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ABSTRACT  

The exploration of Dye-Sensitized Solar Cells (DSSC), especially regarding the photoanode, is steadily 

advancing. widely recognized, the photoanode plays a key role in absorbing light and facilitating 

electron generation, which is essential for the efficiency of Dye-Sensitized Solar Cells (DSSC). TiO2 is 

frequently used as photoanode due to its excellent stability and ability to effectively support dye 

molecules. However, in terms of enhancing light absorption and the electron transfer rate, doping with 

Carbon Quantum Dots (CQDs) in TiO2-based photoanodes has gained attention as a promising approach 

to improve efficiency. In this research, Carbon Quantum Dots (CQDs) were added to TiO2 to enhance 

its properties. Red CQDs and Yellow CQDs were incorporated into TiO2 at a concentration of 5%. The 

resulting composite materials were characterized using XRD, UV-Vis, and I-V measurements with a 

solar simulator. The XRD pattern confirmed the crystalline structure of TiO2 with incorporated CQDs. 

The optical properties of the CQD-TiO2 composites were analyzed through UV-Vis spectroscopy, 

revealing changes in light absorption. The DSSC performance parameters, including Jsc, Voc, FF, and 

η, were determined through I-V characterization using a solar simulator. The best DSSC performance 

was obtained by the sample with the addition of 5% Yellow CQDs, with an efficiency of 3.42% 
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Introduction 

Nowadays, the development of renewable 

energy is becoming very rapid, and solar cells 

will play an important role as an 

environmentally friendly and low-cost 

electricity supply.1  Dye Sensitized Solar Cell 

(DSSC) is one of the practical and effective 

third-generation solar cells for future energy 

supply.2  DSSC was declared a great success 

by O'Regan and Grätzel in 1991 and is the 

only type of solar cell based on organic 

material.3 In addition, DSSC has several 

advantages, such as its easy, environmentally 

friendly, and inexpensive manufacturing 

process.4  In general, DSSC is assembled with 

a unique sandwich structure with four main 

components, namely photoanode, dye 

sensitizer, redox electrolyte and counter 

electrode.5  

Photoanodes are an important component 

of DSSC because they have photoabsorption 

capabilities that allow for high efficiency and 

energy conversion.6 In DSSC, the photoanode 

must have a large surface area to absorb the 

dye molecules, rapid electron migration and 

band gap energy which is ideal for effective 

photoactive electron injection.7,8 The 

photoanode itself consists of an FTO glass 

substrate with a thin layer of semiconductor 

material.4 

The most widely used semiconductor 

material is titanium dioxide (TiO2). TiO2 is a 

dioxide-transition metal with a band gap of 

3.2 eV.9 TiO2 is the most widely used 

semiconductor material for DSSC, due to its 

chemically and thermally stable, cost-

effective, and non-toxic properties.10 

However, it is known that TiO2 has slow 

electron mobility (30 cm2V-1S-1) and low dye 
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adsorption thus limiting the further efficiency 

gains of TiO2-based DSSC.11,12 

On the other hand, quantum dot (QDs)-

based DSSCs have shown promising 

performance to overcome this problem in 

order to achieve high photoconversion 

stability and efficiency.13 In this case, carbon 

QDs modified photoanodes (CQDs) for DSSC 

applications show low recombination rates, 

increased dye adsorption, and rapid electron 

transport in devices.14 In addition, due to its 

fast electron transfer time (<15 fs from CQDs 

to TiO2), long electron lifetime (about 100 ps), 

low cost, and outstanding biocompatibility.15 

CQDs are generally quasi-spherical in 

shape and consist of amorphous or crystalline 

carbon.16 Several core models of CQDs have 

been proposed in recent years, including 

diamond-like structures, graphite/oxide 

structures, and amorphous carbon structures.17 

CQDs absorb light primarily in the ultraviolet 

(UV) range (260–320 nm), with some 

absorption continuing to visible 

wavelengths.18 CQDs have the dual effect that 

nanoparticles have in photocatalytic systems, 

leading to their great potential for high-

performance photocatalyst designs.19 CQDs 

exhibit the absorption behavior of electrons in 

ultraviolet (UV), which is useful for capturing 

scattered electrons produced by metal oxides. 

CQDs and various bulk semiconductors have 

been combined to seek the best modification 

of the optical properties of composite 

materials such as TiO2. 

Methods 

The method carried out refers to the 

research of Pujiarti et al.20  TiO2 photoanode 

is made by coating Titanium BL-1 which is 

used as a blocking layer using the spin coating 

method at a speed of 3000 rpm for 1 minute, 

heated gradually, at a temperature of 100°C 

for 15 minutes, 300°C for 15 minutes, and 

500°C for 30 minutes. TiO2 T/SP is doped 

with CQDs. After that, it is depositioned using 

the screen printing method, then heated with a 

hot plate of 100oC to a temperature of 500oC 

with a temperature increase of 100oC every 10 

minutes with a peak temperature of 30 

minutes. In the same way the subsequent 

deposition of the TiO2 R/SP layer. 

