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Abstract
Quantum Dots are a group of semiconductors nanomaterials whose size is about less than 10 nm exhibiting 
unique optical and electric properties which impart different advantages in terms of wide and continuous 
absorption  spectra,  narrow  emission  spectra,  high  quantum  yield,  long  fluorescence  lifetimes,  and  high 
photostability. Based on the unique properties of quantum dots have a variety of applications. This review 
informs about quantum dots structure, properties of quantum dots, surface modification of quantum dots 
for biocompatible,  synthesis process  and  its  important  application  like  labeling cell  structure  and FRET 
(Fluorescence resonance energy transfer). Quantum dots as bio-sensors, bio-marker, and bio-imagine are 
used in many therapeutic systems. Several attractive applications have been observed with supramolecular 
compounds: Calix-4 arenes derivatives with quantum dots in the field of medical science.

Keywords: Bioimaging; Calix-4 Arenes; Optical Properties; Quantum Dots; Medical Applications; Synthesis 
Method. 

INTRODUCTION
In 1982, Russian Physicists Alexei Ekimov and 

Onushchenko have observed the quantum size 
effect on optical spectra of the nanocrystals [1]. 
They observed that by reducing the size of material 
optical properties are changed. In 1993, Murray 
and his group discovered CdSe, CdS, and CdTe 
colloidal monodispersed quantum dots (QDs) 
using organometallic precursors [2]. QDs are 
nanoparticles whose size range is about 2 nm to 10 
nm. QDs are a zero-dimension nanostructure. It 
has unique optical properties with larger absorption 
spectra and smaller emission spectra [3-4]. It is 
widely used in optoelectronic devices and bio-
imaging [5]. From bulk to nanomaterial properties 
of material, changes like electric, physical, and 
chemical properties. e.g., Iron is magnetic material 
in a bulk state but iron nanoparticle is not magnetic. 
A few applications of the QDs are shown in Fig. 
1. Due to the small size of QDs, energy levels are 

discrete. With the decrease in particle size, the 
spacing between energy levels is increasing and the 
spectrum of QDs shifts from emitting red light to 
blue light (Fig. 2). 

According to their dimension, nanostructures 
can be divided into three categories. A structure 
known as a quantum well is created when one 
dimension is shrunk to the nanoscale while the 
other two remain big. Quantum wells are often 
used in diode lasers, such as laser pointers, Digital 
Versatile Disks, infrared lasers, and  fiber  optic 
transmitters. They are also used to create HEMTs 
(high electron mobility transistors), which are 
applied in low-noise electronics. Imaging in the 
infrared range uses infrared photodetectors.  When 
two dimensions are diminished while one stays big, 
the emerging structure is known as a Quantum 
wire. Electronics equipment uses  quantum wires 
because of their great tensile strength, high 
electrical conductivity, low chemical reactivity, 
smaller diameter, and light in weight. QDs are the 
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extreme case of this size reduction procedure when 
all three dimensions are low nanometer range. The 
graphs of different nanostructure densities of states 
vs energy are shown in Fig. 3 [6-10].                                                        

Due to its small size, surface area to volume ratio 
and confinement of electron is very high in QDs. 
The optical, electrical, and magnetic properties 
of QDs change with their size and composition. 
The construction of the QDs is shown in Fig. 3.  
The core of QDs is a base part (Fig. 3). Shelling 
is important for QDs because the high surface-
to-volume ratio creates a surface state and these 
surface states decrease the photoluminescence of 
QDs [11-14]. Inorganic and organic compounds are 
used to shell QDs. Solubility is important for QDs 
to use in bio-applications [15-20]. QDs are coated 
with amphiphilic polymers or ligand exchange to 
provide water solubility for bio-conjugation [21-
22]. Mercaptopropionic acid (MPA), Dihydrolipoic 

acid (DHLA), and polyethylene glycol (PEG) 
are generally used to coat QDs for water 
solubility. Water-soluble QDs are connected with 
biomolecules like nucleic acids, carbohydrates, 
small proteins, and other molecules [23-25]. For 
biomedical applications, capping agents are used to 
modify the surface of QDs.

