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ZINC OXIDE (ZnO) THIN FILMS SYNTHESIZED VIA COMBINED SPIN COATING AND CHEMICAL 3 

BATH DEPOSITION METHODS: THE INFLUENCE OF PRECURSOR CONCENTRATION ON THE 4 

PHYSICAL PROPERTIES. 5 

 6 

Abstract: 7 
In this study, zinc oxide (ZnO) thin films were elaborated via a two-step process. The first step consisted of 8 

depositing a ZnO seed layer onto microscopic glass slide substrates using the spin-coating technique, with zinc 9 

acetate dihydrate as the precursor and ethanol as the solvent, at a precursor concentration of 0.01 M. The second step 10 

involved the growth of ZnO thin films by chemical bath deposition on the pre-seeded substrates, with the precursor 11 

concentration varied from 0.05 M to 0.30 M in increments of 0.05 M. The resulting thin films were subsequently 12 

annealed at 400 °C for 3 hours. The effect of precursor concentration on the structural and optical properties of the 13 

ZnO thin films was investigated using X-ray diffraction (XRD), UV–visible spectroscopy, and photoluminescence 14 

(PL) spectroscopy. The characterization results clearly reveal the significant influence of precursor concentration on 15 

the physical properties of the ZnO thin films. XRD analysis indicates that all synthesized films are polycrystalline 16 

and crystallize in a hexagonal wurtzite structure, exhibiting a preferential orientation along the (002) plane with 17 

increasing precursor concentration. UV–visible spectroscopy results show that all ZnO thin films are highly 18 

transparent, with transmittance exceeding 80 %. The optical band gap of the prepared films ranges from 3.18 eV to 19 

3.25 eV. Photoluminescence spectra exhibit three emission peaks centered at approximately 390 nm (3.18 eV), 446 20 

nm (2.78 eV), and 490 nm (2.53 eV). The dominant peak at 390 nm is attributed to free exciton recombination, 21 

corresponding to the direct band-to-band transition. The blue emissions observed at 446 nm (2.78 eV) and 490 nm 22 

(2.53 eV) in the visible region are associated with intrinsic defects in ZnO. 23 
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 29 

Introduction: - 30 

Zinc oxide (ZnO) is an n-type semiconductor material distinguished by several remarkable properties. It’s exhibits a 31 

wide direct band gap (3.37 eV), a high exciton binding energy (60 meV) [1] , excellent chemical and 32 

 33 

thermal stability [2], efficient room-temperature emission [3], non-toxicity, and high transparency in the visible 34 

region [3]. Furthermore, the diversity of its synthesis routes and its intrinsic piezoelectric nature make ZnO a 35 

particularly attractive material for various technological applications [4]. Owing to these properties, ZnO thin films 36 

have found extensive applications in the field of optoelectronics. They are widely employed in light-emitting diodes 37 

(LEDs) [5], lasers, piezoelectric nanogenerators [6], transistors [7], gas sensors [8], photocatalysis [9], and solar 38 

cells [10]. Various techniques have been reported for the synthesis of ZnO thin films, including both physical and 39 

chemical approaches. Physical methods such as thermal evaporation [11], sputtering [12], pulsed laser deposition 40 

(PLD) [13], and molecular beam epitaxy (MBE) [14] are commonly used. However, these techniques are generally 41 

complex and require expensive vacuum-based equipment. In contrast, chemical methods offer a simpler and more 42 

cost-effective alternative for the fabrication of ZnO thin films. These include chemical vapor deposition (CVD) [15], 43 

hydrothermal synthesis [16], spray pyrolysis [17], electrodeposition [18], sol–gel methods (dip-coating or spin-44 

coating) [19,20], and chemical bath deposition (CBD) [21,22]. Among these, CBD has emerged as a particularly 45 

attractive technique for thin film growth due to its numerous advantages, such as low processing temperature, ease 46 

of implementation, low cost, good reproducibility, and environmentally friendly nature [23,24]. Despite these 47 

advantages, CBD presents some limitations, particularly the difficulty in precisely controlling the size, morphology, 48 

