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Abstract— Cadmium selenide quantum dots of different radii were synthesized using Horizontal Vapor Phase Crystal (HVPC) Growth  

Technique. Fluorescence quenching is the sensing mechanism utilized in the study. The synthesized CdSe quantum dots were used 

effectively in the optical sensing of copper ion concentrations.  
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——————————      —————————— 

1 INTRODUCTION                                                      

YNTHESIZING  quantum dots have gained enormous   

attention due to their potential applications such  as solar 

cells optical sensing in vivo molecular and cellular imaging 

,etc. [1], [2], [3]. 
       Quantum dots also known as semiconductor nanocrystals 

or nanocrystallites are nanostructured materials. These 

semiconductor nanocrystallites, usually composed of II-VI, III-

V or IV-VI, are roughly spherical and with sizes typically 

ranging from 1-12 nanometer (nm) in diameter. Quantum dots 

have remarkable attractive optoelectronic properties including 

their high emission quantum yields, size tunable emission 

profiles and narrow spectral bands. These properties were 

much different from those of  the bulk systems, due to 

quantum confinement effects [2]. 

     Quantum dots have been used in fabricating solar cells. 

Quantum dot has widespread biological applications e.g.  

nanoimaging, cell labeling, nanosensing, drug delivery. 

Fluorescent nanoparticles such as quantum dots, exhibiting 

size and composition tunable fluorescence properties, have 

been used to demonstrate their applicability for imaging and 

sensing [4],[5],[6].  

    Fluorescent semiconductor quantum dots have been used 

for optical nanosensing. Researchers have been developing 

optical sensors for detecting toxins, heavy metals and other 

environmental pollutants [2],[7].  

     Cadmium selenide semiconductor has often been 

investigated due to its well-known physical properties and 

potentially controllable band-gap energy in full visible 

spectral range [8]. Cadmium selenide has a direct band gap of 

1.74 eV that can be tuned across the visible spectrum, making 

it an interesting material for application such as light emitting 

diodes, in solar scells, non-linear optical material for X-ray 

detectors and in bio-labeling [9]. When compared to CdS and 

ZnS, the semiconductor CdSe has a larger bulk exciton radius, 

hence, any quantum size effects due to the presence of CdSe 

nanocrystals will be more pronounced and clearly noticeable 

by optical measurements [10]. 

     Various methods, such as hydrothermal and solvothermal 

routes, surfactant assisted approach, had been used for the 

synthesis of nanomaterials [11], [12], [13].Some studies tried to 

prepare the CdSe quantum dots at mild condition around 

room temperature [8]. 

     Quantum dot applications were restricted to solution 

sensing assays and further development in optical sensing is 

consists of immobilizing quantum dots in suitable supports to 

fabricate active solid phases for working in flowing solutions. 

Challenge on integrating quantum dots into appropriate solid 

supports to develop reliable optosensors was posted by Costa-

Fernandez group [2]. 

 

 

Because of the remarkable applications of quantum dots 

especially in biological labeling, imaging and sensing, this 

study was conducted. This study answered the challenge of 

integrating the quantum dots into solid support. The 

applicability of the synthesized Cadmium selenide 
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quantum dots in optical sensing of copper ion 

concentrations was investigated. 

 

2     EXPERIMENTAL SECTION  

2.1 Synthesis and Characterization Cadmium 

selenide Quantum Dots 

     Cadmium selenide quantum dots were synthesized 

using the Horizontal Vapor Phase Crystal Growth 

(HVPCG) Technique. CdSe quantum dots were synthesized 

according to the method reported in the literature [14]. 

Thirty-five (35) mg of CdSe powder with 99.99% purity, 

ordered from Aldrich Corporation, was used in the study. 

The fully sealed amorphous silica tube was inserted 

halfway in the Horizontal Thermolyne furnace, growth 

time and temperature were set to 4 hrs, 6 hrs, 8 hrs and  

6000C, 8000C, 10000C, 12000C respectively. The tube was 

retrieved after cooling down to room temperature. The  

 

 

 

synthesized nanomaterials were characterized using the 

scanning electron microscope (JEOL 5310) , energy 

dispersive x-ray analysis (Oxford with Link Isis) and 

photoluminescence spectra (Applied Spectral Imaging SD-

300). Brus equation (1) was used in the quantitative 

description of the grown CdSe quantum dots’ radii. 

