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ABSTRACT:

The simplest chemical spray approach has been used to grow the zinc oxide (ZnO) nanorods (NRs). For spraying, a basic perfume
automizer was employed. Additionally, utilizing a variety of characterization techniques, the effects of various growth temperatures
on the ZnO NRs properties were looked into and evaluated. The results of the investigation demonstrated that the growing
temperature significantly affects all-characteristics properties of the ZnO NRs fabricated using the most straightforward spray
approach. At various growth temperatures, the average diameters (size) and average crystalline sizes along with (002) of grown
ZnO NRs were in the ranges of (47.89-51.29) nm and (44.128-52.565) nm, respectively. The hexagonal wurtzite plane was the
optimum direction for ZnO NRs to be oriented, and as growth temperatures are raised. The absorption edge changed toward longer
wavelengths and as growth temperature increased, the average absorbance also increased. The optical analysis reveals that the
direct Eg. of the produced ZnO NRs lies in the (3.182-3.250) eV range.
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1. INTRODUCTION

Given its distinctive qualities, which include its broad direct
band gap (3.37 eV), visibility in the visual range, availability
in nature, no poisoning, strong electrochemical stabilization,
and maneuverability over resistivity overhead the domain of
(103-10%) Ocm [1]. In recent years, ZnO has emerged as a
versatile and essential n-type semiconducting compound.
Additionally, ZnO has great optical and electrical properties, a
wide exciton binding energy of (60 meV) at RT, and is
biocompatible. It also has high mechanical, chemical, and
thermal stability [2]. These characteristics make the ZnO
suitable for optoelectronic components like gas sensors, light
emitting components, dye-sensitive solar cells, photocatalysts,
transparent conducting layers, blocking layers in flexible
organic solar cells, and thin film transistors [3]. ZnO is
currently the subject of extensive investigation by several
groups. This benefit is due to a variety of factors, such as the
enormous area of the promising implementation where it was
predicted that the zinc oxide will carry out preferable compared
other semiconductors types, the approachability of the ZnO
perspicuous materials with a variety of individual properties,
inexpensive, and high levels of clarity [4]. Due to promises of
enhanced implementations achievement, device downsizing,
depress exhaustion power, and the materials with remarkable
attributes, the nanotechnology sector has increased in
prominence alongside ZnO's expanding benefits as a
semiconductor [5]. The II-VI semiconductor materials group of
inorganic binary compounds includes ZnO [6].

Due to the individual and fascinating optical, mechanical,
electrical, thermo-electrical, and chemical properties of ZnO
numerous nanostructures materials as well as their potential
technological applications have attracted significant interest,
particularly in electronics, optics, and the enormous variety of
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photonic usages [7,8]. Scientists in the domain of
semiconductor nanotechnology have recently become very
interested in  one-dimensional (1D)  semiconductor
nanostructures like nanorods, nanotubes, nanobelts, and
nanowires due to their distinguishing properties and the
promising for using them as building blocks for future
electronic and photonic devices or applications like UV
photodetector, UV nano-laser, solar cell, light emitting diode
(LED), gas sensor, and field emittance microscopes. It is
widely acknowledged that one-dimensional nanostructures of
various types are useful materials for getting the influence of
mechanical properties or thermal and electrical convey on the
dimensionality and stenography in size [9].

The successive ionic layer adsorption reaction (SILAR),
chemical bath deposition, modified chemical-bath deposition,
sol-gel, electrodeposition, sonochemical method, spray
pyrolysis, chemical vapor deposition, hydrothermal synthesis,
and sol-gel are some of the physical and chemical processes
that can be used to make these ZnO NRs [10-12]. The simplest
spray pryolysis technique is the most efficient, high-
performing, and effective growth method for growing various
nanomaterials and nanostructures due to its advantages,
including the formation of high-density arrays, high crystal
quality, and large capacity of growth vessel used, low cost,
simplicity, and reproducibility; the need for a complex growth
system; and environmental considerations [13, 14]. Also, with
MCBD method, one can be growing numerous nanostructures,
on the numerous substrates (flexible, nonflexible, organic and
inorganic), where it does not require the conductive substrates
[14].

