparing the 
maximum output power, Pt on bi-layer Gr CEs gives the 
highest maximum power of 5.42 mW/cm2. Pt on single 
layer Gr CEs improves Jsc from 7.27 to 7.52 mA/cm2, FF 
slightly changing from 0.64 to 0.65 and also conversion 
efficiency improving from 3.35 to 3.42%. Incorporation of 
multi-layer Gr on Pt CEs, give relatively low values of 
VOC, Jsc, FF and overall conversion efficiency. The 
observable difference in the DSSCs fabricated is on Jsc, 
FF and PCE but there is no significant variation in both 
the VOC. Pt on few layers Gr, single and double layers, 
improve on the JSC and hence on the overall conversion 
efficiency. This improvement can be attributed to better 
electrons conductivity and enhanced catalytic activity for 
the reduction I-

3 in both single layer and bi-layers of 
graphene CEs. The conversion efficiency of DSSC is 
observed to increase with increase in graphene layers from 
monolayer to bi-layer then drop with MLG on pt counter 
electrode. Incorporating single layer graphene on platinum 
improves ƞ from 3.35 to 3.58 % and double layer improve 
from 3.35 to 3.42%. Pt on double graphene increases the 
conversion efficiency by 6.86 %.  

In the I-V curve, the tangent slope of vertical part near 
the VOC is proportional to the reciprocal of the series 
resistance (1/Rs) [36]. I-V curves demonstrate a direct 
relationship between the Rs and Jsc in that the lower the 
series resistance, the higher the Jsc. 

From the Rs obtained, Pt on bi-layer graphene with low 
sheet resistance has the highest Jsc and improved 
performance of the cell. Based on sheet resistance, sheet 
conductance and high transparency of CEs, the performance 
of a solar cell can be determined. For maximum DSSC 
efficiency, the sheet resistance should be small and optical 
transmittance should be large as noted in Pt/bi-layer 
graphene CEs. With an increase in the number of 
graphene layers, both the optical transmittance and sheet 
resistance decrease (sheet conductance increases) as 
earlier noted. Thus, sheet resistance and optical 
transmittance are two competing parameters for high  
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efficiency of graphene-based CEs. The enhanced 
conductivity of graphene film is good for the increase of 
𝐽𝐽sc and reducing the internal resistance (𝑅𝑅𝑠𝑠) of the solar cell. 
The observed drop in sheet resistance from monolayer to 
bi-layer Gr on FTO is beneficial to the performance of 
solar cell, because it improves the JSC, FF and η. In this 
work, Pt/bi-layer Gr was found to have good conductivity 
and appropriate transparency that is required for better 
performance of a solar cell. 

This is consistent with reports by Wang et al who 
demonstrated a proportional decrease in optical 
transparency (transmittance) with an increase in graphene 
layer number from 1 to 8 [37]. Reports have also noted the 
decrease in series and sheet resistance of graphene 
structure with graphene’s rising number of layers 
[37,38,39]. However, although the nature of variation 
remains the same, the exact amount of reduction in 
transmittance, variation in RS, series resistance, shunt 
resistance, VOC, Jsc, FF and η with graphene thickness is 
purely subjective to the consecutive layers of graphene 
layer. Bi-layer and tri-layer graphene, in most cases, offer 
high efficiency attributed to their adequate transparency as 
well as sheet conductance [40,41,42]. 

4. Conclusion  

Incorporation of Gr on Pt based CEs improved JSC, FF, 
and η. Pt on double layer Gr improves Jsc from 7.27 to 
7.63 mA/cm2, FF from 0.64 to 0.66 and η from 3.35 to 
3.58% from Pt reference solar cell. Pt on single layer Gr 
improved overall conversion efficiency from 3.55 to 
3.42%. Addition of graphene layers reduces the sheet 
resistance and improves the sheet conductance of Pt based 
CEs enhancing the efficiency of DSSCs. Platinum/bi-layer 
graphene on FTO was found to have improved sheet 
resistance, sheet conductance and appropriate transparency 
for better performance of a DSSC. Incorporation of graphene 
to platinum thus increases availability of the metal 
particles for electron transfer in the CE. Furthermore, 
graphene could also provide a fast diffusion pathway for 
the electrolyte and ensure excellent electrode–electrolyte 
contact, which improves the electron transfer rate at the 
interface thus improving the performance of the solar cell. 