and orientation of ZnO nanostructures [25]. To overcome these challenges, a two-step approach is often adopted, 49 

involving the prior deposition of a ZnO seed layer (via spin-coating or spray pyrolysis), followed by a CBD growth 50 

process [22,25]. It is well established that the final properties of ZnO nanostructures strongly depend on growth 51 

conditions such as precursor concentration [26], substrate position in the bath [27], temperature [24], solution pH 52 
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[28], and growth time [21]. Among these parameters, precursor concentration plays a crucial role in tailoring ZnO 53 

nanostructures with enhanced physical properties [26]. Several studies have investigated the influence of precursor 54 

concentration on the properties of ZnO thin films synthesized using a combination of sol-gel and chemical bath 55 

deposition (CBD) techniques [10,29,30]. However, in most reported works, the substrates are generally placed 56 

vertically in the growth solution during the CBD process. In the present study, a different approach was adopted by 57 

using a horizontal substrate configuration in the chemical bath. 58 

In this work, the effect of precursor concentration on the structural and optical properties of ZnO thin films prepared 59 

through a two-step process was investigated. The first step consisted of depositing a ZnO seed layer on microscopic 60 

glass slide substrates using the spin-coating technique. The second step involved the growth of ZnO nanostructures 61 

by chemical bath deposition (CBD) on the substrates previously coated with the ZnO seed layer. The precursor 62 

concentration was varied from 0.05 M to 0.30 M with a step of 0.05 M. 63 

Materials and Methods: - 64 

Materials and Reagents 65 

In this study, microscopic glass slides were used as substrates. Zinc acetate dihydrate and zinc nitrate hexahydrate 66 

were employed as precursor sources. Hexamethylenetetramine (HMTA) was used as a complexing agent. Ethanol 67 

(C2H6O), acetone [(CH3)2CO], and distilled water served as solvents. All chemicals were supplied by Sigma-Aldrich 68 

with a purity higher than 99 % and were used without any further purification. A HOLMARC spin coater and a hot 69 

plate were used for the deposition of the ZnO seed layer and the pre-annealing process, respectively. A custom-built 70 

setup was designed in the laboratory for the chemical bath deposition (CBD) growth. The overall growth process 71 

consisted of two main steps. 72 

Substrate Cleaning 73 

The glass slides were cut using a substrate cutter into samples of dimensions 2.5 cm × 2.5 cm, suitable for the 74 

experimental deposition conditions. Prior to seed layer deposition, the substrates were thoroughly cleaned to 75 

enhance film adhesion, ensure uniform thickness distribution, and preserve the functional properties of the seed 76 

layer. The cleaning procedure involved an initial washing with soapy water, followed by successive rinsing with 77 

distilled water, acetone, ethanol, and again distilled water. Each step was carried out for 15 minutes using an 78 

ultrasonic bath. Subsequently, the substrates were dried using a dryer. 79 

Solution Preparation and Seed Layer Deposition by Spin Coating    80 

ZnO seed layers were deposited on the pre-cleaned glass substrates using the spin-coating technique, with zinc 81 

acetate dihydrate as the precursor and ethanol as the solvent. A 10 mM solution was prepared by dissolving 0.044 g 82 

of zinc acetate dihydrate in 20 mL of ethanol. The solution was stirred using a magnetic stirrer for 20 minutes at 83 

room temperature until a clear and homogeneous solution was obtained. The resulting solution was then used for the 84 

deposition of the ZnO seed layer by spin coating, with a deposition time of 45 s and a rotation speed of 1500 rpm. 85 

