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 This research included the preparation of (ZnO) thin films by CBD 

technique for the deposition of chemical bath thickness (150 ± 20nm). 

X-ray diffraction was analyzed and showed that the films crystallize in a 

polycrystalline hexagonal structure, with a preferred direction along the 

level (100). Increased volume of calculated crystals for deposited films 

was found by increasing molar concentration. The surface morphology 

of films was studied by SEM, and the surface morphology of ZnO films 

is a heterogeneous distribution. The optical properties of all deposited 

ZnO films contained a spectral permeability and absorption spectrum in 

the wavelength range (300-1100nm), and the transmittance decreased 

with increasing molar concentration, it was found that the value of the 

light energy gap (Eg) increases with increasing molecular concentration 

band gap between 3.1 and 3.2 eV. 
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الرقيقت المحضرة بطريقت ترسيب الحمام  ZnOتأثير التركيز المولي على الخواص البصريت والتركيبيت لأغشيت 

 الكيميائي

 قاسن جفاث عبد الرضا حسين علي نور

 لسن الفيضياء كلية التشبية ، جاهعة المادسية ، العشاق

 تـــلاصـــخ  ــــال  الكلماث المفتاحيت:

ZnO 

 طشيمة التشسيب بالحوام الكيويائي

 الخصائص التشكيبية

 الخصائص البصشية

حيييت حيين   CBD( بتمٌييية ZnOفييي اييزا الذساسيية، حضييوي ححضيييش ايقةييية الشليميية ليي    

ًياًمهتش(  حين ححلييي حييمد ايايعة السييٌية أحبييي  ى  01±  051حشسيب حوام كيويائي بسوك  

ايقةييية حتبلييمس فييي بٌييية سذاسييية هتعييذد  البلييمساف ، هيي  اح يياٍ هفضييي  ليي  طييم  الوسييتم  

(  حن العثمس  لي  صيياد  ح ين البليمساف الوحسيمبة ل قةيية الوتشسيبة  يي طشييك صيياد  011 

، أالتةيكي السيححي  SEMالوملي  كزلك حن دساسة التةكي السيححي ل في م بماسيحة  التشكيض

اييم حمصييي  قيييش هت يياًو  حيييت  أجييح  الٌتييائب  ى الخييما  البصييشية ل وييي   ZnOيفيي م 

الوشسبة ححتمي  ل  ًفارية طيفيية أطييا اهتصيا  فيي ًحياق الحيم  الويمجي   ZnO قةية 

mailto:%20basaqaseemjafat@gmail.com
http://dx.doi.org/10.31257/2018/JKP/2020/120110


JOURNAL OF KUFA–PHYSICS  |  Vol. 12, No. 1 (2020) Qasim Chfat Abdulridha, Hussein Ali Noor 

   67 

 

1. INTRODUCTION 

Thin-film is called a layer or several layers 

of material atoms that do not intersect with a 

thickness less than "1mm" (Look, 2001; Ratner, 

2002) With the development of the economy 

and industry, environmental defects have 

become more acute over the past decades (Xu et 

al., 2003a). ZnO nanostructures as dual-

conductor II-IV semiconductors have been 

interesting to many researchers because they 

have good optical and electrical applications, 

their potential use in solar cells, easily 

manageable morphological properties, solar 

hydrogen conversion devices, hydrogen 

photoelectric generators and sensors (Li and 

Alivisatos, 2003; Ma et al., 2004; Wang and Li, 

2003). Organic pollutants. Those who resist 

environmental degradation, and therefore can 

stay in the environment for a long time, are 

more dangerous to living organisms(Ebothé et 

al., 2003; Munef, 2015; Schropp and Madan, 

1989). ZnO thin films have been studied as an 

active channel material in the development of 

thin film transistors due to the characteristics of 

n-type semiconductors and excellent thermal 

stability and can be well-directed crystals in 

different substrates(Öztas and Bedir, 2008; 

Zhang and Ma, 1996). Several thin-film 

methods have been used for the synthesis of 

ZnO, such as the deposition of a laser-chemical 

molecular beam bath and electrochemical 

deposition(Chung et al., 2008). ZnO thin films 

are used in a wide range of transparent 

electrodes, surface acoustic waves, field-effect 

transistors and projectors(Lin et al., 2007). ZnO 

is a useful semiconductor material, 

environmentally friendly and environmentally 

friendly due to its typical properties, such as the 

direct direct-inhibited band (3.3 volts) in the 

present work The effect of molar concentration 

on the optical and structural properties of thin 

films of ZnO prepared by the deposition of a 

chemical bath (Fritzsche and Tauc, 1974). 

