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Zinc oxide (ZnO) thin films are widely used in the production of high value-added technological products such as photovoltic cells, sensors, 
flexible and wearable electronic materials, as they are abundant in nature, easy to process, low cost and can be produced with different 
methods. The Chemical Bath Deposition method is preferred in the production of metal oxide thin films by changing the parameters such as 
pH, temperature and concentration by immersing the various substrates into the prepared solution without the need for a vacuum 
environment. In this study, ZnO thin films were grown on glass substrates by chemical bath deposition method. The effects of pH on the 
structural, morphological and optical properties of the obtained films were investigated using X-ray diffraction (XRD) method, Field 
Emission Scanning Electron Microscopy (FESEM) and UV-Vis Spectrophotometry respectively. It was observed that the optimum film 
formation took place in the Z3 series at pH 10. 
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INTRODUCTION 

With the development of increasing technology and 
application techniques, thin films can be deposited on 
different morphologicals by using many metal oxides such 
as cadmium oxide,1 copper oxide,2 zinc oxide,3 magnesium 
oxide,4 titanium dioxide,5,6 and vanadium oxide.7 Metal 
oxide thin films can be obtained as a result of the 
combination of many techniques such as sol-gel spin 
coating,8 pulse laser deposition,9,10 chemical bath deposition 
(CBD),11,12 and chemical spray pyrolysis.13 Due to their 
electrical conductivity,14 optical transmittance15,16 and 
special band gaps, metal oxide thin films can be produced 
by using different techniques according to their usage areas 
and desired features. 17 ZnO thin films do not contain toxic 
chemicals, are suitable for developing alternative structures, 
easy-to-find and low cost. It is used as a value-added 
product in many different areas up to water treatment.18-24 
Metal oxide thin film deposition by chemical bath 
deposition method is more preferred than other techniques 
due to its advantages such as low cost, simple application25 
and easy change of parameters as temperature26 and pH.27 
The system does not require quick and additional annealing. 
In this study, ZnO thin films were produced by preparing 
bath solutions at different pH values with the CBD method, 
and the effects of the solution pH value on the structural, 
morphological and optical properties of thin films were 
investigated.  

EXPERIMENTAL  

CBD method is the method of obtaining a film on suitable 
substrate at suitable temperature by using the chemicals 
prepared with an aqueous solution with suitable 

stoichiometry. In this method, the substrate is immersed in 
the prepared chemical bath and there is no need for vacuum 
environment to produce the film and the pH of the solution 
plays an important role and the pH and temperature of the 
solution must be kept the same during film formation. In 
order to produce ZnO films by CBD method, a 0.25 M zinc 
nitrate hexahydrate Zn(NO3)2.6H2O (Sigma Aldrich) 
solution was prepared. Then 28 % aqueous ammonia 
(NH4OH) (Merck) was added to the solution to adjust the 
pH of the solution. To examine the effect of pH value on 
thin films, 4 different pH values were chosen and solutions 
were prepared. The naming of the selected pH values and 
series are given in Table 1. 

Table 1. Series naming by pH values.  

pH Series Name 

9 Z1 
9.5 Z2 
10 Z3 
10.5 Z4 

After the solutions were prepared, the pre-cleaned glass 
substrate was immersed in the bath and the solution was 
started to be heated while mixing the solution with the help 
of a heated and temperature controlled magnetic mixer. The 
immersed films were kept in the bath for 30 min at 85 °C 
bath temperature. The coated films were removed from the 
bath. The removed films were washed with distilled water 
and dried outdoors. The X-ray diffraction (XRD) method 
was used for the structural characterization of the films 
obtained. PANALYTICAL Empyrean X-Ray Diffraction 
(XRD) device was used to examine the structural properties 
of the films obtained. 45 kV voltage and 40 mA current are 
applied as operating conditions of the device. The scanning 
speed was selected at 2 degrees / minute, the wavelength of 
1,5406 Å was used with CuKα beam and samples were 
examined at 30o≤2θ≤60o limit values. Morphological 
properties were investigated using Field Emission Scanning 
Electron Microscopy (FESEM) and optical properties using 
UV-Vis Spectrophotometry. 
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Figure 1. XRD spectra of ZnO thin films. 

RESULTS AND DISCUSSION 

As seen in Figure 1, all series are polycrystalline and show 
peaks of hexagonal ZnO structure. Peak intensities of films 
prepared as pH 10 in Z3 series are higher than peak 
intensities of other series. In the Z1 series, the crystallinity 
of the films prepared at pH 9 is quite low. As can be seen 
from the spectrum, the peaks of the (010), (002) and (011) 
planes belonging to the hexagonal ZnO structure started to 
appear in the Z1 series with very low intensities. In the Z2 
series, when the pH value was brought to 9.5, the intensities 
of the peaks of the same planes also increased. In addition, 
the peaks of the (012) and (110) planes of the hexagonal 
ZnO structure were observed at low intensities. In the Z3 
series, all of the (010), (002), (011), (012) and (110) peaks 
of the hexagonal ZnO structure were formed violently and 
sharply in the films prepared at pH 10.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. FESEM images of ZnO thin films. 

