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Abstract:  

Carbon nanodots (C-dots) are currently very active, driven by the potential applications in many fields, including bioimaging, 

biosensing, drug delivery, gene delivery, photodynamic therapy and photocatalysis. This review covers a brief understanding of 

various physiochemical properties and different methods of preparation of C-dots. photoluminescence mechanism, the origin of 

their peculiar fluorescence property, biocompatibility and chemical stability are the unique properties of C-dots. Characterization 

of C-dots by using various analytical methods can be mentioned in this paper. These C-dots are currently used as advanced tools 

in the diagnosis of various diseases. 
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1. INTRODUCTION  

C-dots were first discovered by Xu et al., in 2004 accidentally during the purification of single-walled carbon nanotubes. This 

discovery achieves much progress in the fluorescence property of C-dots in various sectors of biological, analytical chemistry 

and their applications. 

Carbon nanodots (C-dots) are mainly used for cell imaging and sensing of various analytes because of their high 

photoluminescence, biocompatibility, photo and chemical stability.  Carbon precursors such as grass, used coffee, candle soot, 

and ground coffee are abundantly used to prepare C-dots and are cost-effective. C-dots are usually of size below 10nm and they 

comprise discrete, quasi-spherical nanoparticles. C-dots have apparent sp2 characters and possess various functional groups like 

amino, ether, epoxy, hydroxyl, and carbonyl carboxylic acid on their surface. Due to these functional groups, hydrophilicity and 

readiness for functionalization with various organic, polymeric, inorganic or biological species of C-dots is high. The 

photoluminescence properties of C-dots are dependent on their size, edge shape, surface ligands (passivation agents) and 

defects.[1] 

2. SYNTHESIS  

C-dots can be synthesized by two categories namely, top-down and bottom-up synthetic approaches. Preparation of C-dots is 

usually conducted under harsh physical or chemical conditions from starting materials such as graphite powder or multi-walled 

Carbon nanotubes (MWCNTs) are done by top-down methods. Whereas preparation of C-dots from small molecules like glucose 

and fructose by applying external energy such as ultrasonication, microwave pyrolysis and heating is done by the bottom-up 

method.[1] 

2.1. Top-down approaches 

A. Arc-discharge method:  

Preparation of C dots by using crude carbon nanotube soot with a Quantum Yield (QY) of 1.6%. By using 3.3 M HNO3, 

Oxidation of crude material can be done. After oxidation materials were extracted with an alkaline solution pH 8.4. By 

conducting the gel electrophoresis the extracted materials were purified. This method is known as the arc discharge method.[1] 
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B. Laser ablation: 

The first technology for producing C-dots in a regulated manner is laser ablation. The contact of a pulsed laser beam with the 

surface of a target (solid precursor) and the subsequent ejection of materials in the form of nanoparticles is a top-down process 

that is often employed for the manufacture of many different types of nanoparticles.[2] 

C-dots can be prepared from graphite powder and cement in a flow of Argon gas carrying water vapour using a laser ablation 

method with an Nd: YAG laser (1064 nm,10 Hz). The crude product can be oxidized with 2.6M HNO3 for 12 h and surface 

passivation with polymers such as diamine-terminated poly (ethylene glycol) (PEG1500N) and poly (propionyl ethylene i-mine-

co-ethyleneimine) (PPEI-EI). C-dots have bright Photoluminescence (PL) with Quantum Yields (QYs) ranging from 4-10% 

obtained both in solution and solid states.  The QY of C dots can be improved through doping with inorganic salts (eg: zinc 

acetate and Na2s or NaOH) in which the dopants (eg: ZnO and ZnS) likely functioned as secondary passivating agents for the C 

dots. The resulting doped C dots showed strong photoluminescence (QY-45%) when excited at 450 nm.[1] 

C. Electrochemical synthesis 

Electrochemical synthesis is a top-down process that takes advantage of a redox reaction that takes place in an electrochemical 

cell when an electric current is delivered between two electrodes (solids) separated by an electrolyte (liquid). Zhu et al. described 

the first electrochemical production of C-dots. They used multi-walled carbon nanotubes (MWCNTs) as an electrode during the 

synthesis to demonstrate their unique method for producing graphitic C-dots with strong blue luminescence.[2] 

2.2. Bottom-up approaches  

A. Thermal routes: 

The soot from candle burning has been used as a starting material for C-dots. After being treated with an oxidant such as HNO3 

or H2O2/AcOH, C-dots were formed. Polyacrylamide gel electrophoresis was used to separate as-prepared C-dots, revealing that 

C-dots with higher mobility showed PL at a shorter emission wavelength. C-dots had QY values ranging from 0.8 per cent to 

1.9 per cent. HNO3 treatment of natural gas soot, followed by sodium bicarbonate neutralisation and dialysis purification PL C-

dots were formed as a result Metal can be added separately. Metal nanostructures (NSs) were produced on the surfaces of C-

dots solutions by adding salts such as AgNO3, Cu (NO3)2, and PdCl2. C-dots with a reducing agent (ascorbic acid) present. The 

