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In this study, blossom-shaped ZnO nanoflowers (NFs) were successfully synthesized using a rapid, one-step
microwave-assisted solvothermal method with zinc nitrate hexahydrate and hexamethylenetetramine as precursors.
The synthesis was completed within five minutes, relying solely on inexpensive reagents and eliminating the need
for costly additives or high-temperature furnaces, thereby providing an efficient and economical route. Structural
analysis through X-ray diffraction confirmed the high crystallinity of the ZnO NFs, while field emission scanning
electron microscopy revealed their characteristic blossom-like morphology with an average particle size of
approximately 18 nm. Optical properties were investigated by UV—visible spectroscopy, where a sharp absorption
peak near 348 nm indicated good monodispersity. The optical band gap was determined as 3.22 eV using Tauc’s
relation, which is significantly lower than that of bulk ZnO (3.51 eV), demonstrating a red shift. Moreover, the
computed Urbach energy of 0.34 eV reflects low structural disorder in the nanostructures. The combination of rapid
synthesis, controlled morphology, high crystallinity, and favorable optical characteristics underscores the novelty
and strong potential of these ZnO nanoflowers for future optoelectronic and photonic device applications.
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Introduction

Due to its essential electrical and optical properties,
which are very useful in developing Nano-scaled
optoelectronic and electronic appliances, there has been an
increasing interest in the creation of Nano-sized
semiconductors over the past few years [1-3]. ZnO, one
of many semiconducting materials, has a wide energy
band of 3.37 eV and a high binding energy (60 meV) at
atmospheric conditions, making it a promising electrical
and photonic material [4,5]. The use of ZnO in mechanical
actuators and piezoelectric sensors is a result of the solid
piezoelectric and pyroelectric properties of wurtzite,
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which are caused by the absence of a focal point of
symmetry and a significant electromechanical connection
[6-8]. ZnO is an expected contender for optoelectronic
usages in narrow wavelength range as it shows
comparative features to GaN so that ZnO can also make
heterojunctions for varied applications [9—11]. The
nanostructures (NSs) of ZnO are potential material
classification to investigate due to their affluence of NSs
development, assorted morphologies other than being a
significant ~ multifunctional =~ material  displaying
extraordinary optoelectronics features much needed for
diverse appliances like sensors, catalysts, emitters and
biomedical agents [12—14]. There are several ways to
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make ZnO NSs, and they can all use either of the two
common techniques, the aqueous method or the vapor
method [15-17]. Out of these, the aqueous approach is
more ideal due to its many benefits, including
affordability, ease of growth, low temperature, and high
purity [18,19]. Because it features minimal aggregation,
narrow particle dispersion, and a two-step procedure
(seeding and growth), the hydrothermal method is an
enhanced variation of the wet chemical method that offers
superior NSs synthesis [20-22]. Additionally, using this
technique, pure NSs with superb morphologies and
manageable sizes can be created [23,24]. For the growth
of NSs, microwave heating has become more appealing
than conventional heating in recent years, and microwave
assisted growth is highly quick and single step growth of
NSs. Thus researchers started using microwave assisted
hydrothermal growth model for the development of
advance materials because of following advantages [25].

Uniform and controlled volumetric heating causes
homogenous nucleation and development of ZnO NSs in
short duration,

Minimum power consumption for the NSs growth due
to microwave irradiation.

