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ABSTRACT: Uniform surface morphology of  almond-like ZnO microcrystals has been observed in thin film, 
deposited at room temperature on a glass slide by  chemical bath deposition method.  The almond-like crystals shows  
approximate length of 1.5 µm, diameter of  0.5 µm and tip of about 100 nm.  This morphology was found in thin film 
deposited from 0.05M zinc nitrate (Zn(NO3)2.6H2O)  solution at pH 8. The structural and optical properties of the film 
was examined and characterized by X-ray diffraction (XRD), Scanning electron microscopy (SEM), Energy-dispersive 
spectroscopy X-ray diffraction (EDAX) and UV-Vis spectroscopy. XRD pattern shows that the crystals have hexagonal 
wurtzite structure with preferred (002) growth direction. The deposited film shows  UV absorption at 381.3 nm . 
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I.  INTRODUCTION 
 
Zinc oxide (ZnO) is a semiconducting material with  direct wide bandgap of 3.37 eV and large exciton binding energy 
of 60meV at room temperature [1]. ZnO shows properties like high electron mobility ~2000 cm2 /V.s at    80 K and 
high thermal conductivity which makes it a suitable candidate for a wide range of applications such as light emitting 
diodes [2], solar cells [3], photocatalysis [4] and gas sensors[5]. Nano and microcrystalline ZnO  have attracted a great 
deal of attention because of their size dependent properties and wide range of applications. Various methods have been 
used to synthesis ZnO nanostructures such as  nanowires[6], nanorings[7], nanorods[8], nanobelts[9], 
nanosheets[10],and nano propeller [11], dumbell like ZnO [12]. Some of these are chemical vapor deposition[13], sol-
gel [14],  molecular beam epitaxy (MBE) [15], spin coating [16], ion implantation [17], pulsed laser deposition (PLD) 
[18]  and solution phase methods. Chemical bath deposition (CBD) [19] is one of the solution phase method useful for 
the preparation of  ZnO thin film from aqueous solutions. The film thickness, deposition rate and quality of crystallites 
can be controlled by varying the solution pH, temperature and bath concentration [20]. It  is a  low cost method and 
does not require high temperature or pressure. It is also convenient for large area deposition. 
 
In our experiment we have used  conventional chemical bath deposition method to synthesis ZnO thin film from 0.05M 
zinc nitrate and ammonia solution. We have reported a  highly uniform almond – like surface morphology of   ZnO 
microcrystals deposited on glass slide without any additives at room temperature.  
 

II. MATERIALS AND METHODS 
 
Zinc nitrate (Zn(NO3)2.6H2O) and ammonia solution of analytical grade (from SDFCL) were used as received without 
any further purification. A magnetic stirrer was used to stirr the bath solution  and glass slide  was used as substrate. 
The glass substrates were cleaned with acetone and then washed with distilled water. The pH of the bath solution was 
varried by adding ammonia solution dropwise to the continously stirred  0.05 M zinc nitrate solution. The pH in this 
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process was varied from 7 to 8.5. The glass substrate was kept immeresed in the bath solution by a suitable 
arrangement and the  solution was continously stirred for two hours at room temperature. This solution was then kept 
idle for  18 hours with the substrate immeresed in it. The as deposited substrate was removed from bath solution and 
washed with distilled water. The quality of the deposited thin  film was observed to vary with the change in pH of the 
bath solution. A milky white and uniform film was obtained at pH 8 which was further  annealed at 250ºC for two 
hours. The optical properties of this film was examined and characterized by UV-Vis spectrophotometer ( SHIMADZU 
UV-1800). X-ray diffraction patterns were recorded using an X-ray diffractometer with CuKα radiation (λ = 0.1540 nm) 
and the analyses of the surface morphology was performed with a field emission scanning electron microscope (ZIESS 
Ultra55 FESEM) equipped with EDAX. 
 

III. RESULTS AND DISCUSSION 
 

1. Physical quality  of  as deposited  film 
 

The effect of change in pH of the bath solution  at room temperature on as deposited film  was studied and is reported 
in Table 1. The physical quality of the film was seen to vary as the pH value was changed from 7 to 8.5. 
 
  

pH of 0.05 M zinc 
nitrate solution 

Quality of film 

7.0 No film was deposited on the glass  substrate . 
Inhomogeneous bath solution and thick  precipitate was 
formed. 

7.5 Milky white and non-uniform  thin film was observed. 
7.8 Milky white and non-uniform  thin film was observed. 
8.0 Milky white and uniform thin  film was observed.                   

