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Abstract 

Carbon dots (CDs) are a series of non-dimensional carbon-based little particles, 

endowed with great photoluminescence, water- dissolved, good bio adaptability, and 

small toxicity. Carbon dots (CDs) are a unique class of fluorescent Nano materials, 

whose emissions can be tuned by manipulating the reaction conditions of their 

formation. Moreover, CDs act a significant duty in the transfer of electrons. On the 

one hand, the appropriate energy band value of CDs assists the charge segregation 

and transfer after the carbon point is excited. In addition, carbon dots depict explicit 

electrical conductivities analogous to graphene. An excellent utilization amount of 

fossil vigor has led to the crisis of energy as well as the surroundings. Thus, it is an 

immediate duty to research renewable scavenging energy to dissolve these issues. In 

this paper, I’ve strived to classify the application of carbon dots in dye-sensitized 

solar cells in recent years and explained the mechanisms of improving the 

performance of carbon dots. Among them, solar energy is reliable to be the most 

promising renewable energy resource due to its fascinating properties such as being 

inexhaustible and environmentally friendly. The growth of solar cells is already in 

the third stage, and investigation focuses contain dye-sensitized solar cells. Dye-

sensitized solar cells make use of a similar sense, and light to electric power 

transformation efficiencies above 10% have been reached with DSCs. 

Keywords: Dye-Sensitized Solar Cells, Solar Cells, Renewable energy, Carbon 

dots, solar energy 

 

Introduction 

Carbon Dots, a recent genre of functional nanocarbon family, have ushered in an 

expansion boom insomuch as they were first reported (Xu et al., 2004) in 2004. 

Carbon dots (CDs) are a series of non-dimensional carbon-based little particles, 

endowed with great photoluminescence, water-dissolved, good bio adaptability, and 
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small toxicity (Tang et al., 2012; Gupta et al., 2011; Liu et al., 2012; Limet al., 2015; 

Yuan et al., 2018; Baker et al., 2010; Gao et al., 2020). According to their excellent 

characteristics, these nanoparticles have obtained lots of profit for a broad span of 

applications including sensors (Zhu et al., 2013; Zhu et al., 2012), drug delivery 

(Karthik et al., 2013; Wang et al., 2013; Feng et al., 2016), light-emitting diodes 

(Yuan et al., 2018; Sun et al., 2015). Combinatorial approaches to carbon dots can be 

organized into two classes: Top-Down and Bottom-Up methods (Zheng et al., 2015; 

Liu et al., 2011; Wu et al., 2018). Top-down ways, scatter huge carbon structures 

into small Nano scale carbon materials, including Arc-discharge, laser ablation 

electrochemical oxidation. Bottom-up means using approaches such as microwave 

synthesis, thermal decomposition, hydrothermal treatment to compound CDs, which 

suggest exciting chances to control CDs with a good- defined molecular measure, 

form. Figure 1 demonstrates some joint provision ways and carbon dot topography.  

 

Figure 1. Precursors and preparation methods of carbon dots 

 

Albeit, there are some significant problems in usual CDs procurement, practical 

measures have been suggested to unravel them. Carbonaceous aggregation during 

carbonization can be avoided by using electrochemical combinations, confined 

pyrolysis, or solution chemistry procedures (Gao et al., 2020). In conflict, with other 

nano carbons, carbon dots trait a high inherent photo- luminescence and premier 

photochemical attributes (Arcudi et al., 2017). Hence, the observed 

photoluminescence answer is not a single solution but a composition of at least two 

mechanisms from several sources. In terms of core factors, carbon dots have natural 

quantization effects. CDs and semiconductor oxide surfaces and on the electron 
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forwarding characteristics; Moreover, CDs act a significant duty in the transfer of 

electrons.  

On the one hand, the appropriate energy band value of CDs assists the charge 

segregation and transfer after the carbon point is excited, thereby gaining a better 

photocurrent; On the other hand, the CDs can repress dark current in the battery and 

impede electrons from being transferred from the semiconductor oxide to the 

electrolyte, therefore decreasing the mixture of electrons and redox couples. Carbon 

Dots are small nanoparticles compounded of sp2- or sp3-carbon spheres and wealthy 

in oxygen- and nitrogen containing functional groups (Stepanidenko et al., 2021). 

