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Abstract— Hydrophilic and stable zirconia coated L-cysteine 
capped CdS quantum dots have been synthesized in aqueous solution 
at room temperature through one-pot synthesis by using safe and low 
cost inorganic salts as precursors. The synthesis of zirconia coated 
CdS nanoparticles is based on the deposition of zirconia shell on the 
CdS cores, after surface modification with L-cysteine coupling agent. 
They are characterized by various techniques such as XRD, UV-Vis 
DRS, FT-IR and fluorescence method. These quantum dots are water 
soluble unlike parent CdS nanoparticles. Zirconia coated L-cysteine 
capped CdS nanoparticles show excellent emission properties. The 
optical properties of the synthesized nanoparticles are carried out. 
The results suggest that the zirconia coated nanoparticles are can be 
potentially useful to improve optical properties and it is a promising 
candidate for catalytic purposes due to the protection of CdS core by 
the zirconia shell. 
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I. INTRODUCTION  

F LUORESCENT semiconductor nanocrystals, also known 

as quantum dots (QDs), offer significant advantages over 
conventional   organic   fluorophores   in   terms   of   high 

luminescence,   continuous   excitation   spectrum,   stability 
against photobleaching and controllable and narrow emission 
bands [1-5]. Over the past few years, QDs have been tested as 

luminescent probe for labeling of cells and tissues, targeting 
the image of surface proteins, immunostaining of membranes 
proteins, detecting single DNA molecule etc. However, CdS 

nanoparticles readily decompose and are poisonous. In order to 
overcome these limitations, surface modification of CdS 

nanoparticle is essential.  SiO2  is considered as one of the 
most suitable materials for protecting CdS nanoparticles due to 

its chemical stability, biocompatibility, and reactivity with 
various coupling agents. Therefore, CdS nanoparticles coated 
with silica (denoted as CdS–SiO2) are of considerable interest  

in both fundamental studies and applied research [6-8]. 
Common choices of inorganic layers include silica, titania,  

zirconia, alumina and other metal oxides that are readily 
obtainable through solution phase approaches such as sol-gel 
methods can be used as shell layers. Among the inorganic 
materials, silica has been widely used. 
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The reasons for choosing other oxides such as zirconia, 
titania or alumina in surface modification are mostly related to 
the specific modification requirements of optical and 
mechanical properties [9-12].  

Zirconia, a commonly-used hard ceramic material is known 
for its excellent mechanical properties and chemical stability. 
Zirconia was chosen as a coating layer, because it is not only 
has good insulating property but also has other merits for 
powder compacting process, such as chemical inertness, wear 
resistance and high fracture toughness, etc.  

Zirconia coating on CdS nanoparticles can be another 
potential method not yet explored, and zirconia encapsulated 
CdS can have applications in catalysis and related areas. The 
main advantage of encapsulating CdS with zirconia is its 
stability. Zirconia has been used as a shell to cover Ag 
nanoparticles [13]. Zirconia can form a good ceramic coat on 
CdS. CdS nanoparticles coated with zirconia (denoted as 
CdS@ZrO2) can show interesting chemical properties such as 
acid-base, oxidation-reduction which are useful in catalysis, 
sensors and drug delivery systems [13-15]. 
 

II. EXPERIMENTAL  
A. Apparatus 

 
UV absorption spectra were recorded with Perkin Elmer 

Lambda 25 spectrophotometer in 1 cm path length quartz 
cuvettes. The fluorescence spectra were obtained with a 
JASCO FP-6300 fluorescence spectrophotometer equipped 
with a plotter unit and a quartz cell (1 cm×1 cm). Powder X-
ray diffraction spectra were collected on a Bruker AXS D8 
Advanced Powder XRD. The phase structure of the prepared 
samples was determined with the X-ray diffractometer using a 
2θ range of 5 – 90o. FT-IR spectra were recorded with JASCO 
FT/IR-4100 infrared spectrometer. All optical measurements 
were performed at room temperature under ambient 
conditions. 
 

B. Reagents 
 

All chemicals used were of analytical grade. Doubly 
deionized water (DDW) was obtained from a WaterPro water 
purification system. L-cysteine, Cadmium acetate, Ethanol, 
Na2S·9H2O, Tris buffer and Zirconyloxychloride octahydrate 
were purchased from sd-fine chemicals limited. The stock 
solution of CdS nanoparticles was prepared by dissolving in 
organic solvent and the coated nanoparticles were prepared by 
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dissolving in 50 ml DDW. A Tris–HCl buffer solution (0.01 
mol l−1 of Tris, pH 7.4) was used in the synthesis. 
 

