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Abstract—Dye-sensitized solar cell (DSSC) is the third 

generation of solar cells that promises a simple procedure and 

relatively low-cost materials which can provide electricity by 

converting light energy into electrical energy. DSSC is a 

sandwich-like structure consists of conducting electrodes, 

sensitizer, and electrolyte. In this research, Graphene 

Quantum Dots (GQDs) is used as an enhancer for DSSC and it 

will be compared with the conventional DSSC performance. 

The time adsorption of GQDs is varied to study the 

improvement in the efficiency of DSSC. GQDs can increase the 

electron mobility hence increases the efficiency of DSSC. The 

presence of GQDs and the efficiency of DSSC are examined by 

using Energy-dispersive X-ray Spectroscopy (EDX) and solar 

simulator respectively. The result shows that the presence of 

GQDs have improved the efficiency of DSSC. As time 

adsorption of GQDs in DSSC increases, the efficiency of DSSC 

also increases. 

 

Index Terms—Dye sensitized solar cell, Graphene Quantum 

Dots, power conversion efficiency, time adsorption.  

 

I. INTRODUCTION 

Energy in physics is the capacity for doing work. It may 

exist in potential, kinetic, thermal, electrical, chemical, 

nuclear, or other various forms. Source of energy can do a 

transition from one energy to another energy. For example, 

solar cells use sunlight to convert light energy into electrical 

energy. There are nine major areas of energy resources. They 

fall into two categories, which are nonrenewable and 

renewable. Nonrenewable energy resources, like coal, 

nuclear, oil, and natural gas, are available in limited supplies. 

This is usually due to a long time it takes for them to be renew. 

On the other hand, renewable resources are renewed 

naturally and over a relatively short period. The five major 

renewable energy resources are solar, wind, hydro, biomass, 

and geothermal. 

Solar cells categorized as solar energy (renewable energy) 

are one of the promising photonic devices that are able to 

convert light energy into electrical energy without producing 

unwanted byproduct such as carbon dioxide, which leads to 

global warming. The first generation of solar cells is made up 

form crystalline silicon. Although the silicon solar cells 

generation produce high efficiency, but it has to deal with the 

 
 

Manuscript received April 12, 2019; revised January 26, 2020.  

NY. Muhammad is with the Universiti Putra Malaysia, Malaysia (e-mail: 

nazaleayazmin@gmail.com).  

MN. Mohtar, MM. Ramli, S. Shafie, S. Shaban, and Y. Yusof were with 

Universiti Putra Malaysia, Malaysia (e-mail: nazim@upm.edu.my, 

mmahyiddin@unimap.edu.my, suhaidi@upm.edu.my, 

surayashaban@gmail.com, yusnita5890@gmail.com). 

high cost and complicated fabrication [1], [2]. Then, the 

second generation has been developed using thin film, but it 

causes toxicity and still limited by the Shockley-Queisser 

limit [3]. In 1991, O’Regan and Grätzel reported on a third 

generation of solar cells, which is dye sensitized solar cells 

(DSSC) with an efficiency of 7.1% [4]. Since then, many 

research groups have been working on the DSSC in order to 

improve the efficiency and stability. DSSC also offers low 

toxicity and it can produce low-cost energy conversion 

devices with simple manufacturing procedures [2], [5]-[10]. 

 

 

 1. Element of DSSC.

  
Fig. 2. Dye-sensitized solar cell device schematic and operation [10]. 

  

DSSC is based on the concept of photosensitization of 

wide band-gap mesoporous oxide semiconductors [5]. It 

consists of four main layers, which are electrodes (working 

electrode and counter electrode), photosensitizer (dye), 

nanostructured wide bandgap semiconductor layer and 

electrolyte as shows in Fig. 1. The mechanism of DSSC 

happens when light energy (sunlight) is irradiated into a dye 

and exciting electrons in the dye. The electrons are injected 

into Titanium dioxide (TiO2) and it will then diffuse into the 

electrode. On the counter electrode, electrons are injected 

into the electrolyte and reduce I3- ions to I- ions. After that, I- 

ions diffuse in the solution, reach the dye, give up electrons 

and become oxidized, forming I3- ions [5], [10], [11]. The 

absorbed dye molecules excited by the sunlight to generate 
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electron-hole pairs and it will be transported within the 

lattice of TiO2 [2], [4]. The absorption spectrum of dye and 

anchorage of the dye to the surface of TiO2 are important 

parameters in determining the efficiency of cell [12]. This 

cycle is repeated as in Fig. 2 causing power generation by 

light irradiation in the DSSC. 

