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 

Abstract— The CdS quantum dots are prepared in AOT reverse 

micellar self-assemblies. The quantum dots were prepared from 

different precursor ratios of 1:1 and 1:2 which yielded different 

particle size. Steady state luminescence quenching studies were 

carried out for these quantum dots with N, N-dimethyl amine and 

triethyl amine. The downward curvature was observed form the 

SternVolmer plots showing the static nature of the quenching 

process. The static nature is attributed to presence of the quencher 

molecules to the quantum dot surface. 

 
Keywords- Quantum dots, CdS nanoparticles, reverse micelle, 

luminescence, micro-emulsion.  

I. INTRODUCTION 

Semiconducting nanoparticles have been investigated 

intensively for their optical properties. These particles are 

called quantum dots, because quantum effects become 

important in these three dimensionally confined particles. 

One of the exciting uses of quantum dots is as 

chromophores for biotags, where dots of different size are 

functionalized to detect different biological analytes. The 

researchers are much interested in studying the optical and 

electronic properties of quantum dots (QDs) (1-4).  Cadmium 

sulphide QDs stood among the other QDs because of their 

unique properties (5-8). Researchers report a variety of 

techniques to synthesize CdS QDs. (9-11).  Dannhauser et al 

claimed that the amine species interact with surface defect 

sites and enhance the luminescence of the QDs (12). Logunov 

et al demonstrated the relaxation dynamics of CdS QDs. They 

concluded that electron trapping in these QDs occur slowly 

when compared to hole trapping (13). 

Bhargava and Gallagher studied the influence of 

manganese in the optical properties of ZnS nanocrystals. They 

reported that the small size manganese doped ZnS nanocrystal 

is responsible for the appearance of unique luminescence 

behaviour of the QDs. (14). Similarly Bhargava also 

concluded that the presence of desired impurities in the QDs 

enhance the luminescence properties by reducing the 

non-radiative recombination at the surface (15). 

Narayanan et al reported the size of the CdS QDs influence 

the luminescence properties (16).  Similarly Yang et al 
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synthesized ZnS nanocrystals inside a polymer matrix and 

claimed that the ZnS nanocrystals have better stability (17). 

Several reports were claimed the application of CdS, CdSe 

and CdTe QDs as light emitting diodes (18-21). Inverse 

(W/O) microemulsion have been successfully used as reaction 

media to synthesize monodisperse nanoparticles, 

semiconductors, cathode materials for lithium batteries and 

complex metal oxides (22, 23). Dazhen and co-workers 

reported the synthesis of CdS/polystyrene nanocomposite 

hallow sphere (24). 

The semiconductor quantum dots (QDs) can be used as a 

promising components in optoelectronic devices (for 

example, in photovoltaic devices) and as tags for bio imaging, 

labelling, and sensing because of their pytophysical 

properties. However, these QDs suffer luminescence 

quenching and by amine like molecules hinders their 

application with biomolecules. In order to understand the 

stability of the nanoparticles with these quencher molecules 

and imparting this knowledge in preparing more stable 

nanoparticles the luminescence quenching studies are carried 

out. The quantum dots prepared in reverse micellar system are 

more stable when compared to the bare quantum dots. The 

interaction of the quencher molecules with the quantum dots 

in these stabilising agents are well studied in the current work. 

II.  MATERIALS AND METHODS 

A. Materials 

Cadmium nitrate (Merck) and Sodium sulphide 

nonahydrate (Merck), Bis (2-ethyle hexyl) sulfosuccinate 

sodium salt (AOT) (Fluka), Heptane (Qualigens), N, N- 

dimethyl aniline (Merck) and triethyl amine (Merck) were 

used in the CdS nanoparticle synthesis. All the reagents are 

analytical grade and used as such without any further 

purification. 

B. Synthesis of cadmium sulphide nanoparticles 

Cadmium sulphide nanoparticles (with 1:1 precursor ratio) 

were synthesized using the reverse-micelle method by 

adopting the procedure in the literature (21, 30).  In a typical 

experiment, 5 ml of 0.1 M AOT solution was prepared in 

hexane in two separate polypropylene bottles and labelled as 

bottle A and bottle B. Exactly 36 µL of 0.2 M cadmium nitrate 

solution was added to the AOT solution in bottle A and 36 µL 

of 0.2 M sodium sulphide solution was added to the AOT 

solution in bottle B. The solutions in bottle A and B were 

stirred for one hour. Then the two solutions were mixed well 

and stirred for another one 

hour. 
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Then the solution was allowed to stand. Similarly, CdS 

nanoparticles with 1:2 precursor ratios also synthesized. 