2. Experimental details  

Thin films of zinc oxide nanoparticles were 

prepared on glass substrates (75   25  1 mm), 

cleaned with a sterilizer, degreased from 

trichlorethylene and ethanol and washed with 

sediment. ZnO thin films grew on a glass 

substrate using CBD techniques, and ZnO films 

were prepared using aqueous solutions of zinc 

chloride (II), sodium chloride (ZnCl2) and 

NaOH 3M in deionized water to a volume of 50 

ml with magnetic stirring. Next, the solution 

(NaOH) was added to mixed wisdom by 10 ml, 

and the pH measured at 10.5. All films were 

deposited with a solution (1, 2, 3, 4) M of 

ZnCl2. Before deposition, the beaker containing 

the deposition solution was placed in a water 

bath at 80 ° C for about 5 minutes to stabilize 

the temperature of the solution, then kept the 

beaker in the water bath. At the end of the 

deposition time (1 hour), the slices were ejected, 

rinsed with distilled water and allowed to dry 

with hot air. The samples were analyzed by a 

type of X-ray diffraction (SHIMADZU Japan 

XRD 6000) to determine the crystal structure. 

Of prepared films (Öztas and Bedir, 2008). X-

ray diffraction (XRD) measurements using Cu 

Kα radiation with a wavelength of λ = 1.5406Å 

in the scanning range 2θ = 20
o
-90

o
. Spectral 

measurements were performed using the UV-

VIS spectrometer (Shimadzu, UV-1800). 

Surface terrain analysis and surface morphology 

were studied by scanning electron microscopy 

type (SEM) (manufacturer: FEI, Quanta 450). 

 

 

3. Results and discussio 

ريية هي  صيياد  التشكييض الويملي ، أأجيذ  ى ليوية ف يم  ًاًمهتش( ، أحٌالص  الٌفا 011-0011 

  3.2أ3.1 الحالة الضمئية  حيضداد هي  صيياد  ف يم  الحالية جيوي ًحياق التشكييض ال ضي يي بييي 

  فمل  لكتشأى 
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X-ray diffraction patterns (XRD) for Plano 

nano-ZnO films (0.1,0.2, 0.3) M were obtained 

by CBD technique. All thin films are compared 

to the standard ICD card JCPDS No. 13-0311, 

where all films have peaks linked to a 

hexagonal crystalline structure with a 

preferential direction of level (101) (Liu and 

Zeng, 2003). In Figure 1 X-ray spectra of pure 

ZnO by (0. 1, 0.2, 0. 3) thin films M show an 

increase in the severity of peaks with an 

increase in molar concentration (Lindroos and 

Leskelä, 2000). The diffraction peaks are 

slightly converted to samples of two and a half 

values, and the distance between the crystalline 

levels of the prepared membranes was 

calculated using Brack's law under the 

relationship(Raether, 1977): 

     =2                                              (1) 

The interstitial distances between the 

crystalline levels were affected by the 

crystalline structure being affected by the 

increase of molar concentrations. As shown in 

Table 1. The crystallite size (D) was calculated 

by Scherer formula (Raether, 1977): 

  
  

     
                                                   (2) 

Where K is the Scherer constant, and this 

value is 0.94, λ is the wavelength, and B is the 

full width at half maximum The interstitial the 

crystallite size (D) were affected by the 

crystalline structure being affected by the 

increase of molar concentrations. 

Table 1: XRD result of ZnO thin films for  
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Fig. 1: XRD pattern of deposited ZnO thin 

films 

 

 

 

Fig. 2(a): SEM images of ZnO at 0.1 M. 
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Fig. 2(b): SEM images of ZnO at 0.2 M. 

SEM images are shown in a simple form of 

the ZnO sample (0. 1, 0.2 M) in Figure 2, a, b. 

As clearly demonstrated, the ZnO sample 

(0.1,0.2M) consists of dense, continuous and 

clearly defined. Obviously, the microscopic 

structure consists of almost many grains. Its 

shape can be spherical covering the surface of 

the substrate in one form or another. Figure 3c, 

d illustrates that the EDAX spectrum of thin 

films obtained from CBD ZnO (0.1,0.2 M) is 

the EDAX spectrum consistent with the 

formation of Zn, O 

 

Fig. 3(a): EDX images of ZnO at 0.1M. 