The deposited seed layers were subsequently pre-annealed at 150 °C for 2 minutes on a hot plate to evaporate the 86 

solvent and remove organic residues. The spin-coating and pre-annealing processes were repeated 10 times to ensure 87 

a uniform coating of ZnO seed particles on the substrate. The formation of ZnO nanocrystals on the substrate 88 

provided a nucleation layer for the subsequent growth of ZnO nanostructures. The deposition process is summarized 89 

in Figure 1. 90 
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 91 

Figure 1: Schematic illustration of the ZnO seed layer deposition process. 92 

Chemical Bath Deposition (CBD) Growth 93 

ZnO thin films were synthesized via chemical bath deposition (CBD) on previously deposited seed layers. Zinc 94 

nitrate hexahydrate (Zn(NO3)2·6H2O) and hexamethylenetetramine (C6H12N4)were used as the precursor and 95 

complexing agent, respectively, while distilled water served as the solvent. To investigate the effect of precursor 96 

concentration on the physical properties of the nanostructures, six samples were prepared by varying the 97 

concentration from 0.05 M to 0.30 M in increments of 0.05 M. The growth solution was prepared by mixing 98 

equimolar aqueous solutions of zinc nitrate hexahydrate and HMTA. Specifically, 50 mL of zinc nitrate hexahydrate 99 

solution and 50 mL of HMTA solution were prepared separately and then combined to obtain a single 100 mL 100 

growth solution. The resulting solution was stirred using a magnetic stirrer until a perfectly homogeneous mixture 101 

was achieved. To prevent deposition on both sides of the substrate, two substrates were stacked together: one 102 

bearing the ZnO seed layer and another plain glass substrate acting as a protective cover for the opposite face. This 103 

assembly was then placed on a substrate holder and immersed horizontally in the growth solution, ensuring that it 104 

did not come into contact with the bottom of the beaker. The temperature of the solution was maintained at a 105 

constant 80 °C using a heating bath. Continuous stirring was applied throughout the growth process using a 106 

magnetic stirrer. The growth duration was fixed at 1 hour. A mercury thermometer was used to monitor the bath 107 

temperature, while a stopwatch was employed to measure the deposition time. At the end of the growth process, the 108 

samples were removed from the bath and dried at room temperature. All synthesized samples were subsequently 109 

annealed at 400 °C in a Nabertherm furnace for 3 hours to improve the crystallinity of the ZnO thin films. The 110 

overall growth process is summarized in Figure 2. 111 
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 112 

Figure 2: Schematic illustration of the ZnO thin films deposition process by chemical bath deposition (CBD). 113 

ZnO Thin Films Characterization 114 

To investigate the properties of the synthesized thin films, several characterization techniques were employed. The 115 

crystalline structure of the ZnO thin films was determined using an X-ray diffractometer (Empyrean model) 116 

equipped with a CuKα radiation source (λ = 1.54059 Å). The optical properties of ZnO thin films were measured 117 

using a UV–visible spectrophotometer (Lambda 800 model). Electronic transitions and defect-related emissions 118 

were analyzed using a photoluminescence spectrometer (Ocean Optics model) equipped with a diode laser as the 119 

excitation source at a wavelength of 405 nm. 120 

Results and Discussion: - 121 

Structural Properties 122 

Figure 3 shows the X-ray diffraction (XRD) patterns of ZnO thin films synthesized with varying zinc nitrate 123 

precursor concentrations ranging from 0.05 M to 0.30 M, in steps of 0.05 M. The diffraction patterns exhibit three 124 

peaks located at 2θ values of 31.69°, 34.73°, and 36.62°, which are indexed to the (100), (002), and (101) 125 

crystallographic planes, respectively. 126 

 127 

Figure 3: XRD spectra of ZnO thin films prepared at different precursor concentrations. 128 
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All identified diffraction peaks correspond to the hexagonal wurtzite structure of ZnO with the space group P6₃mc, 129 

in agreement with the standard JCPDS card No. 36-1451 [31].All ZnO thin films are polycrystalline, and no peaks 130 

related to secondary phases were detected, indicating the high purity of the synthesized films [32]. The XRD 131 

patterns clearly reveal the influence of precursor concentration on the crystallinity of the prepared thin films. At a 132 

concentration of 0.05 M, the diffraction peaks exhibit very low intensity, which can be attributed to weak nucleation 133 

resulting from insufficient precursor concentration [33]. This limits the availability of Zn²⁺ and OH⁻ ions required 134 

for ZnO formation. Therefore, Zn²⁺ and OH⁻ ions play a crucial role in the growth mechanism, and the zinc 135 

precursor concentration directly affects the growth behavior and properties of ZnO thin films [32]. As the precursor 136 

concentration increases, a decrease in the intensity of the (100) and (101) peaks and a significant enhancement of the 137 