Using the simplest spray pyrolysis techniques, numerous
growth parameters such as; growth temperature, precursor
concentration, growth temperature, post-annealing conditions,
type of substrates, and growth solution pH, have numerous
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effects on the synthesis and quality of ZnO nanostructures [15,
16]. The simplest spray pyrolysis approach was used in this
study to create ZnO nanorods utilizing perfume atomizers. We,
therefore, looked into how varied substrate growth
temperatures ranging from 200 to 400 oC, affected the
characteristics of ZnO nanorods.

2. EXPERIMENTAL METHODS

Without further purification, Sigma-Aldrich (SA) was
employed to get all of the chemical components for this study,
including zinc chloride (ZnCl2) and aqueous ammonia solution
(NH40H) with a palliated ratio of (25 percent). The simplest
spray technique deposition was performed using perfume
atomizers. The simplest spray approach along with several
growth processes was used to produce the ZnO NRs across the
microscopic glass slide. The first step was to cut and clean the
microscopic glass slide substrates in the ultrasonic bath for 20
minutes each using pure ethanol (96%), acetone, and double-
distilled water. The tiny glass substrate was then cured at
ambient temperature [17]. The second step was to create ZnO
NRs with various growth temperatures, the simplest chemical
spray pyrolysis approach was used in conjunction with
inexpensive perfume atomizers. 0.1 M of ZnCl2 was dissolved
in double-distilled water using a magnetic stirrer under
continuous stirring to produce a uniformly transparent growth
solution and fully dissolved ZnCI2 solution.

The resulting zinc solution's pH was then changed to 8.5 using
a 25% water solution of NH4OH ammonia. Drop by drop,
under magnetic stirring, NH4OH was added to the growth zinc
solution that had been created. After adjusting the pH of the
zinc solution to pH 8.5, the color of the growth zinc solution
changed from transparent to milky thick white. Simple scent
automizers that had been thoroughly cleansed were filled with
the ready-made milky dense white growth zinc solution for
making ZnO NRs [12]. At varied growth temperatures, which
are 200 oC, 300 oC, and 400 oC, the generated milky growth
zinc solution was sprayed over the entire cleaned glass
substrates. The photograph of the simplest spray method
system is shown in the Fig.1

The prepared ZnO NRs samples were given the matching labels
of a, b, and c. The following conditions have been met while
using the simplest chemical spray approach. The precursor
growth zinc solution flow rate is around 1 mL/sec, and the
distance between the glass substrates and the perfume atomizer
was about 35 cm. The duration of each chemical spray growth
cycle is 2 seconds, followed by a 15-second pause. Prior to
beginning the subsequent growth chemical spray cycle, the
waiting period allows the glass substrate to reach the necessary
temperature for growth. Three cycles of this straightforward
chemical spray growth procedure were required to obtain
uniform zinc oxide nanorods over the entire microscopic glass
substrates at various growth temperatures. After completing the
chemical spraying growth procedure, the ZnO NRs sample that
was produced at various growth temperatures was gradually
cooled down to room temperature. The fabricated ZnO
nanorods were annealed in the air using a tube furnace at 550
oC for 1 hour in order to reduce the atomic mismatch of the
ZnO NRs sample and improve the structural and optical
properties of the ZnO nanorods.

Finally, the samples of ZnO nanorods that were made at
numerous temperatures have been examined and characterized
utilizing a variety of characterization techniques. A FESEM
system of type (FEI-Nova Nano SEM-450), an elevated XRD
system with a scanning angle of 2theta (20-80), and a Raman
system, were used to examine the morphology and surface
properties of prepared ZnO nanorods with numerous growth
temperatures. These properties included size, shape, direction,
and chemical properties, as well as structural (XRD patterns,

defects, and crystalline size), optical, and phonon vibrational
study or Raman spectra.

