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The size dependent property arising from quantum dot confinement 

effect leads the way towards many promising applications including 

flexible electronics, optoelectronics, biomedical, etc. Synthesis of 

certain QDs (PbS) remains challenging due to their high reaction 

rate. Since size and chemical composition are tuneable, thus the 

properties of these QDs may be controlled and used over wide range 

of applications in various fields. In this paper the synthesis PbS 

quantum dot is discussed along with the important characteristics 

and applications in various fields.  Moreover, the advantages of 

QLEDs in the field of display electronics are discussed which lays 

foundation for advance wearable devices. The application of QDs 

which they offer in medical field including detection and treatment 

of various categories of cancers, with almost negligible side effects 

is also covered here in this article. 
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Introduction:- 
Quantum dot technology being very useful to various field of science is point of interest of researchers and is 

being expanded to bring out its applications for mankind. Quantum dots are nanocrystals of semiconducting 

material with diameter ranging between 2-10 nanometers, which obey quantum mechanical rules of quantum 

confinement. In other words, emission and absorption spectra corresponding to an energy band of quantum dot 

is explained by quantum confinement principles. Lower is the size of QDs higher is the band gap of energy band 

(1,2). Application of QDs increases with display of unique electronic properties lying between bulk 

semiconductor and discrete molecules. Bigger the size of the crystal, lower is the energy required to excite the 

dot and less energy is released during return time to the ground state. This results in colour variation from blue 

to red. Therefore, the variation in size of the QD (3) of same material enables it to emit light of any colour.  

Figure 1 shows the variation of splitting of energy levels and hence the colour of emitted radiation with 

variation in size of quantum dots. The fluorescence is the unique feature that makes important use of QDs in 

biomedical and electronic applications. According to the structure and composition QDs can be classified as: 

core type quantum dot, core shell quantum dot and alloyed quantum dot. Core type quantum dot possess single 

component material with uniform internal composition, e.g. CdTe, PbS etc. In order to reduce nonradiative 

recombination and to increase the fluorescence output, one of the methods used is to grow shells of higher band 

gap semiconductor around lower band gap semiconductor. These quantum dots which possess one lower band 

gap semiconductor embedded in another with wider band gap are categorised as core-shell quantum dots, e.g. 

CdSe in core offering band gap of (1.7- 1.76) ev and ZnS (3.8- 4.1) ev, in the shell which are II-VI 

semiconductors and type I QDs. Shell provides isolation between surrounding and core which give rise to  
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enhanced fluorescence quantum yield. Although the properties of QD can be regulated by their size but 

crystalline size may cause problem in certain application. The alternate solution to such problem is 

multicomponent quantum dots i.e alloyed semiconductor QDs. Optical as well as electronic properties may be 

changed by varying the composition and structure keeping crystalline size same. Such QDs are formed by two 

different semiconductor materials possessing different band gap energies and thus exhibit distinct characteristics 

those of their parent semiconductors. 

 

Synthesis of Size Controlled QDs 

There are number of techniques to prepare the QDs as per the requirement (4,5,6). PbS QDs are most suitable 

for fundamental studies for quantum confined systems. Samples may be used to study strong near infrared 

photoluminescence. PbS QDs can be prepared by degassed evacuation for 10-12 minutes of PbO (.45g,2mmol), 

oleic acid (1.3mL) and octadecene (49.2mL) and flushed with nitrogen. This process is repeated for 50 minutes 

while stirring. Now the mixture is heated under nitrogen to 200°C for nearly one hour. TMS (100 μL dissolved 

in 12 mL of 1-octadecene) is injected in the hot solution to initiate the nucleation. Mixture is cooled to room 

temperature and is washed few times by with anhydrous acetone and dispersed in hexane. The absorption peak 

at 1344 nm predicts the estimated diameter to be 4.5nm. 

 

QD Applications 

Composition tuneable electronic properties and nanoscale unique size enables quantum dots to be useful in 

variety of new technologies (7,8). Fields benefited are: Optoelectronic, Electronics, Biomedical, etc. 

 

Optoelectronic devices 

Lasers:  

InAs QDs are point of attraction of researchers as they offer number of applications, for example QD ensembles 

are used in laser active regions. 3-D quantum confinement gives rise to unique properties to quantum dot 

semiconductor lasers, like: low threshold current density, high temperature characteristics and small line width 

enhancement factor (9). Second property leads to the increased tolerance towards the optical noise. This enables 

the use of lasers in metropolitan and LAN. Oleic acid capped colloidal PbS QDs proves to be saturable absorber 

and may be used to produce ultrashort- pulse generation (10). Nonlinear saturable absorption properties of PbS 

QDs are utilised in near-infrared pulsed laser and modulators. GaN QD semiconductor lasers are widely used in 

high-power and high-temperature optoelectronic devices, for example: sensing and optical coherent 

tomography, industrial manufacturing, military uses, optical communication, medicine etc.  
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Solar cells:  

In recent years the research for the utilization of semiconductor nanostructure for solar energy conversion leads 

the way towards development of high efficiency solar cells (11,12). Since the diameter of QD is very small, 

therefore the energy levels of an excited electron within the QD are discrete, opposite to that of bulk 

semiconductor. Moreover, the band gap varies with the size of QD, the energy absorbed by an electron in the 

QD from high-energy photons may be transferred out of QD through excited electron and the hole may be filled 

by low energy electron. PbS QDs possess attracting optoelectronic features for better photovoltaic applications, 

e.g. large Bhor radius and tuneable band gap (13,14,15). One of the draw backs is the presence of trap states and 

weak charge transfer between QDs which degrades the photovoltaic performance of solar cell (16,17). To 

overcome this problem a short ligand (1,2-ethanedithiol) approach is used (18,19,20,21). 

