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 In this paper, structural and optical properties of zinc oxide thin films prepared by the 

chemical spray pyrolysis technique were studied. The deposition process involved spraying 

a transparent chemical solution made from zinc nitrate dissolved in distilled water at a 

temperature of 50° C on a square glass substrate measuring 2.5 cm. The deposition process 

was conducted at 350° C and a pressure of 2 bar. The optical properties of zinc oxide were 

studied using UV-Vis across a wavelength range from 190 nm to 1100 nm. The result 

showed that the absorption values are more recognised in the ultraviolet region, between 

(375-380) nm, followed by a sharp decrease in the visible and infrared light regions, where 

the material exhibited high transparency. Moreover, the result showed that the same change 

occurred with the absorption coefficient, refraction, extinction, and other optical constants 

as a function of the wavelength for zinc oxide films. The energy gap of the zinc oxide films 

was found to be (3.25 eV) at the same temperature. X-ray diffraction (XRD) measurement 

showed that the structure of the zinc oxide material is pure and hexagonal. This analysis 

helped us to calculate the average crystallite size, which was found to be approximately 

44.34 nm, the lattice constants a = b 3.2190 Å and c=5.1490 Å, the cell volume 

46.21 ×106 pm3, the X-Ray density 5.85 g/cm3 of ZnO sample, the thickness of the film 300 

nm, and the number of layers 𝑁𝐿 = 6.7658, the density of dislocations δ =5.086 × 10-4 nm-

2 , the number of crystals 𝑁° = 3.44 × 1011𝑐𝑚−2 and the Specific Surface Area 𝑆𝑆𝐴 =

24.138 m2 /g. 
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1. Introduction 

 Since the beginning of the 20th century, the industry has tended towards the development of products that are low-cost, 

efficient, and small-sized. Because the use of bulk semiconductors in the manufacture and production of electronic devices is 

expensive, attempts have been made to replace these devices with layers of membranes. Therefore, researchers have developed 

methods for depositing membranes and discovered new methods as well, as the physical properties of the manufactured 

membranes vary according to the nature of the deposition method used [1]. This technique has significantly contributed to the 

development of semiconductor research, as it provides methods for studying the physical and chemical properties of materials 

in a better and easier way than if the material were in its bulk state. It is an important branch of solid state physics and is concerned 

with micro and nano devices that have very thin dimensions [2]. The choice of deposition method depends on several factors, 

including production cost and the field in which it is used, by controlling the specifications of the formed membrane, which 

depends on the quality of the materials used and the type of base on which it is deposited. There are several deposition methods, 

from which we chose the chemical vapour deposition method because it is inexpensive and easy to deposit membranes, 
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depending on the components of the simple system, and because the membranes formed in this way are characterised by 

homogeneity and stability of their physical properties over time [3]. 

 Zinc oxide was chosen because it is considered a semiconductor with a large energy gap (3.37 eV) at room temperature, 

and a large exciton binding energy of 60 meV [4]. This energy ensures high emission efficiency at room temperature by reducing 

the threshold energy for ultraviolet lasers. Moreover, it shows excellent thermal performance and high chemical stability. In the 

visible light region, it exhibits high transmittance [5], which makes it suitable for use in thermal mirrors. Furthermore, its 

electrical properties make it suitable for light-emitting display devices [6-7]. Due to these properties, it is used in solar cells, 

sensors, and photodetectors [8-9]. On the other hand, owing to its distinctive optical and electronic properties, this material has 

gained particular importance in the manufacture of various electro-optical devices. Moreover, zinc oxide is used in data storage 

and in solar cells as an anti-reflective coating. Due to its minimal impact on the environment, it is used in electromagnetic devices 

[10]. Furthermore, it is used as a photothermal conversion system and as semiconductor multilayer coatings in gas sensors and 

optical position sensors [11-12-13]. Zinc oxide exhibits high chemical stability, chemical sensitivity to various absorbable gases, 

susceptibility to contamination, and non-toxicity [14]. It is considered a promising material in the manufacture of ultraviolet and 

blue light-emitting devices and surface acoustic wave devices [15]. Therefore, this work aims to study the optical properties of 

nanostructured zinc oxide thin films to understand their electronic and optical behaviour, analyse the effect of preparation 

conditions on film quality and performance, and evaluate the suitability of this material for practical applications. 

