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Quantum dots (QDs), with sizes ranging from 1 to several nanometers, are inorganic fluorophores in 

nanotechnology which have unique optical properties. They have the same lattice structures of atoms as 

those of bulk materials but have much more surface atoms due to high surface to volume ratio. Since 1990, 

QDs have been extensively used for bio-labeling as they have distinct advantages over conventional 

fluorophores. 

In this project, we used two types of QDs synthesized through colloidal chemistry and differ in core shell 

scheme, to see if these different types of core-shell strategies would have any effect when these 

nanoparticles interacted with live cells. Either their photophysical properties remained alike or at what 

extent they differ. We also tried to look for answers to questions such as can both types of nanoparticles be 

used for labeling? What are the major factors involved in cellular uptake? Which part of the cells to be 

labeled?   What are the reasons for non-specific labeling of these QDs? What are the possible toxic effects 

of these QDs on cell viability and morphology? 

The first type of QDs we synthesized with core-shell scheme	   (CdSe-ZnS), as these are considered most 

stable and more biocompatible while second kind of QDs fabricated with a core-shell-shell scheme	  (CdSe-

CdS-ZnS). Both types of QDs were synthesized for the emission wavelength of around 620nm with size 

about 5.7nm.The chemical synthesis method used for QD fabrication was according to the perspective of 

green chemistry where safe materials were used. Hydrophobic nature of  organic capping ligands make  

solubilization of QDs in water difficult, which is necessary for many biological applications, therefore; we 

replaced ligand through a ligand exchange process for both types of QDs which confirmed the QDs 

solubility in water  and served as connection of chemical attachment, for other biomolecules. 

Both types of QDs were interacted with HEK 293 cells, as these cells are easy to work with, simple to 

culture and transfect, and so can be utilized in different biological experiments. 

In our results, we showed that regardless of different composition scheme of QDs, cells through active 

intake process engulfs both QDs as confirmed by the CLSM (Confocal Laser Scanning Microscopy) 

although different concentration was used. Non labeling of cells by some QDs may be due to surface ligand 

chemistry which oxidized in dynamic buffer therefore it should be revised. Zeta potential measurement also 

showed the cause of possible aggregation and non-labeling of QD. We also observed the QD’s toxic effect 

on cell viability and morphology and showed that there was not an overall toxic effect, at least within a few 

days after interaction of these QDs with cells. 

In conclusion, these QDs can be used for labeling and with different capping exchange techniques they can 

be utilized to label different parts of the cells including nucleus. 

Keywords: Colloidal Quantum dots, Surface modification, Ligand exchange, Cellular uptake, Imaging, 

Toxicity 
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QD                       Quantum Dot 

NCs                      Nano crystals  

HOMO                 Highest Occupied Molecular Orbital               

LUMO                  Lowest Unoccupied Molecular Orbital  

UV                        Ultra Violet 

IR                          Infrared  

PL                         Photo luminance 

MPA                     Mercaptopropionic acid 

MAA                    Marcaptoacetic acid  

FWHM                 Full Width Half Maximum 

FRET                    Frequency Response Energy Transfer 

DNA                     Deoxyribonucleic acid 

mRNA                  Messenger Ribonucleic acid  

PEG  Poly ethylene glycol 

TEM                     Transmission Electron Microscope 

IDSO  Median Inhibitory Dose 

ATP  Adenosine Triphosphate 

LSCM                   Laser Scan Confocal Microscopy 

OA                        Oleic Acid  

ODE                      1-Octadecene    

QY                        Quantum yield 

SFM                      Serum Free Medium 

FBS                       Fetal bovine serum 

PBS                       Phosphate-buffered saline   
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Chapter 1: Quantum Dots as Nanoparticles 

1.1. Quantum Dots   

1.1.1. Introduction 

Nanoscience and Nanotechnology is the field of science belonging to the study of particles on 

nanometres scale, and their ability to see and control the behaviour of individual atoms and 

manipulate them accordingly to form new nanomaterials. Among these nanomaterials, 

Quantum dots (QDs) are receiving attention from all over the world as these are being applied 

to new emerging and promising technologies, and will be useful tools for the future 

technologies in coming years. 

QDs are one class of inorganic fluorophores in nanotechnology having unique and 

extraordinary photophysical properties and with size range from 1 to several nanometres. 

They have same arrangements of atoms that of the bulk materials but have more surface 

atoms with respect to volume of particles. These are called the artificial atoms because their 

discrete energy levels are similar to the atoms, thus showing unique optical properties as their 

size decrease to so-called exciton bohr radius.	  Common semiconductor QDs are formed by II–

VI and III–V elements in the periodic table. 

1.1.2. Quantum Confinement Effect and Size Properties 

In semiconductors the valence band, or highest occupied molecular orbital (HOMO), and the 

conduction band, or lowest unoccupied molecular orbital (LUMO), are usually separated by 

the gap called energy band gap as shown in figure 1.1.When electron is excited from the 

valence band to the conduction band, a hole is created in the valence band. The average 

distance between the hole in the valence band and the electron in the conduction band is 

called exciton bohr radius. QDs have sizes comparable to the size of this exciton bohr radius 	  

	  which is given by the relation    

                                           𝑎!
!"# = ℎ!𝜀/𝑒!( !

  !!
∗!!    

+ !
!!
∗!!

)------------------------------(1)  

Where ε is the dielectric constant and, m!
∗ ,m!

∗  are the effective masses of the electron and 

hole, respectively. In bulk semiconductor materials, the energy levels of conduction band and 

valence band are not discrete but continuous, with electrons and holes moving freely in all 

directions; thus band gap energy is fixed for one particular material. As dimensions of the 

material become comparable to    𝑎!
!"#, these materials show size dependent energy gap. 
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Ba



3	  
	  	  

During this size dependency, spatial extent of the electronic wave function become 

comparable with the dot size, the electrons feel the presence of the “dot boundaries” and react 

to this change in size by adjusting their energy; thus energy levels become discrete and the 

band gap energy increases. This is called the quantum size effect. A wide variation in 

dielectric constant and effective mass of the electron and hole allows the exciton Bohr radius 

to cover a range of 7 to 100 Å.              

This also explains the square dependence of the band gap on the radius of the NCs R	  given by 

the following relation  

                                                Eg = Eg(bulk) +ℏ
!  !!

!!!
[ !
!!
∗ +

!
!!
∗ ]---------------------(2) 

The most promising properties of the QDs are their optical characteristics due to change in 

size, the above relation shows that a decrease in the size of the QDs leads to the increase in 

the band gap thus a phenomenon known as the blue shift. 

 

             	  
         Figure1.1:	  A Schematic representations of excited states for electrons in Bulk Semiconductors, QDs and Molecule               	  

 

Metal and semiconductor nanoparticles in the size range of 2–6 nm are of great interest, 

because of their dimension comparable with biological macromolecules (e.g. nucleic acids 

and proteins).QDs have properties, which include high quantum yield, high molar extinction 

coefficients, broad absorption with narrow emission spectra, photoluminescence (PL) spectra 

(full-width at half-maximum 25–40 nm) covering the wavelength regime from UV to near-

infrared (visible region), large effective Stokes shifts, high resistance to photo bleaching and 

high resistance to chemical degradations. 
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1.2. Organic Fluorophores and QDs 

It is common to use organic fluorophores as molecular label to study and identify the 

structural compartments of the living cell. They emit the light in the visible range thus cellular 

process can be investigated under optical microscope. These fluorophores can be attached to 

the directly attached to the target or to some molecules (such as antibodies) which lead them 

to the targeted area. Organic fluorophores photo bleach immediately after excitation [1], thus 

irreversible light-induced photochemical reactions happen to the fluorophores. These organic 

molecules become nonfluorescent soon after being excited. As different fluorophores emit 

different colour of light, it is difficult to operate them all in experiments that require 

multicolour imaging because of the chemical property difference among each type of 

molecules. Organic fluorophores have narrow excitation spectra and broad emission spectra 

so it is strongly needed for excitation and detection system to be carefully chosen to obtain 

strong signals without significant optical overlap between fluorophores emissions. Other 

disadvantages of organic fluorophores such as fluorescence efficiency dependent upon the pH 

and the biochemical interference with regular cell activity make these fluorophores less 

attractive compared to the new nanoparticles based fluorescence labels. 

QDs have been considered as bio-labels as they have distinct advantages over the traditional 

fluorophores. 

First of all, inorganic materials are more stable against photo bleaching than organic 

molecules. [2] This is a very important aspect in those experiments which require 

observations for a long period of time. It has already been successfully demonstrated in 

several practical labelling methods [3, 4]. 