There is a wealth of literature on the production of
ZnO NSs using hydrothermal procedures with microwave
assistance [25,26], but little research has been done on the
effects of synthesis parameters on the properties of
produced NSs [27-29]. Ahammed et al. [30] successfully
synthesized ZnO nanoparticles of spherical shape having
average particle size of 70-90 nm. They have used poly
vinyl alcohol, ascorbic acid and their combinations to
synthesize nanoparticles which are expensive chemicals.
The overall duration to synthesize nanoparticles in this
case is higher and also requires high temperature furnace
(500 °C) in comparison to simple hot air furnace of 100-
150 °C temperature range. Mesut Yalcin [31] applied
microwave assisted method to develop ZnO nanoflakes
have been having crystallite size of 33.8 nm. They have
also used high temperature furnace for drying of the
nanopowders that subsequently increases overall cost of
production. Sharma et al. [32] prepared zinc oxide
nanoparticles using a facile route which is based on the
addition of zinc sulphate heptahydrate and NaOH in
dropwise manner amalgamation in air, sudden
amalgamation in air and using microwave
radiations. They achieved nanochip, bipodal and spherical
morphologies of ZnO nanoparticles. Al-Gaashani et al.
[33] prepared ZnO nanostructures of varied morphologies
such as nanoparticles, NFs and nanorods by microwave-
assisted solution based method. They have used additives
such as pyridine in a drop-wise manner to control the ZnO
morphology which increases setup cost and chemical
precursor cost. Thus it can be say that, very few
researchers achieved NF-like morphologies of ZnO
nanoparticles using expensive chemical precursors and
advanced set up that subsequently increases overall
production cost. However current work achieved NF-like
morphologies of ZnO in a short duration using basic Zn-
based chemical compounds and low setup which is
difficult to synthesize by other processes such as
hydrothermal process, sol-gel process and vapor
deposition  techniques. While microwave-assisted
hydrothermal methods have been reported, most studies
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either required expensive surfactants, complex additives,
or extended processing times. Moreover, NF-like
morphologies are rarely achieved in a reproducible, low-
cost, and ultrafast manner. In contrast, the present work
demonstrates for the first time the synthesis of blossom-
like ZnO nanoflowers in just 5 minutes using only zinc
nitrate hexahydrate and HMTA as precursors, combined
with low-temperature drying. This cost-effective and
energy-efficient route yields nanoflowers with reduced
crystallite size (~18 nm), a narrowed band gap (3.22 eV),
and low Urbach energy, providing a new pathway for
scalable production of ZnO nanostructures tailored for
optoelectronic applications.

Current study deals with the synthesis of blossom
shaped ZnO nanoparticles using microwave assisted
hydrothermal phenomenon. This study examines how
microwave power and synthesis time affect the creation of
ZnO NSs that resemble NFs. Microwave heating of the
growth medium produced for ZnO caused the combination
of various nanopetals and nanorods to take on the shape of
a flower. The generated NFs have outstanding optical
qualities and a good crystalline structure, which are
required for optoelectronic applications. The computation
of Urbach energy was used to determine the micro-
structural lattice disorder, and the resultant value shows
that disorder exists in the material.

I. Materials and methodology

1.1. Materials
In this experimentation different chemical of
analytical grade was used. The preparation of ZnO NFs
was done with the help of Zinc nitrate hexahydrate (ZNH),
hexamethylene-tetraamine =~ (HMTA)  ethanol and
deionized water. Without additional purification, the
chemicals that were purchased were used.

1.2. Preparation of ZnO NFs

HMTA and ZNH created zinc oxide NFs using the
microwave aided hydrothermal method in deionized
water, and ethanol was used to clean the finished product.
Equi-molar proportions of HMTA and ZNH were
combined with deionized water to provide a growth
solution of 30 mM for the growth of ZnO NSs. 30 mM of
HMTA was added to the 300 ml of aqueous deionized
water solution after 30 mM of ZNH had been dissolved in
it. The solution was then stirred using a magnetic stirrer
for another 30 minutes to prepare the final 300 ml of
deionized water. After 30 minutes of vigorous stirring, the
HMTA solution was dropped-by-drop blended with the
ZNH solution.