The present study provides key information 
for the future of QDs-DOX (Quantum dots-
Doxorubicin) Nanopolymer some formulations 
for treatment, image-guided surgery applications, 
and initial stage breast cancer detection. 
Aptamer (AS1411) coupled QDs that could bind 
with human glioblastoma (U87MG) cells and 
exhibited in vitro molecular imaging with high 
fluorescence strength and specificity. QDs are used 
in several industrial applications including the 
following Information storage, semiconductors, 
Pharmaceuticals, Microelectromechanical (MEM) 

 

 

 

 

 

 

 

 

 

 

 

                                      
                       Fig. 1.  Application of quantum dots in various field. 
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Fig. 2.  Bandgap of material Changes with Particle Size of that material. 

  

Fig. 2.  Bandgap of material Changes with Particle Size of that material.



31Int. J. Nano Dimens., 14 (1):29-40, Winter 2023

S. Anilkumar Gandhi, P. Gopalbhai Sutariya, et al.

devices, Biomedical applications, Sensors, and 
Microelectronics. Quantum dots have gained much 
interest in biomedical applications for different types 
of cancer treatment, bone treatment, drug delivery 
and development, several medical tools, various 
diagnostic tests, gene transfection, and medical 
imaging. The small size of QDs allows them to enter 
living organisms, translocate within, and cause 
damage. Their ability to penetrate the physiological 
barrier allows them to travel within the circulatory 
systems of biomolecules. In the future, QDs may 
be capable of detecting and preventing disorders 
very quickly, thus improving the entire process 
of treating, diagnosing, and detecting diseases. 
Polymeric-based QDs have great potential, being 
able to use in MRI (Magnetic resonance imaging) 
technology, disease therapy, and delivery systems 
of drugs by decreasing the severe side effects 
and being harmless. Many applications, such as 
increasing the biocompatibility of QDs, can benefit 
from surface coating polymers such as dextran and 
polyethylene glycol. There has been an increase in 
the use of polymeric-based QDs for targeted drug 
delivery. Biomedical applications may benefit from 
the utilization of coating techniques, magnetic 
fields, gene transfer methods, and bioimaging 
methods. It is possible to enhance the sensitivity 
and low cytotoxicity of polymeric-based QDs in 
targeted therapy, cancer imaging, and gene therapy 

using different types of polymeric QDs [26-30]. 
Table 1 shows a list of various capping agent which 
is used in biomedical applications.

OPTICAL PROPERTIES
Multiple Exciton Generation

A single photon falling on a photosensitive 
semiconductor can cause more than one electron to 
be excited into the conduction band, a mechanism 
known as multiple exciton generation (MEG). A 
single photon can only excite one electron across 
the semiconductor material bandgap in the 
concept of photoexcitation of semiconductors, 
leading to the photocurrent.  Although, photons 
with energy twice as great as the material’s bandgap 
can place more than one electron into a conduction 
band gap in materials, that can support MEG. As 
a result, in theory, solar cells made from those 
materials could be more efficient than cells made 
from other materials. Such materials which have 
MEG potential are QDs. Lead selenide was the first 
material on which the MEG was seen and then 
also lead sulfide and cadmium selenide were used 
to demonstrate it. This is a method that holds a 
lot of promise for improving the photoconversion 
effectiveness of photovoltaic systems.

Photoluminescence
As a function of size, QD luminescence varies; 

 

                                     Fig. 3. Density of states vs energy graphs of QDs, quantum wire, quantum well, and bulk material. 

  

 Fig. 3. Density of states vs energy graphs of QDs, quantum wire, quantum well, and bulk material.

                                     Table 1. List of capping agents used in biomedical applications.  

Capping agent/surfactants Application 

PVA (Polyvinyl alcohol) In vivo imaging and drug delivery 

Starch In vivo Imaging 

Dextran In vivo Imaging 

PVP (Polyvinyl pyrrolidine) Drug delivery 

Chitosan Tissue engineering, hyperthermia 

PEG (Polyethylene glycol) Magnetic resonance imaging 

    

  