Secondly, the photoluminescence wavelength of QDs is a function of QD size; multicolour 

imaging can be processed with the same material of different sizes.   

QDs have broad absorption spectra and narrow emission spectra, so it is likely to excite 

different QDs with same light source and the emissions from different sized QDs can be 

easily distinguished from each other. 

QDs have a long fluorescence lifetime, which is on the order of a few tens of nanoseconds. In 

comparison, the fluorescence lifetime of organic fluorophores is about a few nanoseconds, the 

same as many biological samples’ autofluorescence. Thus, by using time delayed detection 

system, fluorescence signal from QDs can be recorded virtually free of background noise [5].  
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                         Fluorophores and QDs properties 
                 Table1. Comparison between Fluorophores and QD’s properties  

 

1.3. Biological Applications of QDs 

1.3.1. Fluorescence Resonance Energy Transfer (FRET) 

The emission wavelength overlap of different fluorophores can be a problem during imaging,   

though; this is a disadvantage, but can be used in a constructive way. Fluorescence resonance 

energy transfer or (FRET) is a process which involves the transfer of fluorescence energy 

from one molecule usually called as donor to another one called as acceptor such that the 

 Properties  Quantum dots  Fluorophores 
Photophysical  
 Absorption spectra Broad spectra  Narrow/variable, 

same as emission 
spectra 

 Emission spectra  Narrow FWHM 25 
nm for CdSe core) 

 Broad Spectra  
 

Molar Extinction     
 Coefficient 

High 10-100X that of  Variable˂200000
 

Effective stock shift ˃200nm possible Generally ˂100nm 
Tuneable  Emission Unique to QDs /can 

be tuned to UV-IR            
           NA 

Quantum Yield Generally high, 0.2 to 
0.7 in dispersion 
depending upon 
surface coating 

Variable low to high  

Fluorescent  lifetime Long 10-20 ns or 
longer 

Short ˂6 ns 

Photo stability Excellent, strong 
resistance to  
Photo bleaching 
 

Variable to poor 

Chemical  
 Chemical resistance Excellent  Variable  

Reactivity  Limited conjugation 
chemistries  available 

Multiple reactivity 
commercially 
available  

Others  
 Physical size 4-7 nm diameter for 

CdSe core materials  
 ˂0.5 nm  

Electrochromicity Largely untapped Rare 
Cost effective Poor /less commercial 

suppliers  
Very good /Multiple 
suppliers  

1M −

1cm−
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distance between the donor and the acceptor is smaller than a critical radius, known as the 

Forster radius[6].The efficiency of FRET between a donor and acceptor molecule dependent 

on the inverse sixth power of their separation, and thus it is a useful method in studying 

spatial interactions among biological molecules [7,8] 

An important parameter involved in FRET analysis is the Forster radius (Ro) which is defined 

as the distance at which energy transfer is 50% efficient.  Using the Forster radius, it is 

possible to determine the rate of energy transfer using following equation 

                                                            k=1/TD (Ro/𝒓)𝟔 
Where TD is the donor lifetime in the absence of the acceptor, and r is the donor acceptor 

distance. A more useful parameter is the energy transfer efficiency, E, defined as 

                                                                        E = 1-(IDA /ID) 
Where, ID and IDA are the donor intensities in the absence and presence of the acceptor 

respectively. This equation is used for the quenching of the donor in the presence of the 

acceptor. There is a lot of research going on FRET and several groups have used QDs in 

FRET technologies for the various purposes especially when conjugated to biological 

molecules [9], including antibodies [10] and   in immunoassays.  

1.3.2. Gene technology 

Gene technology is mostly related to such kind of activities where basic concerns to 

understand the expression of genes, taking benefits of natural genetic variation, structural 

modification of genes and transferring them to new hosts. 

QDs can be used in gene technology as lots of research is going on, and several studies have 

shown that QDs modified with oligonucleotide sequences (surface carboxylic acid groups) 

may be applied to bind with DNA or mRNA [11,12]  

QD probes may be used for the detection of ERBB2/HER2/neulocus, relevant to breast cancer 

[13].Fabrication of the red, green and yellow QDs with a different kind of combinations 

demonstrated that specific labeling and identification of target sequences of DNA could be 

possible [14].QD-FRET has also been used in genetic applications. Use of QDs for 

determining the dynamics of telomerization and DNA replication has been reported [15].One 

of a research revealed the design of a DNA Nano sensor like sandwiches a target sequence 

within a biotinylated capture probe and a receptor probe bound to Cy5. Target thus labeled 

binds to QD-streptavidin particles, with several oligonucleotides binding to each particle [16]. 

QDs not only play a role in DNA technology, but also in RNA technology, for the detection 

of mRNA molecules using FISH and in combination with siRNA in RNA interference 
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applications. QDs have been used in FISH techniques for the study of the expression of 

specific mRNA transcripts in mouse midbrain sections. [17] 

1.3.3. Fluorescent labeling of Cellular proteins 

Fluorescent labeling is a technique of attaching a fluorophores to another molecule, for 

example a protein or nucleic acid by covalent bonding. This is done by using a reactive 

derivative of the fluorophores that selectively binds to a functional group contained in the 

target molecule. The most commonly labeled molecules are antibodies, proteins, amino acids 

and peptides which are further used as specific probes for the detection of a particular target 

[18]. 

So far the labeling of cell surface with QDs is rather simple, but intracellular delivery of the 

QDs has enhanced the level of difficulty. Several techniques have been applied to deliver QDs 

to the cytoplasm for staining of intracellular structures, but not much success has been made. 

A microinjection technique is a technique for the intracellular delivery of QDs. It is a process 

in which a glass micropipette is used to insert substances into a single living cell at a 

microscopic level. It is a simple mechanical process which use a needle roughly 0.5 to 5 

micrometers in diameter penetrates the cell membrane and/or the nuclear envelope. The 

required contents are injected into the desired subcellular compartment, and the needle is 

removed. This technique has been used to label Xenopus [19], and zebra fish [20] embryos, 

producing pan cytoplasmic labeling. It is, however, a very laborious and time consuming task, 

which over ruled high volume analysis.QD uptake into cells through transfection via both 

endocytic and nonendocytic [21, 22] had also been demonstrated but showed only endosomal 

localization. Coating with a silica shell has shown some useful results but not conclusive. 

1.3.4. Pathogen and Toxin detection 

QDs are now being widely used for the detection of pathogens and toxins, and some practical 

work has also been published, to find different features of these pathogens including their 

toxicity. A number of studies have shown that pathogen including Cryptosporidium parvum 

and Giardia lamblia [23, 24], Escherichiacoli 0157:H7 and Salmonella [25], Typhiand 

Listeriamonocytogenes have been labeled successfully with these QDs with advantage of the 

multiplexed imaging. These multiplexed labeling of both C. parvum and G. lamblia using 

immune fluorescent staining methods with QD fluorophores shown good signal-to-noise ratio 

of 17[24], with good characteristics including photo stability and brightness compared with 

other commonly used commercial staining kits. 
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1.3.5. In vivo animal imaging 

There is relatively little work has been done on the use of QDs for in vivo studies like  whole 

body imaging, because of mainly the potential for toxicity in both animal and human 

applications. So a lot of work needs to be done before full utilization of QDs in this area. 

Main causes are the absorbance and scattering by tissues, and autofluorescence upon their 

excitation. For this particular reason, QDs can be fabricated with their emission windows the 

near infrared (NIR) region because tissue absorbance and scattering is much less in the near-

infrared region [26]. 

Tissue autofluorescence depends upon the wavelength of the excitation light, as QDs have 

broad absorption spectra; thus a wavelength can be chosen carefully, which minimizes tissue 

autofluorescence. Another significant aspect of the QDs for in vivo applications is clearance 

from the bloodstream. QDs and other nanoparticles suffer from an extensive reticule 

endothelial uptake, which causes the reduction of blood concentration.  

1.4. Toxicity 

Toxicity of the QDs has been a major problem due to the complex morphology of QDs. QDs 

consist of nanometric size core  stabilized  with a suitable capping agent and further coated 

with other ligands for targeting, thus diversity of chemicals are involved in its fabrication. 

Therefore, QDs cannot be considered as an uniform group of nanomaterial’s, by using QDs in 

living organisms one must consider the parameters like absorption, distribution, excretion, 

metabolism and toxicity effect. There are a numbers of factors including QD size, charge, 

concentration, surface chemistry,	   absorption/emission wavelength, dose, bioactivity, 

photolytic, and mechanical stability, each has been considered as determining aspect in QD 

toxicity. They may change the cell viability and affect cell growth. General toxicity tests 

usually involve vital staining; cytosolic enzyme release, cell growth and cloning efficiency, as 

endpoints to measure toxicity. Organ-specific toxic effects are tested using specialized cells 

by the measurement of alterations in membrane, metabolism integrity in specific cell 

functions. 