Synthesis of Nanoparticles 
 

CdS nanocrystals were synthesized through 
AOT/isooctane/H2O reverse micelle method. The solution of 
0.005 M AOT (Aerosol OT) in 100ml of isooctane was 
prepared. The aqueous solution of cadmium acetate (0.2M) 
and Na2S (0.2 M) were separately added to the two portions of 
AOT containing isooctane solutions. The mixed solutions 
were stirred for two hours until optical transparency was 
achieved. Then both solutions were mixed together and stirred 
for another 1 hour for obtaining CdS nanoparticles. A yellow 
precipitate was obtained and it is washed with pyridine to get 
rid from the surfactants. It is also washed with ethanol for 
several times to get the pure crystals. 
 

Preparation of L-Cysteine capped CdS nanocrystals 
 

The procedures reported by Kho et al. [15] for the 
preparation of L-cysteine-capped ZnS nanoparticles were 
modified to prepare L-cysteine-capped-CdS nanoparticles. 
One-hundred and ten milligrams of L-cysteine was added to 
25 ml of 1M Tris buffer that was argon-saturated and 
thoroughly degassed, vigorously stirred. To the mixture 15 ml 
of 0.01M of Cadmium acetate aqueous solution was added, 
resulting in a L-cysteine/Cd molar ratio of 3:1. Then, 95µl of 

0.4M Na2S·9H2O solution was slowly added dropwise into 
the vortex of the solution to afford S/Cd molar ratio of 0.25:1. 
The mixed solution was stirred for 1 h at room temperature, 
followed by 10 min of flushing with argon to remove the 
unreacted sulfide.  

To remove L-cysteine-Cd complexes, the L-cysteine-
capped-CdS nanoparticles were precipitated by adding cool 
ethanol to the reaction mixture at room temperature. The 
nanoparticles were dissolved in DDW, and precipitated again 
with cool ethanol. The resulting L-cysteine-capped-CdS 
nanoparticles were dried overnight under vacuum at 40 ◦C for 
further experiments. 
 

Preparation of Zirconia coated CdS nanocrystals 
 

A 0.01 g of the capped CdS was dispersed in 50 ml of 
toluene–methanol mixture (3: 2 volume ratios) by sonication. 
To this zirconyl chloride octahydrate was added in a 1: 10 
(weight) ratio. The solution was equilibrated and then 5 ml of 
triethylamine was added dropwise over a period of 15 min 
using a micropipette. This was followed by the addition of 
50ml of water. The solution was stirred for a period of over 24 
hours. The resulting mixture was centrifuged, washed with 
plenty of methanol and air-dried. Increasing or decreasing the 
concentration of zirconyl chloride was found to result in 
thicker or thinner shells, respectively. The product thus 
obtained was washed with plenty of methanol to remove 
excess unreacted species and was air-dried. The schematic 
procedure (Scheme 1) for the preparation of CdS nanoparticles 
and the coated nanoparticles are given below. 

 
   

 
            

 

  
 
           

   
 

          

           
 

    

          

 
    

         

 
     

               
 

             
 

            
 

     
 

       
 

           

 
 

 
           

 

               
 

         

 
     

          

 
    

               
 

               
 

     

 
        

              

       
 

        

               
 

               
 

            
 

            
 

 
Scheme 1. Schematic Procedure for the preparation of 

zirconia coated CdS nanoparticles. 
 

III.  RESULTS AND DISCUSSION 
 

The non-coated CdS nanoparticles were prepared by 
reverse-micelle method, resulting as monodispersed yellow 
nanocrystals. The synthetic procedures (Scheme 1) and 
conditions (the concentrations, the molar ratios of reactants 
and the temperature of reaction) reported by Kho et al. [15] for 
the preparation of L-cysteine-capped ZnS nanoparticles were 
used to prepare L-cysteine-capped-CdS nanoparticles. The 
concentration of cadmium acetate and sodium sulphide and 
the molar ratio of L-cysteine:Cd:S were optimized to be 0.2 M 
and 3:1:0.25. Further, the L-cysteine-capped-CdS nanoparticle 
was mixed with zirconyl oxy chloride in the ratio of 1:10 and 
was subjected to slow hydrolysis to obtain the zirconia coated 
CdS nanoparticles. 
 

