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GRAPICAL ABSTRACT 

 

 

 

ABSTRACT 

 

A platinum/reduced graphene oxide (Pt-rGO) thin film was prepared and deposited on a fluorine-doped tin oxide (FTO) 

substrate using the doctor blade method and was annealed at 450 °C for 30 minutes. Thin films were used as counter electrode 

in a dye-sensitized solar cell (DSSC) with Pt-rGO ratios of 1:1, 1:2, and 2:1. Cyclic voltammetry showed that the Pt-rGO 

thin film with a ratio of 1:1 exhibits better electrocatalytic activity for I3
-/I- redox reaction. The current-voltage curve (I-V) 

revealed that DSSC using the Pt-rGO CE thin film with a ratio of 1:1 has a power conversion efficiency (PCE) of 6.3% 

under AM 1.5 illumination of 100 mW cm−2 and this is higher than Pt (6.1%). The current density (Jsc) is 14.3 mA/cm−2, 

open circuit voltage (Voc) is 0.75 V, and fill factor (FF) is 58.98.  
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1. INTRODUCTION 

 

Since the pioneering of the dye-sensitized solar cell with 

power energy conversion of 7.1% discovered by Gratzel and 

O’Regan in 1991 [1,2], the dye-sensitized solar cell (DSSC) 

has attracted considerable interest because of the low cost and 

simplicity of its fabrication process and its high power 

conversion efficiency [1–6]. The DSSC structure consists of 

a dye-sensitized TiO2 photoanode electrode, an electrolyte, 

and a platinum (Pt) counter electrode (CE) [1–6]. Pt is the 

most suitable material for CE because of its outstanding 

electrocatalytic activity toward I3- reduction, fast electron 

transfer at CE/electrolyte interface, and high conductivity [6]. 

However, Pt is expensive, limiting the application of the 

DSSC [6, 7]. Therefore, an alternative low cost material to 

replace Pt is needed to enhance the commercialization 

potential of DSSC. One of the alternative materials that are 

the subject of intense investigation is carbon based materials 

[5–7]. Carbon materials include carbon black, activated 

carbon, graphite, carbon nanotubes, and graphene [5–7]. 

Among these carbon materials, graphene is the most 

promising as CE material because of its large surface area, 

low cost, corrosion resistance, and good electrical 

conductivity [5–7]. Graphene is a 2D sheet of covalent 

bonded carbon atoms with good catalytic activity and intrinsic 

long range of π-π electronic structure, which contributes to its 

excellent electronic mobility [8-10]. Numerous research 

teams have used graphene as material for the CE. Yue et al. 

(2013) prepared Pt/graphene nanosheet (GN) by the 

electrodeposition method using three electrode cell systems. 

Among the various weight ratios of Pt/GN, the GN with a 

ratio of 0.15 wt.% gained the highest efficiency of 7.88%. 

Tsai et al. (2015) fabricated GN-Pt using GN-Pt composite 

and GN-Pt stacked. GN-Pt stacked was reported to have a 

high efficiency of 8.54%. Duan et al. (2013) prepared 

graphene using the modified Hummer’s method and 

determined that graphene provides a large surface area that 

helps in the diffusion of electrolytes in CE increasing catalytic 

activity.  

 The present paper reports the performance of DSSC with 

various ratios of Pt and reduced graphene oxide as a counter 

electrode deposited on fluorine-doped tin oxide (FTO) using 

the doctor blade method. Electrochemical properties, such as 

cyclic voltammetry is measured and studied. The counter 

electrode is characterized using X-ray diffraction (XRD) to 

investigate the crystallite size of the thin film. The IV 

performance of the DSSC incorporating these materials is also 

investigated 

 

2. MATERIALS AND METHODS 

 

2.1 Materials  

 

Graphene oxide synthesized using graphite nanopowder by 

modified hummer method was purchased from US Research 

Nanomaterials and platinum paste PT-1 purchased from 

Dyesol-Australia were use as counter electrode materials. 