 

2. EXPERIMENTAL DETAILS 

2.1. Preparation of glass substrate 

 We used glass made in China, Al Malak Company; the slides were cut with an area of 2.5 × 2.5 cm and 1 mm thick. In 

order to obtain a surface free of impurities, we cleaned the base thoroughly to obtain accurate results. The glass bases were 

washed thoroughly with distilled water and then placed in an ultrasonic cleaning device with acetone and distilled water for 20 

minutes at a temperature of 30° C. The glass pieces were then dried using a lens cleaning cloth, placed in boxes to protect them 

from contamination, and left for 24 hours to dry completely before using. 

2.2. Preparation of the solution   

 The solution was prepared using zinc nitrate, a white crystalline substance with the chemical formula [Zn(NO3)2 ] [M. 

W =297.48 gm/m], at a concentration of (0.3 M ), which is recommended in reference [16 ],  by adding a quantity of the substance 

weighed with a sensitive electronic balance at (8.9244 gm ) to (100 mL) of distilled water. Then, it was placed on a magnetic 

mixer for 60 minutes at a temperature of 50°C in order to obtain a homogeneous solution free of lumps and ensure that it 

dissolved well, with a transparent colour after dissolving in distilled water. Filtration paper was then used to remove impurities 

and obtain a high-purity solution. 

2.3. Deposition process  

 After cleaning and sterilising the bottles, they were placed on an electric heater, and the temperature regulator was set 

to 350° C. The air pressure in the sprayer was set to 2 bar. The prepared solution is placed in the nozzle at a height of 30 cm 

from the base on which the glass plates are placed. The spraying process takes place during 40 sprays consecutively, and the 

duration of single spray is 10 sec ± 1, and the time between one splash and the next 180 sec and the flow rate of the solution is 

4 mL/min, until the desired zinc oxide film is obtained, as shown in Figure 1.  
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Figure 1: Spraying system 

 

3. RESULTS AND DISCUSSIONS 

3.1.  X-ray Diffraction (XRD) 

 This technique is used to determine the structure of crystalline materials, as X-rays scatter at specific angles and appear 

as peaks on a graph when they fall on a crystalline sample. The unique diffraction pattern of a material allows for the study of 

the sample purity and identity. A device of the (MALVERN PANALYTICAL-AERIS) type, jointly operated by two countries 

(the Netherlands and the United Kingdom), located in Baghdad’s Yarmouk district at the Al-Khorah centre for Nanotechnology, 

was used. We concluded that this material is zinc oxide with a hexagonal structure based on Miller indices, which represent the 

different directions of crystallisation within the crystal. The greatest consistency in orientation was found in the (002) direction 

when compared with the other orientations, indicating that this is the predominant orientation of the prepared films, which is 

consistent with the hexagonal structure of zinc oxide material. The other main peaks confirm the crystalline structure. The result 

showed that the sample exhibited large crystals, as indicated by the narrow and sharp peaks, and that the material is also of high 

purity due to the presence of peaks specific to zinc oxide. The average crystallite size of the zinc oxide thin films was calculated 

from the Debye-Scherrer eq.(1)[17 ]: 

𝐃𝐀𝐕 =
𝑘𝜆

𝛽𝑐𝑜𝑠𝜃𝐵
 … … … … … … … … … … (1) 

 Where 𝐃𝐀𝐕 is the average crystallite size,  𝜆 is the X-ray wavelength, k is the shape factor, which is a  constant taken 

as 0.9, 𝛽 is the full width of the diffraction line at half its maximum intensity, and 𝜃𝐵  represents the Bragg angle. 