 

Electronic devices 

QD displays: 

It is well known that human eye possesses only three types of colour sensitive cells, i.e red, blue and green. 

Screens are made by dividing each pixel into red, blue and green sub-pixels. Mixing of these colours produces 

various other colours. LCDs use white back light which is layered with three coloured filters. They act as sub-

pixels and are covered by liquid crystal shutter to control the amount of each colour of light. This process 

requires that the light emerging from each sub-pixel should be as narrow as possible in order to achieve precise 

colour mixing. This can be done accurately by using QDs (22,23). QDs offer broad absorption and sharp 

emission characteristics and hence can be used as sub-pixels. After being layered over LED backlight QDs 

effectively converts unwanted wavelengths into pure red, blue or green instead of filtering them out (24). There 

are two main advantages of use of quantum dot materials. Firstly, these materials possess property to resist 

moisture and can be used for longer time span. Second high resistivity to moisture avoid use of expensive 

vacuum evaporation process. New display techniques using QDs consume low power, perform better with high 

resolution, and more energy efficient. Moreover, QDs may also be deposited on flexible substrates creating a 

possibility of light and foldable screens. 

 

Wearable QD displays: 

As discussed above the commercial application lies in the display electronics. Moreover, composition tuneable 

electronic properties with nanoscale size of QDs paves way to flexible wearable electronics (25). Quantum dot 

light emitting diode offer purity of colour along with narrow bandwidths, high brightness at low operating 

voltages (26), high energy efficiency, easy processability, etc. Ultrathin thickness of QLED display enables user 

to make a comfortable contact with the skin without any mechanical deformation (27). The development of e-

skin has opened the way to sense pressure, temperature, blood oxygen level, heart rate and other parameters of 

body. Material used must have properties that of human skin of streachibility, flexibility and no damage with 

bodily movement QLED displays minimal rise in temperature during the operation, offering the safe use against 

the skin. Professor Dae-Hyeong Kim with his group at Seoul National University demonstrated a passive matrix 

quantum dot light-emitting diode (QLED) display fully integrated with flexible electronics. Here ultra-thin red, 

blue green QLEDs display uses a passive matrix structure to show individual pixels. Brightness and 

luminescence may be controlled by optimizing the shell thickness of QD. Measured data can be seen by the user 

on the skin attached display itself. 

 

Biomedical applications 

QD finds several biomedical applications: cell targeting, cancer therapy, diagnosis etc. 

1. QDs as tag for drug carriers 

2. Anti-cancer applications 

3. QDs in neuroscience 

4. Biomedical imaging 

 

QDs composed of elements of group III-V are more stable as compared of QDs composed of elements of group 

II-VI. Reason may be the presence of covalent bond instead of ionic bond. A new class of CdSe QDs of size 

between 1-2 nm and well-defined structure called magic sized nanocrystals (MSN) are point of attraction of 

researchers. The properties of MSN are high stability, closed shell structure, strong quantum confinement, high 

surface to volume ratio and different thermodynamically stable structures.   
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Researches shows that quantum dots are generally localised in liver, kidney, spleen and lungs (Karabanova 

LV, Sukhanova TE et al 2008). However, no conclusions have been made yet about its influencing factors. The 

absorption, distribution, excretion and toxicity depend on factors ensuing inherent physicochemical properties 

and environmental conditions. The toxic effects of QDs limit their applications in biology and medicine. The 

important parameters identified for toxicity are presence of charge, concentration, bioactivity of outer coating, 

and photolytic property of QD. Besides this they find promising use in drug targeting and vivo biomedical 

imaging. Advances in the field of drug nanocarriers lay the base of progress of nanomedicine. Mechanism of 

drug delivery at the target depends on the structural properties of nanomaterial (28). Moreover, tagging a 

conventional medicine carrier on QD serves as photostable fluorescent and helps to target and cure human 

diseases. QDs have long lasting photo stability and are brighter than other organic dyes. 

 

Conclusion:- 
As discussed above QDs has contributed in almost every field and especially in the area of wearable devices, 

opto-electronics, drug delivery, targeting, and imaging. Application in flexible electronics leads the way for 

better diagnosis and cure for various diseases including cancer. Regarding QD solar cells efficiency and stability 

a lot of work is required to done in future. Further, integrated sensors and the circuitry used with them may   be 

reduced in size to become more compatible with human skin. Moreover, development of high-resolution 

ultrathin wearables with better photo-air stability (29), is point of attraction of researchers, using technology 

based on active matrix operation.    
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