C. Quenching studies on cadmium sulfide nanoparticles 

In a clean and dry 50 ml standard measuring flask about 

2.36 g of N, N-dimethylaniline (DMA) was taken and 

dissolved in dodecane. Then the solution was made up to the 

mark to obtain 0.39 M DMA solution. Similarly 0.78 M DMA 

solution was prepared by dissolving 4.73 g of DMA in 50 ml 

dodecane. 0.358 M and 0.717 M Triethylamine (TEA) 

solution also prepared by dissolving 1.812 g and 3.624 g of 

TEA in docdecane respectively. These solutions are used as 

stock solution and used for the quenching studies. To study 

the quenching effect of the amines, different concentration of 

amines were prepared from the stock solution and added to 

the 2.5 ml of CdS nanoparticles solution. 

D. Methods 

Absorption spectra were recorded using Agilent 8453A 

UV –Vis diode array spectrophotometer. Fluorescence 

spectral measurements were carried out using a Perkin-Elmer 

MPF-44B fluorescence spectrophotometer interfaced with 

PC through RISHCOM-100 multimeter. 

III. RESULTS AND DISCUSSIONS 

CdS quantum dots were synthesized by reverse micellar 

method, where Cd
2+

 and S
2-

 ions are prepared separately in 

AOT reverse micelle. Then both the solutions are mixed 

together to form CdS quantum dots. These quantum dots are 

formed in the aqueous core of the reverse micelle. The 

synthesis was carried with different precursor ratio to yield 

CdS quantum dots of different sizes. 

A. Adsorption and emission studies 

The absorption spectra of CdS quantum dots prepared with 

different precursor ratios is given in the figure 1. The CdS 

quantum dots prepared from 1:1 precursor ratio showed an 

absorption peak between 450 and 410 nm with a peak 

maximum centred at 420 nm. Whereas the CdS quantum dots 

prepared from 1:2 precursor ratio showed a red shift and the 

absorption peak appeared at 450 nm. This clearly showed that 

as the sulphide precursor ratio increases the particle size 

increases resulting in a red shift. The emission spectra of CdS 

quantum dots prepared with different precursor ratios is given 

in the figure 2. The emission spectrum showed peak 

maximum around 440 nm which is assigned to the band edge 

emission of CdS quantum dots. 

 
Fig. 1. Absorption spectra of CdS quantum dots 

 

Fig. 2. Emission spectra of CdS quantum dots 

B. Luminescence quenching studies of cds quantum dots 

a. Absorbance in the presence of N,N – dimethyl aniline 

(DMA) 

The CdS quantum dots prepared from 1:1 precursor ratio 

was mixed with DMA solution of different concentration and 

their absorbance spectrum was recorded. Thus recorded 

absorbance spectrum is shown in figure 3. There is no change 

in the absorbance value as the concentration of the quencher is 

increased which can be attributed to the absence of ground 

state complex between the quantum dots and the quencher 

molecules. 

 
Fig. 3. Absorbance spectra of 1:1 CdS quantum dots in 

AOT reverse micelles with various concentrations of N, 

N, dimethyl aniline. The concentration values are 0, 1.57, 

3.15, 4.77, 6.31, 7.88, 9.44, 11.04, 12.6, 14.2, 15.8, 25.2, 

31.5 mM (Top to Bottom concentration increases) 

 

b. Absorbance in the presence of trimethylamine (TEA) 

The CdS quantum dots prepared from 1:1 precursor ratio 

was mixed with TEA solution of different concentration and 

their absorbance spectrum was recorded. Thus recorded 

absorbance spectrum is shown in figure 4. 
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 The spectra clearly indicated the TEA molecules didn’t 

form any complex with the Cd species because the absorbance 

value doesn’t vary when the concentration of TEA molecules 

is increased. 

