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Abstract: The Chemical Bath Deposition method was used for the preparation of ZnO nano rods and 
their optical and structural properties were taken for study.  ZnO seed layer thin films were prepared by 
chemical bath deposition method on well cleaned glass substrates. ZnO seed-coated glass substrates 
were immersed in aqueous solution of zinc nitrate and hexamethylenetetramine (HMT) for 4 hours at 
low temperature. 0.02 mol of Zinc nitrate and 0.02 mol of Hexamethylenetetramine (HMT) on 1:1 
molar concentration were used for the growth of Zinc oxide nano rods. The annealing temperature 
influence on the surface morphology and optical properties of the films were examined. The structure 
of the ZnO nano rod was studied with X-ray diffraction. The surface morphology was studied with 
Scanning Electron Microscope. The optical property was studied by UV-Vis spectroscopy. 
Experimental results have shown that prepared ZnO nano rods by this method have decrease in band 
gap due to increase in annealing temperature. 
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INTRODUCTION 
 

Semiconductor materials are always a research focus in material science due to their unique electronic, 
optical properties and extensive applications. Understanding the fundamental properties of these materials will 
provide opportunities to design advanced materials and to fabricate novel nano-devices for future applications. 
In these materials, wide and direct band gap semiconductors are of great interest in blue and ultraviolet optical 
devices such as light-emitting diodes and laser diodes (Jin, B.J., 2000). Zinc oxide (ZnO) is a wide and direct 
band gap (3.37 eV) semiconductor with a large exciton binding energy (60 meV) (Zu, P., 1997), has already 
been widely used in piezoelectric transducers, gas sensors, optical waveguides, transparent conductive films, 
varistors and solar cell windows, bulk acoustic wave devices (Ohshima, E., 2004; Yang, T.L., 1998; Sang, B., 
1998; Cordaro, J.F., 1986; Verardi, P., 1999). Over the past decades, ZnO crystallites had been obtained by 
several preparation approaches including sol–gel method (Lanf, R.J., W.D. Bond, 1984), evaporative 
decomposition of solution (Ivers-Tiffee, E., K. Seitz, 1987), wet chemical synthesis (Lee, N.Y., M.S. Kim, 
1991), gas-phase reaction (Haile, S.M., 1989) and hydrothermal synthesis (Lu, C.H., C.H. Yeh, 2000) etc. A 
variety of morphologies including prismatic forms (Li, W.J., 1999), spheres (Neves, M.C., 2001), nano rods 
(Zhang, J., 2002), and nano wires (Xu, C., 2002) had been synthesized. 

Among the above methods to prepare ZnO, hydrothermal synthesis route, is an important method for wet 
chemistry that has been attracting material chemists’ attention. The seed layer is prepared by low cost and 
simple Chemical Bath Deposition method. Employing this method, ZnO Nano rods were obtained. In this work, 
a simple system for the preparation of ZnO nano rods employing Zn (CH3C02)2 and C2H5OH as the reactants 
was designed. The structural and optical properties of the product were taken for study.  

 
2. Experimental: 

In a typical experiment, all the reagents were analytically pure and it was used without further purification. 
0.1 mol Zinc Acetate was dissolved into 10ml Ethanol, wherein white floccules immediately appeared as soon 
as they were mixed. Then 0.25ml of distilled water was introduced drop by drop through syringe. Under stirring, 
the solution was transferred into a clear homogeneous solution. The above solution was stirred continuously for 
2 hours at room temperature. The resulting solution was used as seed layer and deposited on well cleaned glass 
substrates. The solution was taken in a beaker and the glass substrates were dipped 5 times at regular intervals at 
room temperature by Chemical Bath Deposition method. Then the 5 layer films were annealed in a furnace at 
the temperature of 200°C for 1 hour.  
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Hydrothermal treatments were carried out by suspending the ZnO seed coated glass substrates in upside 
down position in a glass beaker that was filled with aqueous solution of 0.02 mol of Zinc nitrate and 0.02 mol of 
Hexamethylenetetramine (HMT) on 1:1 molar concentration. The above solution was mixed through magnetic 
stirrer for 2 hours. In the growth process the beaker was heated with a hot air oven and maintained at 90°C for 4 
hours. At the end of the growth period, the substrates were removed from the solution and immediately rinsed 
with deionized water to remove the residuals from the surface and dried in air at room temperature. Then the 
above films were annealed in Muffle furnace at different temperatures of 300°C, 400°C and 500°C each 1 hour. 

X-ray diffraction (XRD) was carried out on a XPERT-PRO X-ray diffractometer with Cu K_radiation (λ = 
1.54060 nm) at a scanning rate of 0.05◦ s−1in the 2θ range from 10◦ to 80◦. Scanning Electron Microscopy 
(SEM) micrographs were taken on a Scanning Electron Microscope. UV–Vis spectra were recorded on a 
JASCO Corp., V-570 spectrophotometer.  

 
RESULTS AND DISCUSSIONS 

 
Fig. 1 shows the XRD patterns of the product of the thin films with growth solution 0.02 mol of Zinc nitrate 

and 0.02 mol of Hexamethylenetetramine (HMT) on 1:1 molar concentration, with different annealing 
temperatures of 300°C, 400°C, and 500°C. All the diffraction peaks can be indexed within experimental error as 
hexagonal ZnO phase (Wurtzite-structure).      
 

 
Fig. 1: XRD spectra of ZnO thin films at different annealing temperatures. 