CDs even found some applications in agriculture, where they were used to ameliorate 

plant development and efficiency (Li et al., 2020). Due to the single visual and 

electronic attributes, water- solubility, good bio-adaptability, small toxicity, and 

strong chemical inertness (Lim et al., 2015; Ge et al., 2014; Baker., 2010; Liu et al., 

2009; Zhao et al., 2008). 

In addition, thin-film solar cells use materials with a great molar absorptivity and 

straight energy band structure (Figure. 2). 

 

Figure 2. Structure of thin film solar cells 

 

The benefits of these thin-film solar cells are their small thickness, low-cost (Gao et 

al., 2020). Now, the growth of solar cells is already in the third stage, and 

investigation focuses contain dye-sensitized solar cells (DSSCs), polymer solar cells, 
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perovskite solar cells, and quantum dot solar cells. As shown in Figure 3, it demands 

three substantial steps to transform sunlight into electricity: 

Figure 3. Structure and schematic diagram of charge transfer in dye-sensitized 

solar cells. 

 

Materials and methods 

Carbon dots depict explicit electrical conductivities analogous to graphene. With a 

quick expenditure of fossil fuels in the last years and resulting energy deficiencies, 

environmental contamination, and hothouse the result, tolerable energy 

transformation machines/technologies have gradually become usual themes of 

universal public extension. Great conductivities and electron tank properties permit 

CDs to serve as electron acceptors of light-attraction materials and interfacial 

modifiers for increased charge draw out/transport in solar cells (Hui et al., 2020). 

The concern in CDs is principally due to their optical characteristics. These 

nanomaterials do not importantly act as classical quantum dots and as such their 

optical attributes can be fully multiple. Indeed, their fluorescence is mostly related to 

the pioneers, response parameters, and combination scheme (Wen et al., 2016; Li et 

al., 2014). CDs may be organized from an abundance of pioneers and combination 

paths all of which straightly impact their chemical, physical and optical characters. 

Considering the microwave combination of CDs, polarization rules the interplay 

among the precursors and solvents permitting the probability of organizing 

hydrophilic, hydrophobic, or amphiphilic bits  (de Medeiros et al., 2019). 

Energy is a fundamental subject and problem that all generations should be confronted 

with at present and in the future (Wu et al., 2015). For decades, emerging of novel 

systems and technologies to produce, supply, and usefully use solar power has been 

a persuasion to study recent procedures for the generation of pure power. Sun is a 

full, secure, inexpensive, and clean provenance of the vigor that can be straightly 
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altered to electricity without generating contamination and environmental difficulties. 

An excellent utilization amount of fossil vigor has led to the crisis of energy as well 

as the surroundings. Thus, it is an immediate duty to research renewable scavenging 

energy to dissolve these issues. Among them, solar energy is reliable to be the most 

promising renewable energy resource due to its fascinating properties such as being 

inexhaustible and environmentally friendly. 

A solar cell is an electronic system that straightly changes sunlight into electricity. 

Glory righting on the solar cell products both a current and a voltage to produce 

electric energy. This procedure needs in the first step, a material in which the attraction 

of light increases an electron to a superior vigor case, and secondly, the motion of this 

premier force electron from the solar cell into an outer circuit. A diversity of solar 

cells have been improved and sections of them have been realized the industrial 

production. 

Usually, solar cells can be organized into three generations according to the materials 

and technological improvement (Wu et al., 2015, Wu et al., 2017). The prominent 

usage of solar energy is solar photovoltaic transformation, which is meant by the 

transformation of solar energy into electrical vigor using solar cells. Due to some 

important errors in crystalline silicon solar cells, people started to check thin-film 

solar cells, and so solar cells entered the second phase of expansion. 

Recently, the third race solar cells mostly contain dye-sensitized solar cells (DSCs), 

organic/polymer solar cells (OSCs), perovskite solar cells (PSCs), and quantum dot 

(QD) based solar cells (Grätzel, M. 2009; Cheng et al., 2009; Günes et al., 2007; 

Carey et al., 2015; Nozik et al., 2010; Kojima et al., 2009; Hodes, 2013; Lee et al., 

2012; Hagfeldt et al., 2010). In the previous two decades, third-generation solar cells 

have absorbed great investigation concern and undergone rapid progress (Figure. 4). 

