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Abstract 

At varying temperatures ranging from 25 0C to 75 0C, nanocrystalline zinc oxide ZnO films were customized onto indium 

doped tin oxide (ITO) substrates based on aqueous solutions of zinc nitrate. The electrodeposition technique was used to 

achieve this procedure. To grasp the deposition strategy, linear sweep voltammetry and chronopotentiometry procedures were 

completed, and the effects of different factors were evaluated and discussed. Temperature and current have a significant 

influence on the development of ZnO films. According to the model developed by Scharifker and Hills, the mechanism of 

nucleation altered with the potential, and it was discovered to be instantaneous at potentials between -800 and -1200 mV. At 

voltages greater than -1400 mV, the method of development was non-instantaneous and gradual. Following the X-ray profiles, 

the production of the Zincite phase with a crystallite size of 61 nm was confirmed, and the films that were created were 

smooth and compact  

Keywords: Zinc oxide; Electrodeposition; ITO; Chronoamperometry; Linear sweep voltammetry (LSV); Battery energy storage. 

1. Introduction 

Because of their size-dependent characteristics and a 

broad range of applications, nanocrystalline 

semiconducting materials have attracted a great deal 

of attention [1-3]. Zinc oxide (ZnO) is a 

semiconducting material with a bandgap energy of 

3.37 eV and is one of the most exciting materials to 

study. It is regarded as a promising material for 

applications such as solar cells, sensors, piezoelectric 

transducers, photocatalysts, electroluminescent 

devices, and laser diodes [4, 5]. In a variety of 

technological and industrial domains, such as 

catalysis [6-8], acoustic wave devices [9, 10], an n-

type layer in solar cells [11, 12], sensors, battery 

energy storage, and many more sophisticated 

applications [13–15], zinc oxide thin films are 

utilized. A variety of processes, including pulsed 

laser deposition [16], Sol-gel [17], and 

electrochemical deposition [18–20], may be used to 

create zinc oxide films. Comparing electrochemical 

preparation of ZnO to other techniques [21–23], 

electrochemical preparation is more advantageous. 

From the standpoint of the environment, 

electrochemistry is a straightforward, 

environmentally friendly, and cost-effective method. 

Also advantageous is that the thickness of the 

resulting film can be readily controlled, and the 

processing may be carried out at low temperatures 

[24-26]. Several investigations on the electrolytic 

synthesis of ZnO have been conducted, employing 

both non-aqueous [27-29] and aqueous electrolytes 

[30]. Traditionally, electrodeposition from an 

aqueous solution was accomplished by utilizing a 

zinc chloride or zinc nitrate bath as a starting point. 

Regardless of the scenario, it has been discovered 

that the solution composition is crucial for controlling 

the shape and structure of the deposited zinc oxide 

[31-33]. While non-aqueous baths, such as DMSO 

(diphenyl sulfoxide), form deposits at greater 

operating temperatures than aqueous media, they do 

so without the generation of zinc hydroxide in the 

electrolyte [34-35], which is a significant advantage 

[36]. It is possible to regulate the development of zinc 

oxide grains even when the electrodeposition 

temperature is kept below 100 
0
C. This allows the 

growth of zinc oxide grains to form nanocolumnar, 

sheets, and unoriented polycrystalline films. If you 
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compare the electrochemical deposition of zinc oxide 

films from a nitrate bath to an organic (alcoholic) 

bath, the electrochemical deposition of zinc oxide 

films from a nitrate bath is more advantageous since 

it is simpler and more cost-effective [37-39]. The 

usage of electrodes containing nanostructured zinc 

oxide has been mentioned as a potential trend for 

improving the efficiency of solar cells soon. 

