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Abstract: ZnO thin films were prepared by UV photo-assisted sol-gel method using zinc acetate (Zn(CH3COO)2.2H2O) as 
starting material , 2-methoxyethanol as solvent and monoethanolamine (MEA) as stabilizer. Thin films are deposited onto 
glass substrates using dip-coating technique. After deposition and drying at 100°C, the ZnO thin films have been grown 
using UV irradiation. The structural characterization of films has been performed using X-ray diffraction which shows the 
formation and the progressive growth along direction [002] of ZnO crystallites with hexagonal structure. The FTIR spectrum 
reveals the presence of a peak situated at 418 cm-1 corresponding to the Zn-O stretching which confirms the ZnO formation. 
The optical absorption of the ZnO thin films shows a shift of the gap to higher energies. The shoulder observed on the 
optical absorption spectrum indicates a large size dispersion of ZnO crystallites. The photoluminescence spectrum at room 
temperature reveals an intense and a wide band in the visible region from 400 to 800nm. The photoluminescence emission is 
formed of six bands which can be associated with various defects in ZnO crystallites. 
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I. INTRODUCTION 
 
With its wide direct band gap (3.37 eV) at room 
temperature and its large exciton binding energy 
(60meV) [1] , zinc oxide (ZnO) provides an 
opportunity to manufacture optical devices operating 
in the field of short wavelengths at room temperature. 
ZnO has many potential applications such as 
luminescent materials, transparent conductive 
contacts, thin-film gas sensors [2], ultraviolet laser, 
varistors and solar cells [3]. All these properties are 
directly related to the structure, morphology, size and 
defects of ZnO crystallites ; Which depend largely on 
the method of preparation of ZnO crystallites. Among 
the methods used so far for the preparation of ZnO 
thin films, the sol-gel process attracts more attention 
because of its simplicity of implementation and for 
the advantages that it offers such as the control of the 
size, the morphology and the doping concentration of 
ZnO crystallites. Amorphous ZnO thin films were 
prepared by direct UV (254 nm) irradiation of b-
diketonateZn2+ precursor complexes spin coated on 
Si(100) and fused silica substrates [4]. Quite recently, 
crystalline zinc oxide was prepared by UV irradiation 
of aqueous solutions containing zinc nitrate and 
propan-2-ol, or zinc formate and hydrogen peroxide 
at ambient temperature [5]. The aim of this work is to 
highlight the effect of UV irradiation on the 
formation of ZnO crystallites and to study its 
influence on the structural and optical properties of 
ZnO thin films. Depending on the method of 
synthesis and the posterior treatments, optical 
properties of ZnO thin films can be adjusted to 
improve the luminescence in the UV or the visible 
range. 
 
II. EXPERIMENTAL 
 

 
ZnO thin films were prepared by photo-assisted sol-
gel method using 1.5g of dihydrate zinc acetate 
(Zn(CH3COO)2.2H2O) as starting material , 40ml of 
2-methoxyethanol as solvent , 0.41ml of 
monoethanolamine (MEA) as stabilizer and  drops  of  
distilled water. The mixture was stirred at 60°C  for 2 
hours. Thin films were deposited o nto cleaned glass 
substrates using dip-coating technique. After 
deposition at room temperature and drying at 100°C, 
thin films have been exposed to UV irradiation 
(wavelength 254nm) for several hours and many 
cycles. Structural properties of samples were 
investigated by X-ray diffraction and by infrared 
spectrophotometry. The optical properties were 
studied by measuring of the optical absorption in the 
UV-Visible spectral range and by photoluminescence. 
 
III. RESULTS AND DISCUSSION 
 
The figure 1 shows an X-ray diffraction spectrum 
obtained from as deposited ZnO thin film and dried at 
100°C. The absence of peaks lets to de duce that the 
film is in the amorphous state. After the exposure of 
the sample to UV irradiation (254nm) for several 
hours, the spectra of X-ray diffraction (Fig.2) show 
the emergence of peak at 2θ=34.1° which means the 
formation and progressive growth of ZnO crystallites 
with time of UV irradiation. The crystallites are of 
hexagonal structure (wurtzite) with space group 
P63mc in agreement with the JCPDS card 36 1451. 
From spectra we can observe a preferred orientation 
of ZnO crystallites along the direction [002]. A 
similar result was reported in many other works on 
ZnO thin films coated on to glass substrates [6-9]. 
The sizes of ZnO crystallites, calculated using 
Scherrer's relationship, are reported in table 1. We 
note a weak increase of size with the time of UV 
irradiation which makes easy the control of the 
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crystallite size. This result highlights the growth of 
crystallite size based on UV irradiation time. The 
mechanism of photo-induced ZnO formation has not 
been understood in details, yet. It was proposed, that 
in aqueous solutions, total reduction of zinc ions 
occurs followed by oxidation via reaction with 
oxygen present in water [10,11]. For our samples the 
oxidation occurs via reaction with oxygen present in 
the air. 