Now, after vigorous stirring, the produced HMTA
solution was dropped-by-drop combined with the ZNH
solution. The resulting mixture was stirred for another 40
minutes to ensure that ZNH and HMTA were completely
dissolved in ethanol. After the final solution had been
sealed under atmospheric conditions for 15 minutes, a
household microwave (model Samsung-QW71X,
frequency 2.45 GHz, max power 1600 W) was used to
illuminate the precursor solution at a microwave power set
of 1000 W for 5mins. The {Zn(NH3)4?*} and OH" exist in
the solution started producing ZnO NFs because of the
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microwave irradiation as a result the photon energy of the
microwave is adequately low and only having an impact
on kinetic atomic excitation. The solution that resulted
from the microwave treatment was allowed to cool at
room temperature so that the NFs would drop to the
bottom of the flask. The solution is then centrifuged to
improve precipitate filtration. The precipitates were
collected in a petri dish and repeatedly cleaned with a mix
of ethanol and deionized water to remove impurities and
byproducts. The produced ZnO NFs underwent a 4-hour,
70°C hot air oven drying process. The ZnO NFs are
exposed to air conditions for a few hours, allowing zinc
hydroxide to completely dry up and change into ZnO [34].
The reproducibility of the synthesis was confirmed by
repeating the microwave-assisted synthesis five times
under identical conditions. All batches consistently
produced blossom-like ZnO NFs with crystallite sizes
between 17-19 nm, absorption maxima at 348 + 2 nm, and
band gap values of 3.22 + 0.05 eV. This demonstrates the
reliability of the proposed synthesis route for large-scale
production. In Fig. 1, the entire process of creating ZnO
NFs is depicted. Utilizing the W-H Plot method and X-ray
diffraction methodology, produced NSs were analyzed.
ZnO NFs' morphology was studied using field emission
scanning electron microscopy (FESEM). By using UV-vis
spectroscopy, optical properties of manufactured NFs
were analyzed, and the effects of absorption, absorption
coefficient, and Urbach energy were examined.

II. Results and Discussion

2.1. X-ray diffraction

An X-ray diffractometer with Cu-K radiation is
utilized to analyze the produced structure and crystal
behavior of ZnO NFs. In Fig. 2, the prepared ZnO NSs'
XRD peaks are depicted. The XRD graph supported the
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hexagonal wurtzite phase of ZnO NSs. The crystal of
wurtzite, which has the chemical formula ZnO and a
hexagonal crystal system with the space groups P63 m ¢
and 186, makes up the developed structure.

For the study of the grown structure and crystal
behavior of ZnO NFs, an X-ray diffractometer containing
Cu-K radiation is utilized. Figure 2 depicts the XRD peaks
of prepared ZnO NSs. The XRD graph confirmed the
hexagonal wurtzite phase of ZnO NSs. The resulting
structure is a wurtzite crystal with the chemical formula
ZnO and a hexagonal crystal system with space groups
P63 m c and 186. The produced ZnO's crystal properties
are a=b=23.25, ¢=15.20, and = 90°; =120°. ZnO NFs
generated on planes bearing (hkl) values (100), (002),
(101), (102), (110), (103), (200), (112) and (201) indexed
to angular position of 31.52°, 34.32° 36.21°, 47.46,
56.49°, 62.89°, 66.28°, 67.94° and 69.10° correspondingly
are in match with the JCPDS database No: 36-1461. Out
of these peaks the pure wurtzite crystal structure of ZnO
lies on hkl planes of (100), (002), (101), (102), (110) and
(200) coincide with 28 value of 31.52°, 34.32°, 36.21°,
47.46, 56.49° and 67.94° respectively. Some of the zincite
crystal structure having chemical formula Zn,O, was
developed corresponding to hkl values of (103), (112) and
(201) indexed to angular position of 62.89°, 68.28° and
69.10° respectively coincide with JCPDS database No:
36-1461. The zincite crystals were formed by oxidation of
zinc ions in presence of carbon di-oxide during the drying
of the ZnO NFs inside the hot air oven. Zincite is a rather
uncommon natural oxide of zinc having chemical formula
is ZnO. Crystals of zincite are extremely rare and typically
quite tiny. The following reactions indicate that in an
oxidizing environment, contact of the zinc vapour with
ambient CO; led to a rapid formation of evidently primary
zincite crystals [35]:

Zn(g) + CO, & Zn0(s) + CO

Domestic
microwave

Microwave irradiation

Precipitation and filtration

Fig. 1. Synthesis of ZnO NFs via microwave based hydrothermal technique.
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Zn(g) + 1/2 0, © Zno(s)