A number of mechanisms are responsible for QD cytotoxicity. One of them is desorption of 

free Cd because of the degradation of QD core [27, 28], free radical formation particularly 

because of the reactive oxygen species, and interaction of QDs with intracellular components. 

This problem was tried to solve by ZnS shell coating as it was beneficial, and reduced free 

radical generation but it is still not clear the generation of free radicals is dependent on the Cd 

desorption or not, but a possibility has been given to Cd to generate free radicals [29] and that 
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a similar reduction in free radical generation as Cd desorption was seen with the addition of a 

ZnS shell. Mercaptopropionic acid (MPA) and Mercaptoacetic acid (MAA) are usually used 

for water solubilization and considered to be mildly cytotoxic [30]. 

1.4.1. Toxicity Generalization 

Information on cytotoxicity and its generalization is difficult because of the differences in 

cellular environmental treatment of QDs and its possible contribution of unexpected 

circumstances to toxicity. Reduced cytoxicity is observed in QD-PEG compared with 

unmodified QDs, but sometimes it can be related to reduced uptake of these modified QDs, 

and not to reduce toxicity [31].Cell handling of the QDs after uptake is also variable; thus 

different intra and extra cellular properties such as size, wavelengths and coating are likely to 

contribute to different toxicity [29]. 

Different treatment is observed between QDs with the same coating but different emission 

wavelengths, thus difficult to estimate the actual extent of QD cytotoxicity, contribution of 

various factors, and their effects. It has also been suggested that III–V QDs can be more stable 

than to groups II–VI QDs because of the presence of a covalent, other than an ionic bond, and 

reported to have lower cytotoxicity [32].However, the problem with these QDs are that they 

are difficult to prepare, and have much lower quantum efficiencies. Data relating to 

cytotoxicity is much limited for QDs, making difficult to draw firm conclusions. 

1.4.2 Toxic Effects 

The first effect following exposure of cells to toxicants is morphological alteration in the cell 

layer or cell shape in monolayer culture. Therefore, it is general and very instant effect that 

can be observed, thus morphological alterations are used as an index of toxicity. A systematic 

study of cell can allow a greater standardization of the observations. Thus different tools can 

be used to measure or observe the toxicity, blebbing or vacuolization in the cell can be 

observed using light microscopy whereas fine ultrastructure modifications and alteration can 

be observed by transmission or scanning electron microscopy (TEM). 

Another parameter of toxicity test is to see the rate of cell growth under the toxic agent. The 

ability of cells to replicate under standard conditions can be compared in the presence of the 

toxic agent as an index of toxicity. Concentration of the toxic agent and plating efficiency of 

the cells almost give the complete information about the effect of toxicity. The level of 

concentration of these toxin agents depends upon median inhibitory dose (IDSO) which can 

be described as “The substances at which 50 per cent of the cells do not multiply is known as 

the median inhibitory dose (IDSO)”. The plating efficiency can be described as “The ability 
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of cells (100-200 per dish, 60 mm diameter) to form colonies in the presence of a toxic agent” 

indicating both cell survival and ability to reproduce. Measurement of the cell reproduction 

can be made either by cell counter, DNA content by biochemical techniques with radio 

labeled precursors, protein content, or enzyme activity. 

Cell viability usually determines the living or dead cells, on a total cell sample. Viability 

measurements used to evaluate tests to calculate the effectiveness of the cell and its 

environment due to the toxins. Since every living thing is composed of cells, cell viability 

counts have an enormous number of applications. Common tests involve looking at a sample 

cell population and staining the cells or applying chemicals to show which are living and 

which are dead. It is then subjected to microscopic analysis to assess cell viability after 

staining with various dyes. When reagents are applied to cells, they may perform several 

actions, which allow examining the cells in many different ways. Examples included are 

trypan blue which only labels dead cells or neutral red that is actively taken up by living cells. 

A measurement of dead and vital cells in comparison with the control; provides an index of 

lethality of the test compound. 

Other indices of toxicity to cell functions involve measurement of biochemical or metabolic 

cell alterations. Metabolism is usually set of different life-sustaining chemical transformations 

within the cells necessary for the living organisms. These reactions allow organisms to grow, 

reproduce, maintain their structures, and respond to their environments. Any change in these 

effects due to some toxin can be consider as vital and can change the cell morphology 

completely. This includes various parameters like energy transmission and their alterations, 

consumption or ATP levels, imbalance of DNA and RNA, acid phosphatase activity. Thus 

cells derived from different organs or tissues that have some specialized functions in vitro or 

maintain specialized structures, could be widely used in toxicology. For these cells, effects on 

more specialized functions and/or structures have usually been taken into account, in addition 

to effects on basic ones like specific endproducts, metabolic pathways, membrane functions 

or structures should be considered for toxicity testing.  
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	  Chapter 2: Fabrication and Characterization of QDs 

There are many ways in which exciton can be confined in semiconductors, thus resulting 

different methods to produce QDs. In general, QDs are grown by the following three methods 

1)   Lithography Technique  

2)   Epitaxial Growth    

3)   Colloidal  Synthesis 

2.1. Lithography Technique 

Lithography is concerned with the study and application of fabricating nanometer size 

structures, which mean patterns that have at least one lateral dimension between the size of an 

individual atom and approximately 100nm. In this technique, Quantum wells are usually 

covered with polymer mask and are exposed to electron ion beam. Then their surface is 

covered with metal and after cleaning, the metal left only those parts which are exposed to the 

beam; thus pillars are etched on the entire surface as shown in figure 2.1. Multiple layers are 

added this way to build up the size and properties as required. QDs made by Lithography are 

used during the fabrication of leading-edge semiconductor integrated circuits or Nano electro 

mechanical systems (NEMS). Their disadvantages include the risk of contamination, slow 

processing, low density and defect formation. 

            	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure 2.1: Lithography technique of fabricating QDs 
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2.2 Epitaxial Growth 

In this method  semiconductor with large lattice constant is deposited on the semiconductor 

with small lattice constant, in other words semiconducting compound with smaller band gap 

is grown on the surface of the compound with a larger band gap example include Germanium 

on Silicon. There are different kinds of epitaxial techniques where compound can be grown 

on each other. 

Homoepitaxy is a kind of epitaxy where crystalline film is cultivate on a substrate or film of 

the same material. This technique is used to grow a film which is purer than the substrate and 

to fabricate layers having different doping levels.  

A crystalline film grows on a crystalline substrate or film of a different material is known as 

Heteroepitaxy. This technology is used to grow crystalline films of materials for which 

crystals cannot be obtained with other methods. Heterotopotaxy is a similar process to 

Heteroepitaxy except thin film growth is not confined to two dimensional growths also 

substrate is same only in structure to thin film material. 

Molecular beam epitaxy (MBE) is widely used technique for the synthesis of QDs for both II-

IV and III-V groups as shown in figure 2.2. Other techniques like Metal-organic chemical 

vapor deposition (MOCVD) and Laser-assisted vapor deposition (LAVD) are also used for 

growth of self-assembled QDs. These self-assembled QDs are used for the manufacturing of 

QD lasers, Silicon-based manufacturing processes for BJTs and modern CMOS. 

Disadvantages include control and regularity of the deposition's resistivity and thickness, the 

purity of the surface and the cleanliness of the chamber atmosphere, and prevention of the 

highly doped substrate wafer's diffusion of dopants to the new layers. 

       	  

                          Figure 2.2:	  Schematic Diagram of Molecular Beam Epitaxial technique for synthesis of QDs 
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2.3 Colloidal Synthesis 

The colloidal synthesis of nanoparticles is a reaction that is kinetically controlled. In this 

synthesis technique nanoparticles are formed in a beaker with combination of different 

materials heated up at high temperature for certain hours as shown in figure 2.3(A). 

Biocompatible QDs are usually synthesized using colloidal chemistry. These QDs are mono 

disperse which means that the particles show narrow size distribution thus exhibit narrow 

emission peaks and broader absorption peaks accordingly. Typically group II-IV materials are 

used for their synthesis. In some cases, QDs are capped with shell to enhance photo stability 

and to prevent chemical degradation and their surface is further modified from hydrophobic to 

hydrophilic to confirm solubility in aqueous solution. These types of QDs are used as 

biosensors and for imaging purposes. 