Literatures [1], [6], [7], [13]-[15] suggested Graphene 

Quantum Dots (GQDs) shown potential material for 

enhancing properties of DSSC. GQDs is low cost, has high 

chemical stability, low toxicity, biocompatibility and it has a 

size-dependent bandgap tuning property where it suits to 

engineer in the working electrode of DSSC [6], [15]. GQDs 

is also known to have a better charge separation and high 

electrode mobility, which can enhance the electrode 

excitation during the conversion of energy. Rung long had 

proved that GQDs can overcome the drawback of TiO2 such 

as high carrier recombination, lack of charge-carrier 

transport and poor absorption on visible-region [6], [16], 

[17].  

Besides that, GQDs used to tune the bandgap energy of 

semiconducting layer TiO2 due to quantum confinement 

effect [15]. R. Azimirad et al had proved that the UV visible 

absorption spectra showed the optical absorption of the 

GQDs/TiO2 porous nanocomposite has increased in visible 

region as compared with the pure TiO2 porous [1], [18]. Reza 

Ghayoor reported when the optical absorption at GQDs 

increased, the photo generated electrons increased, and it can 

reduce the use of dye in DSSC and improve the DSSC 

performance by multi-electron generation [19]. Hence, it 

shows that GQDs have the properties to help improving the 

charge transport and performance of DSSC. However, there 

is less attention on the effect of adsorption time of GQDs as 

an enhancer in DSSC. Thus, in this study, adsorption time of 

GQDs are varied to improve DSSC performance. The TiO2 

working electrode are immersed in different adsorption time 

of GQDs (enhancer). Then the working electrode will be 

continued with the dye adsorption process. The performance 

of DSSC containing GQDs are compared with the 

conventional DSSC. 

 

II. EXPERIMENTAL PROCEDURE 

A.    Examined Material 

Working electrode as in Fig. 1 is fabricated using titanium 

(IV) oxide anatase (Sigma-Aldrich), de-ionized (DI) water, 

FTO (fluorine tin oxide) coated glass, ethanol, acetone, 

isopropanol, and tape. Graphene quantum dots 

(Sigma-Aldrich) is used as an enhancer while Ruthenium 

(Ru) N719 dye is used as a photosensitizer. Meanwhile, the 

platinum solution is used in the counter electrode. Lastly, 

meltonix is used as a spacer to attach both electrodes together 

and iodolyte is used as an electrolyte. For the DSSC 

fabrication, experimental steps were done in two different 

parts, which are the preparation of the electrodes and the 

preparation of DSSC assembling. Time adsorption of 

Graphene Quantum Dots (GQDs) are varied to observe the 

differences in efficiency of DSSC compared to conventional 

DSSC. 

B.    Preparation of Electrode 

DSSC consists of two different electrodes that have been 

sandwiched together, which are working electrode and the 

counter electrode. At the working electrode, Titanium 

Dioxide (TiO2) is used together with GQDs and Ruthenium 

N719 dye on the conductive side of FTO glass; to absorb the 

light energy. On the other hand, for the counter electrode, 

platinum (Pt) is deposited on top of FTO to act as a mirror 

that will reflect the light back to the circuit and maintain the 

circulation. 

Electrodes are prepared by using two FTO coated glasses 

(counter electrode and working electrode). FTO coated 

glasses are cleaned with acetone, ethanol and isopropanol 

using ultrasonic bath for a few minutes. This method is used 

as a cleaning method to avoid impurities on the surface of 

FTO coated glass. After the cleaning process, the FTO 

glasses are dried using a blower. The conductivity of the 

glasses is checked using a multimeter to indicate the 

conductive side of the glasses.  