References 
[1] B. O’Regan and M. Grätzel, A low-cost, high-efficiency solar cell 

based on dye- sensitized colloidal TiO2 films, Natural 353, pp. 
737-740. 1991. 

[2] J. Bisquert, J., García-Cañadas, I., Mora- Seró and E. Palomares, 
Comparative analysis of photovoltaic principles governing dye-
sensitized solar cells and p-n junctions, Journal Spin Use 6 , 5215. 
2003. 

[3] M. Gratzel, “Dye-sensitized solar cell,” Journal of Photochemistry 
& Photobiology C 4, 145. 2003. 

[4] Nazeeruddin MK., Kay A., Rodicio I., Humphry-Baker R., Müller 
E., Liska P., Vlachopoulos N. and Graetzel M, “Conversion of 
light to electricity by cis-X2bis (2,2′-bipyridyl-4,4′-
dicarboxylate)ruthenium(II) charge-transfer sensitizers (X = Cl-, 
Br-, I-, CN-, and SCN-) on nanocrystalline TiO2 electrodes,” JAm 
Chem SOC, 115:6382–6390. 1993. 

[5] Hagfeldt A, and Grätzel M. “Molecular photovoltaics,” Acc Chem 
Res, 33:269–277. 2000. 

[6] Grätzel M, “Photoelectrochemical cells,” Nature, 414:338–344. 
2001. 

[7] Wu J., Hao S., Lan Z., Lin J., Huang M., Huang Y., Li P., Yin 
S.and Sato T, “An all-solid- state dye-sensitized solar cell-based 
poly(N-alkyl-4-vinyl- pyridine iodide) electrolyte with efficiency 
of 5.64%,” Jam Chem SOC, 130: 11568-11569. 2008. 

[8] J.G. Nam., E.S. Lee., W.C. Jung., Y.I. Park., B.H. Sohn., S.C. 
Park., J.S. Kim and  J.Y. Bae, “Photovoltaic enhancement of dye-
sensitized solar cell prepared from [TiO2/ethyl cellulose/terpineol] 
paste employing TRITON™ X-based surfactant with carboxylic 
acid group in the oxyethylene chain end,”  Mater. Chem. Phys. 
116, 46. 2009. 

[9] Hasan, M. M., Haseeb, A. S., M. A.  Saidur, R., Masjuki, H. H., 
and Hamdi, M. “Influence of substrate and annealing temperatures 
on optical properties of RF-sputtered TiO2 thin films,” Optical 
Materials, 32(6), 690-695.2010. 

[10] Shukla, G., Mishra, P. K., and Khare, A,” Effect of annealing and 
O2 pressure on structural and optical properties of pulsed laser 
deposited TiO2 thin films,” Journal of Alloys and Compounds, 
489(1), 246-251. 2010.  

[11] Ogawa, H., Higuchi, T., Nakamura, A., Tokita, S., Miyazaki, D., 
Hattori, T., and Tsukamoto, T. “Growth of TiO2 thin film by 
reactive RF magnetron sputtering using oxygen radical,” Journal 
of Alloys and Compounds, 2008, 449(1-2), 375-378.  

[12] Naceur, J. B., Gaidi, M., Bousbih, F., Mechiakh, R., and Chtourou, 
R. “Annealing effects on microstructural and optical properties of 
nanostructured-TiO2 thin films prepared by sol–gel technique,” 
Current Applied Physics, 2012, 12(2), 422-428.  

[13] Wang, W. H., and Chao, S. “Annealing effect on ion-beam-
sputtered titanium dioxide film,” Optics letters, 1998, 23(18), 
1417-1419.  