  Table 1. List of capping agents used in biomedical applications. 
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smaller sizes QDs have wider band gaps. As a result, 
a larger energy photon is released since more energy 
is needed to excite the electron. Similar large-size 
QDs have short bandgaps. By controlling their size 
and chemistry, QDs are synthesized. This allows 
QDs to be precisely controlled during synthesis to 
emit any color of light within the same material by 
modifying the dot size. Luminescence in QDs can 
occur in various ways. Numerous processes can 
lead to luminescence in QDs. Band edge emission 
is the term used to describe the release of a photon 
when it arises from an electron moving from the 
lowest conduction band to the highest valence 
band. This difference in energy between the highest 
valence band and the lowest conduction band 
is the energy of the photon that is released. In 
some circumstances, the excited electron initially 
dissipates energy in the way of a phonon before 
relaxing to the ground state and emitting a photon. 
Localized levels appear in the energy level of the 
QDs system with added contaminants. After a 
nonradiative transition from the conduction 
band to the localized level and a further radiative 
transition to the valence band, a photon is released.

Tunable Bandgap
QDs have become the ideal material for 

producing multijunction solar cells. These exciton 

Bohr radius-sized QDs have finite energy levels 
similar to those of individual atoms, and that is 
tunable by changing their size. It is impossible to 
modify the bandgap of conventional solar cells to 
infrared frequencies, but PbS QDs can. Due to their 
capacity, QDs can be used to create effective solar 
cells that are tuned to collect infrared frequencies, 
which account for more than half of the solar 
spectrum, as well as multijunction solar cells that 
are specifically tuned to make use of the solar 
spectrum [31-36].

Absorbance & Emission Characteristics:  
Observing the absorbance of fluorescent dye, 

multiplex wavelength sources are not suitable 
for bio-imaging. Stokes shift (difference between 
max. emission wavelength and max. absorbance 
wavelength) of fluorescent dye is not much wider 
(approx. 15 to 30 nm) than the QDs. The Stokes shift 
is approximately hundreds of nanometers for QDs 
and so multiplex wavelength sources are used for 
bio-imaging. If the size distribution of synthesized 
QDs is not uniform then the range of emission of 
wavelength is more. The fluorescent dye shows an 
asymmetric emission [37-40].

Quantum Yield
The ratio of the number of photons emitted 

 

 

                                                                 

 

 

 

 

 

 

 

Fig. 4. Structure of quantum dots. 

  

Fig. 4. Structure of quantum dots.

Table 2. Comparison between Dyes and quantum dots. 
 

 

  

Properties Dyes QDs 

Absorption properties Narrow Wide-ranging 
Emission properties Asymmetric Symmetric with a narrow range 

Photo Stability Low High 
Dimensions Less than 1 nm Appr. 2 to 20 nm 

Fluorescence lifetimes Less than 10 ns Less than 100 ns 

Table 2. Comparison between Dyes and quantum dots.
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to the number of photons absorbed is known 
as quantum yield. Fluorescent dye has a large 
quantum yield of approx. nearly 100% but when 
the fluorescent dye is attached to a biomolecule, 
quantum yield is reduced [41-43]. 

Photostability
The fluorescent dye has less photostability than 

QDs. Even with high-intensity illumination from 
sources, the effect on the photostability of QDs is 
less. This property helps with a continuous optical 
probe for the observation of QDs in Bio-imaging 
[44-47].  

Fluorescent lifetime
Quantum dots have a longer fluorescence 

lifetime (approximate 20- 40 ns) than Fluorescent 
Dye (approximate < 6ns). This property allows us 
to reduce autofluorescence [48]. Table 2 shows a 
comparison between the properties of Dyes and 
QDs.

Structure       
There are the following certain terms to 

understand QDs structure appropriately. The core 
of the QDs decides the optical properties of QDs 
[49]. The core of the QDs is mostly hydrophobic. 
The shell material of QDs is an inorganic material. 
The core-shell QDs are hydrophobic and soluble 
in an organic solvent.  Water-soluble QDs is 
important for bio-applications. For this purpose, 
the core-shell QDs require a coating of hydrophilic 
Material [50-55]. Core QDs are not used directly 
for bio-applications because they are poor stability 
and low quantum yield. Shell is required for highly 
luminescent and stable QDs. Generally, materials 
are CdSe, CdS, CdTe, and ZnS are used for a shell to 

the Core of the QDs. TEM (Transmission electron 
Microscopy), Size-exclusion chromatography, and 
Dynamic light scattering (DLS) are used for the 
measurement of the size of the QDs. 

