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ABSTRACT:  

Zinc oxide  quantum dots were synthesized by sol-gel auto combution route without heat 

treatement (annealing). Structrual study was undertaken by X-ray diffraction XRD technique. 

Structural parameters were investigated from XRD data. It confirms that the prepared sample was    

having      hexagonal (wurtzite) structure. Crystalline size determined from XRD data was around 

4.22nm.    Chemical species present in the samples and their weight percentage were  detected by 

energy dispersive spectroscopy.     XRD , EDS study and SEM image concludes,  there were no 

impurity phases present in the ZnO sample.  Surface morphology was investigated by scanning 

electron microscopy (SEM). Photoluminescence measurement spectra showed the ultraviolet 

(UV) emission. Single emission peak observed around 358nm, it was due to free excition 

recombination. 
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1. INTRODUCTION 

     Zinc oxide is one of the most promising Diluted 

magnetic semiconductors. Many researchers have 

great attraction towards it, due to its piezoelectric 

behavior [1] as unique property. It is widely used for 

sensors and actuators. ZnO also emitts the broad 

lunminescence emission in the visible region, it 

gives rise to high efficiency exciton emission at 

room temperature (RT) due to its large exciton 

binding energy (60 meV). Due to a strong 

luminescence in the green–white region of the 

spectrum, ZnO is also a suitable material for 

phosphor applications. Zinc oxide nanostructures 

have varityof applications in era of nanotehnology, 

such as nanogenerators [2], field emission 

transistors [3], and ultraviolet photo detectors [4]. It 

has one of the most important applications as DNA 

sequence detector [5] in bio-medical system. 

 There were different synthesis techniques 

used for ZnO nanomaterials such as chemical co-

precipitation [6], organometallic precursor method 

[7], microemulsion process [8] sol-gel synthesis [9], 

chemical vapor deposition (CVD) [10] and sol-gel 

combution method [11]. 

 In this research work for the synthesis of 

ZnO quantom dots, the recently developed solgel 

auto combution route is adopted. By this gel 

combusion technique, homogenious, highpurity 

nanopowder was produced. In this study, Zinc 

nitrate is used as starting material and N-N 

dimethylformamide was used as  fuel. 

 

1. EXPERIMENTAL DETAILS 
For the synthesis of ZnO quantum dots, Zinc 

nitrate and N-N dimethyl formamide were used. 
Both chemicals were having AR grade and used 
without further purification. N-N dimethyl 
formamide was used as fuel for combustion. Zinc 
nitrate (17.8482 gm) was added into 60ml of N-N 
Dimethyl formamide (N-NDMF) to prepare 1M 
solution. This mixture was stirred continuously for 
2h at 70

0
C temperature to get completely clear 

solution. Then the clear solution was kept on hot 
plate at 170

0
C for 3h to form thick jel. Further 

heating of the jel, auto combustion takes place and 
the ZnO quantum dots were formed. Sample was 
ground for 15min with the help of ageto mortal pistal 
to get homogenous quantum dots.  
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2. RESULT AND DISCUSSION 

  2.1 STRUCTURAL STUDY 
Structural study was intervened by X-ray 

diffraction spectroscopy. The XRD pattern of ZnO 
quantum dots is as shown in figure 1. Diffraction 
peaks corresponds to the lattice planes for ZnO 
quantum dots synthesized via sol-gel auto 
combustion route were (100), (002), (101), (102), 
(110), (103), (200), (112) and (201). 2 values 
corresponds to the lattice plane are (32.0685), 
(34.6468), (36.5492) (47.8582), (56.9096), (63.145), 
(66.6459), (68.1735) and (69.3247). XRD diffraction 
data compared with JCPDS card and it was well 
matched with JCPDS card no. (75-1526). It is 
concluded that the sample exhibits hexagonal 
(wurtzite) structure. The average values of Lattice 
constants „a‟ and „b‟ are 3.23061 and 5.1809, very 
close to the JCPDS card values. Crystalline size was 
calculated for the highest intensity diffraction peak 
and it is 4.2257 nm. 
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Fig. 1 X-ray diffraction (XED) pattern of ZnO 

    2.2 CHEMICAL COMPOSITION STUDY 

      Chemical compositio study of the sample was 

carried out by using energy dispersive spectroscopy 

technique. Energy dispersive spectra of ZnO 

quantum dots sample is as shown in the fig. 2 with 

their weight and atomic percentage of the chemical 

species (elements). In the EDS spectra only two 

peaks of Oxygen and Zinc were observed as shown 

in figure. Individual totals of Weight% and atomic% 

are 100. Therefore it is confirmed that the prepared 

sample is with out any impurity. 

 

 
Fig. 2 Energy dispersive spectra (EDS) of ZnO 

    2.3 SURFACE MORPHOLOGICAL STUDY 

      The surface morphological study has been 

covered by using Scanning electron microscope 

SEM. The SEM micrographs of ZnO quantum dots 

are as shown in the fig. 3. It shows the clearly 

crystalline structure of the sample,  amorphousness 

was not observed. From the encircled particle in the 

micrograph clearly shows that the ZnO quantum 

dots are Hexagonal. The transparent crystals are 

observed. 

 

 
Fig. 3 Scanning electron microsopic image of ZnO. 

   2.4 PHOTOLUMINESCENCE STUDY 

      Photoluminescence (PL) spectroscopy was 

employed for optical charecterization of ZnO 

quantum dots. Fig. 4 shows the PL spectras were 

measured at room temperature in a closed cycle 

refrigerator with excitation at wavelength of 325nm. 

The PL spectra of prepared sample of ZnO quantum 

dots shows only one emission peak located around 

358nm in the ultraviolet region. It is attributed to 

free-exciton recombination as reported in the 

litrature [12]. 
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Fig. 4 PL spectra of ZnO at room tempareture. 

3. CONCLUSION  

     We have successfully sinthesized ZnO quantum 

dots with high purity using sol-gel auto combustion 

route. XRD and EDS study confirms that the ZnO 

quantum dots are highly pure without any secondary 

element. Hexagonal (wurtzite) structure of the 

quantum dots was confirmed from XRD pattern and 

SEM micrograph. Crystalline size obtained from 
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XRD data was 4.22nm. Only one emission peak was 

observed in PL spectra of ZnO quantum dots 

measured at room temperature. It was due to free 

exciton combination.  
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