 For a hexagonal (wurtzite structure), the lattice constants a and c can be calculated using Bragg's law. The lattice 

constants are related to the Miller indices by the following eq . (2)[17 ]: 

1

d2
=

3

4
×

h2 + hk + k2

a°
2 +

l2

c°
2   … … … … … … … … … … (2) 

Where (a,b,c) are lattice parameters, (h, k, l) are the Miller indices, and d Interplanar spacing. 

And d can be calculated from Bragg's eq.(3) [17 ]: 

nλ = 2d sin θ … … … … … … … … … … (3) 

where n is the order of reflection. 

The cell volume of a hexagonal unit cell can be calculated using the lattice constants a and c by the following eq . (4) [17 ]: 

V =
√3

2
a°

2. c°  … … … … … … … … … … (4) 

Where V is the cell volume. 
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The X-ray density of the ZnO sample was calculated by using the eq. (5) [18]: 

𝐷𝑥 =  
𝑛𝑀

𝑁𝐴 𝑉
… … … … … … … … … … (5) 

 where 𝐷𝑥 is X-ray density, n is the number of atoms per unit cell, M is the molecular weight of the sample (M= 81.38 

g/mol) for the ZnO, and 𝑁𝐴 is Avagadro’s number. 

The thickness of the film was calculated using the following eq. (6) [19]: 

𝑡 =  
∆𝑊

𝜌 × 𝐴
… … … … … … … … … … (6) 

 where (∆𝑊) represents the difference in weight of the glass substrate before and after deposition, (𝑡) is the thickness of 

the deposited film, (A) is the area of the film, and (𝜌) is the density of the film material. 

 The number of layers 𝑁𝐿, the density of dislocations δ, the number of crystals 𝑁° and the specific surface area (𝑆𝑆𝐴) 

was calculated using the following eq. (7) [20], eq . (8)[21], eq . (9) [22] and eq. (10) [23] respectively: 

 𝑁𝐿 =
𝑡

𝐷
   … … … … … … … … … … (7) 

δ =
1

𝐷2
     … … … … … … … … … … (8) 

𝑁° =
𝑡

𝐷3
   … … … … … … … … … … (9) 

𝑆𝑆𝐴 =
𝑆𝑉


… … … … … … … … … … (10) 

 Where 𝑆𝑉 represents the surface density and can be calculated using the eq. (11) [24] and (𝐾𝑆𝑉) is a constant representing 

the shape factor. 

𝑆𝑉 =
𝐾𝑆𝑉

D𝑎𝑣
… … … … … … … … … … (11) 

 
.Co350 substrate temperature for  ZnO thin filmsray diffraction of -X Figure 2 

 

3.2. The Optical absorption analysis 

 To learn more about the optical properties of thin zinc oxide films, the interaction of light with them was analysed using 

an ultraviolet-visible (UV-Vis) spectrophotometer (Shimadzu UV-1800), where the wavelength range of the absorption spectrum 

ranged between 190 and 1100 nm at a scanning rate of 400 nm/min. minute. The result showed that light is absorbed by the thin 

films deposited on the glass substrates, compared to the wavelength spectra of zinc oxide films at a temperature of 350 °C when 

light interacted with the thin film. 
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3.2.1 Absorption 

 Figure 3   shows the relationship between absorptivity and wavelength for a sample of zinc oxide thin film deposited at 

350°C.  The shape of the curve shows the absorption peak representing the band gap of zinc oxide and appearing at short 

wavelengths between (375-380) nm. Due to the transition of electrons from the valence band to the conduction band, the material 

absorbs light falling on it at this wavelength. After this peak and with increasing wavelength, the result showed a rapid decrease 

in absorptivity, indicating that the material is relatively transparent in the visible region. This makes materials with these 

characteristics suitable for use in optical sensors, solar cells, and photostimulation applications. The material is also suitable for 

optical and electronic devices due to its high absorption in the ultraviolet region [25]. 

 

 
Figure 3 Change in the absorption spectrum as a function of wavelength for zinc oxide (ZnO) thin films. 