Researchers have looked at the effects of zinc oxide 

content, bath temperature, and pH value on the 

formation of zinc oxide films using a variety of 

methodologies [40, 41]. The deposition of zinc oxide 

layers from a nitrate bath maintained at 335 
o
C was 

shown and the change in hydroxyl ion concentration 

at the cathode was measured in many studies [42]. In 

this study, it was discovered that even a little 

alteration in the electrodeposition parameters might 

cause spectacular changes in the morphology and 

structure of the ZnO films. Thus, the purpose of this 

study was to investigate the electrodeposition of 

nanostructured ZnO layers using a zinc-nitrate bath 

and to discuss the effects of temperature, stirring, 

deposition time (including the amount of time spent 

stirring), electrode potential (including the amount of 

current used), and cathodic current density on the 

structural properties of the zinc oxide film [43]. 

2. Experimental Work 

Using an indium doped tin oxide (ITO) sheet as the 

working electrodes, the electrodeposition 

experiments were carried out in a three-electrode cell, 

which was employed to conduct the tests. Silver/ 

silver chloride was employed as the counter 

electrode, and a platinum planner sheet with a surface 

area of 1 cm
2
 was used as the reference electrode. It 

was decided to make the ITO working electrode of a 

conductive glass sheet with a resistance of 15 

ohms/meter (Pilkington Group Ltd). Both the 

working and counter electrodes have an active 

surface area of (1 cm
2
). The spacing between the ITO 

and Pt electrodes within the cell was kept constant at 

0.4 cm throughout the experiment. The reference 

electrode was made of silver/silver chloride 

(Ag/AgCl) and was linked to the rest of the circuit 

via a salt bridge. The electrodeposition bath 

comprised an analytical grade of 0.1 M Zn(NO3)2 

+0.05M KNO3 dissolved in deionized water, which 

was used for the electrodeposition process [44]. An 

electronic thermostat was used to measure the 

temperature of the electrolyte between 0 and 75 
o
C. 

Except for a small experiment in which the nitrate 

baths were continually agitated using a magnetic 

stirrer, the electrolytes were kept static. Before ZnO 

film deposition, the ITO conductive electrodes are 

washed and sonicated in an isopropanol solution for 5 

minutes to remove any remaining contaminants. 

After that, the deposited films are washed with 

acetone to remove any remaining residue. 

Voltammetric studies were conducted by sweeping 

the electrode potential from 0 to -2000 mV at a 

constant scan rate of 10 mV/s for the whole duration 

of the experiment. These voltammetric investigations 

were carried out and recorded with the use of a Volta 

lab Model 21 PGP Potentiostate/Galvanostate (PGP 

for short). A 45-minute annealing procedure at 500 
o
C followed the electrodeposition process. After 

being rinsed with water and ethyl alcohol, the films 

were dried. The X-ray diffraction data of the 

deposited ZnO films were obtained using a Shimadzu 

XD-D1 X-ray diffractometer with Cu K radiation (= 

1.5405 A
0
), which was used to generate the data. The 

morphology of the film surface was studied using a 

scanning electron microscope (SEM) operating at a 

speeding voltage of 20 kV, as described before 

(HITACHI, S-4700 Y) [45]. 

 

3. Results and discussion 

3.1. Cyclic voltammetry  

The cyclic voltammogram recorded with an ITO 

substrate in a bath containing 0.1 M KNO3 and 0.1 M 

KNO3+0.05 M Zn(NO3)2 is shown in Fig. 1. The 

baths used were 0.1 M KNO3 and 0.1 M KNO3+0.05 

M Zn(NO3)2. As can be seen in Fig.1a, the 

electrodeposition of nitrate ions from a solution 

containing these ions is related to the formation of a 

cyclic voltammetric curve. When using cyclic 

voltammetry, the current of the deposition begins at a 

potential of -1V. A step increase in deposition current 

follows afterward, reaching up to 15 mA/cm
2
 in 

response to the cathodic reduction of NO3
-
 ions at 

potential -1.2V [46], which is consistent with 

cathodic reduction. On anodizing the scan, the 

recorded current behavior is related to the 

development of oxygen, which is reversed in the scan 

direction. Except as otherwise specified in this 

section, the cyclic voltammogram shown in Fig. 1b is 

performed under the same circumstances as 

previously stated in the presence of 0.1 M Zn(NO3)2. 