 

                          	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (A)	  	  	  

	  

                                                                                                      (B) 
   
 
             Figure 2.3:	  (A)	  Colloidal Synthesis of nanoparticles, (B) diagram shows, how shell is grown on core further   
                                                     attachment of bio molecule for biological applications  
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2.4 Characterization of QDs 

2.4.1. Ultraviolet-Visible (UV-VIS) absorbance spectroscopy  

Optical characterization of QDs is performed by measuring the UV-VIS spectra with an 

absorbance spectrometer. In spectrometers, electromagnetic radiation is passed through the 

sample placed in a small square-section cell 1 cm wide internally and scanned across whole 

UV range. Radiation of same frequency and intensity is also passed through a reference cell 

containing only solvent. Solvents for diluting samples are often distilled water from water-

soluble compounds, hexane or chloroform for organic-soluble compounds. Photocells detect 

the radiation transmitted, and the spectrometer measures the absorption by comparing the 

difference between the intensity of the radiation passing through the sample and the reference 

cells as shown in the figure 2.4 [33]. 

            	  	  	  	  	  	  	  	  	  	  	   	  

 2.4.2. Emission spectroscopy 

The emission spectrum is the measurement of light frequencies emitted by substances after 

being excited from the energy source. In QDs electrons occupy discrete energy levels and 

atoms are characterized by the energetic configurations of these electrons, light is emitted 

whenever electrons fall from a higher excited energy level to a lower energy level. This 

emitted light is measured through optical system consists of a spectrometer which is used to 

separate the individual wavelengths of light and focus the desired wavelengths onto the 

detector (Figure 2.5).  It is a quick method, and the evaluation of emission wavelength can be 

done promptly. The homogeneity of QDs can be analyzed by its FWHM. This tool is very 

sensitive for detecting emission of QDs.  

        Figure 2.4: Schematic representation of Absorbance spectrometer technique 
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                                              Figure 2.5:	  Schematic diagram of Emission Spectroscopy 

 
 
 

2.4.3. Transmission electron microscopy (TEM) 

TEM technique is generally used to determine the size and shape of coated and uncoated QDs 

as shown in figure 2.6.In this technique, a beam of electrons is transmitted through thin 

specimen, allowing interaction with it as the beam passes through. An image is obtained from 

this interaction; this image is then magnified and focused onto an imaging device, such as 

a CCD camera. TEMs are capable of imaging at a higher resolution than light microscopes. 

This enables to examine fine detail ,even as small as a single column of atoms, which is 

thousands of times smaller than the smallest resolvable object in a light microscope. 

Numbers of factors are involved when image is obtained at smaller magnifications from TEM 

like absorption of electrons, thickness and composition of the material. But at higher 

magnifications, factor like complex wave interactions dominates which required expert 

analysis.  High costs and complex sample preparation procedure is one of the drawbacks of 

TEM; thus in most of experiments it is used only to determine the size and shape. 
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                                        Figure 2.6: Schematic representation of Transmission electron microscopy 

2.4.4. Zeta Potential 

ZP (symbol ζ) is a physical property related to the surface charge which is used to predict 

stability and behavior of QDs when exposed to changes in ionic strength of the solution. It can 

be used to optimize the formulations of suspensions and emulsions and to predict the long-

term stability .The technique of measuring zeta potential is based on the scattering of light 

from particles that move in the liquid under the influence of an applied electric field as shown 

in figure 2.7 [34].These charged particles quickly reach a constant "terminal" velocity υ, 

proportional to the magnitude of the field, E. The proportionality constant, µ, defines the 

electrophoretic mobility                                          

                                                            υ= µ.E 

 Value of the mean zeta potential, ξ, is obtained from the electrophoretic mobility, µ 

                                                            ξ= ηµ/ε 

  Where η is the viscosity and ε is the dielectric constant of the solvent.     

 

The magnitude of the zeta potential gives the potential stability of the colloidal system.  All 

particles in suspension have a negative or positive zeta potential so that they tend to repel 

each other and there will be no tendency for the particles to come together.  Low zeta 

potential values show that there is no net force to prevent them from agglomeration and 

stability of the solution will be low. Zeta potential requires the sample to be diluted before 

measurements, which also runs the risk of changing the zeta potential value. 
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	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure 2.7:	  Electrophoretic light scattering technique to measure Zeta potential of QDs 

                      

2.4.5. Laser Scan Confocal Microscopy 

Images of both biological specimen and QDs are usually obtained from Laser Scan Confocal 

Microscopy (LSCM).Generally, in a conventional widefield optical Epi-fluorescence 

microscope, fluorescence emitted by the specimen, through the excited states, often collect 

stray light, which reduces the resolution of features that are in the objective focal plane [35], 

this usually happened to thick samples which have strong fluorescence causing the image to 

blur losing a lot of important information. 

Confocal microscopy has advantage as it provides improvement in both the axial (z axis i.e. 

parallel to the microscope optical axis) and the lateral (x and y; dimensions in the specimen 

plane) optical resolution dimension, giving lot of inner structure information which was not 

possible with conventional transmitted-light microscopy. In conventional microscopy, the 

illumination is distributed evenly but in LSM light from a point light source (a laser) through 

a high-NA objective onto a certain object plane of interest makes a nearly diffraction-limited 

image. Usually the stray light outside the object plane, or the fluorescence from fluorescent 

specimens, would create problems for in-focus image of object, resulting in a blurred image 

with poor contrast. The main principle of confocal image is to capture only the light coming 

directly from the object point in focus, while blocking the light coming from out-of-focus 

areas of the specimen. The reflected light or the fluorescence light produced, at the focus of 

the high-NA objective is magnified onto a variable pinhole diaphragm by the same objective 

and a tube lens. Essentially no other light than that coming from the object plane of interest 

can pass through the narrow pinhole and be detected by a detector. Stray light coming from 
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other part of specimen areas is focused outside of the pinhole, which allows passing only a 

small fraction of it. The smaller the pinhole, the less stray light or fluorescence from out-of-

focus areas will get on the detector. The image point thus created is largely free from blur 

caused by unwanted light. The confocal principle fluorescence laser scanning microscope is 

shown in Figure 2.8. 

Coherent light from  the laser system (excitation source) passes through a dichroic beam 

splitter which reflects the beam towards the pinhole aperture that is situated in a conjugate 

plane with a scanning system on the specimen and a second pinhole aperture in front of the 

detector (a photomultiplier tube PMT).  

                      	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

                                    Figure 2.8: Schematic diagram of principal of Laser Scan Confocal Microscopy 

                                

 

Emitted light from sample again passes through dichroic beam splitter and then from second 

pinhole and detected by detectors. The image of an extended specimen is generated by 

scanning the focused beam across a defined area in a raster pattern controlled by two high-

speed oscillating mirrors driven with galvanometer motors. One of the mirrors moves the 

beam from left to right along the x lateral axis, while the other translates the beam in the y 

direction. Thus image created in this way is captured on detectors or CCD cameras and 

analysis accordingly.	  
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Chapter 3: Synthesis and Labeling of QDs 

As previously discussed in chapter 2 section 2.3, QDs can be synthesized various ways among 

them colloidal synthesis process is used to fabricate QDs for biological purposes. This	  

synthesis	  method	   is	  most	   suitable,	   compact	   and	   has	   been	  widely	   tested	   for	   the	   living	  

organism. In colloidal synthesis, solvents/ligands process is used because size and shape of 

desired QDs can be tuned easily by adjusting temperature and duration of growth, also 

different capping strategies can be applied easily to make QDs biocompatible without 

affecting QDs properties. 

In solvents/ligands or core-shell technique,	  synthesis route of CdSe core and ZnS shell with 

thermolysis of organometallic precursors at high temperature is the most popular [36 ].The 

ZnS shell provides, protection to  the core surface, increase the photo stability, reduce the 

oxidation and prevent CdSe core from being ionized[37,38].In	  this	  project	  CdSe-‐ZnS	  QDs	  as	  

well	  as	  other	  type	  of	  QDs	  like	  CdSe	  core,	  CdS	  and	  ZnS	  shells	  (CdSe-‐CdS-‐ZnS)	  were	  also	  

prepared	  and	  tested	  for	  biocompatibility.	  	  

3.1 Colloidal Synthesis of Oil-soluble QDs 

3.1.1. Materials  

Materials used were all standard and a brief description is given below. 
Cadmium Oxide (CdO, Sigma); 

Trioctylphosphine (TOP, Sigma);  

Trioctylphosphine Oxide (TOPO, Sigma); 

Selenium Powder (Se, Sigma); 

1-Octadecene (ODE, Sigma); 

Oleic acid (OA, Sigma); 

Sulfur powder (S, Sigma); 

Zn-oleate;	  3-‐Mercaptopropionic	  acid	  (3-‐MPA,	  Sigma);	  

Sodium	  Hydroxide	  (NaOH),	  Hexane,	  Chloroform,	  Acetone,	  Distilled	  water. 

