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Abstract

In this mini review, we have tried to highlight various synthetic routes of carbon dot (C-dot) and their
applications. We have mentioned both top-down and bottom up approaches and substrate requirement
for its synthesis and specific properties that the resultant C-dots is going to display. New age applications
like energy harvesting and storage, coloured lighting etc. of C-dots are also stated in this review.
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C-dot has been regarded as one of the most useful and interesting nanomaterial among
the contemporary nanomaterials because of its unique features such as excellent photo
luminescent property, outstanding biocompatibility, long cycle life, light weight, small size,
unique physical characteristics, easy aqueous dispersibility and pH sensitivity [1]. The
number of scholarly articles published on C-dot is steadily increasing in number covering its
expanded field of applications. As of now, C-dots have been explored as agents for bio imaging,
sensing, photo catalysis, electro catalysis, fluorescent ink, light emitting diode, and solar cells
[2].

Mini Review

Chemical structure of C-dot varies on the route adopted for its synthesis. It typically has a
size of a few nanometers and has molecular weight of a few thousand to tens of thousands of
times that of bigger particles. The surface often contains a variety of functional groups such
as –OH, –COOH and –NH2, which makes them water dispersible and also boosts their ability
to polymerize forming various inorganic, organic, or physiologically active molecules [3]. The
synthesis of C-dot can be done in a variety of ways. This may be divided into two categories:
“top-down” and “bottom-up” procedures. With the aid of arc-discharge, electrochemical
synthesis, laser-ablation, and chemical oxidation, the “top-down” approach breaks bulk
carbon materials such as carbon nanotubes, graphite, candle soot, and activated carbon into
C-dots [2]. However, no definite substrate is required for the bottom-up technique. In this
case, it is made from a variety of organic compounds through carbonization using plasma
treatment, hydrothermal or acidic oxidation reactions, microwave, and carbonizing organics
[4]. All of these aforementioned techniques need complex experimental settings, and they
are also difficult techniques for the creation of luminous C-dots as well. As a result, green
techniques are critically explored for the manufacture of C-dots particularly for opto-electronic
applications. Researchers are now banking on soy milk, chicken eggs, plant leaves, pomelo
peel, grass, and other inexpensive or readily accessible natural resources as precursors for
the production of C-dots to make the process cheap and more viable. Electro-Luminescence
(ECL) features are found to be pronounced in the synthesized C-dots as well. Graphite has also
been found to produce C-dots with enhanced Electro-luminescence behaviour. In that case,
the C-dots are produced through electrochemical oxidation of graphite. Since the potential
cycle is maintained between +1.8 and -1.5V, the resultant C-dots display an enhanced Electroluminescence property having the maximum at 535nm. When C-dot is dispersed in ethanol,
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the dual ECL signal is often observed (TBAB). Except for certain
recent studies on electrochemical abilities in the context of electrosynthesis, electro-catalysis, and sensing of C-dots, only a little study
has been done on the electrical characteristics of C-dots so far [5].
Recently, formation of C-dot based polymer composites has
been reported whereby epoxy resin, agarose gel, and iono gels
have been used as the matrix and the resultant composites are
targeted for diverse luminescent hues and white light generation
[6]. Energy production/storage at low cost have been the priority of
the current era. Due to the abundance of trap states, C-dots exhibit
charge entrapment properties. As a result, they are advantageously
Table 1: The source and their application of C-dots [8].

employed as an electrical capacitor. Since the practical
demonstration of the quantum size impact on photoluminescence
of C-dots and the theoretical prediction of quantum confinement,
it has received a lot of attention in optoelectrical and photovoltaic
technologies in the last few years. They have the potential to still
improve the efficiency with which sunlight is converted into energy.
C-dots are also attracting a lot of attention as a light-harvesting
material for solar cells. Energy harvesting reduces CO2 emissions
which in other way lowers the renewable energy cost. (Figure 1)
summarizes the synthesis and application fields of C-dots through
a schematic [7]. The synthesis procedure and their subsequent
application is demonstrated in tabular form (Table 1), [8].

Sl. No.

Source Molecule

Mode of Synthesis

Application

1

Carbon soot

Chemical oxidation

Bio-imaging

Urea, polyethylene glycol (PEG)

Hydrothermal treatment

Bio-imaging

Glucose

Carbonization

2
3
4
5
6

Graphite powder

Carbon nanotubes and graphite
Carbon nanopowder

Laser ablation

Electrochemical

Hydrothermal treatment

Drug/gene delivery

Hydrothermal treatment

9

Fullerenes (C60)

Ultrasonic

10
11
12
13

L-Glutamic acid

Citric acid and melamine
Lactose and NaOH
EDTA

14

Citric acid and triethylamine

16

Ascorbic acid and glycol

15
17
18
19
20

Graphite rods

Pyrolysis
Pyrolysis

Simple heating

Bio-sensing
Bio-sensing
Bio-sensing
Bio-sensing

Chemical-sensing

Electrochemical

Chemical-sensing

Hydrothermal treatment
Ultrasonic treatment

Hydrothermal treatment

Graphite/Vitamin C/Citric acid

Microwave synthesis

Dopamine

Drug/gene delivery

Hydrothermal treatment

Glucose

Carbon-based

Bio-imaging

Drug/gene delivery

Citric acid and ethylenediamine
Sorbitol and sodium hydroxide

Bio-imaging

Electrochemical

7
8

Bio-imaging

Chemical-sensing
Chemical-sensing

Degradation of Dye

Hydrothermal treatment

CO2 Photo-reduction

Hydrothermal treatment

Targeted Hella cell

H2 generation

Figure 1: Schematic of synthesis and different applications of C-dots.
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Conclusion
In conclusion, it can be said that C-dots are going to be the
key material in near future to address the key issues like energy
harvesting and storage, low cost lighting, diagnostic etc. either
in sole form or in the form of flexible polymer composites. It is
thus important to explore its structure-property relationship for
extracting more benefits in opto-electrical and electro-chemical
fields.
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