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ZnO nanofilm, nanowires were grown in a vertical orientation and having a high
ZnO nanowires, density, very long, and a minimal aspect ratio. The crystal structure
Zn metal evaporation and morphology of ZnO nanowires were investigated with X-ray
diffraction (XRD) and scanning electron microscopy (SEM). The UV-
*Corresponding Author: visible spectrophotometer was also used to calculate the optical
Wafaa Khalid Khalef parameters from the absorption spectrum and show a band gap energy

drwafaal980@gmail.com

around 3.25 eV. The crystal structure of the material was revealed to be

polycrystalline with a preferred orientation in the direction of [101].

r?t?[:é://doi.orq/10.53523/iioirVolllI2|D421 Small average crystallite size was calculated about 17nm  The wires can

be measured to have a length of around 10 um with diameters ranging from 50
This article is licensed under: to 100 nm. This could be used for gas sensor applications. In addition, this
Creative Commons Attribution 4.0 ZnONWS structure has a maximum transmittance (100%) which can be a
International License. good candidate for many optoelectronic applications.

1. Introduction

In this introduction, we will discuss the fundamentals of the synthesis of ZnO nanowires using the thermal
evaporation method, as well as the benefits of this approach and the difficulties that it presents. It will also cover
some of the significant developments and possible uses of ZnO nanowires that were manufactured using this
method, highlighting the significance of this method in the field of nanomaterials and nanotechnology. In the
field of nanomaterials, Zinc Oxide (ZnO) nanowires have attracted a lot of attention due to the distinctive
structural [1], electrical [2], and optical features [3] that they possess. These nanowires have the potential to be
useful in a wide variety of applications, such as photocatalysts, energy harvesting devices, optoelectronic
devices, and sensors, among others [4-7]. The thermal evaporation technique is one of the many methods that
can be used to synthesize ZnO nanowires [8,9], and it stands out as a method that is both versatile and effective.
The formation of ZnO nanowires on a suitable substrate can be accomplished using a process known as thermal
evaporation, which involves the controlled vaporization of a Zn source material (usually metallic zinc powder)
under regulated conditions. Using this method, one may generate high-quality ZnO nanowires that have well-
defined morphologies, tunable diameters, and crystalline structures. This is only one of the many benefits that
this technology provides. In addition to this, it offers a method for the creation of nanowires that is both
affordable and scalable. Researchers can modify the features of ZnO nanowires to match the requirements of a
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particular application by improving these factors. Additionally, the thermal evaporation process enables the
development of vertically aligned ZnO nanowire arrays, which are particularly suitable for sensor and
optoelectronic applications [ 3]. The process of exposing thin films of metallic Zn to heat oxidation is yet
another method that is frequently utilized in the synthesis of ZnO nanowires. There is a mention of the authors
Wafaa et al. in reference number 3, as well as in publications number 8 and 9. B. D. Yao at, el [10] Mass
production of ZnO nanowires, nanoribbons, and needle-like rods has been achieved by a simple method of
thermal evaporation of ZnO powders mixed with graphite. A. Chrissanthopoulos et al [11] reported the
formation of ZnO/carbon nanotubes heterostructures achieved using a thermal evaporation method. Scanning
electron microscopy revealed that the main building block of the observed morphologies was the nanorod whose
self-assembling resulted in various structures such as polypods and nano-hedgehogs, depending on various
factors as well as the location of the ZnO-CNT junction. Using thermal oxidation of metallic zinc, researchers
were able to produce improved ZnO films and document the process. The thermal oxidation of metallic zinc
films in an atmosphere with a high concentration of oxygen can be used as a method for the production of zinc
oxide films that have a high level of both purity and quality. Furthermore, this methodology was employed in the
aforementioned study, which presents a straightforward, cost-effective, non-catalytic approach for fabricating
ZnO nanowires. Zinc oxide (ZnO) nanowires were synthesized on glass substrates using the process of thermal
oxidation of thin metallic zinc films in an air environment, at a temperature of 600°C for 4 hours. This study
presents the process of synthesizing ZnO nanowires through the thermal oxidation of a zinc layer.

2. Experimental Procedure

The glass slides were used for Zinc metal film support. Firstly, they were washed with water.and subjected to
ultrasonic cleaning using acetone and alcohol for approximately 15 minutes each. Then rinsed with deionized
water. Zinc metal powder of high purity (commercial grade) was loaded into the Physical Vapor Deposition
(PVD) chamber. Zinc oxide (ZnO) nanowires were fabricated on glass slides through the oxidation process of
zinc (Zn) metal films using physical vapor deposition (PVD) as shown in Figure (1). The distance between the
substrate and the source during the process was set at 10cm apart. The laser method was used to measure the
thickness of the deposited film. The films with a thickness of around 30pum was measured. The thermal oxidation
process of the deposited substrates (Zn/glass) was conducted as a distinct experiment. The substrates were placed
onto an alumina boat and subsequently inserted into the center of a one-meter quartz tube within an electric tube
furnace. The oxidation studies were conducted for 4 hours in an ambient air environment at a temperature of
600°C. The heating rate was approximately 25 degrees Celsius per minute. After the oxidation process, the
furnace was deactivated and allowed to cool down naturally. The materials were then analyzed using X-ray
diffraction (XRD), scanning electron microscopy (SEM), and UV-visible spectrophotometry.