 

Fig. 3(b): EDX images of ZnO at 0.2M. 

Table 3: EDX result of ZnO 0.1  thin films 

Spectrum: Acquisition 

Eleme

nt 

Series wt % wt % wt % 

Oxyge

n 

K-

series 

91.06 91.06 97.66 

Zinc K-

series 

8.94 8.94 2.34 

Total 100. 

00 

100.00 100.00 

 

Table 4: EDX result of ZnO 0.2M thin films 

Spectrum: Acquisition 

Element Series wt % wt % wt % 

Oxygen K-series 36.83 54.23 82.88 

Zinc K-series 31.08 45.77 17.12 

Total 100. 00 100.00 100.00 

 

The external morphology of the ZnO 

heterostructure was first investigated by SEM 

(Fig. 3- a, b). Large, partially separated granules 

with an average size of 5 mm can be observed. 

(Fig. 3, a, b) shows the EDX image and the 

composition of the elements O and Zn, 

belonging to the sample. It was calculated that 

the formation results were almost consistent 

with the molar ratio of ZnO from Formation 

Table (3&4). 

3.2 Optical Properties  

The optical transmittance spectra of pure 

ZnO (0.1, 0.2, 0. 3) M of films, which were 

examined using UV visible spectrometer in 

wavelength ranged from 300 to 1100 nm as 

shown in Figure 4. The results show that the 

transmittance shows the films Thin film with 
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increased molar concentration. It can be said 

that the permeability of the prepared 

membranes decreases with increasing molar 

concentration leading to more atomic 

arrangement and better cohesion, which reduces 

the amount of permeability, as this permeability 

is important in certain applications such as 

transparent conductor (transparent conductor) 

and solar cell windows (solar cell windows). 

 

Fig. 4: Optical transmittance of pure ZnO . 

Fig.5. Showing the absorption coefficient 

as a function of the energy photon "h𝓋", it can 

be observed that the films have a high 

absorption coefficient (α˃104 cm
-1

) indicating 

direct electronic transformations. The 

absorption coefficient increases with increasing 

photon energy and slightly increases in the 

range (3.3) volts. It can be seen that the 

absorption coefficient increases in molar 

concentration (Uekawa et al., 2001; Xu et al., 

2003b). Optical measurements were performed 

at room temperature. The spectra were recorded 

using similar glass as a reference, therefore, 

only the absorption since the film was obtained, 

the absorption coefficient (α) is determined 

according to (Das and Chaudhuri, 2007). 

       
 

 
                                                (0)               

Where A is the absorption, t is the film 

thickness. 

 

Fig. 5:  Absorption coefficient of pure ZnO. 

The optical band gap   
   

 was calculated 

by the following relation [18]: 

  𝓋       𝓋     
                              (4) 

Where h𝓋 is photon energy, B is a constant 

value, depends on the nature of the material, 

and r is a quantity depends on the nature of the 

transition. 

Figure 6, backward illustrates the value of 

the light energy band gap of pure ZnO by 

(0.1,0.2,0. 3) M for the allowable direct 

transition, and is calculated using the relation 

(3) by choosing the perfect linear portion, which 

is determined from During extrapolation of the 

linear portion of the curves until intercepted by 

the photon energy axis at (αh𝓋) 2 = 0. Light 

power outages were calculated according to 

relationship (3), and were found to increase 

with increasing molar concentration. The reason 

is that Burstein-Moss has been altered so that 

the default energy gap is larger than the original 

gap due to the bottom of the electron beam. 
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Fig. 6:  The optical energy gap of ZnO. 

4. Conclusions 

We have found that zinc oxide reduces 

particle size, which means that increased molar 

concentration affects the crystal structure of the 

zinc oxide membrane. Since structural 

properties are related to optical properties, we 

see reduced permeability with increased molar 

concentration. This means it can be used as 

good optical windows in electroplating and anti-

reflective coatings to improve the efficiency of 

solar cells. Thin films have a small absorption 

factor indicating that the electronic transmission 

is the direct type. 

2. REFERENCES 

[1] Chung, J.-L., Chen, J.-C., and Tseng, 

C.-J. (2008). The influence of titanium 

on the properties of zinc oxide films 

deposited by radio frequency 

magnetron sputtering. Applied 

Surface Science 254, 2615-2620. 

[2] Das, S., and Chaudhuri, S. (2007). 