  
The strong and narrow diffraction peaks indicate that the material has a good crystalline and size. The XRD 

pattern of film annealed at 300°C shows that, it has a very strong (100) peak and weak (101) and (002) peak. 
The XRD pattern of film annealed at 400°C has a very strong (101) peak and weak (100) peak and moderate 
(002) peak. The XRD pattern of film annealed at 500°C has a very strong (002) peak, weak (100) peak and no 
(101) peak. From the above XRD patterns it is clearly seen that, as the annealing temperature increases the 
diffraction peaks were oriented strongly along the (002) peak. This implies that the grown nanorods show 
perfect c-axis orientation which is in accordance with SEM images. The XRD pattern of as prepared film shows 
that the peaks are not oriented along the ZnO structure and implies that the annealing temperature increases the 
orientation, crystalline nature and size of the ZnO nanorods.  

The average size of the ZnO particle is calculated using Debye scherer formula, davg = 0.9λ / β Cosθ. Where 
davg = Average crystal size, λ= Wavelength of incident beam (1.5406Å), β= FWHM in radians,  θ= Scattering 
angle in degree.The grain size of the nano particles are found to be 1.17nm, 1.72nm, 2.90nm and 2.01nm for 
annealing temperatures of 300 °C, 400°C, 500°C and as prepared ZnO nano rods 

The SEM images of the product are given in Fig. 2 (a-d). Many rod-like products can be clearly seen. The 
sizes of the products are homogeneous and the mean size is about 100 - 300 nm. The images can be indexed as 
hexagonal Wurtzite-structural ZnO, which is very consistent with the analysis of XRD. As stated in the XRD 
patterns, the SEM images of the ZnO nano rods   indicates that the length of the ZnO nano rods increases when 
the annealing temperature increases from 300 °C, 400°C and 500°C. It indicates that the samples grown in same 
solution experienced different growth rate of nano rods. The growth rate is defined along with growing length 
per annealing temperature. Fig.2a shows film annealed at 300 °C in which rods have grown in all directions in a 
flower  like  pattern. In the XRD  pattern all three peaks are moderately reflected. Fig.2b shows film annealed at 
400 °C and the rods have grown where all three peaks are as strong as indicated in XRD pattern, the size and 
shape has increased as shown in the SEM image. Fig.2c shows film annealed at 500 °C in which the grown rods 
were mostly arranged in vertical direction and resembles well in the XRD pattern in which (002) peak is strong. 
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Fig. 2a: SEM image of ZnO nanorod annealed at 300°C      Fig. 2b: SEM image of ZnO nanorod annealed at  

          400°C. 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 2c: SEM image of ZnO nanorod annealed at 500°C.        Fig. 2d: SEM image of ZnO nanorod as prepared. 
 

Interesting thing that was analyzed from the SEM images was that the density of the rods was reduced as 
the annealing temperature increased. This phenomenon was due to the seed layer concentration of the solution, 
wherein at lower annealing temperature the rods were grown according to the seed layer nucleation sites. The 
annealing temperature increases on the same rods from the same nucleation sites as it grows vertically but 
decreases the density because the energy taken to grow nano rods was got from the same nucleation sites. It 
indicates that a high annealing temperature of the film leads to fast growth rate and size of the nano rods. Fig.2d 
shows SEM image of film as prepared in which the rods were grown but not in a proper structure and size which 
clearly indicates annealing temperatures influences the growth of nanostructures.  

Fig 3 shows the optical absorption spectra. The optical absorption edge has a trend to shift to a higher 
wavelength with increasing annealing temperature. It is well known that the optical absorption determines the 
optical band gap and ZnO films have a direct band gap. The optical band gap of ZnO films was found to 
decrease from 3.45 eV, 3.35 eV, and 3.18 eV to 3.10 eV with the increase of annealing temperature. The 
decrease in band gap of ZnO films may be attributed to the improvement in the crystalline quality of the films 
along with reduction in porosity and increase of grain size. 
 

 
 
Fig. 3: Absorption spectra of UV-Vis Spectra annealed at 300 °C, 400 °C & 500 °C. 
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Fig. 4: Transmission spectra of UV-Vis Spectra annealed at 300 °C, 400 °C & 500 °C.              

           
Fig 4 shows the optical transmittance spectra from samples with 1:1 mol concentration and annealed at 

different temperatures of 300°C, 400°C, 500°C and as-prepared for each 1 hour, which was obtained on a 
JASCO Corp., V-570 spectrophotometer. The transmittance spectra is within the visible range nearer to infrared 
wavelength region that is always higher than 90%, which reveals the superior optical properties in the ZnO thin 
films produced by Chemical Bath Deposition method. The effect of annealing temperature on the optical 
transmittance for sample was investigated from as prepared, 300°C, 400°C and 500°C. A slight decrease in 
average transmission was observed with the increase of annealing temperature and was attributed to the increase 
of surface roughness. The optical transmittance of ZnO films was found to decrease from 94%, 83%, and 75% 
to 67% with the increase of annealing temperature.  
 
4. Conclusion: 

ZnO nano rods had been successfully synthesized in a simple Chemical bath deposition method at low 
growth temperature of 90°C for 4 hours via the hydrothermal method and annealed at three different 
temperatures of 300 °C, 400°C, and 500°C. Zn (CH3C02)2 and C2H5OH were used as the reactants and de-
ionized water was used as the directed reagent for growth of ZnO. From the results of XRD and SEM, it was 
clearly indicated that the high annealing temperature of the film leads to fast growth rate through size on the 
nano rods. The optical band gaps of ZnO films decrease from 3.45eV to 3.10eV as annealing temperature 
increases. This leads to the improvement in the crystalline quality of the films. A slight decrease in average 
transmission was observed with the increase in annealing temperature and those results are attributed to the 
increase of surface roughness. Experiments showed that the different annealing temperature would influence 
morphologies and optical properties of the prepared ZnO nano rods. 
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