QYs of C–Ag, C–Pd, and C–Cu nanocomposites were 36.7 per cent, 33.4 per cent and 60.1 per cent, respectively. C-dots had 

QY values ranging from 0.8 per cent to 1.9 per cent. Treatment of natural gas soot with HNO3, followed by dialysis purification 

and neutralisation using sodium bicarbonate PL C-dots were formed as a result Metal can be added separately.[1] 

B. Microwave-assisted methods: 

The following processes are commonly used in the pyrolysis process. Carbon sources undergo a high-temperature carbonization 

process. C-dots are gathered after post-treatment and purification procedures such as filtering, centrifugation, dialysis, and 

chromatographic separation. The separation process, however, can be avoided by encapsulating C-dots with an appropriate 

template to constrain their development and shape during pyrolysis.[3] 

C-dots were made by heating transparent aqueous solutions of saccharides and PEG 200 at various concentrations in a 

microwave oven operating at 500 W for 2–10 minutes. When C-dots were excited at different frequencies, they revealed 

remarkable λex-dependent PL characteristics. The wavelengths are between 330 and 460 nm. C-dots were also made by exposing 

them to Under ultrasonication for 4 hours, glucose was added to either a strongly acidic or alkaline solution. The C-dots PL 

emission was measured. The visible to near-infrared (NIR) spectral range was addressed. When C-dots were stimulated at high 

temperatures, they had up-conversion PL characteristics. Emission in the wavelength range of 700–1000 nm. 450–750 nm, with 

QY values as high as 7%.[1] 

C. Hydrothermal and aqueous-based methods: 

PL C-dots have been generated by hydrothermal treatment of discarded coffee grounds. Before being pulverised into a fine 

powder, the used coffee grounds were dried in an oven. Autoclaved and calcined in air at 300°C for 2 hours. Four phases led to 

the formation of the C-dots (QY-3.8 per cent) Dehydration, polymerization, carbonization, and passivation. To make C-dots 

from old batteries, a similar technique was adopted for 2 hours at 300°F/80°C. green tea, the black carbonised powder that results 

as the consequence of this process was resuspended in ultrapure water and dialysis was performed to purify the C-dots even 

further. The QY of highly water-soluble PL C-dots as prepared was 4.3 per cent.[1] 

3. PHYSICOCHEMICAL PROPERTIES: 

A. Absorption: 

To excite their electrons to higher antibonding molecular orbitals, molecules with n-electrons or non-bonding electrons can 

absorb energy in the form of ultraviolet or visible light. C-dots typically appear to absorb light in the UV area with a tail that 

extends into the visible zone. [4,5] Most C-dots have a band called a p-p* transition peak, which has a wavelength range of 250–

300 nm. The surface functional groups have various additional effects on the C-dot absorption wavelength. Ex: After 

functionalization with amino groups, the C-dots absorption band shows a redshift.[6] 
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B. Morphology and surface properties: 

Depending on the conditions and precursors used in their preparation, C-dots are either quasi-spherical or spherical-shaped 

particles with diameters between 1 and 10 nm.[7] The size of the C-dots created by a natural gas burner's combustion soot was 

4.8 nm, and their lattice spacing was comparable to that of graphite. Regardless of the applied potentials utilized, the C-dots 

produced from the electrochemical oxidation of carbon fibres had a spherical shape. [8,9] 

C. Photoluminescence: 

As a result of light absorption, light is now being released. An electron in a molecule is stimulated to a higher electronic excited 

state by the absorption of a photon in the visible spectrum, which causes it to emit a photon as the electron returns to a lower 

energy level.[6] This process is known as photoluminescence. While fluorescence is caused by emitting a greater wavelength 

than the absorbed wavelength, photoluminescence is caused by absorbing and emitting photons with wavelengths that are either 

different or equal. If the energy is above the bandgap, a sample is photoexcited, and the released photons are collected and 

evaluated.[10] 

 

4. CHARACTERIZATION OF CARBON NANODOTS:  

Chemical composition, size and form are all key elements in determining the specific and unique qualities of C-dots. As a result, 

extensive efforts are made to characterize them.[11] 

4.1. Microscopic and diffraction techniques: 

 For the shape and size characterization of nanoparticles, much non-destructive imaging and microscopic approaches have been 

developed. Microscopy is used to determine particle size and is the sole technology that allows for direct observation and 

measurement of the nanoparticles on their own. The C-dots can be measured by electron microscopy and diffraction technique 

such as Scanning electron microscopy (SEM), Transmission electron microscopy (TEM), X-ray diffraction (XRD) and Atomic 

force microscopy (AFM).[11] 

A. SEM & TEM: 

The particle size, size distribution, and shape of C-dots may all be determined using the two helpful electron microscopy 

methods, SEM and TEM. The presence of particle aggregation or the achievement of good particle dispersion can also be 

examined using the SEM and TEM pictures. SEM creates images by moving a focussed electron beam across the surface of a 