(002) peak intensity is observed, indicating a preferential growth along the c-axis. Thus, increasing the precursor 138 

concentration promotes higher nucleation density and favors oriented growth along the (002) plane, leading to a 139 

perpendicular alignment of ZnO crystallites with respect to the substrate [34]. These findings are in good agreement 140 

with previously reported results in the literature [34–37]. To further confirm the degree of preferential orientation of 141 

the crystallites along the (002) plane, the texture coefficient 𝑇𝑐(ℎ𝑘𝑙)for each diffraction peak was calculated using 142 

Equation (1)[38] and the corresponding values are presented in Table 1. 143 

 𝑇𝑐(ℎ𝑘𝑙) =  
 
𝐼 ℎ𝑘𝑙  

𝐼𝑟 ℎ𝑘𝑙  
 

 
1

𝑛
  

𝐼 ℎ𝑘𝑙  

𝐼𝑟 ℎ𝑘𝑙  
  

 (1) 

 144 

where 𝑇𝑐(ℎ𝑘𝑙)is the texture coefficient, I(hkl) represent the X-ray diffraction (XRD) intensities obtained from the thin 145 

films, and n is the number of diffraction peaks considered. Ir(hkl) denotes the standard reference XRD intensity 146 

(JCPDS card No. 36-1451[31]), corresponding to randomly oriented crystallites. 147 

Table 1: Texture coefficient of ZnO thin films along (100), (002) and (101) plan for different concentration values 148 

Concentration (M) 
𝑇𝐶(ℎ𝑘𝑙) 

(100) (002) (101) 

0.05 1.461 1.111 0.428 

0.10 1.131 1.254 0.614 

0.15 1.104 1.294 0.602 

0.20 0.827 1.656 0.517 

0.25 0.381 2.307 0.311 

0.30 0.121 2.764 0.115 

The texture coefficient along the (002) plane is greater than unity and increases with increasing precursor 149 

concentration, confirming the preferential growth along the (002) orientation. In contrast, the intensities of the (100) 150 

and (101) peaks decrease as the precursor concentration increases. The calculated TC(hkl) values for each sample are 151 

in good agreement with the XRD patterns. The enhancement of the (002) peak intensity with increasing 152 

concentration has also been reported by Ako et al. [35] and Abuelsamen et al. [32]. The lattice parameters a and c, as 153 

well as the interplanar spacing 𝑑(ℎ𝑘𝑙) of the synthesized ZnO thin films, were determined using Bragg’s law 154 

according to Equations (2) and (3) [39], and the results are presented in Table 2. 155 

 𝑎 =
𝜆

√3𝑠𝑖𝑛 𝜃
    𝑎𝑛𝑑  𝑐 =

𝜆

𝑠𝑖𝑛𝜃
 (2) 

   

 𝑑(ℎ𝑘𝑙) =
𝜆

2 𝑠𝑖𝑛𝛳
 (3) 

where λ represents the CuKα wavelength (1.54059 Å), and θ is the diffraction angle corresponding to the peak 156 

position. It is observed that the lattice parameters a and c of the samples synthesized at different precursor 157 
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concentrations are in close agreement with those reported in the JCPDS card No. 36-1451 for zinc oxide [31]. The 158 

calculated c/a ratio is also close to the standard value (1.602), suggesting that the obtained ZnO thin films exhibit a 159 

hexagonal close-packed structure [35]. The interplanar spacing values corresponding to the (002) plane is also found 160 

to be close to those of the JCPDS card No. 36-1451 [31]. In general, only slight variations in the interplanar spacing 161 

are observed with increasing precursor concentration. 162 

The crystallite size D of the different samples was calculated using the Debye–Scherrer formula given in Equation 163 