TiO2 WER2-0 as photoanode material, N719 as Ruthenium 

dye sensitizer, 8 Ω cm−2 FTO glass substrate (FTO Tec 8) and 

15 Ω cm−2 FTO glass substrate (FTO Tec 15) also purchased 

from Dyesol-Australia. Iodide electrolyte (Iodolyte, AN-50) 

purchased from solaronix-Switzerland performed as 

electrolyte. 
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2.2  Methodology 

 

Graphene oxide (GO) was prepared using the modified 

hummer method [9]. GO was sonicated with distilled water in 

a beaker for about 5 hours to produce homogeneous mixture. 

The mixture with a concentration of 0.3 mg/cm-3 was poured 

into a jar with graphite sheet and left to evaporate overnight 

in an oven at 60 °C. The graphene oxide paste was then mixed 

with commercial Pt paste at weight ratios (Pt:GO) of 2:1, 1:1 

and 1:2. The mixed paste was then deposited onto a 1.5 cm x 

2 cm, 8 Ω cm−2 FTO glass substrate using the doctor blade 

method and was post treated by annealling for about 30 

minutes at 450 °C. The GO was reduced to rGO after the post 

treatment. The Pt and rGO thin film were prepared using 

similar procedure. TiO2 photoanode thin films were deposited 

onto a 2.5 cm x 2 cm, 15 Ω cm−2 FTO thin film with an active 

area of 0.25 cm2 using the doctor blade method annealed at 

450 °C for 30 minutes. The photoanode was then immersed in 

the solution mixture of 0.3 mM ethanol and N719 for about 

16 hours. The cell was assembled in sandwich arrangement 

with Surlyn to attach the photoanode and counter electrode 

together. The fabrication of the DSSC cell was completed by 

injecting the liquid iodide electrolyte in the aperture between 

the photoanode electrode and CE. 

 

2.2 Characterizations 

 

The CE thin film potential and complete DSSC cell 

performance were analyzed using several characterizations. 

XRD (D8 advanced, Bruker) analysis was used to determine 

the crystallite size of the inorganic component, whereas the 

electrocatalytic activity of the CE thin film was analyzed 

using cyclic voltammetry (CV) (Autolab PGSTAT). The 

photovoltaic performance was examined by current-voltage 

(IV characteristic) (LIV tester software and AAA simulator). 

 

3. RESULTS AND DISCUSSION 

 

3.1 X-ray Diffraction Analyses 

 

Fig. 1 shows the XRD pattern of Pt, Pt-rGO (1:1), Pt-rGO 

(1:2), Pt-rGO (2:1), and rGO CE thin films annealed at 450°C. 

Pt has a prominent peak observed at (111) plane (JCPDS 01- 

070-2431). The Pt peak decreases when the ratio of rGO 

increases. The diffraction of rGO is 26.68° traced as hkl plane 

(005) (JCPDS 00-026-1077). Pt CE thin film XRD pattern 

shows diffraction at 26.58°, similar to the diffraction of rGO. 

However, this diffraction belongs to tin oxide (SnO2) with 

JSPDS of 01-077-3163, in which the diffraction angle is near 

the rGO. Almost no diffraction of rGO is visible at Pt-rGO 

(2:1) CE thin film XRD pattern because the intensity of rGO 

is weaker than that of Pt, which displays the highest peak of 

diffraction.  

The crystallite of the CE thin film can be calculated 

using the following Debye–Scherrer equatian [10],  

 
 

where D is the crystallite size; λ is the wavelength of the 

incident X-rays; β is the full width at half maximum in 

radians; and, θ is the diffraction angle. The crystallite sizes of 

Pt, Pt-rGO (1:1), Pt-rGO (1:2), Pt-rGO (2:1), and rGO CE thin 

films are organized in Table 1. Pt is a smaller crystallite than 

rGO; thus, the addition of rGO to the Pt particle increases the 

crystallite size of the Pt-rGO composite. 