In this case, the cyclic voltammetric curves behave in 

a manner like that previously shown in Fig.1a (with 

KNO3). The electrodeposition of Zn
2+

 ions is 

necessitated by the presence of nitrate ions in the 

electrolyte throughout the process. This is owing to 

the possibility that a minor current may be seen in the 

KNO3 bath within the current and potential ranges 

that have been investigated. Fig. 1b shows that the 

peak of zinc metal dissolution (anodic oxidation) has 

gone in 0.05 M KNO3 solution, suggesting that the 

deposited film is composed entirely of pure ZnO 

phase and that no zinc metal deposition has occurred 

(Fig.1b). Furthermore, Fig.1b demonstrated that the 

deposition potential window for the ZnO preparation 

was between -1 and -1.3V for the ZnO preparation. 

Sodium nitrate ions serve as an oxygen precursor 
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source, and the presence of these ions is required for 

the deposition of zinc oxide from the nitrate bath 

[47]. Eq. (1) predicts that the cathodic deposition of 

zinc oxide will occur during the electro-reduction of 

0.05 M KNO3 [Eq. (1)]. In the next step, the OH- 

ions from equation (1) mix with Zn2+ ions to form 

zinc hydroxide (Zn(OH)2), as illustrated in Eq. (2). 

Zn(OH)2 is formed as a consequence, which 

dissociates to form ZnO film [Eq. (3)] [48]. 

 

 

Fig. 1. Cyclic voltametric curves recorded with ITO 

electrode in bath containing (a) 0.05 M KNO3 (b) 

0.05 M KNO3 + 0.1 M Zn (NO3)2. (Electrolyte 

temperature: 25
0
C; rate of scan= 10 mV s

-1
; rate of 

stirring= 0 rpm). 

NO3
-
 + H2O + 2 e

-
 = NO2

-
 + 2 OH 

-
          

(E0 = - 0.24 V vs. SCE)      

(1) 

Zn
2+ 

+ 2 OH 
-
 = Zn(OH) 2 (S)                                                                                                 (2) 

Zn (OH) 2 (S) = ZnO + H2O                                                                   (3) 

The reaction net result is: 

Zn
2+

+ NO3
-
 + 2 e

-
 = ZnO + NO2

- 
    (E0 = - 

0.246 V vs. SCE)            

(4) 

Fig. 2 depicts results obtained by measuring the 

cyclic voltammograms seen at stirring rates of 0, 500, 

1000, and 1500 rpm in a bath containing 0.1 M KNO3 

and 0.1 M Zn(NO3)2 at various stirring rates. With 

rising rates of stirring from 0 to 1500 rpm, the 

measured current of deposition increases in its 

negative values, and this trend continues. Increasing 

the rate of stirring results in a reduction in the 

thickness of the layer next to the cathode and a 

shortening of the route of the dispersed ions toward 

cathodic deposition, as well as a reduction in the 

thickness of the layer adjacent to the cathode [49]. 

When zinc nitrate solution is electrolytically 

depleted, zinc oxide films are formed because of the 

sluggish transfer of charges between concentrated 

solutions [50]. A poor and exposed ITO cathode is 

produced when the rate of agitation is increased from 

zero to five hundred revolutions per minute (rpm) 

(Fig. 1). The film is also broken and less compact 

when the stirring speed is increased to 1000 rpm, 

which is achieved by raising the stirring rate. A 

further increase in the rate of stirring to 1500 rpm 

results in a significant rise in the amount of damage 

to the deposited coating. Even though the current 

density increased as the stirring rate increased, the 

results revealed that poor quality and non-compacted 

ZnO layers were related to stirring rates of 500, 1000, 

and 1500 rpm. While the deposited film produced by 

a stationary solution (0 rpm) is very compact, 

homogeneous, and completely covers the substrate, 

the film produced by a moving solution (0 rpm) is not 

formed. As a result, when it comes to creating high-

quality ZnO films, the synthesis of ZnO films with 

stationary electrolytes is preferred [51]. 

