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1. Abstract:

Zinc oxide (ZnO) is a versatile semiconductor material with unique physical, chemical, and optical properties. It has
garnered significant attention in recent years due to its wide applications in electronics, photonics, sensors, and
environmental devices. This paper provides a comprehensive review of the fundamental properties of ZnO, its synthesis
methods, and the wide range of applications it enables. The focus is on the material’s electronic properties, optical
characteristics, and how these features are being leveraged in innovative technologies such as transparent conductors,
UV detectors, and gas sensors.
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3. Introduction

Zinc oxide (ZnO) is a binary compound that crystallizes in either hexagonal wurtzite or cubic zinc-blende structures, with
the wurtzite form being the most thermodynamically stable at ambient conditions. ZnO has a direct wide bandgap of
about 3.37 eV, which makes it a highly efficient material for optoelectronic devices, particularly in the ultraviolet (UV)
spectrum. Additionally, ZnO exhibits a high exciton binding energy of 60 meV, facilitating excitonic emission at room
temperature. These characteristics have prompted extensive research into ZnO’s potential for a variety of applications,
Physical and Chemical Properties: ZnO is a n-type semiconductor with a wide bandgap that allows it to function in
high-power and high-frequency electronics. The material is highly transparent in the visible range while absorbing UV
light, making it an ideal candidate for UV-protective coatings. Additionally, ZnO is piezoelectric, meaning it can generate
electric charges in response to mechanical stress, which is useful for sensor applications. Its thermal stability and
resistance to oxidation further enhance its performance in harsh environments, Today, the study of materials deposited
in thin layers is one of the appropriate means to know many of their physical and chemical properties [1,2,3]. whose
properties are difficult to obtain in their natural form. the transparent conducting oxides have found importance among
researchers thanks to their dual property [2]. as they possess high transparency in the visual field, in addition to their
good electrical conductivity [4]. And in recent years Scientific research focused on the study and preparation of thin
layers of transparent conductive binary and triple oxides, including: zinc oxide with the increase in scientific and
technological progress, the methods of preparing thin layers developed, and became highly accurate in determining the
thickness and homogeneity of the membrane [5]. Hydrothermal Among these properties are the structural and optical
properties of these thin films composed of zinc oxide. From this logic, the following question arises what are the
important parameters that affect growth in the hydrothermal method, and which also determine the condition for
selecting substrates for the development of devices, for example the degree of Low operating temperature using
polymer-coated plastic and paper as substrates, this led us to perform several growth experiments under different
conditions such as pH, temperature, precursor concentration and time to rationally control the morphology of the
nanostructures, In this manuscript, the structural properties of thin films of zinc oxide were also studied. The study of
the structural properties of the membranes contributes to determining the identity of the obtained films, from the
nature and systems of their paving and the type of crystalline levels. thin film materials and other effects [7]. The
electrical properties of a thin film of zinc oxide were also studied due to the importance of electrical properties, since
1970 interest began in studying the electrical properties of transparent conducting oxides [8] so that the oxides are
classified according to the electrical properties as semiconductors with a relatively large energy gap, and the
transparent oxides are characterized by a forbidden band wide (energy gap) change from 3eV to 5eV this gap depends
on several factors, including: the type of solution compounds, as well as the method of sedimentation and the
experimental conditions for sedimentation[9]. the manuscript also dealt with the mobility of charge carriers (electrons
and holes), which is an important and influential factor on the phenomenon of electrical conduction, so that an increase
in this factor leads to an improvement in the electrical properties of the transparent conducting oxide, The mobility of
charge carriers depends mainly on the spread of charge carriers in the crystalline lattice of the material. In fact, a large
increase in the concentration of charge carriers reduces the value of mobility as a result of collision, and thus the
conductivity with them decreases [10,11], As mentioned, mobility is a necessary factor for good conductivity

266

https://doi.org/10.24297/jap.v22i.9675


Journal of Advances in Physics Vol 22 (2024) ISSN: 2347-3487 https://rajpub.com/index.php/jap

4. Materials and Method

4.1 Materials Synthesis

The methods used in this work to synthesize nanostructured materials. Used the hydrothermal method to synthesis
nanostructures. The focus and idea of this chapter is to mention important parameters affecting the growth in the𝑍𝑛𝑂

hydrothermal method, which also set the condition for the choice of substrates for the development of devices, e.g. low
operating temperature allows us to use polymer coated plastic and paper as substrates. This has led us to conduct
several growth experiments under different conditions such as pH, temperature, precursor concentration, and time to
rationally get control over the morphology of the nanostructures.