The discovery of a few more ZnO NF peaks led to
further analysis, which revealed the development of
another ZnO compound with Wuelfingite crystals with the
chemical formula Zn408. The crystal system, which is
orthorhombic and belongs to the space group P 21 21 21,
has the following crystal parameters: a=4.92, b=5.16,
¢=8.53 A°, and ===90°. The developed NFs on the planes
with the (hkl) values (111), (102), (112), (020), (201),
(120), (121), (211), (202), (212), (114), (221), (031),
(301), (131), (124) and (302) are indexed to angular
positions of 27.12°, 27.65°, 32.73°, 34.74°, 38.03°, 39.4°,
40.85°, 42.01°, 42.38°, 44.97°, 46.04°, 49.81°, 52.46°,
54.37°, 57.14°, 57.75°, 59.22° and 60.42° respectively
based on JCPDS database No-96-101-1224. Due to the
quick microwave irradiation of the precursor solution and
post-annealing of the resultant nanopowders produced by
the microwave aided hydrothermal synthesis approach,
these are essentially anharmonic thermal vibrations in
ZnO [36].

Out of the developed zinc oxide crystals, the peaks
corresponding to ZnO wurtzite crystal structures are the
targeted compound of the current study. Remaining
compounds were observed by detailed study of the XRD
data using X’ pert high score software. Further analysis for
the calculation of particle size, crystallite size and strain
were performed based on the highest peak of the wurtzite
phase of ZnO. The diameter of synthesized ZnO NFs was
derived from Debye-Scherrer expression [29];

K2
- Bpcos6

Where K is the Scherrer's constant (often K=0.9), X-

ray wavelength, Bragg diffraction angle, and full width at
half-maximum (FWHM) of the diffraction spectrum along
the (101) plane are given. By using Scherrer's relation, the
average particle size along (101) plane at 36.21° is
calculated using the value. Therefore, using this method,
the average particle size is roughly 17 nm. The
Williamson-Hall expression was used to determine the
strain due to crystal defect using the W-H plot of the
diffraction peak [37]:

— Brr)
4 tan6

As shown in Fig. 3, the W-H plot is a graphical
depiction of the variation of (4 sinf) and (B cos6), which
correspond to the x- and y-axes, respectively. The
intercept on the y-axis will provide the value for crystallite
size, while the slope of the graph will provide the value
for strain ‘e’. The strain " value will be used to indicate the
line's gradient, and the size of the crystallites will be

determined from the y-intercept ‘%’. As aresult, the W-H

plot shows that the crystallite size is "18.64 nm" and the
strain value is “0.842 x 10", Hooke's law (¢ = E¢), can
be used to determine the system's stress value. "E" stands
for the system's bulk Young's modulus, which is equal to
“1.46x10'° N/m?’, the particle's strain is ‘e’, and ‘o’ for the
system's stress. Thus, the ZnO NFs' strain and stress were
determined to be equal to ‘0.842 x 10’ and ‘12.3 MPa’.

[111]

[102]
[112]
[120]

[101]

Intensity (a.u.)
[100]

25 30 35 40 45

50 55 60 65 70

20 (degree)
Fig. 2. XRD spectra of different crystals of as prepared ZnO NFs.
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Fig. 3: W-H plot of as synthesized crystalline ZnO NFs.

2.2. Morphological study of synthesized ZnO NFs

The FESEM investigations were used to characterize
the morphology of synthesized ZnO NFs. According to the
FESEM image in Fig. 4, which is magnified in the inset at
a magnification of 60 KX and 200 nm size, the produced
nanoparticles have a nanostructure resembling flowers.
This micrograph shows that ZnO NFs have formed. The
micrograph supports the ZnO NSs' blossom-like structure,
with all of the petals displaying some carving. ZnO
nanoparticles took on the appearance of a flower after
being microwave heated and then cooled to room
temperature by merging various nanopetals and nanorods.
Using image-J software to analyze a FESEM image, the
size of ZnO NSs was calculated. The average size of a NF
is determined to be in the region of 580 nm, with the
average size of each petal being about 260 nm. The
Scherrer’s expression for XRD peaks demonstrates that
the calculated particle size by NF is consistent with the
smallest size of NF, which is found to be in the region of

EHT = 5.00 kV
WD = 3.9mm

Mag = 60.00 KX

18 nm.