 

 

Fig. 2. Cyclic voltammograms recorded with ITO 

electrode in bath containing 0.05 M KNO3 + 0.1M 

Zn(NO3)2  using various rate of agitation (Bath 

temperature:25
0
C; rate of scan = 10 mV/s). 
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3.2. Linear sweep voltammetry                                                                      
3.2.1. Influence of operating temperature  

Fig. 3 depicts the linear sweep voltammetry (LSV) 

curves acquired for ZnO deposition on an ITO 

cathode during the experiment, as well as the results 

of the experiment. The graphic depicts the variation 

in current and potential as a function of electrolyte 

temperature. The current density increases as the 

electrolyte temperature rise, reaching a maximum 

value of 38 mA cm
-2

 at 75 
0
C, which is a significant 

increase from the initial value. With a negative 

potential of 1.25 mV at 25 
0
C, the potential of 

deposition changes to a positive potential of 0.97 V 

when the temperature is raised to 75 
0
C. More 

importantly, when the same applied potential is used, 

the current increases gradually as the temperature 

rises with increasing temperature. Electrodeposition 

of ZnO films is difficult when the cathode potential is 

larger than -1.28 V and the temperature is less than 0 
0
C [52]. While the rate of deposition is growing, the 

increase is occurring at a snail's pace. In response to 

increasing the electrolyte temperature, the number of 

dislocation lines per unit area of layer (in this case the 

ZnO layer) was reduced, as was the tension between 

layers. Previously, the microstructure of the ZnO film 

that had been created had been investigated, and it 

was observed that it seemed to be dependent on the 

temperature of the electrolyte [53]. The temperature 

influences the thickness of the film as well, and it has 

been determined that in this research, 

electrodeposition of ZnO film should be carried out at 

a high electrolyte temperature (75 
0
C) [54]. 

 

Fig. 3. LSV curves recorded in bath containing 0.05 

M KNO3 + 0.1 M Zn (NO3)2 at various electrolyte 

temperatures rate of scan = 10 mV s
-1

; rate of stirring 

= 0 rpm. 

3.2.2. Chronopotentiomtric behavior  

During the electrodeposition of ZnO layers in a 

solution with 0.05 M KNO3 and 0.1 M Zn(NO3)2 

concentrations, chronopotentiometry curves were 

produced. These are shown in Fig. 4. To determine 

the most appropriate current density for the 

deposition process, as well as the deposition rate at 

various current densities (such as 1, 2, 5, 1, 10, 20, 

30, and 40 mA.cm
-2

), the electrodeposition procedure 

was carried out at a variety of current densities (such 

as -1, -2, 5, 1, 10, 20, and 30 mA.cm
-2

) including -1, 

2, 5, 1, 10, 20, and 30 mA.cm
-2

. Starting with the 

electrodeposition current, the potential quickly rises 

to the value that was previously measured. This is 

followed by a fast fall in the potential value until it is 

reached at its steady-state potential value. It is 

possible to deduce that the electrode surface is being 

covered by the ZnO film layer at a faster rate because 

of the decrease in potential value. The 

electrodeposition potential rises to a certain value in 

response to the passage of time, then quickly 

increases to attain a steady-state, and then rapidly 

decreases again. This steady-state condition depicts 

the situation in which the deposited film completely 

covers the whole ITO surface of the substrate 

(cathode) [55]. 

 

Fig. 4. Potential-time curves resulted at different 

current densities in a solution containing 0.05 M 

KNO3 + 0.1 M Zn (NO3)2. 