(4) [40]. 164 

 𝐷 =  
𝑘

𝛽𝑐𝑜𝑠 𝜃
 (4) 

where k is a shape factor with a typical value of 0.9, θ is the Bragg diffraction angle, λ (1.54059 Å) is the 165 

wavelength of the X-rays used, and β corresponds to the full width at half maximum (FWHM) of the diffraction 166 

peak, expressed in radians. The crystallite size of the samples prepared at different precursor concentrations is 167 

presented in Table 2. The crystallite size varies between 7.499 nm and 13.558 nm. At a concentration of 0.05 M, a 168 

small crystallite size (7.499 nm) is observed, which can be attributed to the low availability of Zn²⁺ and OH⁻ species. 169 

This reduces nucleation and crystal growth rates, leading to the formation of small crystallites and low crystallinity. 170 

When the concentration increases from 0.10 M to 0.15 M, an increase in crystallite size is observed, from 10.593 nm 171 

to 13.558 nm. This is due to improved crystallinity and enhanced, more homogeneous nucleation. At a concentration 172 

of 0.20 M, a slight decrease in crystallite size (11.588 nm) is observed, which may be attributed to a rapid growth 173 

process [41]. At higher concentrations (0.25 M and 0.30 M), the crystallite size tends to stabilize at approximately 174 

12.279 nm. 175 

The dislocation density (δ), which represents crystal lattice imperfections (defects), is estimated using Equation 176 

(5)[42]. 177 

 𝛿 =
1

𝐷2
 (5) 

The obtained values are presented in Table 2. A variation of the dislocation density with precursor concentration is 178 

observed, highlighting the influence of concentration on the crystalline quality of ZnO thin films. The dislocation 179 

density decreases significantly as the precursor concentration increases from 0.05 M to 0.15 M, indicating a 180 

progressive improvement in the crystalline quality of the ZnO thin films. This decrease is attributed to the increase 181 

in crystallite size. The reduction of dislocation density with increasing precursor concentration has been previously 182 

reported [43]. Beyond 0.05 M, a slight increase followed by a stabilization of the dislocation density is observed, 183 

which is associated with a minor reduction in crystallite size. The sample prepared at 0.05 M exhibits the highest 184 

dislocation density (17.782 × 10¹⁵ lines/m²), which may explain the relatively poor crystalline quality observed in 185 

the X-ray diffraction pattern for this concentration. 186 

Table 1. Lattice parameters and structural properties of ZnO thin films obtained along the (002) plane with different 187 

precursor concentrations. 188 

Precursor 
concentration (M) 

2𝜃 (°) β (°) D (nm) dhkl (Å) 
δ 

(×1015ligne/m2) 

Lattice parameters 
𝜀 (10-4) V(Å3) L(Å) 

a (Å) c(Å) c/a 

0.05 34.394 1.012 7.499 2.605 17.782 3.227 5.211 1.615 13.666 46.997 1.969 

0.10 34.688 0.716 10.593 2.584 8.912 3.262 5.168 1.584 9.555 47.610 1.978 

0.15 34.757 0.559 13.558 2.579 5.440 3.227 5.158 1.598 7.637 46.528 1.963 
0.20 34.731 0.654 11.588 2.581 7.447 3.242 5.162 1.592 8.928 46.983 1.969 

0.25 34.730 0.628 12.072 2.581 6.862 3.257 5.162 1.585 8.570 47.432 1.976 

0.30 34.752 0.617 12.279 2.579 6.633 3.239 5.159 1.593 8.431 46.862 1.967 
JCPDS N° 31-

1451 
34.422 - - 2.603 - 3.250 5.207 1.602 - 47.622 - 
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The strain induced in powders due to crystal imperfection and distortion was calculated using the formula (6) [44]. 189 

 𝜀 =
𝛽

4 𝑡𝑎𝑛 𝜃
 (6) 

The corresponding values are presented in Table 2. The positive sign of the calculated strain indicates that the films 190 

are under tensile stress, reflecting an expansion of the crystal lattice compared to bulk ZnO. This strain is generally 191 

attributed to thermal mismatch between the thin film and the substrate, as well as to intrinsic stresses generated 192 

during the deposition process [26,45,46]. The observed variations with precursor concentration reflect the balance 193 

between structural relaxation and internal stress effects. 194 

The unit cell volume V of the hexagonal wurtzite structure and the Zn–O bond length L were calculated using 195 

