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ZnO thin film was deposited using sol-gel spin coating method on Quartz substrate. Zinc acetatedihydrate was used as 
precursor. ZnO nanorods were grown in powder form by thermal evaporation of Zincacetatedihydrate. The structural study 
of the samples was done by X-ray diffraction.Charcteristic peaks and lattice constants were verified. SEM image confirm the 
synthesis of ZnO nanowires. Photoluminescence of ZnO nanowire showed strong UV emission as compared to ZnO film. 
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1. Introduction 
 
Zinc Oxide is an inexpensive n-type semiconductor 

having direct band gap of 3.37 eV which crystallizes in 
hexagonal Wurtzite structure (c = 5.025 and a = 3.249) 
Due to large exciton binding energy of 60 meV , they have 
potential application in Optoelectronic devices such as in 
solar cells[1], Optical wave guide[2], Light emitting 
diodes (LED)[3]. Zinc Oxide thin films are applied in Thin 
Film Transistors (TFT) [4] and as gas, chemical and 
biological sensors [5]. Thin films of Zinc oxide can be 
prepared by various techniques; among them are 
Sputtering [6], Chemical Vapor Deposition (CVD) [7], 
Laser ablation [8], Sol-gel [9] and Spray pyrolysis [10].  

Growth of 1-D nanostructures of ZnO such as wires, 
rods, tubes, belts etc has received increasing attention for 
its specific properties and for the fabrication of nanoscaled 
devices. Many different techniques have been employed 
for the growth of nanostructures. Primary synthesis 
methods include Vapour-liquid-solid (VLS) process [11], 
metal organic CVD [12] and Thermal evaporation [13]. 

In the present work we have prepared ZnO thin film 
and ZnO nanowire using sol-gel spin coating and Thermal 
evaporation techniques respectively. Both these methods 
are simple, cost effective and rapid synthesis methods. In 
both the methods Zinc acetate dihydrate served as the 
precursor. The structural study of ZnO thin film and 
nanowires was done by X- ray diffraction. 

Scanning electron microscopy and Transmission 
electron microscopy was used for viewing the morphology 
of nanowire. The photoluminescence study of the ZnO 
film and nanowire revealed UV emission. 

 
2. Experimental details 
 
ZnO thin film was prepared on Quartz substrate (2.5 × 

2.5 cm 2) by sol-gel spin coating method. First the Quartz 
substrate was cleaned with soap solution followed by 
cleaning ultrasonically in acetone bath and finally in 
isopropanol vapours.For sol preparation 10% solution of 

Zinc acetate [Zn (CH3COO)2.].2H2O was prepared in 
boiling iso-proponal. This was followed by clearing the 
turbid solution by adding 10 drops of diethanolamine by a 
5ml dropper. The sol was further boiled for 30 min. and 
then allowed to cool to room temperature. For film 
preparation, the silicon wafer was mounted on the spin 
coater (SCU 2005 Apex Inst.Co.) and 5-6 drops of sol was 
dropped over it while it was allowed to spin at the rate of 
3000 rpm. This step was followed by drying the wet 
coated slide at 100oC for 10 min and subsequent annealing 
at 400 oC for 1 hr. Multiple coating was done to obtain the 
workable thickness of the film.  

ZnO nanowires were prepared using Zinc acetate 
dihydrate as the precursor. 2 gms of the precursor was 
placed in the Quartz crucible covered by Quartz lid and 
then placed in the furnace. The crucible was heated to 
300°C for 12 h, producing ZnO nanowires in powder 
form. 

The structural properties of the prepared samples were 
studied by X-ray diffraction measurements (Panalytical 
Xpert pro, with CuKα radiation (λ= 1.54059 Å)). The 
average crystallite  size  of  film  was  determined  by  
Scherrer  formula  from  the  broadening  of  the  
diffraction peaks. Scanning electron microscope (SEM) 
(Jeol; JSM-6390LV) was used for viewing the surface 
morphology of the samples. Photoluminescence of the 
samples was measured using fluorescence 
spectrophotometer (Hitachi). 