A. Characterization of the synthesized nanoparticlesowder 
XRD 
 

The synthesized nanoparticles were analysed by powder X-
ray diffraction technique using Bruker AXS D8 Advanced 
Powder X-ray diffractometer in the 2θ range of 5 – 90o. UV-
visible spectra were measured with a JASCO V 660 
spectrophotometer in 1 cm path length quartz cuvettes. The 
fluorescence spectra were obtained with a JASCO FP-6300 
fluorescence spectrophotometer. FT-IR spectra were recorded 
with JASCO FT-IR 4100 infrared spectrometer.  

X-ray power diffraction analysis is a powerful method by 
which X-rays of a known wavelength are passed through a 
sample to be identified in order to identify the crystal 
structure. The wavelength of the incident X-radiation is 1.54 
Å. The powder XRD pattern of CdS nanoparticle is given in 
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Figure 1. The crystallite size of CdS nanoparticle can be 
determined using the Scherrer formula (eqn.1) 
 

Crystalline size powder D =    …  …… (1) 
 
where K is a constant (called shape factor) which is 0.9 for 
the spherical size particle. (In the present case also 0.9 was 
used) and β is FWHM. In order to subtract the instrumental 
broadening, the value of β was calculated from eqn (2). 

 

 
β= ………….  (2) 

 
 is the 2θ value of the particular peak used for the 

calculation. In the present case the highest intensity peak was 
used and the values of FWHM, θ are taken for the calculation. 

absorption feature in the range of 400-480 nm which is 
considerably blue-shifted relative to the peak absorption of 
bulk CdS indicating quantum size effect. The well-defined 
maximum at 480 nm (CdS nanoparticle) is assigned to the 
optical absorption of the first excitonic state. It is observed 
that peak at 480 nm is shifted to 385 nm when it is capped 
with L-cysteine and further blue shifts to 265 nm when it is 
coated with zirconia due to quantum confinement effect. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1  XRD pattern of (a) CdS, (b) L-cysteine capped   CdS 
nanoparticles and (c) Zirconia coated CdS nanoparticles. (Inset: 

Expanded scale of CdS nanoparticles).  
The XRD pattern exhibits prominent broad peaks at 2θ 

values and are shown in Figure 1. The CdS nanoparticles are 
identified and found to be cubical crystal system. The 
diffraction peaks at 26.44º, 44.08º, 52.05º and 71.19º are 
corresponding to the planes 111, 220, 311 and 200 
respectively. The diameter of the particle size was determined 
to be 2.6 nm.  

Similarly the diameter of the particle size of the coated CdS 
nanoparticle is found to be 18.33nm. The diffraction pattern of 
the capped-CdS and coated CdS nanoparticles are given in the 
figure 1. The disappearance of peaks corresponding to the CdS 
nanoparticles revealed that the CdS is well protected by the 
zirconia coating. 
 

B. Photophysical Properties   
Absorption spectra of CdS and coated CdS nanoparticles 

 
The absorption spectrum (Figure 2) of the synthesized 

nanoparticles shows well resolved maximum of high energy 
electronic excitations. The spectra exhibit a well-defined 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 UV-Vis absorption spectra of CdS and coated CdS nanoparticles in water. 
 
Fluorescence characteristic features of CdS and coated CdS 
nanoparticles 
 

The fluorescence spectra were obtained with a JASCO FP-
6300 fluorescence spectrophotometer. The emission spectra of 
the synthesized nanoparticles, excited at 400 nm are given in 
Figure 3. CdS nanoparticles exhibit two bands at 458 and 480 
nm, whereas coated CdS nanoparticles show a sharp band at 
464 nm. The bands corresponding to 460 nm provides green 
emission and this green emission band was associated with the 
emission due to electronic transition from the conduction band 
to an acceptor level due to interstitial sulphur. It also exhibits a 
broad band in the range of 525 to 585 nm, called as yellow 
emission. The yellow emission was attributed to 
recombination via surface localized states and a transition 
from interstitial cadmium to valance band. A small hump is 
observed around 600 nm, due to the presence of sulphur 
vacancies. 