Simple Perfume
Atomizers

Glass Substrate

Growth Zinc Solution

Hot Plate

Figure 1. The Photograph of the Simplest Spray Method
System

3.  3.RESULTS AND DISCUSSION

The FESEM images of the ZnO nanorods produced using the
simplest chemical spray approach at various growth
temperatures are shown in Figure 2. From Figure 1, it is clear
that the ZnO nanorods were successfully formed over the entire
glass substrates by utilizing a straightforward scent automizer.
Additionally, the shape (formation), density distribution,
average size (diameter), orientation, and alignment of ZnO
NRs are significantly impacted by changes in growth
temperatures.
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Figure 2. The FESEM Images Analysis of ZnO Nanorods
Fabricated Using the Easiest Chemical Spray Technique with
distinct Growth Temperatures: (a) 200 oC, (b) 300 oC, and (c)
400 oC. The average ZnO nanorod diameter is plotted against
the growth temperature in Figure 1(d).

Obviously, at low growth or growth temperature 200 oC as
displayed in Figure 2 (a), low density, short length, non-
uniform shape, incompletely, non-homogenous ZnO NRs were
produced with oriented randomly with average diameter of
47.89 nm over the whole glass substrates. However, with
increasing the growth temperature to 300 oC, the remarkable
change in morphological characteristics regarding shape,
density distribution, size, alignment, and orientation of ZnO
NRs were identified as exhibited in Figure 2 (b). The average
diameter of ZnO NRs synthesized at 300 C is about 49.62 nm.
In addition, Figure 2 (c) shows that the alignment, shape, size,
orientation, density distribution, and homogeneity of ZnO NRs
have been significantly improved with increases the growth
temperature to 400 oC. Also, the most of obtained ZnO NRs
were grown and oriented along c-axis or vertically aligned with
average diameter is about 51.28 nm.

The morphological properties such as shape, size, density,
homogeneity and orientation of the ZnO NRs were improved
with increasing the growth temperatures
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may be due to the enhancement of the kinetics of the growth
supporting the quick precipitation of ZnO add-atoms, resulting
in a larger size of ZnO NRs. This indicates that increasing the
temperature would improve the aggregation and accelerate the
reactive nucleation add-atoms during the solvothermal
synthesis [17].

Figure 3 depicts the corresponding EDX analysis of the
elemental chemical composition of ZnO NRs made utilizing
the most straightforward chemical spray approach at various
growth temperatures. One can see that the ratio of zinc (Zn) to
oxygen (O2) is significantly impacted by the growth
temperature in the range of (200-400) oC. According to EDX
limitations, the matching EDX analysis of Figure 3 shows the
(Zn) and (O), which correspond to the typical texture of ZnO,
without the occurrence of every pollutant or substrate
indicative (signal). For all samples of ZnO nanorods that were
tested and made using various temperatures for chemical spray
growing, the ratio of Zn to O was nearly the same. At various
growth temperatures, the produced NRs are confirmed to be
pure ZnO by the molecular ratio of Zn:O, which is almost 1:1
as derived from quantitative EDX analysis data.

] Element Weight %
R i Zinc 49.44 (a)
% 9 Oxygen 50.56
Total 100
Element Weight %
Zinc 4559
s Oxygen Sa.41 ®
Total 100
- -
H o
Element Weight %
] Zinc a3.82 (c)
i E Oxygen 56.18
Total 100
)

Figure 3. The Representative EDS Analysis of ZnO Nanorods
Fabricated with Simplest Chemical Spray Technique at
Numerous Growth Temperatures: (a) 200 oC, (b) 300 oC, and
(c) 400 oC.