Synthesis method
The synthesis Process is very important to 

making QDs. We can change the QDs property 
during the synthesis process. There are two 
approaches are used for the synthesis of QDs: the 
top to bottom approach and the bottom-to-top 
approach (Fig. 5).

 
Top to down 

In this approach, Reduce bulk material 
dimension to QDs dimension with different 
techniques like electron beam lithography, ion 
implantation, Molecular beam epitaxy, and X-ray 
lithography [56-58]. This method has several 
disadvantages like surface defects [59-61]. It is 
a costly approach to make QDs. In earlier days 
for the synthesis of small size particle material, 
mechanical milling methods were used. Easy, 
fast, and straightforward laser ablation methods 
were also popular for the synthesis of small size 
materials. Using the laser ablation method (Fig. 6), 
we can synthesize Gallium nitride QDs [62].

Bottom to up  
In this approach, molecules or clusters of 

atoms are attached stepwise to form QDs. There 
are widely used because these methods are very 
simple and get considerable QDs. There are two 
main methods in the bottom-to-up approach to 
the synthesis of QDs. (a) Wet chemical methods 
(WCP) and (b) Vapor phase methods (VPM). 
Typically, with careful parameter monitoring for 

 

 

Fig. 5. Flow chart of the synthesis method for QDs. 
  

Fig. 5. Flow chart of the synthesis method for QDs.
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a single solution or mixture of solutions, wet-
chemical methods are traditional precipitation 
methods. It always includes both nucleation and 
restricted nanoparticle progress. Uniformity, 
inhomogeneous, or secondary nucleation can 
happen. When dissolved atoms or molecules merge 
and reach a critical size without the support of a pre-
existing solid interface, homogeneous nucleation 
occurs. QDs of the desired size, morphology, and 
composition can be gained by various factors 
such as temperature, electrostatic double layer 
thickness, stabilizers or micelle formation, anionic 
to cationic species ratios, precursor concentrations, 
and solvent. Wet chemical methods are classified as 
Microemulsion, hot solution decomposition, and 
Sol-gel.

Microemulsion Method 
At room temperature, the microemulsion system 

is applicable for QDs production. The methods 
are categorized as either normal microemulsions 
(oil-in-water) or opposite microemulsions (water-
in-oil). Other polar solvents, such as alcohol, may 
be used instead of water in some cases. For the 
production of QDs, the opposite micelle method 
is used, in which two immiscible liquids (polar 
water and nonpolar long-chain alkane) are mixed 
and stirred to form an emulsion. Surfactants such 
as aerosol OT (AOT), cetyl trimethyl-ammonium 
bromide (CTAB), sodium dodecyl sulfate (SDS), or 
Triton-X can be used to disperse nanometer water 
droplets in alkane solutions. Because the surfactants 
are terminated on opposite ends by hydrophilic 
and hydrophobic groups, numerous small droplets 

known as micelles form in the continuous oil 
medium. These micelles are thermally stable and 
also have the capacity to act.

Sol-gel Method 
For many long years, sol-gel methods are 

used to develop nanoparticles such as QDs. A sol 
(nanoparticles scattered in a solvent by Random 
motion) is generally prepared in an acidic or 
basic medium using a metal precursor (normally 
alkoxides, acetates, or nitrates). Hydrolysis, 
condensation (Sol formation), and development are 
the three key steps in this process (gel formation). 
In brief, the metal precursor hydrolyzes and 
condenses in the medium to form a sol, which is 
then polymerized to create a network (gel). This 
procedure has been used to develop II-VI and 
IV-VI QDs like CdS, ZnO, and PbS. ZnO QDs, 
for example, were created by combining solutions 
of Zn-acetate in alcohol & sodium hydroxide, 
then aging them in the air. The method is simple, 
cheap, and scalable. The major drawback of the sol-
gel method is its wide size distribution and high 
concentration of imperfections. 

Hot Decomposition Method 
Using the hot decomposition approach, 

trioctylphosphine/tri octyl phosphine oxide 
(TOP/TOPO) is utilized as the solvent and ligand 
for the synthesis of CdSe QDs. Wider bandgap 
semiconductors like zinc sulfide and cadmium 
sulfide are used to cover the CdSe core. The 
surface of the QDs is altered by this overactive 
layer, increasing the photoluminescent yield. In 
this review article, we explain the synthesis part of 
cadmium selenium, cadmium sulfide, and carbon 
QDs by briefly using the wet chemical approach. 

