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Abstract—This paper describes the process for the synthesis of 
quantum dots that can be used as fluorescent probes in the 
detection of biomolecules.  Quantum dots with a Cadmium 
Selenium (CdSe) core and a Zinc Sulphide (ZnS) shell were 
prepared.  A fluorometric analysis of one such batch of quantum 
dots showed that they had an optimal excitation wavelength of 
468 nm and an emission wavelength of 594 nm. 
 

I. INTRODUCTION 
The fundamental concept employed in most methods of 

separation and detection of particles of interest is very similar.  
Antibodies that specifically bind to the antigen (i.e. the 
particles of interest) are added to the sample to capture the 
particles.  The captured particles are then separated from the 
sample by various means, and a correlation is made between 
the amount of particles captured and the concentration of 
particles in the original sample.  Captured particles are 
quantified using fluorophores, such as quantum dots (QDs) or 
fluorescent dyes.  The fluorophores are tagged to the particles 
of interest and the strength of the fluorescence of the 
fluorophore in the captured particles is correlated to the 
concentration of particles of interest in the original sample. 

Quantum dots are semiconductor nano-crystals that 
typically have a cadmium selenium (CdSe) core surrounded 
by a zinc sulphide (ZnS) shell and a siloxane coating, as 
shown in Fig. 1. The core of the quantum dot provides the 
fluorescence, but having the shell not only enhances that 
fluorescent signal but also encapsulates the toxic cadmium 
ions present in the core (Ref. [1]).  The siloxane coating 
renders the QD water soluble and makes the surface of the QD 
easily customizable for biological applications.  Quantum dot 
sizes typically range from 2 to 20 nanometers, depending on 
their emission wavelengths (Refs. [1-3]).  Like all 
fluorophores, quantum dots absorb photons at their excitation 
wavelength and emit those photons at a lower emission 
wavelength (Refs. [1-2], [4-5]). Three batches of quantum 
dots were synthesized following the methods given by Refs. 
[1-2] and [5], and their excitation and emission spectra 
analyzed using a fluorimeter. 

 
II. METHODOLOGY 

Materials and Methods 
The CdSe core of the quantum dots was synthesized by 

dissolving  0.1078 g of cadmium acetate and 0.159 g of  

 
Fig. 1 -  Typical structure of a quantum dot 

 
elemental selenium in 3 ml of trioctylphosphine.  This 
solution was quickly injected into a mixture of 4 g of 
hexadeclylamine (HDA) and 8 g of trioctylphosphine oxide 
(TOPO) at 280ºC under vigorous stirring. The whole synthesis 
takes place under the flow of argon with less than 1 ppm of 
water and oxygen.  The nanocrystal growth was stopped 
immediately after the injection by cooling the mixture with 7 
ml of toluene.  After further dilution with 10 ml of toluene the 
QD core was precipitated by adding 20 ml of methanol.  The 
precipitate was separated by centrifugation at 5000 RPM for 
20 minutes and washed with methanol.  The washed QDs 
were dissolved in 2 ml of toluene.  

The shell of the QDs were prepared by adding 8 g of 
TOPO, 4 g of HDA, 2.09 g of zinc stearate and 2.98 g of 
stearic acid to the core.  Then 0.093 g of elemental sulphur 
dissolved in 5 ml of oleylamine was added drop wise over one 
hour at 200ºC to the mixture.  After the shell growth, the 
reaction mixture was cooled and diluted in 40 ml of 
chloroform followed by the addition of 40 ml of methanol to 
precipitate the CdSe/ZnS core/shell QDs.  The precipitate was 
centrifuged at 5000 RPM for 20 minutes, and dried in a 
vacuum oven overnight at 120ºC and stored in a glovebox 
under nitrogen. 

The polymer coating provides sites for functionalization of 
the QDs  so that proteins and antibodies can be attached to the 
surface of the QDs.  The process for creating a siloxane 
coating on the shell of the quantum dots is described below.  
A mass of 0.5 g of the QD (core and shell) was dissolved in 
3.2 ml of mercaptopropyl trimethoxy-silane (MPS).  The QD 
mixture was added to 50 ml ethanol, 6 ml sodium hydroxide 
and 5 ml water, and stirred for 15 minutes.  Then 20 ml of 
ethanol and 5 ml of tetraethosysilane (TEOS) were added to  
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Fig. 2 - Excitation and emission spectra of a batch of quantum dots. 

 
the mixture and stirred for one hour.  The procedure was 
completed by adding 3.2 ml of 3-amino-propyl-triethoxy 
silane to the mixture and stirring overnight.  A cuvette 
containing the prepared quantum dots was placed in the 
fluorimeter for analysis.  Fig. 2 shows the excitation and 
emission spectra of a batch of QD thus prepared. The “counts 
(1/s)” in the graph refers to the number of photons striking the 
detector per second.   
 

III. RESULTS AND DISCUSSION 
Two different excitation wavelengths, namely 303 nm and 

468 nm, were applied, and both gave an emission wavelength 
of 594 nm, although the intensity of emission for the 
excitation  
wavelength of 468 nm was higher.  Note that the large peak at 
606 nm is the intensity of the primary scattering for 303 nm 
wavelengths and not the fluorescent signal, and occurs at 
multiples of the excitation wavelengths.  If the graph was 
extended to higher wavelengths there would be another 
primary scattering peak at three times 303 nm, four times 303 
nm, etc.  Similarly, there would be primary scattering peaks 
for 468 nm excitation at 936 nm, 1404 nm, etc.  We used 
commercially available QDs in our subsequent experiments 
because getting the desired size of the quantum dots required 
more refinement of the protocol.    

There are several advantages to using quantum dots over 
traditional fluorescence dyes as detection fluorophores (Refs. 
[2-7]).  First, different sizes of quantum dots emit light at 
different wavelengths and each particular size of quantum dot 
has a broad band of excitation wavelengths, and a very narrow 
band of emission wavelengths compared to fluorescent dyes.  

 
 
 
 
 
 
 
 
 
 

Therefore, one excitation wavelength will excite quantum dots 
of a whole range of sizes, which is highly desirable if multiple 
pathogens are being detected, because it eliminates the need 
for specialized equipment to provide the excitation 
wavelength for each size of quantum dots present in the 
sample.  Second, quantum dots also provide a signal that is 
about three orders of magnitude higher than fluorescence 
dyes, providing the ability to detect the presence of even a 
single organism of interest (Refs. [2, 4]).  The high signal to 
noise ratio is primarily because the QDs, unlike fluorescent 
dyes, fluoresce with a much slower decay time compared to 
the auto fluorescence of the background, thus decreasing the 
background noise.  Third, quantum dots are much more 
resistant to photo-bleaching than fluorescent dyes, which 
allow quantum dots to retain their fluorescence even after 
prolonged exposure to light. 

Quantum dots make better fluorescent probes compared to 
traditional fluorescent dyes. QDs were successfully 
synthesized using commercially available chemicals. 
Fluorimetric analysis of one batch of QDs thus prepared 
determined that at an excitation wavelength of 468 nm, the 
emission wavelength was 594 nm and had a fluorescent signal 
intensity of 900,000 counts per second. 
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