C-dots.[12,13] As the electrons interact with the C-dot atoms, charges build up to create an image. Using a high-energy electron 

beam, TEM creates pictures of the sample based on the C-dots electron transmission. By randomly counting the particle size on 

the TEM pictures, it is possible to estimate the average diameter of C-dots.[14] 

B. Atomic force microscopy: 

With a resolution of less than 1 nm, AFM, a high-resolution scanning probe microscopy, can provide three-dimensional surface 

images of C-dots. AFM give information in three dimensions (3D) regarding the surface morphology of C-dots.[14] 

4.2. Spectroscopic Techniques: 

Diverse spectroscopic techniques have been described for C-dots characterization, including Ultraviolet-visible (UV-vis), 

Dynamic light scattering (DLS), Photoluminescence (PL) spectroscopy. Raman spectroscopy (RS), Fourier transform infrared 

spectroscopy (FTIR), magnetic resonance (NMR) spectroscopy and Mass spectroscopy (MS) [13]. 

5. APPLICATIONS: 

A. Bioimaging: 

Due to their photoluminescence, C-dots are exploited as a possible agent for the bioimaging of cells and animals both in vivo 

and in vitro. These particles are capable of absorbing UV radiation between 270 and 320 nm.[15] The diagnosis of numerous 

diseases, including cancer, depends heavily on the bioimaging of cells and tissues. We created green fluorescent carbon nanodots 

(GCDs), which are about 3 nm in size. To improve their ability to target, folic acid (FA)functionalized GCDs (GCDs-FA) were 

obtained. Because folate receptors (FR) are found in high concentrations on a variety of cancer cell membranes, FA is known 

to have a favourable impact on the binding potential and penetration into cancer cells.[16] 

B. Photodynamic therapy: 

A combination of two non-cytotoxic components is the foundation of photodynamic treatment (PDT). These two elements are:  

Photosensitizer: A photosensitive chemical that can be targeted in the cells or tissues that make up the biological environment 

of interest. 

Activator: A component that activates the photosensitizer by implementing light transmission at the appropriate wavelength is 

known as an activated photosensitizer. 
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This light-induced toxicity is a method that can be utilised to specifically destroy malignant tumours or cancer cells.[17] 

For targeted therapy of melanoma skin cancer, hyaluronic acid modified C-dots conjugated with chlorine-Ce6 (Ce6, a 

photosensitizer). They discovered that Ce6's photodynamic reaction was enhanced when C-dots were conjugated to it, producing 

more singlet oxygen than Ce6 alone.[18] 

C. Biosensing: 

Early disease detection is crucial since it raises the likelihood of a cure and considerably lowers the cost of therapy. Therefore, 

the advancement of quick, accurate, and dependable biosensing methods is crucial for the protection of human life and health. 

The essential components of a biosensor are a detector, a converter, and a signal processor.[19] In most sensing systems, C-dots 

function as converters, the main function of which is to convert intangible information into useful signals recognizable by the 

signal processor. The rich presence of various surface functional groups, C-dots are sometimes sensitive to specific 

biomolecules. This phenomenon makes it feasible to design biosensors directly with C-dots without additional detectors (i.e., 

bioreceptors), in which C-dots function as both detectors and converters simultaneously. Electrochemical biosensor for direct 

detection of dopamine from N-doped C-dots, the synthesis of which did not involve any organic solvent or catalyst. The surface 

of the C-dots contains a rich number of carboxyl groups, which interact with dopamine through electrostatic interaction. Thus, 

when an electrode loaded with C-dots comes into contact with dopamine, the current of the electrode will change.[20] 

D. Drug delivery: 

Fluorescent C-dots are employed as a pH-responsive drug carrier and bioimaging device to deliver the anticancer medication 

doxorubicin (DOX) into cancer cells. The prepared C-dots exhibited both in vitro and in vivo high fluorescence and were 

biocompatible. When mildly acidic circumstances were present, DOX-loaded C-dots displayed a pH-responsive drug release 

behaviour and increased cytotoxicity in cancer cells.[21] 

E. Gene delivery: 

Tryptophan (as a passivation agent) and citric acid-based C-dots for imaging-guided delivery of survivin siRNA to gastric cancer 

cells. C-dots that had already been made had PEI added to them, which binds the negatively charged siRNA. The survivin gene 

silencing by nanoparticle-mediated siRNA delivery into the MGC-803 cells was confirmed by the western blot and RT-PCR 

studies. In the MGC-803 cells, they also demonstrated the secondary consequences of silencing the survivin gene, including cell 

cycle arrest in the G1 phase and increased apoptosis.[22] 

6. CONCLUSION: 

Carbon nanodots(C-dots) are well suited for some imaging and therapeutic applications due to their distinctive physicochemical 

features, which enable them to include targeting ligands, chemotherapeutic medicines, and many other therapeutic agents. 

Overall, there is potential for C-dots to be used in clinical settings in the future. Future developments should make it possible to 

create a variety of theranostic applications for the treatment of cancer and other diseases in the near future because of 

multifunctionality, low cost, low environmental impact, high water solubility, biocompatibility, low toxicity, good cell 

permeability, and excellent fluorescent imaging sensitivity. 
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