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ZnO nanoparticles (ZnO–NPs) were synthesized using sol–gel method. 

The structural and optical properties were investigated by X-ray 

diffraction (XRD),  scanning electron microscopy (SEM), and 

photoluminescence (PL). In this study, the effects of annealing 

temperature on photoluminescence (PL) of ZnO-NPs were studied. 

ZnO was annealed at various temperatures between 500 and 800 °C. 

The X-ray diffraction (XRD) results demonstrated that grain size 

increased with increase of annealing temperature. The average size of 

the nanoparticles was determined by SEM as well as XRD data and 

found to be 50 nm after annealing at 800 °C. As the annealing 

temperature increased from 500 to 800 °C, the intensities of both UV 

peak and that of green luminescence (GL) enhanced monotonously. 

The enhancement in the UV peak intensity is attributed to the decrease 

of grain boundaries and surface states; whereas, the remarkable 

improvement in the GL is assigned to the out-diffusion of oxygen from 

the sample up to 800 °C. It supports that GL is induced by the singly 

ionized oxygen vacancies. These oxygen vacancies are saturated due to 

the finiteness of the defects at 800 °C.  
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Introduction:- 
ZnO is a promising material for short-wavelength photonic devices since it has a large direct band gap of 3.36 eV, 

and a large exciton binding energy of 60 meV, all of which are advantageous for light-emitting diode and low-

threshold optical pumped laser applications at room temperature. ZnO nanostructures, as well as ZnO films, have 

gathered considerable attention because they have a wide range of high technology applications like surface acoustic 

wave filters [1],  photodetectors [2],  light emitting diodes [3], photodiodes [4], gas sensors [5], and solar cells [6].  

ZnO is also receiving a lot of attention because of its antibacterial property and its bactericidal efficacy has been 

reported to increase as the particle size decreases [7]. However, there is a compromise in the development of a 

method for preparing low cost ZnO–NPs on a large scale and with high crystalline quality for optoelectronic 

application. Recently, several new ways have been developed to synthesize ZnO–NPs, such as the sonochemical 

method [8], oxidation process [9], sol–gel synthesis [10], a polymerization method [11], precipitation [12,13], 

solvothermal and hydrothermal methods [14–16], CVD [17,18], laser ablation [19] and sol–gel-combustion [20]. In 

general, the preparation of nanoparticles is a complicated process, and a wide variety of different variables may 

affect the properties of the final product. Some important variables have distinct effects on the properties of the final 

product, while others may have only minor effects. In the case of preparation of nanoparticles such as ZnO–NPs, it 

is very important to obtain a narrow size distribution of the final product, and to be able to control the morphology 
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of the ZnO–NPs. This paper reports the synthesis of ZnO nanopowders through sol gel process. The as-grown ZnO–

NPs were annealed at various temperatures to improve the crystalline quality and nanoparticle sizes. The structural 

properties and morphology of the synthesized and annealed ZnO-NPs were characterized by X-ray diffraction 

(XRD) and scanning electron microscopy (SEM) measurements, respectively. Low temperature photoluminescence 

(PL) spectra were used to investigate both the optical quality and property of the annealed ZnO-NPs. This is a key 

aspect for studying the applications of ZnO film in the UV region. 

 

Experimental Procedure:- 

The ZnO nanopowders (NPs) were grown from sol–gel method. The sol was prepared using zinc acetate dehydrate 

[Zn(CH3COO)2.2H2O; 0.18 M] as the starting material, methanol as the solvent, and citric acid (C6H8O7) as the 

stabilizer. The precursor solution was mixed thoroughly with a magnetic stirrer in 80 °C  water bath until the 

formation of a sol. The sol was preheated in a furnace at 80 °C  for 10 h to evaporate the solvent and remove the 

organic residuals. The powders obtained from the dried sol were then annealed at different temperatures (500, 

600,700 and 800 °C  for 3 h at ambient air. 

 

Results and Discussion:- 
The XRD patterns of the as-synthesized ZnO nanoparticles and those annealed at temperatures of 500–800 °C for 2 

h are shown in Fig. 1. Several significant peaks are shown. By comparing with the JCPDS No. 36-1451, the three 

pronounced diffraction peaks at about 2θ = 31.8
o
, 34. 5

o
, and 36.3

o
 are identified, respectively, as the (100), (002), 

and (101) peaks of ZnO. The results confirm the hexagonal wurtzite structure of the calcined ZnO NPs. By further 

increasing the calcination temperature, the three pronounced peaks showed enhanced intensity with reduced full-

width at half-maximum (FWHM). It means that crystalline quality was improved and nanoparticle size was 

increased with annealing temperature. The results show improved crystalline quality of ZnO-NPs  by raising the 

calcinations temperature. The average particle size in the calcined  ZnO- NPs was estimated by the Scherrer’s 

relation. The approximate size of the as 

 
Fig. 1. XRD pattern of ZnO–NPs prepared at different calcinations temperatures of (a) 500 (b) 600,  (c)  700  and  

(d)  800 °C. 
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Fig. 2  SEM image of ZnO-NPs after annealing at 800 °C 

 

grown particles is close to 200 nm. The average particle size of ZnO annealed at 500, 600, 700, and 800 °C has been 

estimated to be about 18, 22, 30, and 52 nm, respectively. The observation shows that by increasing the annealing 

temperature the crystalline quality and particles size of ZnO-NPs can be increased. The morphology and powder size 

of the annealed ZnO nanoparticles were studied by SEM. as shown in Fig. 2. The PL spectra from ZnO Fig. 3, 

consist of a UV emission band and a visible broadband emission. The UV emission is usually attributed to exciton 

recombination, while the visible luminescence is mainly due to point-like structural defects related to deep-level 

emissions, such as zinc vacancies, oxygen vacancies, interstitial zinc and interstitial oxygen. 

300 350 400 450 500 550 600 650 700

0

5

10

15

20

P
L

 I
n

te
n

s
it
y
 (

a
.u

.)

Wavelength (nm)

 500 deg

 600 deg

 700 deg

 800 deg

PL study of ZnO-NPs  sbjagtap

 
Fig.3 PL spectra of ZnO  nanoparticles annealed at 500, 600, 700 and  800 °C 
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Conclusions:- 
ZnO nanoparticles were prepared using the sol–gel method. Sol–gel synthesis is inexpensive process and  can be 

used for wide range of materials. XRD analysis at room temperature shows single phase formation of the sample 

with hexagonal crystal Symmetry and the crystalline quality was found to be enhanced by annealing temperature. 

After annealing at 800 °C the mean particle size estimated was found to be around 50 nm using Scherer’s formula 

and SEM analysis shows the particle size to be 70 nm. A sharp, strong and dominant UV emission with a suppressed 

green emission has been observed which confirms that the synthesized ZnO nanoparticles have good optical 

properties with low defects. This is a very promising step towards simple, low-cost and high quality synthesis of 

ZnO nano-powders.  
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