 

These chemicals were used to synthesize and for further surface modification of QDs and no 

other use of these chemicals were involved. They were used as received from manufacturer 

without any further purification. All chemical reactions were performed in fuming hood under 

N2 flow and in control conditions, heating mantle was used for maintaining the temperature 

and magnet was used for the stirring purposes. 
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3.1.2. Synthesis of Oil Soluble Core-Shell CdSe-ZnS QDs 

Cadmium Oleate (Cd-oleate) Stock Solution was prepared by mixing 0.642g CdO, 6.3 ml OA 

and 5ml 1-octadecene in three neck flask and heated at 170°C for two hours under the N2 

flow. Similarly Trioctylphosphine–Selenide (TOP-Se) Stock Solution was prepared by adding 

0.394g Se powder with 5ml 1-octadecene in around bottom flask clamped over a stir hot plate 

at temperature 200°C. 

CdSe core preparation: 

After preparation of Cd and Se stock solutions, 1-octadecene was taken in three necks round 

bottle flask with the magnetic stir bar inside, clamped in the heating mantle, evacuated and 

purged with N2 flow; N2 was used because of the high reactivity of chemicals with air also 

TOP can easily react with air to make TOPO. Cd-oleate solution was added to this solution 

and temperature was set to 251°C.when temperature reached 251°C TOP-Se solution was 

added maintaining temperature for 30 min to allow the nucleation and growth of 

nanoparticles.  

ZnS Shell preparation: 

Top-S Stock Solution was prepared by mixing 0.160g S powder with 11.35ml 1-Octadecene 

at room temperature and injected 8.65ml of TOP in it to form TOP-S. Similarly Zn-Oleate 

Stock Solution was prepared by mixing 0.407 g of Zn-Oleate with 8.5ml 1-octadecene and 

6.51 of Oleic acid heated to 260°C for one and half hour to make the shell solution. 

CdSe-ZnS (Core-Shell Preparation) 

CdSe core were transferred into a three-neck flask and purged with N2 to degas the CdSe 

solution at 130°C for 20 minutes, so that all the oxygen came out. Syringe of N2 was taken out 

from solution and vacuum was created for 30 min so all the moisture is removed then started 

flow of N2 again and set the temperature to 250°C.When temperature reached at 200°C Zn -

oleate solution was injected in it and waited the temperature to reach 250°C, when it reached 

250°C, TOP-S was added and temperature was maintained for 2 hours. The resulting core-

shell QDs fluoresce at an emission peak of around 620 nm was obtained. A schematic 

representation of above process is shown in figure 3.1[39]. 

	  
                                            Figure 3.1: Oil soluble CdSe-ZnS (core-shell) QDs Synthesis scheme 
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3.1.3. Synthesis of Oil soluble Core-Shell-Shell CdSe-CdS-ZnS QDs 

Oil soluble CdSe-CdS-ZnS QDs were prepared with the same method reported previously 

[40, 41], with small modification, a brief description of which is given below. 

CdSe Core was prepared with same method described in previous section. For shell growth 

using SILAR method, precursor solutions containing metal oxides (CdO and ZnO), elemental 

sulphur, and selenium were used. Zinc precursor solution (0.1 M) was prepared by dissolving 

ZnO (0.2034 g) in OA (6.18g) and ODE (18.0 mL) at 310 °C. Cadmium precursor solution 

(0.1 M) was prepared by dissolving CdO (0.3204 g) in OA (6.18g) and ODE (18.0mL) at 240 

°C. Zn/Cd (1/1) precursor solution (0.1 M) was prepared by dissolving ZnO (0.1017 g) as 

well as CdO (0.1602 g) in OA (6.18 g) and ODE (18.0 mL) at 300 °C. Sulphur precursor 

solution (0.1 M) was prepared by dissolving sulphur in ODE at 180 °C.  

All of solutions were freshly prepared under N2-atmosphere. The Cd-, Zn-, and Cd/Zn-

precursor solutions were kept for further use at about 80 °C, while the sulphur injection 

solution was allowed to cool down to room temperature. For each shell growth layer a 

calculated amount of a given precursor solution was injected with a syringe using standard 

air-free procedures.  

CdSe-CdS-ZnS (Core-Shell-Shell preparation) 
3.0 mL of ODE and 1.0 g of ODA was put into a 50 mL reaction vessel, heated to 100 ºC 

under vacuum for 1 h, and cooled down to 50 ºC. Then CdSe core were added, and the whole 

system was maintained at 100 ºC under vacuum for 30 min to remove the traces of 

chloroform. The solution was heated to 230 ºC under N2-flow where the shell growth was 

performed. The precursor injection procedure was similar as mention above in shell scheme. 

The reaction period between each addition was 15 min. After the addition of all precursors, 

the solution was kept for another 30 min at 250 ºC and then cooled down to 70 ºC. 15 mL 

acetone was injected to precipitate the Nano crystal. The precipitate product was dissolved in 

chloroform and washed with methanol 3 times and kept in toluene. After the growth of each 

layer a small aliquot was taken for characterization and for optical measurements. Following 

the completion of shell growth all crystals were annealed at 200 °C for 1 h and then cooled to 

room temperature. The resulting core-shell-shell NCs were then washed using the same 

method employed for washing core NCs. The final washings consisted of several 

precipitations from chloroform/methanol. Desired QDs with emission wavelength 620nm 

were obtained and were dispersed in hexane and placed in the dark for storage.  
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3.2. Surface Modification 

Solubilization of QDs is essential for many biological applications, as QDs formed by the 

high temperature route have no intrinsic water solubility because of the hydrophobic nature of 

the organic capping ligands (Trioctylphosphine oxide, TOPO; Hexadecylamine, HDA) [36]	  

[42]. The easiest and most convenient way to obtain a solubilize QDs is by exchanging the 

hydrophobic surfactant molecules with bifunctional molecules that are hydrophilic at one end 

and bind to ZnS with the other end. Thiols (–SH) were used as ZnS-binding groups for this 

project, also Carboxyl (–COOH) groups are negatively charged at neutral pH. So to make 

them water-soluble, QDs surface chemistry requires further modification by the alteration of   

nonpolar to polar. 

Thus solubilisation required ligand exchange.The ligands exchange confirms the colloid’s 

water stability and serve as connection of chemical attachment for biomolecules. Capping 

ligands serve another role in protecting the QD surface from deterioration in biological media.   

3.2.1. Approaches to rendering QDs water soluble 

Surface Functionalization 
The first and easiest method to attach biomolecule on the QD ligand surface is through 

covalent modification chemistry. Examples include amines, thiols or carboxyls. With 

requirement that QD surface is protected from their reactivity example includes 

Mercaptopropionic acid (MPA), Marcaptoacetic acid (MAA) [43].  

Encapsulating in Nano/Micro Particle 
Encapsulation by a layer of amphiphilic diblock [44] or triblock copolymers	  [45] or in silica 
shells [46]. 

Electrostatic interactions 
QD surfaces and oppositely charged proteins or other biomolecules. 

 
 
We selected thiolated carboxylic acids as the capping ligands due to the strong binding 

affinity of thiols to the QD surface metal atoms making QDs a negative charge carrier. 
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3.2.2. Method of conversion QDs from oil Soluble to water soluble (WS) 

Method 

Both	  types	  of	  QDs	  along	  with	  chloroform/hexane	  were	  put	  in	  a	  small	  glass	  tube	  with	  the	  

same	  amount	  of	  3-‐MPA	  and	  set	   it	  on	   stirring	   stage	   for	  2	  hours.	  After	  2	  hours	   the	  QDs	  

solution	   suspended	   and	   residuals	   removed	   easily.	   NaOH	   and	   acetone	  were	   put	   in	   the	  

solution	  and	  centrifuged	  at	  130000rpm	  for	  3	  minutes	   .The	  QDs	  sediment	  and	  removed	  

easily	  then	  added	  deionized	  water	  to	  render	  them	  water	  soluble.	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure 3.2: Diagram showing conversion scheme from oil soluble to water soluble QDs.	  

	  	  
 

 

3.3. HEK Cells 

Human Embryonic Kidney cells, HEK cells, are derived from human embryonic kidney cells 

grown in tissue culture. HEK cells were first cultured by van der Eb and the transformation by 

adenovirus was performed by Frank Graham in van der Eb's lab [47] since it was Graham’s 

293 experiments so these cells are called as HEK 293. These cells are very easy to grow and 

transfect thus are widely-used in cell biology and medical research for many years.  