Figure 4 illustrates the X-ray diffraction (XRD) patterns of
synthetic ZnO nanorods made utilizing the simplest chemical
spray approach at various growth temperatures. The conclusion
was made that the zinc oxide wurtzite hexagonal phase
structure adhered to the standard database spectrum because of
all detected diffraction peaks in all three XRD patterns (JCPDS
card-No. 01-080-0075). There are no peaks of diffraction that
belong to the impurities that were seen, demonstrating that ZnO
NRs were fabricated at various growth temperatures using a
straightforward chemical spray technique. Additionally, it
should be noted that all ZnO NRs samples produced showed
preferential growth along the plane's c-axis at the 2 = 34.420,
34.425, and 34.435 degrees Celsius, respectively, for 200 oC,
300 oC, and 400 oC. The ZnO nanorods resort to develop in
the (002) orientation due to it has the lowest free surface energy
density in the ZnO crystal [18].
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Figure 4. The XRD Patterns of ZnO Nanorods Fabricated with
Simplest Chemical Spray Technique at Numerous Growth
Temperatures.

Figure 4(a) shows that when ZnO NRs were grown at 200 °C,
the (101) diffraction peak was somewhat more prominent than
the (002) and (101) and almost equal to the value of (101). This
proved that the majority of ZnO nanorods are not developed
vertically or in a uniform orientation, but rather are almost
more inclined to grow in the (100) and (101) planes than the
(002) plane. The powerful diffraction peaks along the (002)
plane with very weak diffraction peaks from other planes or
surfaces are observed at 2 values of 34.425 and 34.435 of ZnO
NRs, however, when the growth temperature of ZnO NRs is
increased from 300 °C to 400 °C, as shown in Figure 4 (b and
¢). This indicated that when the growth temperature rose, the
alignment improved and increased, and the majority of
vertically aligned ZnO nanorods grew on the entire glass
substrate [19].

Additionally, the XRD scans demonstrated that the nanorods
grew vertically on top of used substrates, particularly all along
c-axis of the wurtzite hexagonal structure. This peak,
designated (002), is strong and distinct [20]. The results XRD
patterns under examination exhibit good agreement with the
findings of the FESEM and previous studied [21-24]. The
majority of the samples that were tested showed diffraction
peaks from surfaces with the numbers (101), (103), (102),
(112), (110), and (100), and that indicated a sizable number of
ZnO nanorods were orientated in numerous orientations.
Figure 4 shows that as the growth temperature is raised in the
range of (200-400) °C, the intensity of the ZnO NRs (002) peak
gradually increases. The ZnO nanorod arrays are positioned
getting up (perpendicular) to the surface of the glass substrate
and in the c-axis direction, according to the higher intensity of
the diffraction peaks (002) [17]. Additionally, the plane in ZnO
nanorod samples is well-aligned as the growth temperature
rises, enabling the ZnO samples to detect more X-rays. The
peak intensity rises with the growing temperature for this
reason. It is worthwhile to point out that as growth temperature
rises, the diffraction peaks (002) get higher and smaller,
proving that ZnO's crystalline quality improves.

Table 1. The impact of numerous growth temperatures on the ZnO nanorods produced utilizing a straightforward chemical spray
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method's average crystalline size, hexagonal cell volume, dislocation density, and bond length.

Growth Plane | Crystalline | Volume | 3 x10°(A?) Bond
Temperature (°C) Size (nm) (A% Length (A)
200 100 42.125 51.454 5.635 2.032
300 100 40.908 51.691 5.975 2.035
400 100 33.320 51.454 9.007 2.032
200 002 44218 40.753 5.114 1.883
300 002 48.352 40.735 4.277 1.880
400 002 52.565 40.701 3.619 1.879
200 101 48.283 35.131 4.290 1.789
300 101 37.754 35.131 7.020 1.789
400 101 37.071 35.131 7.280 1.789
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Using the Debye-Scherer formula, the average crystalline size
of ZnO NRs along the three prominent peak diffractions (100),
(002) and (101) planes are assessed at various growth

temperatures. The results are shown in Table 1 [25]
KA

b= Lcos (1}

where k is a constant, assumed to be 0.9, where is the X-ray
source's wavelength, B is the full width at half maximum
(FWHM) in radians, and 0 is the Bragg diffraction angle.

As growth temperature rises, the crystal size of the produced
ZnO NRs along (002) plane decreases. The following equation
determines the dislocation density along the three prominent
peak diffractions (100), (002), and (101) planes, This indicates
the quantity of flaws in the [25].