4.2 Substrate pre-treatment

The pre-treatment conditions of the substrate for the growth process, such as the pre-cleaning, concentration of the
seed colloid, spin coating times, and annealing treatment of the substrate were the most important steps and had their
respective influence on the morphology and quality of the nanostructures.𝑍𝑛𝑂

4.3 Substrate pre-cleaning

Prior to growth we immerse the substrate in is-propanol and acetone in an ultrasonic bath each for 10 min and
subsequently washed them with de-ionized water and then flushed them with nitrogen air. For Si substrate, one
extra-step was required for removing the native oxide by immersing the substrate into diluted hydrofluoric acid (HF)
solution (HF: water, 1:10) for 5 min, followed by washing in de-ionized water. Once the oxide layer was removed the
grey color of the silicon surface visually appears.

4.4 Seed layer for nanostructures𝑍𝑛𝑂

One of the advantages of the hydrothermal method is the use of a seed layer prior to the growth in the form of
nanoparticles or thin films, Different solvents and precursors are being used for the preparation of the seed solution.
We have chosen two different seed solutions in our work for making the seed layers. We prepared first the seed
solution by dissolving 5 mm of zinc acetate dehydrate (Zn(CH3COO)2 2H2O) in pure ethanol solution as previously
reported by Green et al. We preferred the use of this seed for hard substrate because these substrates with spin coated

seed layer need annealing at 250 for 30 min. to decompose Zn(CH3COO)2 2H2O into nanoparticles, For the𝐶0 𝑍𝑛𝑂
second case, we dissolved 5 mm of Zn(CH3COO)2. 2H2O together with KOH in pure methanol solution prepared
following the method developed by Pcholski et al.(M.B. Bever, 1986). In this case annealing is not required for
decomposition as it converts to nanoparticles at room temperature and is therefore very suitable for soft and𝑍𝑛𝑂
flexible substrates, In order to achieve nanostructures growth, first spun coat (four times) the ZnO nucleation layer,𝑍𝑛𝑂
at a speed of 3000 rpm for 30 seconds. During the growth, the ZnO nanostructures preferentially nucleate from the top
of the nanoparticles grains. Tuning the spin speed enables the control of the density of nanoparticles on the substrate.
In simple words, controlling the seed layer thickness or surface coverage can provide a good control of the alignment for
the growth and density of the nanostructures.

4.5 hydrothermal growth𝑍𝑛𝑂

Figure(1) Illustration of the hydrothermal growth method.
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There are several high and low temperatures and CuO nanostructures growth methods and both have some𝑍𝑛𝑂
advantages and disadvantages. Comparatively hydrothermal methods are attractive due to many reasons. This method
attained much interest in the scientific community when Vayssieres et al. (Smet PF, 2011) successfully demonstrated the
growth of microstructures on a glass substrate. It does not require sophisticated equipment; it is low cost,𝑍𝑛𝑂
environment friendly, and thus suitable for scale-up. Different morphologies of the nanostructures can be readily
obtained by tuning the hydrothermal conditions (Smet PF, 2011). In addition, the hydrothermal growth occurs at very
low temperature and therefore holds great promise for nanostructures synthesis on a variety of flexible/soft plastic and
paper substrates (Asif MH, Ali SM,. 2010 -Round HJ. 2005). The hydrothermal method has been demonstrated as a
powerful and versatile method for synthesizing metal oxide nanostructures and so has been reported in the fabrication
of electronic and sensing devices. The functioning of these devices is critically linked to the morphology of the
nanostructures and hence requires tuning of the growth parameters for the optimal performance. In this thesis, we
have synthesized Nano rods (Holonyak N. 2005..), nanotubes flower-like (M.B. Bever, 1986), urchin-like𝑍𝑛𝑂
nanostructures, nanoflowers, and ZnO/CuO corals shape structures by the same method, the schematic diagram of𝐶𝑢𝑂 
the hydrothermal growth procedure is shown in Figure 1.

4.6 experimental details

The experimental details of this work as shown in the following the sample which were prepared from and𝑍𝑛𝑂
following steps from the measurements optical properties of this samples were carried out at room temperature using
Shimadzu UV-VIS-1240 scanning spectrophotometer in the wavelength range from --- to --- nm. The substrate
absorption is corrected by introducing an uncoated cleaned glass substrate in the reference beam.

4.6.1 Ultraviolet – visible spectrometer

The visible spectra obtained in shimadzo mini 1240 spectrophotometer scanning between 200 -1200 nm. The
spectrophotometer measures how much of the light is absorbed by the sample. the intensity of light before e going into
a certain sample is symbolized by Io. The intensity of light remaining after it had gone through the sample is symbolized
by I. the fraction of light transmitted is (Io/I) which is usually expressed as percent transmittance (%T) from this
information, the absorbance of the sample is determined for that wavelength or as function for ranger of wavelength.
sophisticated UV/visible spectrophotometers often do this automatically. Although the sample could be solid (or even
gaseous, they are usually liquid). A transparent cell, often called cavetti. It used to hold a liquid sample in
spectrophotometer. The path length L through the sample is then the width of the cell through which the light passes
through. Simple (economic) spectrophotometer may use cavetti shape like cylindrical test tubes, but more sophisticated
one-use rectangular cavity common 1cm in width for just visible spectroscopy, ordinary glass cavity may be used, but
ultraviolet spectroscopy requires special cavities made of UV transparent materials such as quartz. An ultraviolet visible
spectrum is essentially a graph of light absorbance vs. Wave length in arrange of ultraviolet or visible regions.