3.3.1 Culturing Human Embryonic Kidney (HEK) 293A cells 

Replating of the HEK 293A cells were same according to the protocol given by the           

manufactures, having origin of human embryonic kidney which is an adherent clone of 

HEK293 A cells and is fibroblast-like. Medium used was DMEM, Gibco 41966 or            

DMEM/High Glucose (VWR HYCLSH30243.01). 
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                                                  Figure 3.3:	  Human	  Embryonic	  Kidney	  cells	  (HEK)	  293	  A 

Medium 

Serum-free media provides the isolation of the desired cell type and, in setting up primary cell 

cultures; they almost completely eliminate the overgrowth of fibroblasts that, usually, grow 

rapidly in serum-supplemented media. Moreover, these selective media are useful to study 

basic type of cells, the interactions of cells with hormones, drugs and to perform cell nutrition 

and growth studies.  Other cell types can also be grown more efficiently and in a more 

differentiated way in serum-free media as described below.	  

3.3.2. Method 

5ml of PBS, 5ml of trypsin/EDTA (TE; kept frozen), 10 ml medium without serum (serum-

free medium, SFM), Fetal bovine serum (FBS; kept frozen, volume needed accordingly) were 

taken and warmed them in the water bath at 37°C,meanwhile prepared  new Petri dishes with 

full medium. 

Volume requirement:     

10 mL for 100-mm dish  

5 mL for each 60-mm dish 

2.5 mL for each 35-mm dish  

Medium requirement: 

For each 10 mL medium that is needed (mixed 9 mL medium+1 mL of FBS) 

For each 5 mL medium that is needed (mixed 4.5ml medium+0.5 ml of FBS) 

For each 2.5 mL medium that is needed (mixed 2.25ml medium +0.25ml of FBS). 

                                                                       These mixtures were prepared at room 

temperature, and placed in cell incubator at 37°C and 5% of CO2 atmosphere. Petri dishes 

with the cells were taken, removed the medium, rinsed it with 5 mL PBS, removed the PBS, 

added TE, and kept in the incubator for 2-3 min. Dishes from the incubator were taken out 

and shacked well to lift the cells up. 5 mL serum-free medium was added and cells were 
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collected into a 10-mL tube. Tubes were centrifuged at 1700rpm for 3 min. While the 

centrifuge was running, prepared the cell counter chamber, removed the tube from the 

centrifuge, removed the supernatant and added 5 mL SFM, re-suspended cells using a transfer 

pipette, took a drop to the cell counter and counted the cells. 

Concentration of the cells: 

Concentration of the cells was measured according to formula 

(N cells in 16 small squares + 2 borders) x 104 cells/mL = N/100 x 106 cells/mL                                                                                                                                                     

Volume of the cell suspension was calculated that needed to be plated. Cell suspension was  

added into prepared dishes and put them back into the cell incubator.  

Number of cells needed: 

1.0-1.5 x 106 cells on the big 100-mm dish 

0.15-0.20 x 106 cells per 60-mm dish (if to be transfected on the next day) 

0.10-0.15 x 106 cells per 35-mm dish (if to be transfected on the next day) 
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Chapter 4: Results and Discussion 

Results 
4.1. Oil Soluble QDs 

Typical absorption spectrum of clear oil soluble CdSe-ZnS (red curve) and CdSe-CdS-ZnS 

(black curve) QDs obtained were shown in figure 4.1. 1St absorption peak for CdSe-ZnS and 

CdSe-CdS-ZnS QDs were observed at 590nm and 607nm respectively while spectrum 

gradually increased from IR to UV region. For absorption spectrum measurements, samples 

were prepared by using hexane as a solvent for CdSe-ZnS and chloroform for CdSe-CdS-ZnS 

QDs and put in sample cell and reference cell of spectrometer accordingly. All optical 

measurements were performed at room temperature under ambient conditions.  
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  Figure 4.1: Absorption spectrum of oil soluble CdSe-ZnS (core-shell red) and CdSe-CdS-ZnS (core-shell-shell black) QDs                                                   
                                                                                                  	  
        
 

Emission spectrum for CdSe-ZnS and CdSe-CdS-ZnS QDs were also measured. Samples 

were placed in 1 cm path quartz cuvette. Spectra were recorded from 300 nm to 800 nm 

regions using an excitation wavelength of 375 nm with slit width of 5.0 nm. Emission peaks 

were observed at 617nm for CdSe-ZnS and at 625nm for CdSe-CdS-ZnS QDs confirming the 

tailored QDs for red emission wavelength with FWHM 33nm for both types of QDs as shown 

in figure 4.2. 
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  Figure 4.2:	  Emission spectrum of oil soluble CdSe-ZnS (core-shell red) and CdSe-CdS-ZnS (core-shell-shell black)QDs  

Size and shape of oil soluble QDs were determined by taking transmission electron 

microscopy (TEM) images. Samples were prepared by making a set of serial dilutions with 

solvents (hexane for CdSe-ZnS and chloroform for CdSe-CdS-ZnS QDs) and optimum 

dilution was chosen. A drop of the samples was mounted onto Piloform (TAAB) coated 

G300HS copper electron microscopy grid (Gilder) and allowed to air dry for at least 24h 

depending upon the sample. These grids were placed on sample holder and were examined 

with TEM equipped with field emission gun at an accelerating voltage of 200 kV at 3.0 x 105 

magnifications. TEM images showed that shape of these NPs were spherical with size 5.7nm 

and size variation around 6% as shown in the figures 4.3(A) and 4.3(B).  

 

	  

  

 

 

 

        

 

A 

A B 

Figure 4.3: TEM images of oil soluble QDs scale bar 10nm (A) CdSe-CdS-ZnS QDs (B) CdSe-ZnS QDs 
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4.2. Water soluble QDs 

To apply the QDs in aqueous biological systems, the hydrophobic capping ligands of 

luminescent QDs was replaced with hydrophilic capping ligand as discussed in section 2.3. 

The phase transfer of QDs to aqueous solutions for both type of QDs were same as 3-‐MPA	  

was	  used through ‘cap exchange’ process for both type of QDs. Absorption spectra of these 

water soluble QDs were obtained as shown in the figure 4.4. QDs didn’t show an overall 

change in their absorption spectra while weak absorption peaks were observed may be 

because of high dilution with  solvent and low concentration of QDs were used but can be 

enhanced by using the higher ratio between them.  
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                  Figure 4.4: Absorption Spectrum of water soluble CdSe-CdS-ZnS (black) and CdSe-ZnS (red) QDs. 

	  

 

Emission Spectra of these water soluble QDs were also measured, due to the addition of 

bifunctional capping ligand, optical properties may have changed but optical measurement 

showed that the emission spectra for the oil soluble QDs were similar as that of water soluble 

QDs as shown in fig4.5, which demonstrated that optical properties of QDs remained 

unchanged after solubilisation with FWHM 35±2nm. 



30	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

550 560 570 580 590 600 610 620 630 640 650 660 670 680
0

20

40

60

80

100

120

In
te
ns

ity
(a
.u
)

W ave leng th(nm)

	  C ore-‐S he ll-‐S he ll
	  C ore-‐S he ll

	  

              Figure 4.5:	  Emission spectrum of water soluble CdSe-CdS-ZnS (black ) and core-shell CdSe-ZnS QDs  

 

Increased in size  (although it has not changed optical properties much) while change in shape 

was not observed after surface modification of these QDs as shown in TEM images in figure 

4.6 and 4.7 for CdSe-CdS-ZnS core-shell-shell and CdSe-ZnS core-shell QDs respectively. 

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  

                             Figure 4.6: HRTEM image of water soluble core-shell-shell CdSe-CdS-ZnS QDs scale bar 5nm 
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                                     Figure 4.7: HRTEM image of water soluble	  CdSe-ZnS core-shell QDs scale bar 5nm 

 

Aggregations of these QDs were observed few days after surface modification as shown in 

TEM images in figure 4.8 and 4.9.  

                                    	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure 4.8: TEM image of aggregation of water soluble CdSe-CdS-ZnS core-shell-shell QDs  

  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  
                                Figure 4.9: TEM images of aggregation of water soluble CdSe-ZnS- core-shell QDs    
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We measured the corresponding zeta potential of these QDs in water suspension to see the 

stability of these charge carrier QDs in solution and cause of possible aggregation. It 

suggested that the charge on these QDs were small thus instead of repulsive, attractive forces 

dominated in solution so particles tend to approached each other and agglomerated. This 

problem could be resolved with different water rendering strategies and with high ligand ratio 

per QD within the solution. 