3.2.2 Absorption coefficient 

 The absorption coefficient depends on the type of electronic transitions and energy gap, as well as on the properties of 

semiconductors and the energy of the incident photon. It can be seen from Figure 4, which shows the absorption coefficient as 

a function of wavelength, that the absorption coefficient decreases significantly with increasing wavelength until it stabilises in 

the visible spectrum, these results are consistent with [26],. We can calculate the absorption coefficient using the following  

eq.(12) [27] : 

𝛼 = 2.303
𝐴

𝑡
… … … … … … … … … … (12) 

Where 𝛼  is absorption coefficient and A is the absorbance. 
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Figure 4: Absorption coefficient of ZnO thin films as a function of wavelength. 

3.2.3 Energy gap 

 Figure 5 shows the optical band gap of zinc oxide at a temperature of 350 °C. This graph represents the band gap 

diagram used for semiconductors to determine their energy gap. The result showed that the energy gap is (3.25) eV, which is 

very close to the energy gap of zinc oxide at room temperature (3.37 eV). This slight decrease in the energy gap is attributed to 

the high deposition temperature of this material, where a change in the electronic structure occurs due to the effect of thermal 

expansion. However, the material retained its properties as a semiconductor with a wide and direct energy gap even at high 

temperatures, making it more suitable for advanced optical and electronic applications that require thermal stability. We use eq . 

(13)  to calculate the energy gap according to the following expression  [28]: 

(α. hv)𝑛 = k(hv − Eg
opt.) … … … … … … … … … … (13) 

 Where (k) is a constant that depends on the nature of the material, (hv) represents the photon energy, (Eg
opt.

) denotes 

the optical band gap, and 𝑛  is an exponent that is dependent on the nature of the allowed or forbidden electronic transitions. 

Thus, for allowed direct transition  𝑛 = 1/2, whereas 𝑛 = 3/2 describes the case for forbidden direct transition,  𝑛 = 2 indicates 

indirect allowed transition and 𝑛 = 3 indicates indirect forbidden transitions. Since ZnO is a direct band gap semiconductor with 

a hexagonal wurtzite crystal structure, as confirmed in the XRD measurements, n = 1/2  [29]. 
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Figure 5  Optical band gap values for prepared ZnO thin films. 

3.2.4 Refractive index 

 The refractive index can be defined as the ratio of the speed of light in a vacuum and its speed in a physical medium, 

which describes how light propagates through a transparent medium. It depends on the type of material and crystal structure, 

and can be calculated using the following eq.(14) [6]:  

𝑛 = √
4𝑅

(𝑅−1)2 − 𝐾2 − (
𝑅+1

𝑅−1
) … … … … … … … … … … (14)   

 Where (n) is the refractive index, (K) is the extension coefficient and (R) is the reflectivity which can be found using 

the following eq.(15) [30]: 

R = 1 - T – A ………………….(15) 

 Where (T) is the transmittance and (A) refers to the absorbance. Figure 6 shows the spectral relationship between 

wavelength and refractive index, where it is at its highest value at short wavelengths and gradually decreases with increasing 

wavelength. 
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Figure 6: Refractive index function of wavelength for ZnO thin films. 

3.2.5 Extinction coefficient 

 The extinction coefficient is one of the important optical constants which expresses the amount of attenuation in the 

electromagnetic wave as it travels through matter. When its value is high, it indicates strong absorption of photons, while when 

its value is low, it indicates high transparency of matter. From Figure 7, we can see that the extinction coefficient is high at short 

wavelengths, reflecting strong absorption of high-energy photons near the edge of the energy gap. The extinction coefficient 

decreases with increasing wavelength, and the absorption decreases, and this region becomes optically transparent. We can 

calculate the extinction coefficient using the following eq.)16) [3]: 

𝐾 =
𝛼 𝜆 

4𝜋
… … … … … … … … … … (16)   

Where (𝜆) is the wavelength and (𝜋)  is a mathematical constant.                  

 
Figure 7: Extinction coefficient as a function of wavelength for ZnO thin films. 