The DSSC system is composed of 

photoanode parts immersed in a 0.7 mM dye 

N719 solution for 24 hours in a dark room 

with room temperature. Furthermore, the area 

that is not an active area, is given surlyn, then 

added with a Pt-counter electrode and a 

sealing process is carried out with the help of 

a hot press. After that, iodine electrolyte 

injection is carried out under vacuum 

conditions. 

TiO2/CQDS samples will be characterized 

using XRD, UV-Vis and I-V spectroscopy. 

The tool to be used for XRD characterization 

is XRD PanAnalytical type X'Pert pro, the 

beam used in the XRD tool is Cu Kα which 

has a wavelength of 1.540589 Å. UV-Vis used 

is the Analytik Jena Specord 200 plus brand. 

The tool used for I-V characterization is the 

Keithley 2400 type I-V electrometer.Result 

and Discussion 

Table 1. Sample Code 

No. Sample Details 

1. TC-0 TiO2 + 0% CQDs 

2. TC-5R TiO2 + 5% Red CQDs 

3. TC-5Y TiO2 + 5% Yellow CQDs 

 

Structure Analysis 

Based on the XRD results in Figure 1. The 

peak of TiO2 doping CQDs was identified at 

the diffraction angle (2θ) of 25.36° and 25.44° 

while the main peak of TiO2 without doping 

at the diffraction angle (2θ) was 25.57°. The 

shift in the diffraction peak is due to the 

addition of CQDs doping. The results of the 

TiO2 peak have been in accordance with the 

research that has been conducted by Bakr et 

al.21 

The crystal size of the TiO2/CQDs 

photoanode is shown in Table 2. The results 

showed that the photoanode crystal sizes were 

37.58, 46.96, and 27.11 nm, respectively. In 

DSSC, the small crystal size results in a larger 

surface area, thereby increasing light 

absorption and electron collection.22 The 

higher surface area causes dye particles to be 

attached, which results in higher efficiency for 

DSSC.23 

https://creativecommons.org/licenses/by-nc-sa/4.0/
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Figure 1. X-Ray Diffraction Patterns 
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      Figure 3. J-V Curve DSSC TiO2/CQDs                     Figure 2. Absorbance DSSC TiO2/CQDs 

Table 2. Photoanode crystal size 

No. Sample 2 theta (𝟐𝛉) FWHM Crystal Size (nm) 

1. TC-0 25,57 0,21 37,58 

2. TC-5R 25,36 0,17 46,96 

3. TC-5Y 25,44 0,31 27,11 

UV-Vis Spectra 

The optical properties and ultraviolet 

absorption of TiO2/CQDs photoanodes were 

studied through UV-Vis characterization in 

the wavelength range of 300-800 nm. Figure 

2 shows the photoanode absorbance spectra of 

TiO2/CQDs. It can be seen that the maximum 

absorption region of TiO2/CQDs photoanodes 

for all variations is at the peak of absorption 

around 300-350 nm. The TC-5Y sample has a 

larger absorption area than the other samples. 

This indicates that more energy will be 

absorbed from light. The absorption spectrum 

extends to the high-wavelength region due to 

some low-energy transitions that occur in the 

functional groups present on the surface of 

CQDs.1

https://creativecommons.org/licenses/by-nc-sa/4.0/
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Table 3. Photovoltaic Parameters TiO2/CQDs  

No. Sampel 𝑱𝒔𝒄 (mA/cm2) 𝑽𝒐𝒄 (V) FF (%) η (%) 

1. TC-0 13.36 0.45 0.35 2.14 

2. TC-5R 6.04 0,58 0,48 1,67 

3. TC-5Y 11.78 059 0,49 3.42 
 

Performance 

The DSSC photovoltaic parameters are 

shown in Table 2. Based on the performance 

test results, the highest efficiency of 3.42% 

was obtained for TC-5Y with Jsc and Voc of 

11.78 mA/cm2 and 0.58 V. One of the most 

important factors affecting the conversion 

efficiency of solar cells is effective charge 

separation, increased electron transfer rate, 
and reduction of the recombination process.24 

Doping CQDs increases the effectiveness of 

well-transferred electrons to the TiO2 

conduction band and holes accumulated in the 

valence band of CQDs. The presence of CQDs 

nanostructures in CQDs/TiO2 leads to a shift 

in Fermi levels to higher levels, and the result 

is that the Voc for CQDs/TiO2 modified 

photoanodes is increased compared to pure 

TiO2.
24 

Conclusion  

TiO2/CQDs photoanodes with CQDs-

Yellow doping of 5% have better performance 

than pure TiO2 with one of the main factors in 

the improvement being the effectiveness of 

electron transfer and reduced electron 

recombination. The XRD results showed that 

the smallest crystal size obtained from TC-5Y 

was 27.11 nm which resulted in an increase in 

the optimal surface area for photon 

abservation. UV-Vis characterization showed 

that the TC-5Y sample had a larger long 

absorption area than other samples. The best 

DSSC photovoltaic performance obtained was 

3.42% by the TC-5Y. 
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