Mg2+ substitutions in ZnO–Al2O3 

thin films and its effect on the optical 

absorption spectra of the 

nanocomposite. Applied surface 

science 253, 8661-8668. 

[3] Ebothé, J., El Hichou, A., Vautrot, P., 

and Addou, M. (2003). Flow rate and 

interface roughness of zinc oxide thin 

films deposited by spray pyrolysis 

technique. Journal of applied physics 

93, 632-640. 

[4] Fritzsche, H., and Tauc, J. (1974). 

Amorphous and liquid 

semiconductors. Plenum Press, New 

York, 1974) p 254. 

[5] Li, L. S., and Alivisatos, A. P. (2003). 

Semiconductor nanorod liquid crystals 

and their assembly on a substrate. 

Advanced Materials 15, 408-411. 

[6] Lin, W., Ma, R., Shao, W., and Liu, B. 

(2007). Structural, electrical and 

optical properties of Gd doped and 

undoped ZnO: Al (ZAO) thin films 

prepared by RF magnetron 

sputtering. Applied Surface Science 

253, 5179-5183. 

[7] Lindroos, S., and Leskelä, M. (2000). 

Growth of zinc peroxide (ZnO2) and 

zinc oxide (ZnO) thin films by the 

successive ionic layer adsorption and 

reaction–SILAR–technique. 

International Journal of Inorganic 

Materials 2, 197-201. 

[8] Liu, B., and Zeng, H. C. (2003). 

Hydrothermal synthesis of ZnO 

nanorods in the diameter regime of 50 

nm. Journal of the American 

Chemical Society 125, 4430-4431. 

[9] Look, D. C. (2001). Recent advances in 

ZnO materials and devices. Materials 

Science and Engineering: B 80, 383-

387. 

[10] Ma, C., Moore, D., Ding, Y., Li, J., and 

Wang, Z. L. (2004). Nanobelt and 

nanosaw structures of II-VI 

semiconductors. International journal 

of nanotechnology 1, 431-451. 

[11] Munef, R. (2015). pH effect on 

structural and optical properties of 

nanostructured zinc oxide thin films. 

Paper presented at: AIP Conference 

Proceedings (AIP Publishing LLC). 

0

1E+11

2E+11

3E+11

4E+11

5E+11

6E+11

7E+11

8E+11

1 2 3 4 5
hʋ(eV) 

ZnO 0.1 M

ZnO 0.2 M

ZnO 0.3 M



JOURNAL OF KUFA–PHYSICS  |  Vol. 12, No. 1 (2020) Qasim Chfat Abdulridha, Hussein Ali Noor 

  72 

[12] Öztas, M., and Bedir, M. (2008). 

Thickness dependence of structural, 

electrical and optical properties of 

sprayed ZnO: Cu films. Thin Solid 

Films 516, 1703-1709. 

[13] Raether, H. (1977). Physics of thin 

films. Advances in Research and 

Development 9. 

[14] Ratner, N. (2002). Gentle 

Introduction. Harvard University, 

Brown University. 

[15] Schropp, R., and Madan, A. (1989). 

Properties of conductive zinc oxide 

films for transparent electrode 

applications prepared by rf magnetron 

sputtering. Journal of applied physics 

66, 2027-2031. 

[16] Uekawa, N., Kajiwara, J., Mochizuki, 

N., Kakegawa, K., and Sasaki, Y. 

(2001). Synthesis of ZnO 

nanoparticles by decomposition of zinc 

peroxide. Chemistry Letters 30, 606-

607. 

[17] Wang, J.-w., and Li, Y.-d. (2003). 

Rational synthesis of metal nanotubes 

and nanowires from lamellar 

structures. Advanced Materials 15, 

445-447. 

[18] Xu, C., Xue, L., Yin, C., and Wang, G. 

(2003a). Formation and 

photoluminescence properties of AlN 

nanowires. physica status solidi (a) 

198, 329-335. 

[19] Xu, H., Wang, H., Zhang, Y., Wang, 

S., Zhu, M., and Yan, H. (2003b). 

Asymmetric twinning crystals of zinc 

oxide formed in a hydrothermal 

process. Crystal Research and 

Technology: Journal of Experimental 

and Industrial Crystallography 38, 

429-432. 

[20] Zhang, D., and Ma, H. (1996). 

Scattering mechanisms of charge 

carriers in transparent conducting 

oxide films. Applied physics A 62, 487-

492. 