Zeta Potential values obtained were -4.7mV for core-shell-shell and -0.29mV for core-shell 

QDs as shown in figure 4.10 with available detection size ranged from 2 nm to 3 µm.   
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           Figure 4.10: Zeta potential peak value at -4.7mV for CdSe-CdS-ZnS(black) while -0.29mV for CdSe-ZnS QDs (red)                                                               
 

 

4.3. Fluorescence Imaging 

We synthesized both type of QDs with emission wavelength ~ 620nm (red) and  illuminated 

with 488nm green laser source at transmission about 30% .We used a short-pass filter of 560 

nm in  microscope to block any wavelength shorter than 560 nm thus only signals from QDs 

were passed and detected. Typical fluorescence images obtained from fluorescence 

microscope are shown in figure 4.11. 
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When transmission from laser source were increased about 70% and oil immersion objective 

1.4 numerical aperture with100X magnification were used ,strong signals were detected from 

both QDs as shown in figure 4.12. 

 

 

 

 

 

 

 

 

        

 

  

 

4.4. Confocal Imaging 

Water soluble QDs were interacted with HEK 293A fibroblast type cells, grown in special 

35mm petri dishes made for imaging purposes .After interaction with QDs, these cells were 

incubated for two day at temperature 37⁰	  C and 5 % CO2 atmosphere and imaged on third day.  

Confocal microscope was designed in such manner that incubation chamber was attached to it 

thus cells were in chamber during imaging and specialized atmosphere was maintained whole 

                       Figure 4.11: Fluorescence images of water soluble QDs (A) Evidence of red emitted CdSe-CdS-ZnS QDs                                       
                                                                            (B) core-shell CdSe-ZnS QDs 	  

A 

A 

Figure 4.12: High transmission and magnified fluorescence images of water soluble QDs (A) Red emitted core-shell-shell   
                                                                        CdSe-CdS-ZnS QDs (B) core-shell CdSe-ZnS QDs 	  
	  

A 

B 

AB 
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time to rule out any toxic effects. Image result showed these QDs were successfully taken up 

by cells as shown in figure 4.13 & 4.14.  

 

 

 

 

 

 

 

 

 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

These images suggested that  uptake of CdSe-CdS-ZnS QDs were less by cells as compare to 

CdSe-ZnS QDs where almost every cell was labelled. This may be because different 

concentration of QDs was used. For core-shell QDs concentration of 200nM and much less 

concentration around 50nM for core-shell-shell QDs were used. We got less or very week 

signals when we used 50nM concentration for core-shell QDs (not shown) but when 

concentration was increased up to 200nM strong signals were detected, most cells were 

labelled successfully. These confocal images confirmed the localization of QDs inside cells 

through active intake as shown in figure 4.15.  

 

B 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure 4.13:	  	  core-shell-shell CdSe-CdS-ZnS QDs successfully taken up by cells  

                          Figure 4.14:	  	  core-shell CdSe-ZnS QDs successfully taken up by cells  

100µm 

100µm 
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4.4. Bright Field Imaging 

Bright field images were also obtained to further confirm the cellular uptake by observing 

contrast between cells and QDs, where light either passed through or reflected from cell 

region. This contrast was provided by absorption of light in some region of cells as shown in 

figure 4.16 where it can be clearly seen that light passes through cell region while absorbed 

where QDs were located as shown by arrows in figure 4.16.  

 

 

 

 

 

 

 

 

 

  

     

  

                                                                 

 
 

 

Figure 4.15:	  QDs uptake by cells scale bar 50µm (A) CdSe-CdS-ZnS QDs (B) CdSe-ZnS QDs 

50µm 50µm 

A B 

50µm 

Figure 4.16:	  Bright field images of cells+QDs (A) Contrasting image of CdSe-CdS-ZnS QDs and HEK 293A cells  
                                           (B) Contrasting image of CdSe-ZnS QDs and HEK 293A cells 
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100µm 
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100µm 
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4.5. 3-D imaging 

3-D images were obtained to observe penetration of these QDs within cells by making depth 

focusing with interval of 1µm in Z-sectioning and taking 40 slices each with LSCM. The 

result showed that both type of QDs didn’t stayed on the surface of cells but penetrated deep 

inside cells as shown in figures 4.17 and 4.18; signals started appearing between slice 9µm to 

12µm with a full fluorescence from QDs recorded at slices between 20µm to 24µm.  

	  
Figure 4.17:3-D images of the HEK Cells 293A labeled with CdSe-CdS-ZnS QDs, depth focusing with interval around 1µm 

 



37	  
	  

 

	  
Figure 4.18:3-D images of the HEK Cells 293A labeled with CdSe-ZnS QDs, depth focusing with interval around 1µm 
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4.6. Toxic Effect Tests 

Effect on cell viability and morphology due to these QDs were also observed by taking 

reference images of cells without QDs and comparing them with images containing both 

cells+QDs. Images were taken three consecutive days after interval of 24h each. Images in 

figure 4.19 shows cells without QDs as it could be seen that on 2nd day more cells were 

observed compare to 1st day which shows the growth of cells while 3rd day petri dish became 

more populated while no change in shape was observed. 

 

	  
                         Figure 4.19:	  Petri dishes containing only HEK 293A cells imaged on 1st, 2nd and 3rd day after culture 

In figure 4.20, images showed interaction of cells + CdSe-CdS-ZnS QDs, few cells were 

labelled on 1st day while more and more cells were labelled on 2nd and 3rd as growth rate 

continued while comparing these images in figure 4.19 it was clear that growth and shape 

didn’t show alteration thus confirming no overall effect on cells due to these QDs. 

	  
       Figure 4.20:	  Petri dishes containing Cells+CdSe-CdS-ZnS QDs imaged on 1st, 2nd and 3rd day after interaction with QDs 

 

 

Figure 4.21 shows images of  cells+CdSe-ZnS QDs on 1st ,2nd and 3rd  day  after interaction, 

while we observed on 3rd day most of the cells were successfully labelled with QDs, while 

comparing these images  in figure 4.19 QDs didn’t show effect on growth and shape of cells .    
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       Figure 4.21: Petri dishes containing Cells+CdSe-ZnS QDs imaged on 1st, 2nd and 3rd day after interaction with QDs 

 

These results described that QDs didn’t show much toxic effect on shape and growth of cells 

which are consider as vital parameters to check the toxicity of any material. Accumulation 

and non-specific labelling of some QDs were problem, while we observed most of QDs 

successfully labelled the cells but some remained unreacted, these QDs precipitate in cell 

solution after some days which suggested tolook for other water rendering schemes for long 

term labelling purposes. 
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4.7. Discussion  

The QDs can absorb and emit light in visible and near-infrared part of the spectrum; this is a 

character that makes them ideal for seeing deeper into cells and tissue than traditional 

fluorescence-based techniques. Deep penetration can be due to active, passive or electrostatic 

interaction of these nanoparticles with the cells. These interactions more or less have effect on 

cellular uptake; while we tried to investigate if different synthesis strategies of these QDs like 

core-shell (CdSe-ZnS) and core-shell-shell (CdSe-CdS-ZnS) have any effect on cellular 

uptake and on photophysical properties of QDs while keeping other properties like size, 

shape, emission and absorption spectrum same.  

Despite the toxicity effect, the synthesis method in experimental section 3.1 described 

preparation of QDs with CdSe core, as their chemistry is well-studied and most developed 

among all other core structure like CdTe, ZnS, CdS, InAs.1-Octadecene (non-coordinating 

solvent) and CdO (Cd precursor) were used for the synthesis of core as green chemistry, 

rather than dimethyl cadmium which is very toxic, expensive, unstable and explosive [48]. 

These particles start small but grow in size the longer the solution reacts. This growth only 

continues if the temperature is maintained so withdrawing it at regular intervals and placing it 

in a room temperature vial stops the reaction and locks the particles into their current size. 

The OA surrounds, or "caps", the particles and keeps them from aggregating.  

In such core/shell NCs, we protected core with shell because during synthesis significant 

fraction of passivated core NCs typically exhibit surface-related trap states, these surface 

defects act as fast non-radiative de-excitation channels for photo generated charge carriers 

which can escape easily from these channels preventing possible charge carriers 

recombination and effecting photostability thereby reducing the fluorescence quantum yield 

(QY). Thus core was protected with higher energy band gap materials (in our case ZnS) so 

that charge carriers cannot find enough energy to escape and thus ensure their recombination. 

The shell provides an efficient passivation of the surface trap states, giving rise to a strongly 

enhanced fluorescence QY. The fluorescence QY can be increased from5 to 15% as compared 

with bare-core QDs due to the ZnS shell coating. This effect is a fundamental prerequisite for 

the use of NCs in applications of biological labelling. The shell further provides a physical 

barrier between the optically active core and the surrounding medium, thus making the NCs 

less sensitive to environmental changes, surface chemistry, and photo-oxidation. For example 

exposure of CdSe with UV light or dynamic buffer can eliminate the Cd+2 ions from Cd/Se 
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lattice which can lead to kidney damage and development of renal cancer [49],but surface 

coating of 1 or 2 monolayer of shell on core protect Cd ions to be released. We observed a 

small red shift in the fluorescence spectra after shell coating this can be due to leakage of the 

exciton wave function from the CdSe core into the ZnS shell. 