3.3. Chronoamperometric behavior  

Fig. 5 shows the current time curves produced by 

using an ITO electrode in an electrolyte solution 

comprising 0.05 M KNO3 and 0.1 M Zn (NO3)2 and 

an electrolyte solution containing 0.05 M KNO3 and 

0.1 M Zn (NO3)2. The current density data are quite 

comparable to the readings acquired during the first 

70 seconds of the experiment. In the next seventy 

seconds, the behavior of the two systems diverges, 

with the density of cathodic current quickly rising 

after passing the applied potential. Crystal nucleation 

begins, and as a result, the current density of ZnO 

deposition rises quickly, and the development of each 

crystal nucleus results in an increase in the effective 

area of the ITO cathode. Additional proof for this is 

provided by the developments in three-dimensional 

nucleation and crystallization shown by the current 

0 100 200 300 400 500 600 700

-2.0

-1.6

-1.2

-0.8

-0.4

0.0

0.4

f

d

e

b

c

a

0.1 M ZnNO
3
 + 0.05 KNO

3

0 rpm 75 
0
C ITO glass cathode Pt-anode1c

2

a   1 mAcm
-2

b   2 mAcm
-2

c   5 mAcm
-2

d   15 mAcm
-2

e   20 mAcm
-2

f   30 mAcm
-2

E
 (

v
 v

s
 A

g
/A

g
C

l)

Time (s)



FABRICATION, CHARACTERIZATION, AND MONITORING…….. 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66, No. 2 (2023) 

 

37 

study [56]. Fig. 5 indicates that as the applied 

potentials are elevated to greater levels, the observed 

current densities increase (Fig. 5a-f). This is probably 

due to the existence of a higher density of deposited 

films than is typical in this environment. An increase 

in deposition duration of more than 70 seconds leads 

to an equalization of the value of the deposition 

current, which is followed by a plateau at the steady-

state (constant) level of the current. To observe the 

behavior of the electrochemical nucleation process, it 

is necessary to apply an electrode potential to it; the 

current density value seems to be the same in both 

circumstances. That the ZnO layer has entirely 

occupied the ITO cathode is shown by the presence 

of this layer [57]. The measured currents are 

maintained at the following constant values: 

The following values were obtained: – 0.5 mA cm2 at 

potential -0.8 V (curve a), – 1 mA cm-2 at potential -

0.9 V (curve b), – 2 mA cm-2 at potential -1 V (curve 

c), – 5.9 mA cm-2 at potential -1.1 V (curve d), – 10 

mA cm-2 at potential -1.2 V. Due to these 

considerations, the best conditions for ZnO 

electrodeposition from a nitrate bath are likely to be 

at an electrode potential of -1.2 V, a bath temperature 

of 75 
o
C, and an electrolyte composition consisting of 

0.1 M Zn(NO3)2 dispersed in 0.05 M KNO3 with an 

unagitated solution, as illustrated in Figs. 1, 2, 3, and 

4. Scharifker and Hills employed a constant potential 

technique to build a model that would illustrate the 

electro-crystallization and nucleation development 

that occurred over the preceding 10 seconds. 

Instantaneous or slow growth may be seen in the 

development of electro-nucleation progress, which 

can be divided into two categories. Within the initial 

few seconds following the creation of ZnO films, the 

influence of potential on their nucleation is seen in 

Fig. 6. Many research have shown that transient 

values may be estimated by comparing the recorded 

curves to a theoretical curve (or collection of curves) 

that has been provided for the development of 

electro-nucleation in three dimensions [58]. The 

idioms for both progressive nucleation and 

instantaneous nucleation were determined using 

Equations (5) and (6) in conjunction with each other. 

I
2
/i

2
max = 1.9542 [tmax/t] {1-exp   [-1.2564   

t/tmax}
 2
            

(5) 

I
2
/i

2
max = 1.2254 [tmax/t] {1-exp [-2.3367 

(t/tmax)
 2
}

 2
            

(6) 

Where tmax is the time of maximum current density 

imax. 

 

Fig. 5. Chronoamperometeric curves recorded at 

constant potentials in electrolyte containing 0.1 M Zn 

(NO3)2 + 0.05 M KNO3 (Bath temperature:75
0
C; rate 

of stirring = 0 rpm). 

Illustration of the similarities between theoretical and 

real experimental curves that have been observed in 

the previous section. When the theoretical and 

experimental curves for the electrodeposited film 

were compared, it was possible to detect when the 

ZnO layer nucleated. 