3.2.6 Real dielectric constant 

 Real dielectric constant is a measure of a material's ability to store energy from an applied electric field instead of losing 

and dissipating it. It can be seen from Figure 8 that the real dielectric constant decreases with increasing wavelength, a behaviour 
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known as natural dispersion. High values at short wavelengths indicate the material's ability to polarise charges when exposed 

to high-energy light. This result is consistent with [31]. It can be defined using Maxwell's equations in electromagnetism, which 

relates it to the refractive index according to the following eq. (17) [32]: 

𝜀𝑟 = 𝑛2 − 𝐾2 … … … … … … … … … … (17) 

Where (𝜀𝑟) is the real dielectric constants. 

 
Figure 8: Real dielectric constants as a function of wavelength for ZnO. 

3.2.7 Imaginary dielectric constant 

 The imaginary dielectric constant represents the amount of energy absorbed by the material from the light falling on it. 

Figure 9 shows that the imaginary dielectric constant of the prepared zinc oxide decreases with increasing wavelength, indicating 

that the material has low absorptivity in the near-infrared region and high absorptivity in the visible spectrum. This is typical 

behaviour for semiconductors as reported in [33]. It can be calculated from Maxwell's equation for electromagnetism according 

to the following eq.(18) [32]: 

𝜀𝑖 = 2𝑛𝐾 … … … … … … … … … … (18)  

Where (𝜀𝑖) is the imaginary dielectric constant. 

 
Figure 9: Imaginary dielectric constants as a function of wavelength for ZnO. 
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3.2.8 Optical conductivity 

Figure 10 shows the optical conductivity of the prepared zinc oxide as a function of the wavelength. The result showed a gradual 

decrease with increasing wavelength,  which is consistent with [34]. The optical conductivity can be calculated using the 

following eq.(19) [32]: 

𝜎𝑜𝑝𝑡. =
𝛼 𝑛 𝑐

4𝜋
… … … … … … … … … … (19) 

Where (𝜎𝑜𝑝𝑡.) is the optical conductivity and (𝑐) is the speed of light. 

 

 
 

Figure 10: Optical conductivity as a function of wavelength for ZnO. 

 For a more detailed comparison with other studies, see Tables 1 and 2, where it is noted that the average crystal size of 

the sample is found to be 44.34 nm at 350° C. Moreover, the lattice constants a and c, the cell volume, the X-Ray density of the 

ZnO sample, the thickness of the film, and the number of layers 𝑁𝐿, the density of dislocations δ, the number of crystals 𝑁° and 

the specific surface area (𝑆𝑆𝐴) was also calculated, and their values are shown in Table 1. 

 

Table .1. The parameters calculated from the XRD data are presented 

detailed analysis Present work  

3.245 Å 

References 

a = b 3.2190 Å  

 

 

[Shimpi et al.,2021][21] 

 

 

c 5.1490 Å 5.209 Å 

the density of dislocations (δ) 5.086 × 10-4 nm-2 5.859 × 10-4 nm-2 

The average crystallite size(D𝑎𝑣) 44.34 nm 41.31 nm 

Volume of cell V 46.21 ×106 pm3 47.77 ×106 pm3 [Mobarak et al., 

2025][23] 

 the Specific Surface Area (𝑆𝑆𝐴) 24.138 m2 /g 32.58 m2 /g 

The X-Ray density  (𝐷𝑥) 5.85 g/cm3 5.607 g/cm3 [Khlifi et al.,2024][18] 

the band gap (375-380) nm (360- 380) nm [Darji et al., 2025][35] 
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Table .2. comparison table of the researchers work and previous studies 

Rererence 
Present 

work 

[Qamo and 

Mimouni,2020][36] 

[Rahmani and 

Wasaa,2017][37] 

[Chadala, 

2016][38] 