Although ZnS shell should provide the best passivation of CdSe core but, the large mismatch 

(ca. 12%) between CdSe and ZnS lattice parameters produces strain at the interface between 

the core and the shell. Thus if the thickness of the ZnS shell exceeds 2 monolayers, the 

interfacial strain leads to form defects  relaxing the Nano crystal structure and effecting the 

overall QDs properties.[37,50] The defects in the ZnS shell negatively affect properties of the 

QDs like PL efficiency and stability of CdSe-ZnS nanocrystals with thick shells.  

To overcome this problem and enhance QY, CdSe-CdS-ZnS QDs were also prepared as 

described in section 3.2.The lattice mismatch between the CdSe core and CdS shell is small 

but band gap is not large enough to allow charge carrier recombination thus coating of another 

shell ZnS was necessary. As a result of the low concentration of defects in the shell, CdSe-

CdS-ZnS nanocrystals show very high PL quantum efficiencies, up to 80-90% [51, 52, 53]. 

The optical properties (fluorescence emission) of QDs can be fine-tuned by the QD size, 

which is a key parameter that determines the spectral position and purity of 

photoluminescence .We showed in our results that these synthesised QDs were 5.7~5.9nm in 

size with spherical shape as confirmed by TEM and HRTEM images. These QDs were 

specifically tailored for red emission wavelength (ca.620nm) also confirmed by emission 

spectrum with FWHM~33nm as shown in figure 4.2 which was consistent with our results. 

Concentration of these QDs were measured from UV/Vis absorption spectra and with the 

molar extinction coefficient D and λ in nm; ε in L mol−1  cm−1 [54] and by using Beer–Lambert 

law:                                             A= ε * c * l  

Where A, ε, c, and l are absorbance, molar absorbtivity (L mol−1 cm−1), QDs concentration 

(mol L−1), and path length of the cuvette in which the sample was contained (cm), 

respectively.  
  

                                                        	  
                                     Figure 4.22: Core-Shell (left) and Core-Shell-Shell (right) QDs in UV light. 
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Water rendering scheme of these QDs were described in section 3.2 and we showed in optical 

characterization of these water soluble QDs that emission spectra and thus FWHM remained 

same, but absorption spectra measurements showed weak peaks as compared to oil soluble 

QDs, which may be due to high dilution of solution with water and peaks could be enhanced 

by using more concentration of QDs. TEM and HRTEM images didn’t show any significant 

change in shape while increase in size were observed  after surface modification of QDs. 

After surface modification, these QDs were interacted with live HEK 293A cells of fibroblast 

type as described in section 3.3. These cells were cultured in 35mm (diameter) 3 petri dishes 

and incubated 24h at 37ºC under 5% CO2 environment to allow them to grow before injection. 

Images were taken with LSCM which was designed as incubation chamber was attached to it, 

thus cells were under appropriate conditions whole time during imaging to rule out any toxic 

effect due to surroundings or other agents.  

Concentration of 50nM was initially used for both types of QDs into cells, we got good 

signals from CdSe-CdS-ZNS QDs as fluorescence images result showed but very weak or no 

signals were detected from CdSe-ZnS QDs at same concentration of 50nM although 

maximum transmission from laser source of microscope were used. This could be attribute to 

QDs weak ability to react with cells solution thus loss of their optical properties, we were also 

considering to adopt different water rendering approach for these QDs, but then we just tried 

to increase concentration from 50nM to 200nM to see what happened and we got good signals 

from CdSe-ZnS QDs as described in result section 4.3 and fluorescence images in figure 4.11 

and 4.12. 

In our results we showed that both type of QDs were successfully taken up by cells. Cells 

receptors  receives chemical signals outside the cell when external substances like QDs bind 

to a receptor, they direct the cell to perform certain functions, such as divide, die, or allow 

specific substances to enter or exit the cell. These molecules that bind to receptors are called 

as ligand, cell receptors are charge mediated and engulf QDs through active intake, 

endocytosis process as shown in figures 4.13, 4.14 and 4.15.  

To further confirm the cellular uptake of these QDs bright field contrast images were also 

obtained and analyzed accordingly as described in section 4.4 where localization of QDs was 

prominent within cells. These QDs not staying on the surface of cells but well penetrated 

inside cells as described in section 4.5 of 3-D imaging. We also observed that the water 

soluble QDs precipitated after two weeks as Thiol–ZnS bonds are very dynamic, means that 

the thiol ligands bind and unbind in a dynamic equilibrium. However, as soon as these 
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nanocrystals are interacted against pure buffer or water (pH 7) over a longer period of time, 

they start to precipitate, since all free thiol ligands have been used. The stability of these QDs 

can be increased by using Mercaptocarbonic acids with two thiol group (--SH). 

We ran some parallel experiments to see toxic effect of these QDs on cells viability and 

morphology. We prepared three petri dishes (35mm) of HEK 293A cells, one petri dish 

contained only cells, second petri dish contained cells + CdSe-CdS-ZnS QDs, and third was 

prepared with cells + CdSe-ZnS and was observed under LSCM for three consecutive days. In 

a Petri dish containing only cell, cell growth was prominent as more and more dense pattern 

obtained on each day, then we compared these images to other two petri dishes containing 

QDs. Results showed that growth was not effected while shape of the cells were also same ,as 

observed from images shown in figures 4.19, 4.20 and4.21which showed that QDs didn’t 

show any toxic effect on cells growth and shape. 
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Conclusion 

We synthesised two types of QDs with colloidal synthesis technique for labelling the cells 

instead of flourophores .We synthesised QDs which had same properties like size, shape, 

emission and absorption spectra but differ in core shell scheme ,We successfully labelled the 

HEK 293 A cells fibroblast type with both kind of QDs and suggested that  water rendering 

strategies have overall effect on QDs uptake by cells and on  photophysical properties of QDs 

rather than core shell scheme but also suggesting that for long time labelling purposes core-

shell-shell scheme is better as it has higher  QY .We ran some parallel tests to see the toxic 

effect on cell viability and morphology and we didn’t find any  negative effect on cells shape 

and growth due to these QDs.  
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Summary and Future work 

We synthesised and characterized the CdSe-ZnS and CdSe-CdS-ZnS QDs by measuring their 

absorption and emission spectra and by taking TEM images. To make these QD compatible 

for biological purposes we modified their surfaces with ligand 3-MPA, so that these QDs 

were soluble in water. After surface modification of both types of QDs, we re-characterized 

them and slight increase in the size of the QDs by TEM images and confirmed by measuring 

their absorption spectra as it was slightly red shifted. The cell line used were human 

embryonic kidney (HEK 293A) cells. These cells line were characterized as fibroblast type 

cultured according to the manufacturer specifications and before interaction incubated for 24h 

at 37⁰C under CO2 environment. The images obtained from the laser Scan Confocal 

Microscope showed the QDs as good labelling agent and cell uptake was also confirmed, 

demonstrating QDs as fluorescence labels for molecules into the living cells and tissues. 

Depending on the ligand attached to the QDs, they are naturally taken up by the cells. We also 

observed the possible toxic effect due to these QDs on the cells  by running three experiments 

at a time including cells without QDs, cells+CdSe-CdS-ZnS QDs ,and cells+CdSe-ZnS QDs 

and concluded no such effect were observed at least few days after interaction of these QDs 

with cells. 

Once inside the cells, these functionalized QDs can act as the reporter of the biochemical 

reaction inside the cells or development of the cell itself. To trace a cell migration in 

animal/human body is another problem need to be resolved in cancer study. If these QDs can 

be incorporated into cancer cells and made to be optically and chemically stable for a 

sufficiently long period of time, they will help researchers to monitor these cells moving from 

one place to another.	   QDs have also been proposed as drug delivery vehicles that could 

initiate certain photo-activated chemical reactions. 

Despite the advantages of QDs, large-scale production and toxicity issues to be resolved. 

There is no technique which consistently allows preparation of QDs with control over the 

ratio of biomolecules per QD and their orientation on the surface. Loss of fluorescence has 

been noted in our case upon injection into cells. This signal loss can be due to slow 

degradation of surface ligands and coating, or to factors absorbed to the surface when 

subjected to body fluids or some buffer solution, leading to surface defects and fluorescence 

quenching.  There must be technique to develop a coating which provides minimal non-

specific binding, whilst maintaining stability, avoiding oxidization in cells. 
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