 

Figure 4. Schematic illustration of the generation of carriers under the 

excitation of photon energy traditional solar cell. 
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The utilization of solar vigor is boosting in homes as well. Residential appliances 

can easily use electricity generated through solar power. Besides this solar energy is 

running solar stoves to reserve hot water in residential places. In many places, solar 

energy is used for ventilation targets. It aids in running bath fans, floor fans, and 

ceiling fans in houses. Fans run mostly every time in a building to control humidity 

and odor and in homes to take the warmth out of the galley. It is possible to increase 

a serious amount of utility bills, to decrease these bills solar energy is used for 

ventilation aims. Subsequent-generation solar cells are possibly unlimitedly more 

helpful thanks to a recently discovered nanotube structure able of carrying electrical 

charges 100 million times more than precedent measured.  

The  majority of solar cells recently use silicon to suck up light, however, 

inefficiencies in the material have led erudite to foster carbon nanotubes that can be 

implemented to boost the light attraction abilities of common cells.          Checking the 

third generation solar cells, of special interest, was concentrated on QD- based solar 

cells (Carey et al., 2015; Nozik et al., 2010; Kramer et al., 2011; Kamat et al., 2010; 

Kramer et al., 2014).  

Dye-sensitized solar cell (DSSCs) is the first third- generation that has engrossed 

much consideration due to their low construction cost and great performance, 

flexibility in color, shape, and clear. Dye-sensitized solar cells (DSSCs) are a kind 

of solar cells that transform the sun's energy to electric vigor using a sensitizing dye 

(Wei, 2010; Ye et al., 2015). DSSCs based on natural dyes though are 

environmentally friends usually have relatively low efficiencies. DSSCs fabricated 

using synthetic dyes on the other hand have relatively higher solar-to-electric energy 

conversion efficiency yet dyes frequently contain certain metals that are not 

environment friendly. Solar cells can be built of one single layer of light-absorbing 

material (single-junction) or use numerous physical shapes (multi-junction) to catch 

the benefit from diverse absorption and charge segregation mechanisms. Solar cells 

can be organized into first, second, and third- generation cells. 

Dye-Sensitized solar cells (DSSC), also somewhen referred to as dye- sensitized 

cells (DSC), are third-race photovoltaic (solar) cell that changes any seeming glory 

into electrical power. This novel category of progressed solar cells can be likened to 

artificial photosynthesis due to the way in which it imitates nature’s attraction of 

light vigor (Figure. 5). 
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Figure 5. Dye-sensitized solar cell device schematic and operation 

 

Conclusion 

As a conclusion, we can obtain these prominent outcomes that, Carbon dots (CDs) 

are a type of null-dimensional carbon-based nanoparticles with excellent light-

trapping capability, high optical absorption ability, and great inherent catalytic 

activity. Due to these beneficial characteristics, they have received eager regard from 

scholars in the field of optical devices. Carbon dots (CDs) are an important class of 

carbon-based phosphors. The application of carbon dots in dye-sensitized solar cells 

has boosted with constant steps recently. CDs may be organized from an abundance 

of pioneers and combination paths all of which straightly impact their chemical, 

physical and optical characters. CDs emit in different colors in terms of morphology 

and optical properties of the resulting nanoparticles, with a focus on the synthetic 

approaches allowing them to shift their emission to longer wavelengths. We further 

consider the formation of CD-based composite materials. The use of CDs in the field 

of optoelectronics is of great interest currently and has high development potential. 

Alongside the well-recognized advantages of CDs as cheap, nontoxic, 

environmentally friendly materials, a wide variety of the available synthetic 
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methods opens up an opportunity to produce CDs with the desired optical and 

electrical properties. Considering the microwave combination of CDs, polarization 

rules the interplay among the precursors and solvents permitting the probability of 

organizing hydrophilic, hydrophobic, or amphiphilic bits.  Solar energy is reliable to 

be the most promising renewable energy resource due to its fascinating properties 

such as being inexhaustible and environmentally friendly. A solar cell is an electronic 

system that straightly changes sunlight into electricity. The utilization of solar vigor 

is boosting in homes as well. Residential appliances can easily use electricity 

generated through solar power. Dye- Sensitized solar cells (DSSC), also some when 

referred to as dye-sensitized cells (DSC), are third-race photovoltaic (solar) cell that 

changes any seeming glory into electrical power. 
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