 
 
3. Results and discussion 
 
 3.1 Structural properties   
                                                   
The crystal structure of ZnO film and nanowire was 

investigated through X-ray diffraction (XRD). The X-ray 
diffraction spectrum of ZnO film and ZnO nanowire is        
shown in Fig. 1.  
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Fig. 1. XRD spectrum of ZnO thin film (a) and  

ZnO nanorod (b). 
 
 

The peaks of the XRD spectrum correspond to those 
of the ZnO patterns from the JCPDS data [14], having 
hexagonal wurtzite structure of the bulk with lattice 
constants a=3.24982Å, c=5.20661Å.  Due to the presence 
of all the prominent peaks the nanowires have more 
polycrystalline nature than thin film. 

The crystallite size of the film for prominent 
diffraction planes (100), (002) and (101) was calculated 
using the Debye-Scherrer formula [15] 

 

                             D=
θβ
λ

cos
9.0

                                (1) 

 
Where D is the crystallite size, λ (=1.54059Å) is the 

wavelength of the X-ray used, β is the broadening of 
diffraction line measured at the half of its maximum 
intensity in radians and θ is the angle of diffraction. The 
average crystallite size was found to be 39 nm.   

Fig. 2 and Fig. 3 shows the Scanning electron 
microscope image of the ZnO thin film and ZnO 
nanowires respectively.  

 
 

 
 

Fig. 2. SEM micrograph of ZnO thin film prepared on  
Quartz substrate. 

 

 
 

Fig. 3. SEM micrograph of ZnO nanowires. 
 
 

From Fig. 2 we notice that surface of the ZnO film is 
granular in nature with grain size of the order of 
nanometers. Fig. 3 shows the growth of nanowires of ZnO 
in random directions. The length of the naowires is of the 
order of few microns while diameter is of the order of 
hundreds of nanometers. 

 
3.2 Photoluminescence study 
        
Photoluminescence (PL) is a widely used technique to 

investigate structural disorder in nanostructured materials 
prior to fabrication of optoelectronic devices. Fig. 4 shows 
the room temperature emission spectrum of ZnO 
nanowires and ZnO thin film excited at 315 nm. 
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Fig. 4. PL spectrum of ZnO nanowire and ZnO thin film. 

 
From the PL spectrum of Fig. 4 we notice that  the 

Ultra Violet (UV) emission (~ 380 nm) of ZnO nano wires 
has much higher intensity than ZnO thin film. Aweak Blue 
band (440-475 nm) and a negligible green band (510 nm) 
are also observed in case of ZnO nanowires. The UV 
emission must be contributing to the near band edge of the 
wide band gap ZnO. The green emission corresponds to 
the singly ionized oxygen vacancy in ZnO and results 
from the recombination of a photogenerated hole with the 
singly ionized charge state of this defect. Thus, the almost 
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negligible green band in Fig. 4 suggests that there is very 
low concentration of Oxygen vacancy in ZnO nanowires 

 
 
4. Conclusions 
 
 ZnO thin film was deposited on Quartz substrate by 

sol-gel spin coating process. ZnO nanowires were 
synthesized in powder form by thermal evaporation. The 
structural characterization of the samples was done by X-
Ray Diffraction (XRD).  From XRD spectrum of the film 
and nanowires the characteristic reflection planes of ZnO 
was verified. The average grain size of the film was found 
to be 39 nm using Debye-Scherrer formula.  SEM images 
of the ZnO film showed granular nature and nanowires of 
ZnO was confirmed. Photoluminescence spectrum of ZnO 
nanowires showed strong UV emission in comparison to 
ZnO film. Weak blue and green emission were also 
observed from ZnO nanowires. Thus ZnO nanowires are 
more efficient UV emitters than ZnO thin film which adds 
to its applications in optoelectronics in UV range. 
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