 
Figure 1: X-ray diffraction spectrum of ZnO thin film without 

UV irradiation 

 
Figure 2: X-ray diffraction spectra of ZnO thin film after UV 

irradiation for 12, 20, 36 and 84 hours 
 
The ZnO crystallite sizes  remain small despite the 
long time of  UV irradiation. 
 
Table 1. Average sizes of ZnO crystallites after UV irradiation 

 
The band observed at 418 cm-1 on infrared absorption 
spectrum obtained from ZnO thin film after UV 
irradiation (Fig.3) is attributed to bending vibration 
absorption of Zn–O bond [12] and it confirms the 
formation of ZnO compound. 

 
        Figure 3: Infrared absorption spectrum of ZnO thin film 

after UV irradiation. 

Optical absorption spectra of ZnO thin films were 
measured in the UV-Visible spectral range (Fig.4). 
They show that films are transparent in the visible 
region but present strong absorption in the UV region 
for the wavelengths less than 358nm. We can note a 
red shift of the absorption edge with the time of UV 
irradiation which means a growth of ZnO crystallites. 
The shoulder observed in the spectra indicates a some 
dispersion in size of ZnO crystallites. The optical gap 
determined using the second derivative of the 
absorbance (Fig.5) is about 3.45eV. It presents a blue 
shift of Eg = 0.08eV (EgZnO=3.37eV). 
 

 
Figure 4: UV-Visible optical absorption spectra of ZnO thin 

film after UV irradiation for 12, 20, 36 and 84 hours 
 

 
Figure 5: Optical gap of ZnO crytallites  after UV irradiation 

(84hours) 
 
Some ZnO thin films have been subjected, after 
drying at 100°C, to a thermal annealing at 500°C for 
1 hour and were then exposed to UV radiat ion of 
254nm. Optical absorption spectra before and after 
irradiation are shown on the figure 6. We can observe 
a red shift of absorption edge for sample after UV 
irradiation, It means that UV irradiation promotes the 
growth of ZnO crystallites. 

 
Figure 6: Optical absorption spectra of ZnO thin film 
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a) After thermal annealing at 500°C for 1 
hour 
b) After thermal annealing at 
500°C and UV irradiatio n of 254nm 
 
The photoluminescence spectrum of ZnO thin film 
after UV irradiation was performed at room 
temperature using excitation of 325nm. It presents a 
wide band covering the visible range 
(Fig.7).Generally, visible emission in ZnO is due to 
different intrinsic defects such as oxygen vacancies 
(Vo), zinc vacancies (VZn), oxygen interstitials (Oi), 
zinc interstitials (Zni) and oxygen antisites (OZn). 
Using a Gaussian fit, the spectra of 
photoluminescence at room temperature (Fig.7) 
revealed six bands. All bands appear at energies 
below the gap of ZnO (Eg = 3.37eV). They can be 
assigned to the transitions from energy levels, which 
are associated with defects in ZnO crystallites. For 
the identification of defects responsible for each 
emission band, several studies have been performed, 
but on ZnO samples prepared by different methods. 
There is no consensus on the origin of the emission 
bands but there are some assumptions that are more 
or less complete because of the wide variety of 
possible defects, sizes and morphologies for ZnO 
crystallites. By comparison with results reported in 
the literature [13,14], the violet emission band at 
430.04nm (2.88eV) is attributed to  the electron  
transitions  between the conduction  band and  zinc  
vacancies;  the  blue  band at 451.29nm (2.74eV) is 
assigned to transitions between  exciton  level and  
interstitial sites of   oxygen ; the   band   at 482.85nm 
(2.56eV) is   caused by transitions of   Zn atoms in 
interstitial sites (donors) to  the vacancies  of Zn 
(acceptor) ; the band  at 521.52nm (2.37eV)   is 
related to transitions between complexes of defects 
(oxygen vacancies + Zn interstitial atoms) and  the 
valence band ; the band at 562.34nm (2.20eV) is from  
transitions  between the exciton level  and  oxygen 
atoms in antisites ; finally the band at 603.62nn 
(2.05eV) is due to oxygen vacancies. This result 
allows to conclude that ZnO crystallites, formed 
under UV irradiation, contain a diversity of defects, 
as that can be also remarked from X-ray diffraction 
spectra. 

 

Figure 7: photoluminescence spectrum of ZnO thin film after 
UV irradiation 

 

 
Figure 8: Gaussian fit of photoluminescence spectrum of ZnO 

thin film after UV irradiation 
 
CONCLUSION 
 
Crystalline ZnO thin films have been successfully 
prepared using a photo-assisted sol-gel method, 
which is based on the principle of the photochemical 
synthesis. The UV irradiation of amorphous ZnO thin 
films coated onto glass substrates, has led to 
crystallization and growth of ZnO nanocrystallites. 
The UV irradiation can replace the heat treatment 
used in conventional methods for the synthesis from 
chemical solutions. ZnO crystallites include several 
types of defects as shown by the photoluminescence 
spectrum 
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