A flask containing 5 ml of octadecene and 30 
mg of selenium was heated to 80°C while being 
swirled with a magnetic stirrer. To add 0.2 ml of 
trioctylphosphine (TOP) in order for completely 
dissolves the selenium. The solution was swirled 
while being heated and cooled. The solution of 
octadecene and cadmium oxide was mixed in a 
flask. The 0.8 ml of oleic acid was added and stirred 
in the flask. The temperature of the solution was 
raised to 225°C and mixed with selenium solution, 
heating it up to 250 to 260°C. 

Cadmium chloride, sodium sulfide, and 
Polyvinyl alcohol  are used for cadmium sulfide 
QDs. To prepare CdCl2 (0.1 M), Na2S (0.1 M), 
and 10 wt.% PVA solutions in deionized water. To 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.6. Laser Ablation method sample diagram. 

 

Fig.6. Laser Ablation method sample diagram.
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mix CdCl2 (0.1 M) in 10 wt.% PVA solutions and 
stirred it and added Na2S solution. The precipitate 
was filtered, then dried for 20 minutes at 80°C on 
a hot plate. 

Tea can be used to synthesize carbon QDs. 

The dark green and glossy tea leaves were heated 
at 200°C for almost 2 hours, then ground into 
powder form and heated at 200°C again for 8 
hours. The black carbonized tea powder was cooled 
at room temperature and stored. Acetic acid is 

Table 3.  Different sized QDs using hot-solution decomposition reaction. 

QDs Materials for synthesis Synthesis Procedure Dimensions(nm) 

Gallium 
arsenide 

Gallium trichloride, 
trimethyl-silyl Arsenic in 
Quinoline 

250 °C for 3 days; flame anneal at 420 °C 2 

Cadmium 
selenide, 
Cadmium 
telluride 

Cd(CH3)2, 
Silyl chalcogenides, 
Phosphine chalcogenides; 
Coordinating solvent: 
Trioctylphosphine oxide 

300–340 °C at 1 atm at Argon (degassing); 220–270 °C 
(evolution temp.) 1 to 12 

Gallium 
arsenide 

Gallium trichloride, 
diglyme, 
Arsenic, 
toluene, 
Sodium-Potassium alloy 

Arsenic, 
Sodium-Potassium alloy mixture refluxed to 
120 °C in Argon for 2 days; Gallium trichloride, 
diglyme mixture added, 
heated from 0°C to 110 °C for 2 days 

6 to 10 

CdSe: ZnS 

Cd(CH3)2, 
Zn(CH3)2, 
selenium 
Bis(trimethylsilyl)sulfide, 
Coordinating solvent: 
Trioctylphosphine oxide, 
tri-n-octyl-phosphine 

Single-step synthesis method 
Core: 370 °C at 1 atm at Argon, growth: 310 °C 
Shell: 280 °C 

2.5 to 4 

CdSe: ZnS 

Cd(CH3)2, Zn(CH3)2, 
Selenium, 
Bis(trimethylsilyl)sulfide, 
Coordinating solvent: 
Trioctylphosphine oxide, 
tri-n-octyl-phosphine 

Two-step process (airless) 
Core evolution: 280–300 °C 
Shell evolution: 150 °C for 2 nm & 230°C for 6 nm 

2 to 6 

Zinc 
selenide 

Zn(CH3)2, 
Selenium, 
hexadecyl amine, 
tri-n-octyl-phosphine 

Hexadecyl amine dried & degassed at 150 °C for some hrs 
in a vacuum and heated  to 310°C at 1atm  in Argon; core 
evolution with zinc and 
selenium precursor at 280 °C. 