At lower potentials of -0.8 and -1.2 V, the nucleation 

process for the ZnO layer mirrored the instantaneous 

behavior seen at higher potentials (Figs. 6a,b). It 

demonstrated a progressive process within the 

nucleation zone when the negative potential of -1.4 V 

was applied, as shown in Fig. 6c (on the other hand). 

According to the results, when the potential was as 

low as -1.2V, nuclei at active ITO sites grew 

according to the instantaneous mechanism, and when 

the potential was as high as -1.4V, nuclei at active 

ITO sites expanded according to the progressive 

method [59]. 

3.4. Thickness measurements 

The variations in film thickness as a function of the 

deposition potential are shown in Fig. 7. The weight 

difference technique [60–62] was used to determine 

the thickness of the film. In this study, it was 

discovered that raising the voltage of the cathode to -

1.2 V is followed by a significant rise in the film 

thickness, with the greatest thickness recorded at 

8000 nm using an ITO substrate. A further rise in 

cathode potential over -1.2 V, on the other hand, 

leads to a reduction in the thickness of the film. This 

may be caused by the chance that the formed film is 

dissolved in an acidic nitrate bath at potentials 

between -1.3 and -1.4 V [63, 64], which is a 

possibility. Finally, it seems that the electrochemical 

production of ZnO films from a nitrate bath 
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containing 0.1 M Zn(NO3)2 in 0.05 M KNO3 should 

be carried out at an electrode potential of -1.2V under 

non-stirred circumstances to get the best results. In 

addition, the temperature of the bath should be kept at 

75 
o
C [65]. 

 

 

Fig. 6. Plot of i
2
/i

2
max versus t/tmax plots recorded with 

zinc oxide layer deposited from 0.1MZnNO3 + 0.05M 

KNO3 at potential (a)-0.8 V, (b)-1.2 V, and (c)-1.4 V 

for 10 min. (Stirring rate= 0 rpm and temperature: 75 
0
C). 

 

 

Fig. 7. Variation in thickness of film with electrode 

potential in solution containing 0.1M Zn(NO3)2 + 

0.05M KNO3 for 100 min (Bath temperature = 75
0
C; 

rate of stirring = 0 rpm). 

3.5. Optical properties 

Figs. 8a,b show the percentage of the transmittance 

spectrum and the bandgap energy of the 

electrodeposited ZnO film, respectively, for the 

electrodeposited ZnO film (Figs. 8b). The charge 

transfer process from the valence band to the 

conduction band of ZnO is responsible for the 

appearance of an edge at a wavelength of around 400 

nanometers. The presence of blue shifts between the 

wavelengths of 290 and 300 nanometers has been 

observed, as well. Because the bandgap value of the 

ZnO film generated is less than the bandgap value of 

the bulk ZnO, the film has a lower bandgap value 

than the bulk ZnO film created (3.37 eV). A 

shortening of both the valance and conduction bands, 

which resulted in a modification of the band 

structure, may be the explanation for this, according 

to the band structure [66]. 

3.6. Structure analysis.  

On the right side of Fig. 9, you can see the x-ray 

diffractogram of the ZnO film that was formed by 

depositing it from a nitrate bath at a potential 1.2 V 

on an ITO cathode for 10 minutes at 75 
o
C and then 

heating it to 400 
o
C for 60 minutes in the open air. It 

can be seen in the photo that the ZnO thin layer that 

was generated is a pure fine single phase with no 

existing impurities, as can be shown in Fig. 9. It also 

shows other properties, such as the distinctive peaks 

of (Zincite) in a hexagonal pattern that are 

characteristic of the mineral [JCPDS 01-079-0207] 

[JCPDS 01-079-0207]. Two Zincite diffraction peaks 

have been discovered, at the coordinates of 31.65, 

34.26, 36.11, 47.34, 51.48, 56.38, 62.81, 67.74, and 

69.23 [67]. These coordinates correspond to the 

crystal planes (100), (002), (101), (201), and (110), 

which are corresponding to the crystal planes (100), 

(002), (101), and (110) [JCPDS 01-079-0207] 

[JCPDS 01-079-0207]. 
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Fig. 8. (A)Transmittance spectra of ZnO and (B) 

Band gap of ZnO electrodeposited film. (ITO 

cathode, Pt anode, no stirring, Annealing time=60 

min, 0.1M Zn(NO3)2 + 0.05M KNO3-E= -1.2V for 

100 min, bath temp = 75 
0
C). 