The electrode consists of two parts, which is counter 

electrode and working electrode. For the counter electrode, 

the conductive side of the FTO glass is deposited with Pt 

solution using a spin coater. The micropipette is used to 

measure 60 ml of Pt solution and then the Pt solution is 

deposited on the surface of FTO glass inside the spin coater 

with a speed of 1500 rpm for 60 seconds. After that, the 

counter electrode is annealed at 450˚C for 30 minutes. After 

the annealing process, the conductivity of the FTO glass is 

checked to confirm the presence of platinum. 

For the working electrode, the conductive side is taped 

according to the surface area size (1cm2) by using scotch tape. 

This will help to spread the Titanium (IV) oxide (TiO2) paste 

uniformly as shown in Fig. 3. The size of the surface area will 

determine the active area of the DSSC. After that, a thin layer 

of TiO2 paste is applied on the conductive side of FTO glass 

by using doctor blading methods. Next, it will be dried for 

several minutes at the room temperature. After the working 

electrode has dried, the tape is removed carefully, and the 

working electrode is annealed at 450˚C for 30 minutes in the 

furnace. After the working electrode has cooled down, the 

process continues with the soaking process. The working 

electrode is soaked with two different solutions, which are 

GQDs and Ru N719 dye solution.  

Soaking process involves two steps. The first step is to 

soak working electrode with GQDs in a petri dish for several 

times (GQDs-12, GQDs-24, GQDs-36, GQDs-48 hours). 

Petri dish is wrapped with parafilm and aluminum foil and 

then it will be stored inside the box to prevent from sunlight. 

This is because TiO2 and GQDs are photosensitize material. 

After that, the working electrode is rinsed using DI water and 

then dried using a dryer. Then, heat treatment is applied to 

the working electrode before it continues to the second step. 

The second step is to soak the working electrode with Ru 

N719 dye solution inside the petri dish. Petri dish is wrapped 

carefully to avoid the dye from evaporation. After that, the 

petri dish is stored inside the box for 48 hours. The working 
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electrode is rinsed with ethanol to remove excessive 

unattached dye and then it is dried using a dryer. As opposed 

to the conventional DSSC, the working electrode is soaked 

with Ru dye solution only without GQDs process. 

 

 
Fig. 3. Working electrode of DSSC. 

 

 

 
Fig. 4. (a) SEM image for 1000x magnification, and (b) SEM image for 3000x 

magnification. 
 

C.    Preparation of DSSC Assembling 

The counter electrode is heated on the hot plate at 120˚C. 

Next, the spacer is placed around the TiO2 area. Then, the 

counter electrode is sandwiched with the working electrode 

and it is heated on the hot plate with the same previous 

temperature. The sample is pressed with a low pressure to 

melt the spacer and to ensure there is no bubble wrap inside 

the sample. After that, iodolyte (electrolyte) is injected 

between two electrodes using a syringe with a needle. The 

sample is clipped to secure it. DSSC is ready to be used and it 

is tested using a solar simulator. 

 

III. RESULTS AND DISCUSSION 

A. Physical Properties of Working Electrode 

Fig. 4 shows the photo obtained by using Scanning 

Electron Microscopy (SEM) with a magnification of 1000 

times and 3000 times respectively, concerning the 

cross-section of the active area (TiO2 area) on the surface of 

working electrode. Fig. 4(a) shows the thickness of TiO2 

layer that adsorbed the GQDs and Ru dye is 40µm. The 

structure shows that the TiO2 particle has been mixed up with 

the Ru and GQDs particle forming different particle sizes 

and colors. In Fig. 4(b), the cross-section of the active area 

can be seen clearly.   