[14] Wibowo, K. M., Sahdan, M. Z., Asmah, M. T., Saim, H., 
Adriyanto, F., and Hadi, S. “Influence of Annealing Temperature 
on Surface Morphological and Electrical Properties of Aluminum 
Thin Film on Glass Substrate by Vacuum Thermal Evaporator,” In 
IOP Conference Series: Materials Science and Engineering, 2017, 
(Vol. 226, No. 1, p. 012180). IOP Publishing.  

[15] Norhafiezah, S., Ayub, R. M., Arshad, M. M., Azman, A. H., 
Fatin, M. F., Farehanim, M. A., & Hashim, U. “The RF power 
effect on the surface morphology of titanium dioxide (TiO2) film,” 
Semiconductor Electronics (ICSE), 2014 IEEE International 
Conference on (pp. 48-51).  

[16] Muaz, A. K. M., Hashim, U., Arshad, M. M., Ruslinda, A. R., 
Ayub, R. M., Gopinath, S. C., and Foo, K. L.” Effect of annealing 
temperature on structural, morphological and electrical properties 
of nanoparticles TiO2 thin films by sol-gel method,” AIP 
Conference Proceedings, 2016, (Vol. 1733, No. 1, p. 020087). AIP 
Publishing. 

[17] Mathews, N. R., Morales, E. R., Cortés-Jacome, M. A., and 
Antonio, J. T. “TiO2 thin films–Influence of annealing temperature 
on structural, optical and photocatalytic properties,” Solar Energy, 
2009, 83(9), 1499-1508.  

[18] Ito, S., Kitamura, T., Wada, Y., and Yanagida, S,” Facile 
fabrication of mesoporous TiO2 electrodes for dye solar cells: 
chemical modification and repetitive coating,” Solar energy 
materials and solar cells, 2003, 76(1), 3-13.  

[19] Murakami, T. N. and Gratzel, M. “Counter electrodes for DSC: 
Application of functional materials as catalysts,” Inorg. Chim. 
Acta, 2008, 361, 572. 

[20] E. Olsen., G. Hagen, and S. E. Lindquist. “Dissolution of platinum 
in methoxy propionitrile containing LiI/I2. Sol,” Energy Mater. Sol. 
Cells, 2000, 63, 267. 

[21] L. L. Chen., J. Liu., J. B. Zhang., X. W. Zhou., X. L. Zhang, and Y. 
Lin, “Low temperature fabrication of flexible carbon counter 
electrode on ITO-PEN for dye-sensitized solar cells,” Chin. Chem. 
Lett, 2010, 21, 1137. 

[22] J. S. Jang, D. J. Ham, E. Ramasamy, J. Lee, and J. S. Lee, 
“Platinum-free tungsten carbides as an efficient counter electrode 
for dye sensitized solar cells,” Chem. Commun.2010, 46, 8600. 

[23] T. N. Murakami., S. Ito., Q. Wang., Md. K. Nazeeruddin., T. 
Bessho., I. Cesar., P. Liska., R. Humphry-Baker., P. Comte., P. 
Péchy., and M. Grätzel, “Highly Efficient Dye-Sensitized Solar 
Cells Based on Carbon Black Counter Electrodes,” J. Electrochem. 
SOC. 153, A2255 (2006). 

[24] M. Wang., A. M. Anghel., B. Marsan., N. L. C. Ha., N. 
Pootrakulchote., S. M. Zakeeruddin., and M. Grätzel. “CoS 

 



192 International Journal of Physics  

supersedes Pt as efficient electrocatalyst for triiodide reduction in 
dye-sensitized solar cells,” J. Am. Chem. SOC. 131, 15976 (2009). 

[25] K. Imoto., K. Takahashi., T. Yamaguchi., T. Komura., J. 
Nakamura, and K. Murata, “High-Performance Carbon Counter 
Electrode for Dye-Sensitized Solar Cells,” Sol. Energy Mater. Sol. 
Cells 79, 459 (2003). 

[26] Nam, J. G., Park, Y. J., Kim, B. S. & Lee, J. S.”Enhancement of 
the efficiency of dye sensitized solar cell by utilizing carbon 
nanotube counter electrode,” Scr. Mater, 2010, 62. 