           
  

    
   

 

  
  

 

  
    

     

        
  (1) 

2.2 Optical Sensing of Copper ion Concentrations 

using the grown CdSe quantum dots 

         Fluorescence quenching mechanism was the optical 

sensing mechanism utilized in the study. Copper sulphate 

solution was used as a source of copper ions.  Different 

concentrations of copper ions were prepared (1.253 x 10-4 M,  

2.506 x 10-4 M,3.759 x 10-4 M, 5.012 x 10-4 M and 6.260 x 10-4 

M). Fluorescence quenching was analysed using  the  

change in the photoluminescence spectra as the quencher is 

introduced to the CdSe quantum dots.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                             
Fig.1. (a-c) SEM images of the synthesized CdSe nanosphere, (d) EDX spectrum of a nanosphere, (e) photoluminescence 

                                spectra       of   CdSe nanosphere  

 

 
3 RESULTS AND DISCUSSION 

     Cadmium selenide quantum dots were successfully 

synthesized using HVPC growth technique. Fig 1 presents 

the SEM images of the synthesized nanospheres. Fig 1 A 
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demonstrated the island growth mechanism or Stranski-

Krastanov growth mode of the self-assembled quantum 

dots. Findings showed that an increased growth 

temperature favors the growth of larger structures because 

particle growth and aggregation was enhanced by anything 

that reinforces atomic or molecular motion [15]. The 

photoluminescence spectra in Fig 1 has a peak at 708.7 nm 

and the computed energy gap is 1.749 eV, this value is close 

to the reported energy gap of 1.74 eV [16]. 

 

Fig 2. Normalized Photoluminescence spectra of synthesized  CdSe 
quantum dots 

     This study did not employ high resolution microscope to 

see the images of quantum dots. Therefore, to investigate 

quantum confinement effects Photoluminescence study was 

used.  

TABLE 1 

                         QUANTUM COFINEMENT EFFECTS 

Sample Emission 

Peak 

(nm) 

FWHM 

(nm) 

Energy 

gap 

(eV) 

Radius 

(nm) 

A 708.70 49.74 1.749 6.84 

B 600.60 37.68 2.065 2.19 

C 589.21 37.17 2.105 2.08 

D 583.66 35.73 2.125 2.04 

E 567.58 26.96 2.185 1.91 
 

          Table 1 presents the summary of the wavelength, full 

width at half maximum, energy gap and radius for each 

sample of  CdSe quantum dot. Brus equation was 

employed in the calculation of the quantum dot’s radius. 

Sample A has an energy gap close to the reported energy 

gap of bulk CdSe. CdSe has a Bohr radius of approximately 

6nm and a CdSe particle smaller than this will exhibit 

quantum confinement [16]. It was also reported that CdSe 

quantum dots with FWHM≤40nm exhibit quantum 

confinement. [17]. In table 1, it can be observed that 

samples B to E exhibit quantum confinement. In Fig 2, blue-

shift in the emission spectra of CdSe quantum dots, as the 

radius decreases, is also evident. CdSe quantum dots were 

therefore synthesized through HVPC growth technique. 

 

 

 

 

 

  

 

Fig 3. Fluorescence emission spectra of CdSe quantum dots after 
exposure to different copper ion concentration (10

-4 
M)  (a) blank 

solution, (b) 1.253,  (c) 2.506, (d) 3.759, (e) 5.012, and (f) 6.265.
 

Fig 3 shows the effects of copper ion concentration on the 

fluorescence intensity of CdSe quantum dots. The 

fluorescence intensity  is of CdSe quantum dots was 

reduced continuously with an increased concentration of 

copper ions. Because of its sensitivity to different 

concentration of copper ions, it can be developed to a 

sensitive Copper ion sensor.   

 

 

 

 

 

 

Fig 4. Stern-Volmer plot for the interaction between CdSe quantum 
dots and copper ions.

 

     The linearity of the plot of  F0/F against copper ion 

concentration validate the Stern-volmer description of 

fluorescence quenching. Static and dynamic fluorescence 

quenching explains the quenching of the intensity of CdSe 

quantum dots as they are exposed to higher concentration 

of copper ion. In dynamic quenching, exposing CdSe 

quantum dot to concentration of copper ions resulted to 

non-radiative recombination. In static quenching, non-
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fluorescent CdSe-Cu (II) complex can be formed between 

Cu (II) and CdSe quantum dots [2]. 

4 CONCLUSION 

     The HVPC growth technique was found to be effective 

in synthesizing CdSe quantum dots in solid support. The 

synthesized CdSe quantum dot can be applied in optical 

sensing of copper ions. These quantum dots were found to 

be sensitive to copper ion concentration, thus , these 

quantum dots can be used in the development of a sensitive 

copper ion sensor.  Fluorescence quenching of the emission 

spectra of the CdSe quantum dots can be explained by the 

presence of both static and dynamic quenching.  
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