 
Fig. 4. Absorbance spectra of 1:1 CdS quantum dots in 

AOT reverse micelles with various concentrations of 

triethyl amine. The concentration values are 0, 2.87, 5.73, 

8.60, 11.5 mM 

c. Luminescence emission in the presence of DMA 

Emission quenching studies were carried out for CdS 

quantum dots with N,N-dimethyl aniline. The emission 

spectra of CdS quantum dots (1:1 precursor ratio) with 

various concentration of N, N-dimethyl aniline is shown in 

figure 5. The emission spectrum shows decrease in the 

emission intensity as the concentration of the quencher is 

increased. The Stern-Volmer plot was constructed to 

calculate the Stern-Volmer constant.  I0/I values showed 

downward curvature when plotted against the quencher 

concentration. The downward curvature in the Stern-Volmer 

plot is characteristic of the static nature of the quenching 

process. This type if static behavior is seen when the quencher 

molecules are present near the acceptor molecule, in the case 

of quantum dots the quencher molecules are possibly 

adsorbed on the surface or present in the near vicinity of the 

surface. This leads to the downward curvature in the Stern 

Volmer plot. The Stern-Volmer plot is given in figure 6. 

 
Fig. 5. Luminescence emission spectrum of 1:1 CdS 

quantum dots in AOT reverse micelles with various 

concentrations of N, N, dimethyl aniline, 

The concentration values are 0, 1.57, 3.15, 4.77, 6.31, 7.88, 

9.44, 11.04, 12.6, 14.2, 15.8, 25.2, 31.5 mM 

 
Fig. 6. Stern-Volmer plot of 1:1 CdS quantum dots in 

AOT reverse micelles with N, N-dimethyl aniline 

 

d. Luminescence emission in the presence of TEA 

The luminescence quenching studies were carried out with 

triethyl amine. Quenching in the luminescence emission 

intensity was observed when the concentration of triethyl 

amine was increased which is shown in figure 7. 

 
Fig. 7. Luminescence emission spectrum of 1:1 CdS 

quantum dots in AOT reverse micelles with various 

concentrations of triethylamine. The concentration values 

are 0, 2.87, 5.73, 8.60, 11.5 mM (Top to Bottom 

concentration increases) 

 

Stern-Volmer plot was constructed and shown in figure 8.  

 
Figure 8: Stern-Volmer plot of 1:1 CdS quantum dots in 

AOT reverse micelles with triethyl amine 
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A downward curvature was observed in the plot. This 

observation is also attributed to the static nature of the 

quenching process where the quencher molecules are present 

in the vicinity of the quantum dot surface. 

 Luminescence quenching studies were also carried out for 

1:2 CdS quantum dots with N, N-dimethyl aniline and 

triethylamine. The luminescence quenching spectra and the 

Stern-Volmer plot for the DMA are given in figures 9 & 10 

respectively. The figures 11 and 12 illustrate the 

luminescence quenching spectra and Stern-Volmer plot for 

the TEA. Downward curvature was observed in the 

Stern-Volmer plots for the quenchers’ N, N-dimethyl aniline 

and triethyl amine, showing the static quenching process. This 

shows that the size of the quantum dot does not play much role 

in the quenching process, but only the quencher position in the 

micelle decides the quenching mode. 

 
Figure 9: Luminescence emission spectrum of 1:2 CdS 

quantum dots in reverse micelles with various 

concentrations of N, N, dimethyl aniline. The 

concentration values are 0, 3.15, 6.31, 9.46, 12.6, 15.7, 

18.9, 22.1, 25.2, 28.4, 31.5 mM 

 
Figure 10: Stern Volmer plot of 1:2 CdS quantum dots in 

reverse micelles with N, N-dimethyl aniline 

 
Figure 11: Luminescence emission spectrum of 1:2 CdS 

quantum dots in reverse micelles with various 

concentration of triethyl amine. The concentration values 

are 0, 1.43, 2.86, 4.30, 5.74, 7.17 mM 

 

 
Figure 12: Stern Volmer plot of 1:2 CdS quantum dots in 

reverse micelles with triethyl amine 

 

 

A scheme representing the position of the quencher 

molecules in the reverse micelle is given in scheme  
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Scheme 1: The scheme represents the position of the quencher molecule in AOT reverse micelle. 

IV. CONCLUSION 

The synthesis of CdS quantum dots was successfully 

accomplished AOT reverse micellar self-assemblies. The 

CdS quantum dots were synthesized with different precursor 

ratio. The luminescence quenching studies were performed 

with triethyl amine and N, N-dimethyl amine molecules. The 

study revealed that the luminescence quenching increases 

with increase in amine concentration. It is also observed that 

the size of the quantum dots varied with concentration of 

sulphide ions. It is concluded from the Stern-Volmer plots 

that the quenching process is static and also suggested that the 

quencher molecules to the quantum dot surface. 
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