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Abstract

ZnO nanorods (ZnO NRs) were made using physical processes, including dip-coating,
evaperation, and hydrothermal. Using X-ray diffraction, the structure of ZnO NRs was
investigated (XRD). To examine the absorption spectra, a UV-visible spectrometer was
employed. Using (FESEM) , ZnO NRs was investigated (FE-SEM). The produced ZnO NRs have
a hexagonal phase structure, according to a (XRD) research. Additionally, the ZnO NRs' average
crystallite size ranged from 12.15 nanometers to 48 nanometers ( Scherrer ), respectively. The
obtained ZnO nanorod samples have demonstrated nanoparticle-shape of the first prepared
seedlayer by dip coating and radial hexagonal-shape of the second prepared seedlayer via
hydrothermal technique, according to FE-SEM results. The estimated direct band gaps energies
for the ZnO NRs' absorption spectra were 3.21 and 3.48 eV and 382 and 400 nm, respectively.
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1. Introdution

Discussions over what makes zinc oxide (ZnO) a
desirable competitor material among a variety of
materials in the production of optoelectronic device
applications are ongoing. ZnO possesses a straight
and wide bandgap of 3.37 eV at room temperature
[1], substantial piezoelectric constants [2], strong
thermal conductivity [3], and room temperature
mobility of 205 cm? V s [4] Large non-linear optical
coefficients and a free exciton binding energy of 60
meV [5], [6], strong luminescence [7], and strong
sensitivity [8], It can therefore be utilized in a variety
of devices, including solar cells [9], electrodes for
photoelectrochemical reactions [10], photocatalysts
[11], sensors [12], piezoelectric components [13],
ultraviolet laser diodes [14], and electroluminescent
applications  [15].  ZnO nanorods can be
manufactured using solvothermal and hydrothermal
processes. To create various functional oxide-film
types, dip coating and sputerring techniques are
frequently used. Additionally, the hydrothermal
method, one of the most popular and reasonably
priced techniques for the synthesis of nanometers,
has been represented by the combination of metal
salt and water under the influence of temperature. In
this study, the structural, optical, and morphological
surface characteristics of ZnO nanorods that had
been generated by dip coating, hydrothermal
techniques, and evaperation method were
examined.

Synthesis and characterization

Seed layer deposition is the first stage. It was applied
using the sol gel-dip coating process to an FTO glass
substrate. The coating's sol-gel solution was created
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by combining 0.2 M zinc acetate-2-hydrate [Zn
(CH3CO0)22H20] and 0.2 M diethanolamine
NH(CH2CH20H)2, then stirring the mixture for 30
minutes at 60 oC to create a homogenous and
colloid solution. This solution was then aged over the
night. Following that, the FTO glass substrates were
submerged in the ready solution to perform the dip-
deposition. Finally, the ZnO nanorods underwent an
hourlong annealing process at 350 oC. The
hydrothermal deposition of ZnO nanorods is done in
the second step. It was supported by an aqueous
mixture  containing 0.04 M  each  of
hexamethylenetetramine (HMTA, C6H12N4) and
zinc nitrate-6-hydrate (Zn (NO3)2.6H20).  The
samples of ZnO seed layer were then submerged in
the prepared combination solution for 4 hours at 90
degrees Celsius. These samples were then
repeatedly rinsed in deionized water to eliminate the
leftover contaminants. The ZnO NRs were then
annealed for a full hour at 350 oC. Shimadzu 6000
diffractometer with CuK radiation (= 1.5406 A) at 40
kV and 40 mA was used to analyze the samples'
structure and phases. Shimadzu 1800/spectra
photometer was used to measure the absorbance
spectra of the produced samples. It was captured
between 300 and 1100 nm using plain FTO as a
reference electrode. (FESEM) using a (FEI Nova
NanoSEM 450) operating at (10) keV was used to
determine the morphology of the samples.

2. Results and Discussion

Structural Analysis

ZnO nanorod samples scanned in the 2 range
between (20° and 70°) are shown in Fig. 1's XRD
patterns. Many Bragg reflections are found to
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originate from the produced ZnO NRs, which are
more numerous. According to Table 1, the peaks
seen at values of 2 correspond to the lattice plane,
proving that both samples of ZnO have wurtzite
hexagonal structure. All of the peaks match typical
FTO glass with a cubic index, which may be indexed
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as having a hexagonal wurtzite structure (JCPDS card
no. 003-0888). Using the Debye-Scherrer equation,
D =0.9/Cos, itis possible to determine the crystallite
size (D) of the produced samples. 12.15 nm is found
to be the crystallite size of processed samples.
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Figure 1. XRD patterns ZnO nanorod (a) Evaporation
(b) Sputtering (c)Drop casting.

UV-Vis spectral analysis

ZnO NRs' UV-Vis absorption spectra are shown in the
Figure 2. The optical absorption edge of ZnO NRs,
which is discovered at about 382 nm and 400 nm, is
shown. According to Fig. 2, the ZnO nanorod's
estimated band gap is 3.21 eV, which is a little
different from the ZnO NRs (3.48 eV). As a result,
ZnO NRs are superior to nanoparticles in terms of
surface area and optical and conducting qualities.
This makes the geometry of nanorods particularly
helpful in a wide range of applications.
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Figure 2 shows the UV-Vis spectra and band gap energy
curves of ZnO nanorods produced by the following
processes: (a) evaporation (b) sputtering (c) drop
casting.
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. . ZnO NRs by ZnO NRs by -
Structural parameters Zinc-Oxide Seedlayer Sree Cesing | SpuisTig ZnO NRs by Evaporation

Dav (n11) Scherrer 43.11 12.15 48 43.92
* W.H 40.78 10.96 47.89 41.89
Scherrer 5.38 67.74 4.43 5.18

*1(0)4 2
(©)*10% (™ W 7.33 82.64 2.36 5.68
Micro Strain (S) *103 -6.32 -12.46 +0.995 -6.66

3. Morphology Analysis
4. Zn0

The surface morphology of the pure ZnO
nanoparticles that were obtained in a
homogeneous  surface  morphology  was
examined using FE-SEM in Fig. 3. after growth
of the ZnO NRs demonstrates how the particles'
radial hexagonal forms are independently
separated. The inset of Fig. 3 demonstrates that
the typical diameter of nanorods is ~ 90 £ nm.

Figure(3). Images of the ZnO nanorod after (a)
evaporation, (b) sputtering, and (c) drop casting taken
with a field emission scanning electron microscop

4. Conclusion

ZnO nanorods, which have a wide range of uses,
were created in the current work. According to
Scherrer, ZnO nanorods have average crystallite
sizes of 12.15 nm, 43.11 nm, 43.92 nm, and 48 nm,
respectively, and are in the hexagonal phase. ZnO
NRs samples' optical absorption edges were feasible
between the wavelengths of 382 and 400 nm. For
ZnO nanorod, it was discovered that the calculated
optical band gaps were 3.21 eV and 3.48 eV,
respectively. The surface morphology was examined
using FE-SEM analysis, and the resulting image
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shows that the nanorods are independently
separated from the ZnO nanoparticles and have
radial hexagonal forms.
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