Equations (7) and (8), respectively [47]. 196 

 𝑉 = (
√3

2
)𝑎2𝑐 (7) 

   

 𝐿 =  
𝑎2

3
+ (

1

2
− 𝑢)2𝑐2 (8) 

where u is a positional parameter in the wurtzite structure, representing the relative displacement of each atom along 197 

the c-axis with respect to the next one. It is expressed by the formula given in Equation (9)[48]. 198 

 𝑢 =
𝑎2

3𝑐2
 + 0,25 (9) 

The values of the unit cell volume and bond length have been summarized in Table 2. A slight variation in the unit 199 

cell volume is observed, while the bond length (L) remains nearly constant with increasing precursor concentration. 200 

This variation in volume results from changes in the 2θ angle of the (002) plane, since the unit cell volume is closely 201 

related to the lattice parameters a and c, which themselves vary with 2θ [26]. 202 

Optical Properties 203 

Figure 4 shows the UV–Visible transmittance spectra of ZnO thin films synthesized with precursor concentrations 204 

ranging from 0.05 M to 0.30 M in steps of 0.05 M. All ZnO thin films exhibit high transparency, with transmittance 205 

values exceeding 80 % in the visible region (400 - 800 nm). 206 

 207 

Figure 4: Transmittance spectra of ZnO thin films prepared at different precursor concentrations. 208 
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The transmittance spectra reveal fluctuations with increasing precursor concentration. A shift of the absorption edge 209 

toward the ultraviolet region is observed for samples prepared at 0.05 M, 0.10 M, and 0.15 M, along with 210 

transmittance values approaching 100% (a characteristic of glass) in the visible region for the 0.05 M and 0.10 M 211 

samples. These observations can be explained by the low amount of deposited material at low precursor 212 

concentrations, leading to the formation of thin films with reduced thickness [49]. The decrease in film thickness 213 

promotes a shift of the absorption edge and enhances light transmission in the visible range [50]. This results in 214 

higher transmittance values, close to that of the glass substrate, whose contribution becomes significant in the 215 

overall optical response of the thin film/substrate system. 216 

Figure 5 illustrates the UV–Visible absorption spectra of ZnO thin films obtained at various precursor 217 

concentrations. A strong absorption is observed in the ultraviolet region, while the absorption remains low in the 218 

visible range, which is consistent with the high transparency of the films. These results are characteristic of ZnO 219 

[51]. 220 

 221 

Figue 5: Absorbance spectra of ZnO thin films prepared at different precursor concentrations. 222 

The optical band gap (Eg) values of the ZnO thin films were determined by calculating the derivative of the 223 

transmittance with respect to the wavelength (dT/dλ) [52]. 224 

The (dT/dλ) curves were then plotted as a function of the photon energy (hν), as illustrated in Figure 6. This 225 

approach allowed the extraction of the optical band gap values for each sample. 226 

 227 



 

9 

 

Figure 6: dT/dλ curve as a function of photon energy for ZnO thin films prepared at different precursor 228 

concentrations. 229 

The optical band gap energy (Eg) values of the ZnO thin films synthesized at different precursor concentrations are 230 

presented in Table 3. 231 

Table 2:  Band gap energy of ZnO thin films prepared at different precursor concentrations. 232 

Precursor concentration (M) Band gap energy (eV) 

0.05 3.25 

0.10 3.19 

0.15 3.18 

0.20 3.20 

0.25 3.22 

0.30 3.21 

The optical band gap energy values of the synthesized ZnO thin films range between 3.18 eV and 3.25 eV, and are 233 

in good agreement with those reported by Abdulrahman et al. [26]. The band gap values obtained for the ZnO thin 234 

films are slightly lower than that of bulk ZnO, which can be attributed to the presence of intrinsic defects such as 235 

oxygen vacancies, zinc interstitials, or other structural imperfections [4]. The variation in the optical band gap 236 

highlights the influence of precursor concentration on the optical properties of ZnO thin films. A decrease in the 237 

band gap energy is observed, from 3.25 eV to 3.18 eV, when the precursor concentration increases from 0.05 M to 238 