1

5= @

where D is crystallite size.

Table 1 shows the results of an investigation into how
numerous growth temperatures affected the volume of
hexagonal cells and bond length of ZnO NRs. Using the
formula given, the ZnO bond length is calculated [26].

2 2
L= a—+(l—u) c? 3)
The positional parameter u, which is connected to the c/a ratio

and determines how far apart each atom is from the next along
the 'c' axis in the wurtzite hexagonal structure, is given by [26]:
2
u= % +0.25 “@
The following equation was used to get the hexagonal cell's
volume (V) [26]:
V =—=a‘c 5)

where a and c are the lattice constants.

Table 2. The impact of varying growth temperature on the structural characteristics and lattice parameters of ZnO nanorods made

utilizing a straightforward chemical spray method.

Growth Interplanar
0, 0,
Tem?oecr)ature Plane FWHM 20 c(d) % a(A) Ta% Distance (A)
2.814
200 100 0.196079 | 31.775 | 5.628 8.023 3.249 -0.145
2.818
300 100 0.201887 | 31.725 | 5.636 8.189 3.254 0.009
2.814
400 100 0.247896 | 31.775 | 5.628 7.913 3.249 -0.132
2.604
200 002 0.188083 | 34.420 | 5207 | -0.055 | 3.006 -7.612
2.603
300 002 0.172004 | 34.425 | 5206 | -0.069 | 3.006 -7.625
2.602
400 002 0.158222 | 34.435 | 5.205 -0.198 | 3.005 -7.639
200 101 0.173111 | 36.225 | 4.956 -4.88 2.861 -12.072 2.478
300 101 0.221392 | 36.225 | 4.956 -4.88 2.861 -12.072 2.478
400 101 0.225472 | 36225 | 4.956 | -4.977 | 2861 -12.0612 2.478

Table 2 provides information on the structural characteristics,
peak position, intensity, lattice constants, and internal stresses
(&c) and (a) of the ZnO hexagonal structure along the three
prominent peak diffractions (100), (002), and (101) planes for
various growth temperatures. Bragg's law is used to determine
the lattice constants (a & c) of the hexagonal ZnO wurtzite
structure along (002) peak [27]:
1 A

a= |
3 sin®

A

Cc = m (7)
where (0) and (A) were the diffraction peak angle, and the X-
ray source wavelength respectively.
The strains and stress (&c) and (Fa) are obtained from the
following formulae for the deposited ZnO NRs along the c-axis
and a-axis, respectively [27]:

£, = (%) x 100% (8)

€ = (%) X 100% 9)

where ao and co the common lattice constants for unstrained
ZnO NRs found in the shared database are given.

It's noteworthy to notice that the strains (&c) and (Fa) along the
three prominent peaks are dramatically altered as the growth
temperatures changed, as illustrated in Table 2. The existence
of variance in the values of strains (Fh) and ($a) is caused by
variations in the interplanar spacing measurements, most
occurs as a consequence of stacking fault and lattice mismatch
flaws between crystal growth and substrate. A negative strain
magnitude is linked to the compressed strain and denotes a
contraction of the lattice, whereas a positive strain magnitude

(6)

is linked to the tensile strain and pointed an increase in the
lattice constant. According to Bragg's law, the plane spacing of
wurtzite of ZnO NRs is determined for various growth
temperatures and is shown in Table 2 [17]:

1 _ é(h2+hk+k2) ?

dz 3 a? c?
where a and c are the lattice constants defined.
To demonstrate how changing growth temperatures affect the
optical features of ZnO nanorods, RT uses ultraviolet (UV)
visible spectroscopy to examine the optical qualities based on
the absorption spectra. Figure 5 shows how numerous growth
temperatures affect the optical absorption spectra of ZnO
nanorods in the 300-800 nm wavelength range. The UV area
at wavelengths below 400 nm exhibits significant absorbance
(low transparency) and the visible region exhibits low
absorbance (high transparency), which are ZnO properties. All
ZnO NRs samples have a pronounced UV absorption edge that
is discovered at a wavelength of about 380 nm [22, 23], which
matched to the optical Eg of the ZnO nanorods.