The peaks of the film as they have been created are 

crisp, and they suggest that the crystalline planes are 

in a strong state of condition. A computer program 

was used to determine the size of the crystallite using 

the Scherer equation and the primary diffraction 

peaks [68], which were then manually recorded. The 

crystal's diameter was measured to be 61 nm in 

diameter. 

 

4. Fig. 9. X-Ray Diffraction peaks for ZnO film 

deposited at -1.2V and annealing at 400 
0
C for 60 

minutes (Electrolysis conditions: 75 
0
C, stirring rate 

= 0 rpm, time=10 min, ITO, 0.1M Zn(NO3)2+ 0.1M 

KNO3). 

3.7. Surface morphology  

As shown in Fig. 10, there is a direct link between the 

geometry of as-deposited zinc oxide films and their 

electrode potential. It is under these conditions that 

the films were electrodeposited for a total of 5 

minutes using chronoamperometric settings of -0.8 

and -1.2 V for a total of 5 minutes. In Fig. 10, the 

scanning electron micrographs of a film, which was 

deposited at a constant potential of -0.8 V, are shown 

in the first row. Images of a film that was deposited 

at an applied constant potential of -0.8 V are shown 

in Fig. 10b by scanning electron microscopy [69]. On 

the ITO surface, which is only partially covered by 

the film, aggregated particles with a semispherical 

structure can be seen forming aggregates. Fig. 10b 

shows micrographs of the zinc oxide layer 

electrodeposited at -1.2 V, as an illustration of this. 

Compared to Fig. 10a, which shows the identical film 

electrodeposited at +1.2 V, the film in Fig. 10b seems 

to be more adherent, smooth, and has fully covered 

the whole surface area of the ITO electrode. 

Increasing the applied potential of the deposited layer 

from -1 to -1.2 V results in a significant increase in 

the grain size, as can be shown [70]. 

 

 

 

Fig. 10. Scanning electron micrographs for Zinc 

Oxide films electrodeposited at the potential: (a) -0.8 

V, and (b) –1.2 V. 
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4. Conclusions   

A zinc nitrate bath was used to electrochemically 

deposit zinc oxide coatings on an ITO substrate in 

this investigation, and this was done on purpose to 

get the desired results. Electrodeposition processes 

have been monitored using techniques such as cyclic 

voltammetry, chronoamperometry, 

chronopotentiometry, and laser scanning 

voltammetry (LSV). The analysis and optimization of 

electrochemical parameters such as electrode 

potential, deposition length, bath temperature, and 

rate of bath agitation were carried out in this research. 

In conclusion, it was discovered that the optimal 

conditions for electrodeposition parameters were -1.2 

V, 75 0C, and a non-stirred solution for a total of 10 

minutes. Within the first few seconds of the 

experiment, the process of ZnO nucleation (as 

predicted by the Scharifker and Hills model) showed 

quick activity at low electrode potentials, indicating 

that it was active within the first few seconds (-0.8 

and -1.2 V). It was observed that nucleation 

formation was both slow and quick at potentials 

larger than -1.4 V. In the experiment, the bandgap 

energy value of the electrodeposited zinc oxide layer 

was determined to be 3.5 eV, according to the results. 

The hexagonal Zincite structure with a crystallite size 

of 61 nm was identified via the process of structural 

characterization and characterization of minerals. 

Using the constant potential approach 

(chronoamperometric imaging), scanning electron 

micrographs of the deposited layer were obtained, 

and smooth, compact, and aggregated particles were 

seen spreading entirely over the surface of the ITO 

cathode. 
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