Milky homogeneuos bath solution was observed. 
8.2 Non-uniform thin film was observed. 
8.5 Semi transparent and non-uniform thin film was 

observed.  
Table 1: pH of bath solution and quality of deposited thin film 

 
At pH 7, the bath solution was inhomogeous and no film was deposited on the glass substrate. At pH 8.5 of the bath 
solution, a semi transparent film was deposited on the substrate. At pH 7.5, 7.8 and 8.2 of  the bath solution, a non-
uniform and whitish film was deposited on the substrate. At pH 8.0 of the bath solution,  the as deposited film was 
found to be milky white, opaque and uniform. The physical appearance of this film remained unchanged after 
annealing and it was further characterized by XRD, SEM, EDAX and UV-Vis measurements. 
 

2.   X-Ray Diffraction (XRD) 
 

The XRD pattern of the uniform thin film, given in Fig. 1,  shows clear signature of characteristic ZnO without 
impurities. It is evident from the XRD pattern  that the crystals have hexagonal  wurtzite structure.  The  lattice 
parameters  were calculated  from : 

1
dhkl

2  =
4
3
ቆ

h2+hk+k2

a2 ቇ+
l2

c2 

 
The values of  lattice parameters were found to be  a = 3.229 Å  and   c = 5.176 Å  with orientation of the grains along 
(100), (002), (101), (102), (110) and (103) planes.  This is in good agreement with the standard JCPDS data. 
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Fig.1 : XRD pattern of ZnO thin film

 
The comparatively sharp and intense pattern of the peak reflected from the (002) plane shows that the grains have 
preferred growth orientation along c-axis perpendicular to the substrate.This is also seen from  the SEM images given 
in Fig. 2.  A comparison of standard  JCPDS data  and  the deposited thin film is  shown in Table 2. 

 
 

 (hkl) Calculated dhkl (Å) JCPDS dhkl (Å) 
100 
002 
101 
102 
110 
103 
112 
201 

2.797 
2.588 
2.460 
1.899 
1.614 
1.468 
1.370 
1.350 

2.814 
2.603 
2.476 
1.911 
1.625 
1.477 
1.378 
1.360 

 
Table 2: Comparison of calculated d values of  ZnO thin film with JCPDS data 

 
3 SEM & EDAX 

 
 Figure 2(a) & 2(b)  shows  surface morphology of ZnO thin film at two different magnifications. Figure 2(a) shows 
that the microcrystals are unifomly distributed and  their preferred  direction of growth is perpendicular to the glass 
substrate.  
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Figure 2(b) shows that the microcrystals  have  distinct surface morphology which looks similar to the almond structure.  
These  microcrystals  are nearly equal in size with approximate length  of 1.5 µm, diameter of  0.5 µm  and  tip 100nm. 
The surface  of each  microcrystal  shows  irregularly developed  nanocrystals of size about  50nm. 

     

 
Fig.3: EDAX (All results in atomic%) 
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Fig. 2(b) : SEM images of  ZnO thin film showing almond-like microcrystals 

Fig 2(a) : SEM image of  ZnO thin film showing uniform surface morphology 
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EDAX spectrum shows there are no impurities in the deposited film. The presence of  silicon and calcium is due to  
glass substrate and alumina crucible used for annealing . The weight percent of Zn and O elements obtained from 
EDAX  is nearly stoichiometric.  
 

4. UV-Vis Absorption Spectrum   
 

Absorption spectroscopy is a powerful technique for exploring the optical properties of the semiconducting materials. 
Fig. 4. shows the absorption spectrum of ZnO thin film in the wavelength range 250nm to 1100nm. The absorption 
peak is observed  at  381.3 nm and corresponding energy band gap is found to be  3.25 eV. 
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Fig. 3 : UV-vis absorption spectrum of ZnO thin film.

 
 

IV. CONCLUSION 
 
ZnO thin films were deposited by chemical bath deposition method from 0.05M zinc nitrate solution at room 
temperature. The effect of pH on deposition of thin film on glass subtrate was observed and studied. Uniform     
almond-like microcrystals were observed at pH 8 for 0.05 M zinc nitrate solution. The  crystals show hexagonal  
wurtzite structure  with lattice constants a = 3.229 Å and c = 5.176 Å. Their preferred direction of growth is along       
c-axis perpandicular to the substrate. The surface of these microcrystals show irregular growth of nanocrystals of size 
about  50nm. The ZnO microcrystals has UV absoption at 381.3 nm and band gap energy 3.25eV which might be 
interesting for further applications to microscale optoelectronic devices. 
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