0.15 M. This reduction can be attributed to the increase in crystallite size observed from XRD analysis, which may 239 

enhance optical scattering and affect the measured band gap value [35]. In addition, increasing precursor 240 

concentration may induce higher mechanical stress within the thin films due to differences in thermal expansion 241 

coefficients between the film and the substrate [53]. These stresses can modify the band structure of the material and 242 

lead to a reduction in the optical band gap. At concentrations between 0.20 M and 0.30 M, a slight increase in the 243 

band gap is observed, which may be related to improved crystallinity and a reduction in crystallite size. 244 

Photoluminescence Properties 245 

The photoluminescence properties of ZnO thin films were investigated using photoluminescence (PL) spectroscopy. 246 

Figure 7 presents the PL spectra of the samples prepared at different precursor concentrations. 247 

 248 

Figure 7: Photoluminescence spectra of ZnO thin films prepared at different precursor concentrations. 249 
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Three emission peaks are observed, centered at approximately 390 nm (3.18 eV), 446 nm (2.78 eV), and 490 nm 250 

(2.53 eV), respectively. The dominant peak at 390 nm is attributed to free exciton recombination corresponding to 251 

3.18 eV (390 nm), associated with the direct wide band gap transition in ZnO thin films at room temperature. The 252 

presence of emission peaks in the visible region around 446 nm (2.78 eV) and 490 nm (2.53 eV), specifically in the 253 

blue range, indicates the existence of structural defects, particularly zinc interstitials (Zni) [54]. In this regard, the 254 

thin films synthesized at a precursor concentration of 0.05 M exhibit a strong emission intensity in the visible 255 

region, indicating a higher defect density in these samples. In contrast, ZnO thin films prepared at a concentration of 256 

0.25 M show a significantly lower visible emission intensity. These films therefore contain fewer structural defects 257 

and exhibit improved crystalline quality. 258 

Conclusion: - 259 

ZnO thin films were synthesized using a two-step process. The first step consisted of the deposition of a ZnO seed 260 

layer by the spin-coating technique from a 0.01 M solution prepared by dissolving 0.044 g of zinc acetate dihydrate 261 

(precursor) in 20 mL of ethanol (solvent). This seed layer acts as a nucleation platform for the growth of 262 

nanostructures. The second step involved the growth of ZnO thin films by chemical bath deposition (CBD) on the 263 

previously prepared seed layers, with the precursor concentration varied from 0.05 M to 0.30 M in increments of 264 

0.05 M. The growth solution was an equimolar mixture of aqueous solutions of zinc nitrate hexahydrate and 265 

hexamethylenetetramine (HMTA). The obtained ZnO thin films were subsequently annealed at 400 °C for 3 hours 266 

to improve crystallinity. The synthesized films were characterized using X-ray diffraction (XRD), UV–Visible 267 

spectroscopy, and photoluminescence (PL) spectroscopy to investigate their structural and optical properties, as well 268 

as the presence of defects. The results clearly demonstrate the influence of precursor concentration on the physical 269 

properties of ZnO thin films. XRD analysis revealed that all synthesized ZnO films are polycrystalline and 270 

crystallize in the hexagonal wurtzite structure, with a preferential orientation along the (002) plane as the precursor 271 

concentration increases. Weak crystallinity is observed at 0.05 M, while the increasing intensity of the (002) peak 272 

with concentration indicates improved crystallinity. UV–Visible spectroscopy results show that all ZnO thin films 273 

are highly transparent, with transmittance exceeding 80 %. The optical band gap of the films varies between 3.18 eV 274 

and 3.25 eV. Photoluminescence spectra exhibit three emission peaks centered at approximately 390 nm (3.18 eV), 275 

446 nm (2.78 eV), and 490 nm (2.53 eV), corresponding to near-band-edge emission and defect-related emissions. 276 

Overall, a precursor concentration of 0.25 M appears to be optimal, providing a good balance between high 277 

crystallinity, high optical transparency, and reduced defect density. 278 
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