(10)
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Figure 5. The Optical Absorption Spectrums of ZnO Nanorods

Fabricated with Simplest Chemical Spray Technique at

Numerous Growth Temperatures.

The absorption edge changed toward longer wavelength as
growth temperature increased from 200 oC to 400 oC. Reduced
Eg, the transitional gap between energy levels, caused the
absorption edge to move to higher wavelengths [18]. It was
found that the average absorbance increases when the growth
temperature rises from 200 oC to 400 oC, as illustrated in
Figure 5. After the growth temperature was raised from 200 oC
to 400 oC, there may have been an increase in hydroxide
accumulation at grain boundaries and topographical changes to
the ZnO nanorods. Further, the increase in the absorption
spectrum that occurs when the growth temperature rises from
200 oC to 400 oC may be caused by the larger crystalline size
that causes a greater absorption of light. Low absorption values
at long wavelengths were leaded to by pollutions in the ZnO
NRs layer, such as oxygen vacancies and donor-impurity-
serving interstitial Zn atoms [22, 18]. In addition, ZnO nanorod
absorbance at 400 oC at other production temperatures showed
that the other samples had good crystallinity. Moreover, have a
large interior surface area for the adsorption of electrolytes.
From the obtained optical results, one can conclude that the
fabricated ZnO nanorods samples from simplest spray method
with different growth temperatures can be used for different
application such as UV sensor, gas sensor, solar cell, and pH
sensor.
Figure 6 illustrates an extrapolation of the linear portion of
(ahv)2 versus h to produce a Tauc formula regularly to
determine the optical Eg of ZnO NRs using absorption spectra.
The below formulae enabling employed to compute the Eg of
ZnO NRs developed at numerous growth temperatures ranging
(200-400) oC is illustrated in the Figure 5 [19]:
(ahv)? = A(hv — Eg)" (11)

Where hv, A, Eg, and a is photon energy, constant, coefficient
of absorption spectra, and the optical band-gap, and n is factor
depended on the form or types of the transmission which is
equal to 0.5 for direct band gap. Also, the (a) coefficient for the
transmittance spectrum is calculated by utilizing below
formula [25]:

In ()

a=— (12)
where d, and T is the ZnO NRs nanofilms thickness, and
transmittance rate of ZnO nanofilm.

The optical Eg of the ZnO semiconductor, which is indicated
by the transition area that agreement to the direct transition
between the borders of the valance and conduction bands, was
found to be approximately 3.20 eV from the plots. At numerous
growth temperatures, the predicted direct optical Eg of ZnO
NRs was (3.250, 3.233, and 3.182) eV for 200 oC, 300 oC, and
400 oC, respectively.

It is possible to assume that the observed variance of the Eg
with numerous growth temperatures is associated to the
crystalline quality (FWHM) of growth ZnO, such as
agglomeration of the nanorods which increases the number of
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dislocations and defects, strains, random orientation of the
nanorods [19, 25]. The acquired Eg values of several ZnO NRs
produced at various growth temperatures using the simplest
chemical spray approach are almost in perfect accord with
these earlier research [22]. The obtained Eg of ZnO NR
produced at numerous growth temperatures is around 3.37 eV
lower than that of ZnO bulk. This is because the creation of
ZnO NRs has an optical confinement effect [22].

5.40E+014

—200°C
4.50E+0141 —— 300 °C
0,
- ——400°C
v 3.60E+014
£ 3.182¢eV
S
D 270E+014
N 3.233eV
>
-g 1.80E+014 -| 3.250 eV
9.00E+013
0.00E+000

25 2:6 2:7 2j8 2:9 310 3:1 3t2' 313 374 3.5
hv (eV)

Figure 6. The Tauc Plot (¢hv)2 against Eg of ZnO Nanorods

Formed with the Easiest Chemical Spray Technique at

Numerous Growth Temperatures

The sample does not need to be specially prepared for
measurements, because the one of the non-destructive and
contactless research methods is micro-Raman scattering. It also
works well for analyzing the phase orientation, material
quality, phonon interaction, and transport parameters [28]. As
a member of the space group Cg,, Wurtzite ZnO is predicted to
exhibit all eight sets of phonon modes at wave vector k = 0 (I
point). Six of ZnO's eight phonon modes are optical phonon
modes, and the remaining two are acoustic. Group theory states
that the optical mode at the Brillouin zone's point can be
represented by [29].