Figure (2) UV/Vis spectrophotometer
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5. Results and Dissociation

5.1 Results

The sample of were impacted by the U.V spectrometers to measure their absorption spectrum. The optical𝑍𝑛𝑂
parameters are calculated. The outcomes were:-

Fig (3.1) relationship between absorbance and wavelength of 𝑍𝑛 𝑂

Fig (3.2) relationship between absorbance Coefficient and wavelength of Zn O

269



Journal of Advances in Physics Vol 22 (2024) ISSN: 2347-3487 https://rajpub.com/index.php/jap

Fig (3.3) relationship between Transmission and wavelength of Zn O

Fig (3.4) relationship between Reflection and wavelength of 𝑍𝑛 𝑂
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Fig (3.5) relationship between Refractive Index and wavelength of Zn O

Fig (3.6) the optical energy gap ( ) of𝐸𝑔 𝑍𝑛 𝑂
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6 Dissociation

❖ Absorbance's The relation between absorbance and wavelengths, the behavior of curves for the is found𝑍𝑛𝑂
by studied using UV-VS min 1240 spectrophotometer. Show all resolute of absorbance in fig(3.1). Also fig. (3.1) shows
the relation between absorbance and wavelengths, also found the behavior of sample the rapid increase of the𝑍𝑛𝑂
absorption in the wavelengths (360 nm).

❖ Absorption coefficient (α): The absorption coefficient (α) of the prepared sample were found from the

following relation α = 2.303 A/t. Where (A) is the absorbance and (t) is the optical length in the sample. In fig (3.2)
shows the plot of (α) with wavelength (λ) of Zn O , which obtained that the value of α >4.48x106 cm-1 for the samples in
the U.V region , this means that the transition must corresponding to a direct electronic transition, and the properties of
this state are important since they are responsible for electrical conduction.

❖ Transmittance: fig (3.3) shows the transmission , discussed the ranged ( 300 to 500 nm ) .From fig.(3.3), the

transmittance spectra (decrease) from the sample Zn O and the curves reach’s saturation above(330 and 440 nm) the
average transmittance of the sample is 13.2 % .

❖ Reflectance: In fig. (3.4) show the reflectance spectra of sample and it has a maximum value at region𝑍𝑛𝑂
(252 nm) and the value of reflectance is 28 %.

❖ The refractive index (n)

The refractive index (n) is the relative between speeds of light in vacuum to its speed in material which does not absorb
this light. The value of (n) was calculated from the equation n = { [(1+R )/ (1-R)]2 – (1-K2) }1/2 - [( 1+R )/ (1- R )] . Where
(R) is the reflectivity. The variation of (n) vs (λ) for Zn O sample was treetetment is shown in fig(3.5). Fig (3.5) the
relationship between Refractive Index and wavelength of sample which shows that the maximum value of (n) is𝑍𝑛𝑂
(5.76) at wavelength 730nm . Also we can show that the value of (n) begin to decrease in the(720-360 nm) region of
spectrum which is agreement with ref.

❖ The optical energy gap : The optical energy gap ( ) has been calculated by the relation(𝐸𝑔) 𝐸𝑔

where (C) is constant. By plotting vs photon energy (hυ) as shown in fig.(3.6 ) for(αℎυ)2 = 𝑐(ℎυ − 𝐸
𝑔
) (αℎυ)2 𝑍𝑛𝑂

sample treetetment. And by extrapolating the straight thin portion of the curve to intercept the energy axis, the value of
the energy gap has been calculated. In fig (4.6) the value of ( ) of sample obtained was (3.54) eV𝐸𝑔 𝑍𝑛𝑂

7. Conclusion

The materials investigated here are , which are the oxides of earth-abundant materials. A variety of ZnO𝑍𝑛𝑂
nanostructures were prepared by a simple and low cost hydrothermal method. The optical properties of the as
deposited nanostructures have been investigated in detail. The absorption coefficient (α) of the Zn O sample were found
value is α>4.48x106 cm-1 in the U.V region, the transmission saturation above (330 and 440 nm) the average
transmittance of the sample is 13.2 %, the reflectance spectra of Zn O sample and it has a maximum value at region
(252 nm) and the value of reflectance is 28 %. The maximum value of (n) is (5.76) at wavelength 730 nm also we can
show that the value of (n) begin to decrease in the (720-360 nm) region of spectrum which is agreement with ref. The
value of of Zn O sample obtained was (3.54) eV.(𝐸𝑔)
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