2.3. Compositional analysis of synthesized ZnO
NFs

The Fig. 5 illustrates composition of the generated
ZnO NFs as well as the results of the energy-dispersive X-
ray spectroscopy (EDS) spectra. Quantitative analysis
reveals that Zn and O are present in a 1:1 stoichiometric
ratio, and the EDS spectra amply demonstrated the
presence of Zn and O atoms. The one-step chemical bath
deposition of ZnO using microwave heating and the
presence of zinc and oxygen elements in the produced
growth solution indicate the development of ZnO at the
nanoscale. ZnO NFs can be used to produce novel
nanomaterial for a range of photonics and optoelectronic
industries once they have been proven. Compared to
previously reported ZnO nanostructures synthesized by
microwave-assisted or hydrothermal methods [30-33],
our approach offers a unique combination of ultrafast
processing (5 min vs. several hours), low crystallite size
(~18 nm vs. 33-90 nm), and morphology control without
costly surfactants or high-temperature furnaces. These
advantages make the present method more cost-effective,
scalable, and energy-efficient for ZnO NF synthesis.

2.4. Optical characterization by UV-Vis
spectrophotometer

Absorption graph of ZnO NFs

The crystallite size has a considerable impact on the
overall ZnO NSs properties. In this way, research into and
expansion of ZnO NSs' size as a semiconductor material
prove crucial for analyzing the material's characteristics.
The most common method for understanding the optical
properties of ZnO NFs is to use a UV-vis
spectrophotometer to analyze the absorption spectra, as
Figure 6 illustrates. There is a noticeable shift in the
absorption spectra around 348 nm, which suggests the
presence of ZnO NFs. This wavelength value is shorter

Date :19 Feb 2021
Time :18:07:15

Fig. 4. An enlarged view of the synthesized ZnO nanoparticles' NF shapé is provided in the inset of this FESEM
image.
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Fig. 5. Energy-dispersive X-ray spectroscopy spectra of as synthesized ZnO NFs.

than the wavelength that corresponds to the energy band
gap of ZnO (Eg=3.51 eV), which is wavelength (353 nm).
This abrupt absorption caused by ZnO NFs clearly
demonstrates the NFs' monodispersion [37]. Finally, the
energy band gap value of the ZnO NFs is calculated using
Tauc's formula of optical characterization as [38]:

(ahv) = B(hv — Ej)"

Absorbance (a.u.)
e o o
. P %

e
N

0.0

T T T T T 1

500 600
Wavelength (nm)

Fig. 6. Absorption spectra of ZnO NFs.

200

Where, B is a material-dependent constant, hv is
referred to as the photon energy, E is the energy band gap,
a is referred to as absorption coefficient and n represents
the type of transition (in this example, n = !4, which is a
direct transition). Thus, using the Tauc's plot as shown in
Fig. 7, it is possible to determine the direct energy band.
By extrapolating from the Tauc's plot, the derived value of
the energy band is roughly 3.22 ¢V, which is less than the
band gap value of bulk ZnO (3.51 eV) [39]. The band gap
value is 0.29 eV different from pure ZnO, which may be
the result of post-annealing in a hot air oven following
microwave treatment. Due to quantum confinement,
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which may exist as a result of flaws or vacancies in the
inter-granular zone, the wavelength of the resultant
material has shifted slightly towards the red, raising the
energy level of the ZnO NFs. This behavior of ZnO NFs
in their as-prepared state suggests that the material has the
potential to be used in optoelectronics sectors [6,27].

ahv? (eV2.cm™32)

Ey =3.22¢V
T T 7 T T T 1
2.50 275 3.00 3.25 3.50 3.75 4.00
hv (eV)

Fig. 7. Band gap calculation of ZnO NFs by Tauc’s plot
method.