It is also evident from the fluorescence emission spectra in 
figure 3, that the emission peak at 480 nm is shifted to 464 nm. 
The fluorescence peak in the case of coated CdS nanoparticles 
was sharper and stronger than that for the non-coated CdS 
nanoparticles. The emission peaks obtained are independent of 
the excitation wavelengths used, therefore excitation at 265, 
365, 380, 400 and 430 nm produce narrow emission peaks at 
408, 420, 438, 465 and 505nm (Figure 4). This suggests that 
the coated nanoparticles can be potentially useful to improve 
luminescence performance and a promising candidate for 
catalytic purposes due to the protection of luminescent core by
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 the zirconia shell. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 3 Fluorescence emission spectra of CdS and Coated CdS 
nanoparticles in water. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 Emission spectra of zirconia coated CdS nanoparticles in 
water excited at different excitation wavelengths.  

FT-IR study 
 

FT-IR spectra of zirconia coated CdS particles were 
recorded with JASCO FTIR-4100 infrared spectrometer. 
Figure 5 shows the infrared spectra of free L-cysteine, L-cys 
capped CdS and zirconia coated CdS nanoparticles. The 
capping of L-cysteine and the coating of zirconia is clearly 
explained with the aid of IR spectra. The IR absorption bands 
for the above synthesized nanoparticles are given in the table 
1.  

There are coexisting IR absorption bands of −COO−, 
−NH3

+ and −SH− on free L-cysteine (Fig. 5a), whereas only 
bands of −COOH and−NH2 were observed on the surface of 
the L-cysteine-capped-CdS nanoparticles (Fig. 5b). On 
comparison of the two spectra, the most significant point to be 
noted is that the band at 2550 and 942 cm−1 corresponding to 
–SH stretching and bending mode are absent in the spectrum 
for L-cysteine capped CdS. It may be attributed to cleavage of 
S–H bond and formation of a new bond, i.e., –S– Cd bond of 
Cd-thiolate complex on the nanoparticle surface. 

TABLE I 
CHARACTERISTIC IR PEAKS OF COATED CDS SAMPLES 
 

Vibration Functional 
group 

Frequency, cm-1 
Free L-

cys 
L-cys-
CdS 

L-cys-
CdS/ZrO2 

N-H 
stretch 
O-H 
stretch 
S-H 
stretch 
C=O 
stretch 
C-O 
stretch 
 
S-H bend 
Zr=O 
Zr-O 

amine 
 

acids 
 

sulphur 
 

acid 
 

acid 
 
 
 

3437 
 
2965 
 
2550 (s) 
 
1590 
 
1393 
(sym) 
1053 
 942 
- 
- 

3353 
 
2916 
 
2547(w) 
 
1585 
 
1070 
 
1019 
- 
- 
- 

3448  
 
- 
 
2550(b, w) 
 
1630 (w) 
 
 
 
1007 
- 
753 
505 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.  5 FT-IR spectra of coated CdS nanoparticles. 
 

It can also be seen that the band at 1393 and 1590 cm−1, 
which correspond to COO− symmetric stretch and –NH3

+ 
asymmetric bending mode respectively, are present in both the 
spectra. This observation confirms the capping of nanoparticle 
surface by L-cysteine via thiol group. The other two functional 
groups -NH2 and –COO− remain free which can be further 
used for conjugation with the zirconia. The bands of -NH2 
group observed on the L-cysteine-capped-CdS nanoparticles 
can be ascribed to the basification of -NH3

+ group of L-
cysteine by Tris buffer. The disappearance of –OH peaks (-
COOH) and the appearance of new peaks at 753 and 505cm-1 
(Fig. 5c) confirms the coating of zirconia over the CdS 
nanoparticles. 
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IV. CONCLUSIONS 
 

The synthesis of non-coated and coated CdS nanoparticles 
by reverse micelle and chemical precipitation method in water 
was described. The synthesis of zirconia coated CdS 
nanoparticles is based on the deposition of zirconia shell on 
the CdS cores, after surface modification with L-cysteine 
coupling agent. The synthesized nanoparticles were 
characterized and the size of the particles is determined using 
X-ray diffraction. The optical properties of the nanoparticles 
are carried out. The results suggest that the zirconia coated 
nanoparticles are can be potentially useful to improve optical 
properties and it is a promising candidate for catalytic 
purposes due to the protection of CdS core by the zirconia 
shell. 
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