The film was analyzed using an X-ray diffraction (XRD-Shimadzu 6000/Japan) diffractometer with Cu Ka
radiation (A=0.15406 nm) in the 2 theta range of 30° to 80°. The form and size of the ZnO nanostructures in the
product were determined using high-resolution scanning electron microscopy (SEM) with a Tescan Vega Il-
Cheek instrument. The X-ray diffraction (XRD) technique with Cuka radiation (A = 0.15406 nm) was used to
analyze the crystal structures of the samples. Scanning electron microscopy (SEM/ Tescan Vega Il- Cheek) was
used to analyze the surface morphologies and components of the oxidized Zn sheets. The UV-visible
spectrophotometer was used to test the optical transmittance.
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3. Results and Discussion

3.1. XRD Analysis
An investigation of the crystal structure of ZnO NWs was carried out. The XRD patterns of the fabricated film

by thermal oxidation of the Zn metal layer at temperatures of 600 degrees Celsius is displayed in Figure (2). The
reflection planes (100), (002), (101), (102), 110), (103), and (112) are comparable to the peaks that occur at
32.2°,34°,36° 47°56° 63° 68° and 77 °, respectively. The ZnO (101) is the dominant peak that can be seen
in Figure at 26°=36.564° which represents the preferred orientation of the structure. The diffraction peaks are
easily assignable to a ZnO structure that does not have a preferred orientation, and they are in good accord with
the standard data of JCPDS # 36-1451. The crystallite size was calculated using the Sherrer equation [10-12].

D =0.92/B cos6 (D
The constant k is considered to have a value of 0.94. The utilized X-ray wavelength, denoted by A, is supposed to

be 1.54 A. 0 represents Bragg's angle, and B represents the entire width at half maximum of the X-ray diffraction
patterns. The dimensions of the crystallites are presented in Table (1).
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Figure (2): X-ray diffraction (XRD) of ZnO film oxidized at 600°C.
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Table (1): ZnO/ NWs parameters.
Fill width of .
Sample Trgzxt%r;ltpi)gaatgcr:e)of 2-theta (20°) half maximum (;ir;/:t(ar: :T']t)e
(FWHM)
ZnO NWs 600 36.5645 0.4869 17.9

3.2. SEM Analysis

Figure (3) displays scanning electron microscopy (SEM) images of a ZnO/glass film formed by oxidizing it at a
temperature of 600°C for 4 hours in air. The presented images were taken at various magnifications. Figure (3a)
displays a vast distribution of ZnO nanowires with the maximum density and length which was covered a
significant portion of the substrate. The film of the nanowires exhibit several wrinkles. The wires can be
measured to have a length of around 10 um with diameters ranging from 50 to 100 nm. The medium and high
SEM magnification images in Figure (3b) and c displed a wire arrangements.

Figure (3): different magnifications of SEM images of Zno deposited on a glass substrate and oxidized at 600°C.

EDX was used to analyze the bulk element compositions of the ZnO NWs, and Figure (4) displays the spectrum
obtained from this analysis. The high ratios of zinc and oxygen elements found in ZnO nanostructures lend
credence to the theory that no additional metal components are utilized in the process of accelerating the
formation of ZnO nanostructures.
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Figure (4): DES for ZnO NWs on the substrate of a glass and oxidized at 600C for 4 hours.

3.3. Optical Properties

The transmittance spectra of ZnO films in the wavelength range of 200-1200 nm are shown in Figure (5). The
average transmittance of ZnO film is about 95% in the visible region (400-700 nm). This is a duo to ZnO the
transparent conductive oxide (TCO) material [11 ]. The absorption coefficient « is correlated to the optical band
gap by the following equation [14,13].

(ahv)2 =A(hv—-Eg) (2)

In this equation, h represents Planck's constant, v represents the incident photon frequency, A represents a
constant, and Eg represents the optical band gap. Tuac's graphic provides the formula for calculating the optical
band gap of ZnO films by extrapolating the linear portion of the (h)2 curve toward the energy h axis at (h)2 = 0.
ZnO film band gap was measured. ZnO films have a predicted band gap of roughly 3.25 eV (Zn film oxidation
temperature of 600°C for 4h, as depicted in the inset of Figure. This is due to the decrease in particle size of ZnO
which could be attributed to the quantum confinement [14-16]. The Eg values are in good agreement with other
workers [ 17].
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Figure( 5): Optical transmittance of ZnO film on quartz slides (Zn film oxidation temperature of 600°C for 4h).
The inset shows the optical band gap calculated by the (ahv)?-energy of the transmittance curve.
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4. Conclusions
In conclusion, Zn metal powder can be easily evaporated used Physical VVapor deposition to grow ZnO NWs.
ZnO nanowires were successfully synthesized via the physical vapor deposition method (PVD). X-ray
diffraction shows, a polycrystalline wire structure with a preferred orientation (101). The SEM results show a
Long, small, high-density, and well-aligned ZnO nanowires were obtained with different diameters and lengths
of the wires in nanometers. The optical properties of the absorption spectrum with ZnO energy band gap of
about 3.25 eV. This also confirms the formation of the well oriented of ZnO crystal structure.
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