4 to 6 

Cadmium 
selenide 

Cd(CH3)2, 
selenium, 
tri-n-butyl phosphine, 
Trioctylphosphine oxide, 
hexyl-phosphonic acid 

Trioctylphosphine  oxide  (+hexyl-phosphonic acid 2 to 3 
weight percentage) degassed at 
350 °C (or 320 °C, 290 °C); Core evolution: 320°C (or 290 
°C or 240 °C) 

5 to 6 

Zinc 
selenide: 
Manganese 

Mn(CH3)2, 
Diethylzinc, 
tri-n-octyl-phosphine, 
Selenium, 
Hexadecyl amine 

Dimethyl Mn, 
tri-n-octyl-phosphine, 
Se, 
Diethyl Zn 
mixture added to Hexadecyl amine at 320 °C in N2. 
Evolution: 250–310 °C 

2 to 6 

Cadmium 
telluride 

Cadmium Oxide, 
Trioctylphosphine oxide, 
hexyl-phosphonic acid/ tetradecyl 
phosphonic acid, 
Selenium, 
Tellurium, 
tri-n-octyl-phosphine 

One-pot: Cadmium oxide, hexyl-phosphonic acid/tetradecyl 
phosphonic acid heated 270 °C; Core with chalcogenide 
pioneer: 
reaction: 260 °C & evolution 260 °C 

2 to 8 

Lead  (II) 
sulfide 

Lead Oxide, 
oleic acid, 
Bis(trimethylsilyl)sulfide, 
tri-n-octyl-phosphine 

Lead oxide dissolved in oleic acid at 150 °C 
in  Arsenic;  Bis(trimethylsilyl)sulfide  &  tri-n-octyl-
phosphine   injected 

4 to 5 

Lead  (II) 
selenide 

Pb-acetate trihydrate, 
oleic acid, 
selenium, 
tri-n-octyl-phosphine 

Single Step: Lead acetate + Coordinating solution 
degassed at 120 to 130 °C at 250 to 450 °C 
reaction and evolution: 
150 °C 

4.5 to 5 

Table 3.  Different sized QDs using hot-solution decomposition reaction.
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used as a dispersion medium for carbon QDs. The 
carbonized tea powder was dispersed in 0.1 M 
acetic acid and kept for 40 hours. The dispersed 
medium was centrifuged at 12,000 rpm for 1 hour.  
The supernatant liquid containing tea carbon QDs 
was filtered, collected, and stored [63-70]. Table 3 
displays QDs that are produced by a hot-solution 
decomposition procedure.

APPLICATION
The significant role of QDs in biological and 

medical sciences has been noticed in the last few 
decades. QDs are one of the materials whose link 
with biological science [71-75]. With the help of 
optical properties, electric properties, and magnetic 
properties of QDs we can use them in different 
kinds of bio-applications by reducing toxicity 
[76-80]. The size of QDs is comparable with the 
biomolecules so interaction allows use in biology. 
QDs are used in medical science for cell labeling 
and imaging, gene therapy, virus and bacteria 
detection, and drug delivery [81-85]. Potential 
applications of quantum dots in electronics include 
single-electron transistors, inkjet printing, single-
photon sources, Quantum Dot Cellular Automata 
(QCA), second-harmonic generation, quantum 
computing, spin-coating, and Langmuir-Blodgett 
thin films [86-91]. Now discuss a few applications 
of QDs briefly as follows: In biology, cell labeling 
is important to study the structure of cells and 
their properties. QDs track single molecules in 
living cells and organisms. Earlier instead of QDs, 
different organic dyes were used for bioimaging. 
High Photostability, narrow emission spectra, 
High fluorescent quantum yield, and multiple Bohr 
exciton pairs are the key parameter for QDs to use 
in labeling cells better than organic dye. Escherichia 
coli is a bacterium that can cause bloody diarrhea. 

Salmonella typhimurium is also a bacterium that 
can cause typhoid fever that can be detected using 
the emission wavelength of QDs [92].  Surface 
passivations QDs are used as labeling cells in 
vitro and in vivo [93]. Targeted drug delivery and 
imaging systems functionalized graphene QDs are 
used for influenza virus detection [94]. Detection 
of hepatitis B virus DNA is also possible using 
graphene QDs [95]. GaP, GaAs, InP, and InAs 
are the most suitable semiconductor QDs for 
optoelectronic devices. The data in Table 4 shows 
Bioimaging with QDs.