[27] Geim A. K. and Novoselov K. S., “The rise of graphene,” Nat. 
Mater., 2007; 6: 183-191. 

[28] Stoller M. D., Park S. Zhu Y., An J. and Ruoff R. S., “Graphene-
based ultracapacitors,” Nano Lett., 2008; 8: 3498-3502. 

[29] Bolotin K. I., “Ultrahigh electron mobility in suspended graphene,” 
Solid State Commun., 2008; 146: 351-355. 

[30] Wang G., Yang J., Park J., Gou X., Wang B., Liu H. and Yao J., 
“Facile synthesis and characterization of graphene nanosheets,” J. 
Phys. Chem.,C: Nanomater. Interfaces, 2008; 112: 8192-8195. 

[31] Shan C., Tang H., Wong T., He L. and Lee S.-T., “Facile synthesis 
of a large quantity of graphene by chemical vapor deposition: An 
advanced catalyst carrier,” Adv. Mater., 2012; 24: 2491-2495. 

[32] Yen M.-Y., Teng C.-C., Hsiao M.-C., Liu P.-I., Chuang W.-P., Ma 
C.-C. M., Hsieh C.-K., Tsai M.-C. and Tsai C.-H., “Platinum 
nanoparticles/graphene composite catalyst as a novel composite 
counter electrode for high performance dye-sensitized solar cells,” 
J. Mater. Chem., 2011; 21: 12880-12888. 

[33] Kim H., Abdala A. and Macosko C. W. “Graphene/polymer 
nan°Composites,” Macromolecules, 2010; 43: 6515-6530. 

[34] Xuesong L., Weiwei C., Jinho A., Seyoung K., Junghyo N., 
Dongxing Y., Richard P., Aruna V., Inhwa J, and Rodney S. R. 

“Large-Area Synthesis of High-Quality and Uniform Graphene 
Films on Copper Foils.” Science, 2009: Vol. 324. no. 5932, pp. 
1312-1314 

[35] Xuesong L., wewei C., mark b., boyang H., david C., Richard D.P., 
luigi C., Rodney S.R. “Transfer of Large-Area Graphene Films for 
High-Performance Transparent Conductive Electrodes” Nano Lett., 
2009, 9 (12), pp 4359–4363. 

[36] Gong J., Liang J., and Sumathy K. “Review on dye-sensitized 
solar cells (DSSCs): Fundamental concepts and novel materials.” 
Renewables and sustainable Energy Reviews, 2012, 16: 5840-
5860 

[37] Wang, Y.; Tong, S.W.; Xu, X.F.; Özyilmaz, B. and Loh, K.P. 
“Interface engineering of layer-by-layer stacked graphene anodes 
for high-performance organic solar cells.”  Adv. Mater. 2011, 23, 
1514–1518. 

[38] Li, X., Zhu, Y., Cai, W., Borysiak, M., Han, B., Chen, D., Piner, 
R.D., Colombo, L. and Ruoff, R.S. “Transfer of large-area 
graphene films for high-performance transparent conductive 
electrodes.” Nano Lett. 2009, 9, 4359–4363. 

[39] Zhu, Y., Murali, S., Cai, W., Li, X., Suk, J.W., Potts, J.R. and 
Ruoff, R.S. “Graphene and graphene oxide: Synthesis, properties, 
and applications.”  Adv. Mater. 2010, 22, 3906–3924. 

[40] Li, P., Chen, C., Zhang, J., Li, S., Sun, B. and Bao, Q. “Graphene-
based transparent electrodes for hybrid solar cells.” Front. Mater. 
2014, 1, 26.  

[41] Shin, D.H. and Suk-Ho, C. “Use of graphene for solar cells.” J. 
Korean Phys. SOC. 2018, 72, 1442–1453. 

[42] .Das, S., Sudhagar, P., Kang, Y.S. and Choi, W. “Graphene 
synthesis and application for solar cells.” J. Mater. Res. 2014, 29, 
299–319.  

 

 
© The Author(s) 2023. This article is an open access article distributed under the terms and conditions of the Creative Commons 
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

 