 

 

 

 

 

 

 

Figure 3. Absorbance and optical transmittance spectra of ZnO thin films. 
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As can be seen from the spectrum, the Z3 series is the series 
with the most severe peaks. Z3 series has preferential 
orientation in the direction of (011) peak formed at 
2θ≈36.24o. In the Z4 series, when the pH value was brought 
to 10.5, a reduction of the intensity of the peaks of the 
hexagonal ZnO structure was observed. 

In Table 2, the full width half maximum (FWHM) and 
average grain size (D) values of thin films are given. With 
the information obtained from XRD spectra; The 
wavelength of the x-ray used is λ, the diffraction angle is θ 
and the half peak width in radians is β, and the average grain 
sizes of the films are calculated using the Scherrer 
formula.28 

 

   D = 0.9λ/βcosθ     (1) 

 

In the Z3 series, it is seen that the grain size value is 
greater than 53 nm. Crystallization improves as grain sizes 
increase. In addition, as the full width half maximum 
(FWHM) decreases, crystallization improves. Considering 
all these data, it is understood that the best crystallization is 
seen in the films of Z3 series. 

Table 2. Grain size values of thin films. 

Serial name FWHM D, nm 

Z1 0,3133 25 
Z2 0,2199 39 
Z3 0,1789 53 
Z4 0,1966 44 

ZEISS Supra 40VP Field Emission Scanning Electron 
Microscope (FESEM) was used to examine the 
morphological properties of ZnO thin films produced at 
different pH values. While examining the morphological 
properties of the device, the secondary electron (SE) 
detector was used and images at 30 kx magnification were 
obtained. 

When the FESEM images given in Figure 2 are examined, 
it is seen that the films consist of continuous and 
independent nano sticks. It is also seen that these nano sticks 
combine to form a flower-like structure. Average grain size 
values calculated from FESEM images are in the range of 
40-50 nm. In the Z1 and Z2 series, it is shown in the 
FESEM image that there are voids on the morphological and 
the structure is not completely formed. This data confirms 
the XRD results. 

UV-Vis Spectroscopy measurements were taken in the 
range of 300-1100 nm in PERKIN ELMER LAMBDA 25 to 
examine the optical properties of the films obtained. 

In Figure 3, absorption spectra and optical transmittance 
spectra of ZnO thin films at room temperature are given 
comparatively. The band gap values of the thin film was 
calculated by using Tauc method.29 The band gap value 
calculated for each series is given in Table 3. 

Table 3. Band gap values of ZnO thin films. 

Series name Bandgap values, eV 

Z1 3.21 
Z2 3.26 
Z3 3.35 
Z4 3.27 

The band gap values of ZnO thin films are reported in the 
literature as about 3.3 eV.30-32 When Table 3 is examined, 
the series closest to this value is the Z3 series. In addition, as 
seen in Figure 3, with the increase in pH value, a decrease in 
optical transmittance spectra is observed in the visible 
region (400 - 700 nm). 

CONCLUSION 

In this study, ZnO thin films were produced on glass 
substrates by CBD method. Solutions were prepared by 
selecting 4 different pH values between pH 9.5-10.5 values, 
series were named and the effect of pH on thin films was 
examined. When the structural properties of the films 
obtained were examined by the X-ray diffraction (XRD) 
method, it was observed that the 4 different series contain 
peaks of the polycrystalline structure and hexagonal ZnO 
structure, and the peak intensities of the films prepared in 
the Z3 series as pH 10 are higher than the peak intensities of 
the other series. When the full width half maximum 
(FWHM) and average grain size (D) values were calculated, 
it was observed that the grain size value in the Z3 series was 
higher than the others with 53 nm and crystallization 
improved as the grain sizes increased. Therefore, it was 
understood that the best crystallization was seen in the films 
of Z3 series. When the morphological properties of ZnO 
thin films produced at different pH values were examined by 
Field Emission Scanning Electron Microscope (FESEM), it 
was observed that they consist of independent nano sticks, 
combine to form a flower-like structure, and average grain 
size values are in the range of 40-50 nm. When the optical 
properties of the films were examined by UV-Vis 
Spectroscopy measurements. The band gap values of the Z3 
series of thin films was calculated as 3.35 eV with the Tauc 
method. It is observed that optimum film formation occurs 
in the Z3 series at pH 10, where crystallization is the best 
compared to other series. 
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