B. Presence of Elements 

Fig. 5 shows the graph of Energy-dispersive X-ray 

spectroscopy (EDX).  The graph shows the presence of 

elements in the sample. From this graph, GQDs are exist in 

the working electrode. The highest peak is Ti (titanium) 

which is 48.59%. The second highest peak is Au (gold). Au is 

used to coat the sample for characterization. Several other 

elements are also present in the sample such as O (oxide), Si 

(silicon), Ru (ruthenium), Sn (tin), and C (carbon). Carbon 

represents the existence of GQDs because graphene is one of 

the carbon group. GQDs existed at 1.73% from the overall 

elements. Meanwhile, Ti and O represent the TiO2 paste. On 

top of that, Si, Sn, and O represent the FTO glass and lastly, 

Ru, represents the existence of ruthenium N719 dye. TiO2 

has the highest percentage of element followed by Ru and 

GQDs. 

C. Performance of DSSC 

Table I shows the results of conventional DSSC and 

GQDs-DSSC. From the results, we are compared the current 

density (Jsc), voltage open circuit (Voc), fill factor (FF) and 

efficiency (ŋ). We also observed the differences in the time 

adsorption of GQDs. The efficiency of the conventional 

 

 
Fig. 5. EDX graph of working electrode. 
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Conventional DSSC is slightly lower than the GQDs-12 

hours efficiency. As the time adsorption of GQDs increases, 

the efficiency of each sample also increases. GQDs-48 hours 

have the best Jsc and Voc, which is 9.422 mA/cm2 and 0.620 

V respectively. This is because GQDs-48 hours adsorbed 

more GQDs compared to other samples, which has higher 

electronic mobility that helps to increase the electron 

transport. Nevertheless, the GQDs-12 hours have the best fill 

factor, which is 0.582 because of the quality of the sample. 

Overall, GQDs-48 hours have the best efficiency with 

3.084% and GQDs were proven to have increased the 

performance of DSSC compared to the conventional DSSC. 

 
TABLE I: MEASURED PARAMETER OF DSSC 

Name Jsc (mA/cm2) Voc 

(V) 

FF Efficiency, ŋ 

(%) 

Conventional 

DSSC 

3.115 

 

0.599 

 

0.553 

 

1.034 

 

GQDs- 12 hours 4.443 

 

0.599 

 

0.582 

 

1.553 

 

GQDs- 24 hours 6.511 

 

0.620 

 

0.520 

 

2.099 

 

GQDs- 36 hours 8.673 

 

0.610 

 

0.510 

 

2.698 

 

GQDs- 48 hours 9.422 

 

0.620 

 

0.528 

 

3.084 

 

 

 
Fig. 6. I-V graph of DSSC with varies adsorption time of GQDs. 

 

IV. CONCLUSION 

Dye-Sensitized Solar Cell (DSSC) consists of the 

electrodes (working electrode and counter electrode), a 

photosensitizer, nanostructured wide bandgap 

semiconductor layer, and electrolyte. In this project, GQDs 

were added in the DSSC as an enhancer to compare the 

performance with the conventional DSSC. Besides that, the 

adsorption time for the DSSC was varied too.  Fig. 4 shows 

the SEM image of the cross-section of the active area on the 

working electrode. The thickness of the active area is 40 µm. 

On top of that, the elements presence in the working 

electrode were identified by using EDX. Therefore, the 

existence of GQDs in the active area were proved. Table I 

shows the results from the solar simulation calculation and 

Fig. 6 shows the I-V graph of all samples (Conventional 

DSSC, GQDs-12, GQDs-24, GQDs-36 and GQDs-48). 

Based on the results, GQDs-48 hours have the best efficiency, 

followed by GQDs-36 hours, GQDs-24 hours, GQDs-12 

hours and conventional DSSC. The current density, Jsc and 

conversion efficiency, ŋ of GQDs-48 cell generated best 

performance at 9.422 mA cm-2 and 3.084% respectively 

compared to conventional DSSC at 3.115 mA cm-2 and 

1.034%. DSSC with the presence of GQDs as an enhancer 

has improved the performance of DSSC compared to the 

conventional DSSC.  
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