T = 1A, + 2B, + 1E, + 2E, (13)

Among these are the Raman active modes like (1A1, 1E1, and

2E2). While the (A1 and E1) modes are infrared actives modes,
only the E2 mode is Raman Active. The 2B1 modes are silent
modes. The (A1, E1) modes are isolated from the longitudinal
optical (LO) and transverse optical (TO) phonons. The two
frequencies of the E2 symmetric non-polar phonon modes are
E2(high) and E2(low), which are connected to O2 atoms and
the Zn sub-lattice, respectively. Raman scattering is only active
in the E2(high) and Al LO of ZnO NRs because it is
perpendicular to their c-axis [30, 31].

J§2(low) EZ(high)'lEZ(low) E21Ihigh) B, (high)

H A
1(jow)
A|1 (T0) fow Eq(ow)

| 1(low)
|
'

Intensity (a.u.)

' | "
T T T T T
0 200 300 400 500 600 700
Raman Shift (cm™)

Figure 7. ZnO Nanorods Fabricated with the Easiest Chemical
Spray Technique and Analyzed by Raman Spectroscopy at
Various Growth Temperatures.



M. K. Jagsiet al., / Science Journal of the University of Zakho, 11(1),112—118, January-March 2023

In the current study, it is examined how numerous growth
temperatures affect the Raman spectroscopy of ZnO NRs that
have been formed utilizing the most basic chemical spray
approach. The typical Raman spectra of ZnO NRs made on
glass substrates at various growth temperatures are displayed
in Figure 7. For the ZnO NRs formed at all growth
temperatures, there are prominent and distinct peaks that arise
at about 100 cm-1 and 436 cm-1, respectively. These peaks
correlate to the inherent properties of the Raman active E2(low)
and E2(high) modes of the hexagonal wurtzite ZnO. The fact
that the produced ZnO nanorods exhibit a strong and prominent
peak of the E2(High) mode without the E2(Low) mode
indicates that they possess a high-quality hexagonal wurtzite
structure [32].

For the ZnO nanorods produced in all samples, the faint peaks
at around 331 cm-1, which are connected to the E2(high) -
E2(low) (multiple phonon process), and the A1 (TO) mode are
visible [37, 42]. Peaks at 481 cm-1, 563 cm-1, and 582 cm-1
correspond to contaminants and structural flaws in the
E1(Low) mode (oxygen vacancies and Zn interstitials). The
ZnO NRs Raman active peak intensities increased at 400 oC
are higher than those of ZnO nanorods formed at other growth
temperatures, indicating an improvement in the nanorods'
crystal quality and/or an expansion of the nanorod arrays'
coverage of the substrate [33].

4. CONCLUSION

The simplest chemical spray approach was effectively used to
fabricate an array of vertically semi-aligned ZnO NRs at
various growth temperatures. The morphological, structural,
phonon vibration study, and optical characteristics of
fabricated ZnO NRs are significantly impacted by the
investigations of various growth temperatures. Additionally, it
was determined through obtained properties that the best
growth temperature for ZnO NRs using the simplest spray
approach is 400 °C. The average diameters and average
crystalline sizes of the synthesized ZnO NRs significantly
changed as the growth temperature was increased. The
obtained ZnO NRs' intensity along the (002) diffraction peak
rose as the growth temperature increased, and the peak's
hexagonal wurtzite plane orientation was preferred by the
majority of ZnO NRs. The absorption edge changed toward
longer wavelengths as growth temperature increased.
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