QDs are also used in the display. Today QLED 
(QDs-based light-emitting diodes) is used instead 
of OLED (Organic light-emitting diodes) because 
longer life display, high thermal stability, and high-
quality image. Resistant to oxygen and moisture, 
size-tunable bandgap so multi-junction device 
is possible using same QDs, the large number 
of electron-hole pair generated with a single 
photon are the features of QDs so they are used 
in next generation of the solar cell [96]. Surface-
functionalized carbon in association with triazole 
and its derivative, carbon  QDs  can improve 
the antiviral response to a human coronavirus 
infection [97-98]. Electrical batteries  and the 
manufacture of explosives  need also picric acid. 
Picric acid is recognized by photoluminescent Zinc 
Oxide QDs  [99]. As per a WHO (World health 
organization) report published on March 26, 2021, 
there were 2.3 million women treated for cancer 
in 2020 and 685,000 deaths globally. Cadmium 
selenide  QDs  stabilized  with mercaptopropionic 
acid were developed for breast cancer bioimaging 
[100]. The leading cause of death globally is heart 
disease, according to a WHO report released on 
June 11, 2021. According to studies, 17.9 million 
deaths worldwide in 2019 were related to CVDs 

 
 
 

Table 4.  The application of bioimaging using QDs. 

QDs Determine Spectroscopic method Vitro/Vivo Emission wavelength or Size 
of QDs 

CdSe: ZnS Biological detection & 
Sensing Fluorescence Vitro 1.5 to 4 nm 

CdSe: ZnS: 
SiO2 Biological Imaging Fluorescence 

Vitro 

 
550 nm & 630 nm 

CdSe: ZnS Abnormal growth of body 
tissue Imaging Fluorescence Vivo and Vitro Less than 12 nm 

CdTe: CdSe Cancer cell Imaging Fluorescence Vivo Near-infrared 

CdSe: ZnS Bonding of glucose 
molecules 

Fluorescence resonance energy 
transfer 

Vitro 

 
540 to 560 nm 

CdSe: CdS: 
SiO2 

Imaging of Mouse fibroblast 
cell Fluorescence Vitro 

 
500 nm & 650 nm 

 

 

Table 4.  The application of bioimaging using QDs.
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(Cardiovascular disease), or 32% of all fatalities. 85 
% of these casualties were caused by heart attack 
and stroke. FRET is an  important application of 
QDs  (Fluorescence resonance energy transfer). 
Energy is transmitted from one fluorophore to 
another fluorophore through the FRET method. 
FRET is a technique for evaluating molecule-to-
molecule interactions. Fluorescence resonance 
energy transfer (FRET) based devices for early 
heart attack detection in humans have been 
created [101]. Environmental and health risks 
are caused by metal ions including mercury, lead, 
and cadmium globally. Therefore, graphene QDs 
and carbon nanodots for the FRET-based sensor 
are used for the detection of heavy metal ions 
[102]. Calix[4]arene capped QDs & nanoparticles 
are also used in bio-applications. Vitamin K3 is 
a synthetic fat-soluble vitamin that aids in bone 
mineralization and blood clotting. It has attracted 
a great deal of interest because of its extraordinary 
anti-cancer effects. Detection and quantification 
of menadione with excellent sensitivity and 
selectivity that is coated with p-sulfonato calix[4]
arene [103-106] on ZnS quantum dots [107]. A 
novel, sophisticated, straightforward method for 
the colorimetric measurement of glucose based on 
Au nanoparticles functionalized with calix[4]arene 
phenylboronic acid (CX-PBA) has been developed 
[108]. Creatinine concentration in blood serum 
increases as a result of kidney issues, thyroid issues, 
and muscular diseases; as a result, diagnosing 
these conditions involves detecting creatinine 
concentration in blood serum or urine. For the “on 
place” colorimetric detections of creatinine, a new 
technique based on calix[4]arene functionalized 
gold nanoparticles (AuNPs) has been published, 
with excellent separation in the presence of other 
biomolecules [109].

CONCLUSION
The Extraordinary characteristics of QDs; 

such as stability against photobleaching, high 
quantum yield, larger excitation coefficient, smaller 
emission spectra, size, and composition-dependent 
emission wavelength of light give wide a variety 
of applications in many fields. Single-photon 
absorption is the key to multi-imaging. In the 
future, the tremendous applications of QDs will 
observe in each field of science and technology, but 
especially in medical science. The high surface area 
of QDs is useful to biomolecules such as proteins, 
lipids, enzymes, nucleic acids, and small-molecule 

ligands for bonding. 
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