Study of absorption coefficient

The material's optical behavior is significantly
influenced by the coefficient of absorption (a). It deals
with the relationship between incident radiation and the
specimen's length along the wave's path. According to the
following expression, absorption coefficient and
absorbance value are related [38]:

a=230312
d

Figure 8 illustrates how the ZnO NFs' coefficient of
absorption changes with photon energy. Coefficient of
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absorbance depends on the scan wavelength since photon
energy is related to wavelength. From the graph, it is clear
that the absorption is lowest at low wavelengths and
gradually increases with rising wavelengths, just like in
semiconductors. It is obvious that crystalline samples
exhibit better when a small absorption peak is present [40].
The crystalline structure of metal-oxides is preferred for
optoelectronic applications, which is obtained in this
work; therefore, it can be concluded that this kind of
variation indicates the viability of using ZnO NFs for
semiconductor device applications [40—43].

3500

3000

o

5 2500

2000

1500 4

1000

Absorbance coefficient

500

T T
2 3 4 5 6

Photon energy (hv), eV

Fig. 8. Behavior of coefficient of absorption of ZnO NFs
as a function of wavelength.

2.5. Urbach energy

The amount of Urbach energy associated with the
prepared ZnO NFs is calculated in order to examine their
disorder. The conversion of the localized conduction band
and the enlarged valence band is what determines the
Urbach energy value [44]. The magnitude of the localized
state of the band in the energy band is another definition
of the Urbach energy. Therefore, the fluctuation in the
coefficient of absorption can be used to determine the
level of disorder in the ZnO NFs. The following
expression can be used to define Urbach energy in the
region of (hv< E,) [44];

hv
a = agexp =
u

Where ‘E,’ is the Urbach energy, and ay is a constant.
The Urbach energy can be determined from the graph of
the logarithmic fluctuation of absorption coefficient as a
function of wavelength by estimating the reciprocal of the
slope of the linear component of the graph, as illustrated
in Figure 9. The Urbach energy in this instance is 0.34 eV,
demonstrating the presence of disorder in the material in
conjunction with lattice disorder in the microstructure.
Urbach energy is predicted to be 0.34 eV. The values
demonstrate that this hybrid chemical has disorder. In
actuality, the disorder of the microstructural lattice is
related to the Urbach energy.
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Fig. 9. Urbach energy is illustrated by the logarithmic
fluctuation of the absorption coefficient of ZnO NFs with
photon energy.

2.5. Optical conductivity study of ZnO NF's

Optical conductivity is a crucial material
characteristic that connects the current density to the
electric field at standard frequencies. High-frequency
electrical transport that has been changed is known as
optical conductivity. An essential property that
characterizes a material's optical properties and is used to
identify its permitted inter-band optical transitions is
optical conductivity (o,p.). It is a quantitative, non-
contact test with a tendency towards charged results. The
material's optical conductivity is calculated using the
following expression [45]:

anc

O-opt. = 41T

8.5x10°
6.8x10°
5.1x10°

3.4%x108 4

Optical conductivity (S™')

1.7x10°

0.0

T T T T 1
400 500 600 700 800

Wavelength (nm)
Fig. 10. Variation of Optical conductivity of produced
ZnO NFs with wavelength.

T T
200 300

Where the letters, n, and ¢ stand for the absorption
coefficient, refractive index, and vacuum light speed,
respectively. Figure 10 illustrates how microwave heating
of the precursor solution in the visible wavelength range
alters the optical conductivity of the resulting ZnO NFs.
The conductivity plot of ZnO reveals their distinctive
characteristics. Due to the activation of electrons during
interactions with photons, the graph shows a nonlinear
relationship  between optical conductivity's  (g,pt.)
behaviour and photon energy. The optical conductivity of
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Application area of ZnO nanomaterial
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Fig. 11. Scopes to utilize developed ZnO nanomaterial [14].
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Fig. 12. Schemes to developed enhanced features of ZnO nanomaterial [14].