The temperature of preparation 350 °C 350 °C 485 °C 375 °C 

The thickness of the film (t) 300 nm 223 nm 252.9 nm 507.764 nm 

Energy gap (Eg) 3.26 eV 3.24 eV 3.25 eV 3.214 eV 

Refractive index (n) in (550 nm) 1.41 1.67 1.8812 1.656 

extinction coefficient K 1 ×10-2 9.79 ×10-4 _---_ --- 

 

4. Conclusion 

 Thin hexagonal zinc oxide films were successfully prepared using a simple, cost-effective and rapid chemical spray 

method. The optical properties showed that the conductivity, absorption coefficient, refractive index, extinction coefficient, and 

real and imaginary insulation constants were all decreased with increasing wavelength. The energy gap of the sample was found 

to be 3.25 eV at 350° C. It was calculated by drawing a tangent to the curve and projecting it onto the photon energy axis, where 

its value corresponded to the range of zinc oxide. The average crystal size of the sample was found to be 44.34 nm at 350° C. 

Moreover, the lattice constants a and c, the cell volume, the X-Ray density of the ZnO sample, the thickness of the film, and the 

number of layers 𝑁𝐿 , the density of dislocations δ, the number of crystals 𝑁°  and the specific surface area (𝑆𝑆𝐴) was also 

calculated, and their values are shown in Table 1. 
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 تحضير أوكسيد الخارصين باستخدام تقنية الانحلال الحراري بالرش الكيميائي ودراسة خصائصه البصرية

 

 ( 2), معتز صالح حسن الجبوري   (1)ديانا دريد ابلحد 

 

   قسم الفيزياء، كلية التربية للعلوم الصرفة، جامعة الموصل، الموصل، العرا ق (1،2)

 
 : المستخلص

تقنية    باستخدام  تم تحضيرها  التي  الخارصين  أوكسيد  من  الرقيقة  والبصرية للأغشية  الهيكلية  الخصائص  دراسة  تمت  البحثية،  الورقة  هذه  الانحلال في 

( على C°50ارة )الحراري بالرش الكيميائي. وتضمنت عملية الترسيب رش محلول كيميائي شفاف مكون من نترات الخارصين المذابة في ماء مقطر عند درجة حر 

(. تمت دراسة الخصائص البصرية لأوكسيد الخارصين  bar)  2( وضغط  C°350(. أجريت عملية الترسيب عند درجة حرارة )cm2.5 ركائز زجاجية مربعة قياسها )

تصاص أكثر وضوحاً في منطقة الأشعة  . أظهرت النتائج أن قيم الامnm  1100إلى   nm  190باستخدام الأشعة فوق البنفسجية والمرئية عبر نطاق طول موجي من  

البنفسجية، بين   يليها انخفاض حاد في مناطق الضوء المرئي والأشعة تحت الحمراء، حيث أظهرت المادة شفافية عالية. علاوة على ذلك،  ،  nm  (380-375)فوق 

الخارصين. ووجد أن   أظهرت النتائج أن نفس التغير يحدث في معامل الامتصاص والانكسار والخمود والثوابت الضوئية الأخرى كدالة للطول الموجي لأغشية أوكسيد

( أن بنية مادة أوكسيد الخارصين نقية  XRD( عند نفس درجة الحرارة. أظهر قياس حيود الأشعة السينية )eV3.26 لطاقة لأغشية أوكسيد الخارصين تبلغ )فجوة ا

، وحجم   c=5.1490 Åو  a=b=3.2190 Å( وثوابت الشبكة nm)44.34، الذي وجد أنه يبلغ تقريباً وسداسية. ساعدنا هذا التحليل في حساب متوسط حجم البلورات

𝑁𝐿 وسماكة الطبقة، وعدد الطبقات   ZnO  35.85 g/cm، وكثافة الأشعة السينية لعينة   3pm 646.21 ×10الخلية =   كثافة الانزياحاتبينما كانت   ،6.7658
2-nm 4-5.086 × 10 وعدد البلورات ، 𝑁° = 3.44 × 1011𝑐𝑚−2 اما فيما يخص المساحة السطحية النوعية ،𝑆𝑆𝐴 = 24.138 m2 /g. . 