 

 
Fig. 1 X-ray diffraction patterns of the counter electrode thin film 

 
Table 1 Crystallite sizes of Pt, Pt-rGO (1:1), Pt-rGO (1:2), Pt-rGO (2:1), and 

rGO thin films  

 

 
Fig. 2 CV of the CE thin film Pt, Pt-rGO [1:1], Pt-rGO [1:2], Pt-rGO [2:1], 

and rGO 

 

3.2 Cyclic Voltammetry (CV) analysis 

 

The condition of the redox reaction of iodide ion has an 

important role in the work function at the CE of DSSC [11]. 

The CE thin film was investigated through CV analysis, and 

an electrolyte solution containing iodide/triiodide was used in 

the measurement. Fig. 2 shows the CV for Pt, Pt-rGO [1:1], 

Pt-rGO [1:2], Pt-rGO [2:1], and rGO at a scan rate of 10 

mVs−1, in which two pair of oxidation and reduction peaks can 

be observed. Peaks I and I1 represent oxidation of anodic 
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current meanwhile II and II1 represent reduction of cathodic 

current [11]. The peak II represents the reduction reaction I3
- 

+2e- →3I-, which occurs at the CE of DSSC [10]. Meanwhile, 

the peak I represents the oxidation reaction 3I-→ I3
-+2e-. 

However, this peak is unimportant in the DSSC [11]. 

Noticeably the Pt-rGO [1:1] CE shows a higher reduction of 

cathodic current -2.11 mA/cm−2 at -0.227 V. 

 

3.3 Current Voltage Characteristics 

 

Fig. 3 shows the IV curves of the DSSC-based Pt, Pt-rGO 

[1:1], Pt-rGO [1:2], Pt-rGO [2:1], and rGO thin films CE. The 

energy conversion efficiency of the solar cell is calculated by 

[12]  

 
 

where Pin is the optical power of 100 mWcm-2 under AM 1.5. 

Table 2 summarizes the photovoltaic parameters. The Jsc, 

Voc, FF, and efficiency of Pt are 14.4 mA/cm−2, 0.747 V, 

57.08, and 6.1%, respectively. The CE of Pt-rGO [1:1] 

enhances the efficiency up to 6.3% with Jsc, Voc, and FF of 

14.3 mA/cm−2, 0.75 V, and 58.98, respectively. The enhanced 

efficiency is due to the high catalytic activity for I3
- reduction, 

as proven in the CV measurement. The rGO CE has the lowest 

efficiency, as well as Jsc, which is attributed to the low 

catalytic activity but high electrolyte diffusion [8].  

 

 
 
Fig. 3 IV curve of the CE thin film: Pt, Pt-rGO [1:1], Pt-rGO [1:2], Pt-rGO 

[2:1], and rGO 

 

DSSC-based Pt-rGO [1:1] as a CE has the highest 

efficiency value of 6.3% because a low value of Rct (19.42 Ω) 

indicates high catalytic activity in CE, thereby possibly 

enhancing the value of Jsc (14.3 mA/cm2) and contributing to 

a higher value of FF (58.98). The DSSC with Pt CE and rGO 

CE have similar Jsc and Voc but latter has higher FF, thereby 

yielding slightly higher efficiency than the DSSC with Pt CE. 

This [1:1] ratio of Pt-rGO CE based on weight can be further 

studied to optimize the DSSC performance. 

 

Table 2 Photovoltaic parameter of DSSC  

 
 

4. CONCLUSION 

 

Please The Pt-rGO CE of various ratios was successfully 

prepared and deposited on an FTO glass substrate by the 

doctor blade method and annealed at 450 °C for 30 minutes. 

The Pt-rGO counter electrode thin film with a ratio of [1:1] 

has higher catalytic activity as proven by the CV 

measurement. In the CV measurement the high catalytic 

activity is illustrated by the highest reduction reaction I3
-+2e- 

→3I- (-2.11 mA/cm-2 at -0.227 V). The reduction process is 

the crucial process at the CE of DSSC because of its role in 

improving cell performance. As the result, the DSSC 

fabricated with Pt-rGO [1:1] counter electrode has a value of 

Rct of 19.42 Ω and a higher value of Jsc (14.3 mA/cm−2), FF 

(58.98), and η of 6.3%, as presented in Table 2. 
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