NFs exhibits erratic change in conductivity value before
250 nm wavelength and then grows linearly until 360 nm
wavelength, but then lowers rapidly beneath the band gap
area before becoming constant due to the floral structure
of ZnO under their optical band gap. The graph's linear
part provides a good explanation for ZnO's optical
conduction at its pure ZnO energy level.

II1. Potential Applications

The main uses of ZnO 3D layered constructions
include photocatalysis, field emission, electrochemical
sensors, antibacterial activities, and electrodes for lithium
ion batteries [46—48]. Studies are currently being done on
how to use ZnO nanostructures' distinctive properties to
create high-performance composite materials. Some of
these composites' most well-known applications are in the
aviation sector 48 because of their improved mechanical
properties, particularly impact strength. Applications in
the domains of robotics and artificial intelligence, sensors
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and biomaterials, microelectronics and photonics, as well
as military and artillery, will benefit from ongoing
advancements in these materials [49,50]. Recent
developments in the production of ZnO nanostructures on
carbon fibers resulted in an extensive variety of potential
uses in comparison to natural fibers [51,52]. Because of
their advanced level of development in compared to their
metal and ceramic equivalents, as well as their unique
properties, polymer-based nanocomposites are at the
forefront of applications [53,54]. The potential
applications of ZnO-based nanomaterial are shown in
Figure 11. ZnO-based nanocomposites offer a wide range
of uses, including the creation of novel materials and the
enhancement of well-known parts like sensors, cells, and
depositions in terms of quality. Although there are only a
few industries that currently use nanocomposites,
development from research to industry is accelerating, and
in the upcoming years, it is anticipated to be widely used.

Researchers have employed a range of techniques to
enhance the ZnO NSs photocatalyst's capacity for efficient
removal of organic contaminants as depicted in Fig. 12.
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Morphological alterations and crystal defects such
distortions and deformation are brought on by doping
ZnO. These imperfections in ZnO crystals can
significantly enhance the photocatalytic effect when the
right doping chemical is added in enough quantity. The
amount of doping agent, which depends on the synthesis
method and doping agent size, is a crucial factor in
boosting visible range photocatalytic action [55]. While
keeping ZnO's conduction band and valence band
unaltered, metallic dopants offer a new energy band level,
and this intra energy band is necessary for specific
applications such the creation of large oxidant holes. On
the other hand, nonmetallic dopants reduce the band gap
while improving the valence band level of ZnO. A metallic
dopant can be used to address the major problem of ZnO
corrosion when photon energy is present. Inhibition of
ZnO growth by metal dopants also leads to the creation of
small crystals with a lot of surface area. Based on
exploratory and speculative findings, doped ZnO
photocatalyst is regarded to be a suitable strategy for
enhancing photocatalytic action [56].

Conclusion

Using microwave assisted wet chemical synthesis,
rapid synthesis of ZnO NFs of the wurtzite phase has been
effectively accomplished in a short synthesis time of
5 minutes. Based on the process of microwave aided wet
chemical synthesis, various metal-oxide nanostructures
can also emerge. By adjusting the microwave power,
microwave time, and kind of precursor solutions, one can
change the morphologies, crystal sizes, and crystal growth
direction. FESEM and XRD analyses have confirmed the
characterizations of the crystalline structure and shape of
the produced ZnO NFs. The produced ZnO NFs' crystallite
size was calculated using the Scherrer relation and the W-
H plot method. Both approaches yield crystallite sizes that
fall between 17-19 nm. UV-vis absorption spectrum was
used to analyse the optical characteristics of ZnO NFs. The
sharp exciton absorbance band near the wavelength of 348
nm is visible in the absorption spectra, and it is validated

by the band value of pure ZnO at 353 nm. According to
Tauc's approach, the appropriate energy band gap value is
3.22 eV and exhibits a red shift in the wavelength because
to the existence of oxygen vacancies. The relationship
between the absorption coefficient and photon energy
further demonstrates how well the properties match those
of semiconducting materials. ZnO NFs' calculated Urbach
energy (E, = 0.34 eV) shows that the materials' micro-
structural lattice disorder is present. These characteristics
of as-prepared ZnO NFs demonstrate their potential for
usage in optoelectronic applications such as electrodes,
sensors, emitters, catalysts, and active media. We can
draw the conclusion that microwave aided methods can be
used to create highly crystalline metal-oxide
nanostructures with good semiconducting characteristics
for desired applications. The crystalline structure of metal-
oxides is preferred for optoelectronic applications, which
is obtained in this work; therefore, it can be concluded that
this kind of variation indicates the viability of using ZnO
NFs for semiconductor device applications.
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CuHHTe3 Ta XapaKTepUCTHKA HAHOKBITIB ZnO 1JIA ONTOCJIEKTPOHIKH,
OTPMMAHMX OAHOCTAXIHHUM MIKPOXBHJIbOBHM COJIbBOTEPMAJIBHUM METOAOM
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VY nmanoMy nocmijpkeHHI OyJlOo CHHTE30BaHO KBITKOMOAiOHI HaHokpucramu ZnO (HAHOKBITH) MIBUAKAM
OJIHOCTA/IIIHUM MiKPOXBHJIOBUM COJIBBOTEPMAIBHUM METOJOM i3 BUKOPUCTaHHSAM I'eKCaripary HiTpary LUHKY
Ta reKCaMeTHJICHTETpaMiHy, K npekypcopiB. CHHTe3 TpUBaB I’SITh XBWIMH, 3IiHCHIOBABCS i3 3aCTOCYBaHHSIM
HEJIOPOTHX pPEeareHTiB Ta 0e3 BUKOPHUCTAaHHS BHCOKOTEMIEPAaTYpHHUX Iedei, mo 3abe3nedye e(QeKTHUBHUH Ta
E€KOHOMIYHO JOUUTbHUM miaxin. CTpyKTypHHH aHami3 MeToIoM X-IpOMEHeBOl MUQpakiii MmiATBEpPIUB BHUCOKY
KPHCTATIYHICTh HAHOKBITIB ZnO, TOAI SIK CKaHyl04a eJIeKTPOHHA MiKPOCKOIIS 3 MOJBOBOIO €MICi€I0 BUSBHIA 1X
XapakTepHY KBITKOMOIIOHY MOP(OJIOTIIO i3 CepeHIM po3MipOM YacTHHOK 0M3bko 18 HM. ONITHYHI BIACTHBOCTI
JOCHI DKy BaJCs MeToIoM Y D-BUANMOT CLIEKTPOCKOITiT; 4iTKUI MAKCUMYM IIOTJIMHAHHS 0013y 348 HM CBiTYHATH
npo 100py MoHoaucrepcHicTh. ONTHYHA IIMpHHA 3a00pOHEHO] 30HM, BH3HAUCHA 3a CIHIBBiAHOIICHHSIM Tayka,
CTaHOBHTH 3,22 eB, 10 € CYyTTE€BO MEHIIMM 3Ha4eHHsM, mopiBHsHO i3 MacuBHEM ZnO (3,51 eB) Ta Bkasye Ha
yepBoHe 3MimeHHA. OOumcieHa eHepris Yp6axa (0,34 eB) cBimunTh mpo HU3BKUN piBEHb CTPYKTYpPHOL
HEBIOPSIIKOBAHOCTI B HAHOCTPYKTypax. [IoeHaHHS IIBUIKOTO CHHTE3Y, KOHTPOJIbOBAHOI MOPQOIIOTii, BHCOKOT
KPUCTATIYHOCTI Ta CHPHUATIUBHX ONTHYHHX XapaKTEPUCTHK IIKPECIIOE HOBU3HY Ta 3HAYHUHA IOTEHINIAT
HaHOKBITIB ZnO 115 HEPCIIEKTUBHAX ONTOETIEKTPOHHUX 1 (POTOHHUX IPHUCTPOIB.

KiouoBi cioBa: MIiKpOXBHJIBOBE ONPOMIHEHHS, COJbBOTEpMAIbHUNA MeTOa, CHHTe3, ZnO, HAHOKBITH,
OMNTOEJIEKTPOHIKa
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