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Abstract

Because of their special qualities and the fact that they include a broad variety of samples with at least one dimension
between 1 and 100 nm, nanomaterials have drawn a lot of attention as an amazing class of materials. Nanomaterials
have been a major focus of study in the development of affordable electrochemical devices for energy storage and
conversion applications. Due to its remarkable characteristics, numerous studies have been conducted with the goal of
enhancing the efficiency and affordability of electrochemical devices, such as fuel cells, batteries, and supercapacitors.
The electrochemical performance of electrodes, energy storage, and nanotechnology-based electrochemical sensors (ES)
are the main topics of this paper. Additionally, it examines the difficulties faced by enterprises based on nanotechnology
as well as the integration of nanostructures with electrochemical systems in commercially significant and future
applications. The interaction between nanomaterials and biosensors—which are essential components of
electrochemical devices—is also examined in this research. The several biological processes for producing
nanostructured materials were examined in this article, along with their characteristics and methods of characterization.
Because of their sustainability, affordability, speed, non-pathogenic nature, environmental friendliness, ease of scaling
up for large-scale synthesis, and lack of requirement for high pressure, temperature, or hazardous chemical components,
biological approaches are becoming more and more popular in the synthesis of nanomaterials. They are also used safely
and effectively for human therapeutic purposes. Additionally, a variety of methods, including energy-dispersive X-ray
spectroscopy, Transmission electron microscopy (TEM), are used to characterize the surface morphology and
compositional structure of nanomaterials.
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Literature Survey

The development of cost-effective electrochemical devices is crucial for efficient energy storage and conversion, which
is essential for sustainable development. Nanomaterials have demonstrated great potential in enhancing the performance
of electrochemical devices, but the synthesis of these materials for large-scale applications remains a challenge [1].
Several synthesis methods have been developed to address this challenge, including solutionbased, template-based, and
microwave-assisted synthesis. These methods have shown promise in producing high-quality nanomaterials in large
quantities, and they have the potential to reduce production costs. Integrating nanomaterials into electrochemical devices
is also a significant challenge, as the properties of nanomaterials differ significantly from those of their bulk
counterparts [2]. The interface between the nanomaterials and other components of the electrochemical device is critical,
and it can significantly influence device performance and efficiency. Therefore, optimizing the integration of
nanomaterials into electrochemical devices is crucial for realizing their full potential.

The synthesis of nanomaterials on a large scale for practical applications remains a challenge. However, significant
progress has been made in developing various synthesis methods, such as solution-based methods, template-based
methods, and microwave-assisted synthesis [3, 4]. These approaches show promise in producing high-quality
nanomaterials in large quantities while also potentially reducing production costs.

Integrating nanomaterials into electrochemical devices presents another significant challenge. The properties of
nanomaterials differ significantly from their bulk counterparts, necessitating careful consideration of their integration
with other components of the device. The interface between nanomaterials and the device’s other constituents critically
influences device performance and efficiency [5]. Therefore, optimizing the integration of nanomaterials is crucial to
fully exploit their potential in electrochemical devices [5]. One key aspect that distinguishes nanomaterials in
electrochemical applications is their electrical properties. Nanomaterials can be broadly classified as conductive,
semiconductive, or insulating based on their ability to conduct electricity. Conductive nanomaterials, such as carbon
nanotubes and graphene, exhibit high electrical conductivity and find extensive use as current collectors, electrodes, and
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catalysts. Semi-conductive nanomaterials, such as metal oxides and sulfides, possess moderate electrical conductivity
and can serve as active materials for energy storage and conversion.

Insulating nanomaterials, including metal-organic frameworks (MOFs) and covalent organic frameworks (COFs), offer
low electrical conductivity but provide high surface area and large pore volumes, making them suitable support
materials for electrochemical devices [6].

Moreover, the composition of nanomaterials also affects their electrical properties. Innovative nanomaterials like MOFs,
COFs, and MXenes have gained considerable attention due to their tunable electrical properties and high surface areas,
making them promising candidates for electrochemical device applications [6].

Table 1 Nanomaterials Applied to Different Electrochemical Equipment

Electrochemical . s .
ectroc . enea Nanomaterials Used Applications Ref
Device
N truct t .
anostruc ured metals, metal Electrode materials to boost energy
Batteries oxides, and carbon-based and power densities, enhance
materials, MOFs, COFs, ’ 10
performance, expand surface area,
MXenes. . .
and improve conductivity
Carbon nanotubes, graphene, | Electrode materials that offer high
Supercapacitors and  other carbon-based | power and energy densities, 1. 12
materials, enhance conductivity, and expand ’
MOFs, COFs, and MXenes. surface area
Fuel Cells Platinum, gold, and other | Catalysts that increase the
metal nanoparticles, MOFs, effectiveness of electrochemical | 13
COFs, MXenes. processes that produce power
Metal nanoparticles, metal | Because of their large surface area,
Sensors oxides, and carbon-based | strong catalytic activity, and distinct
materials, MOFs, COFs, | optical and electrical characteristics, | 14
MXenes sensing elements can increase
sensitivity and selectivity.

Overall, the unique properties of nanomaterials make them attractive for use in electrochemical devices, and their
potential for cost-effectiveness makes them even more appealing. By understanding the different types of nanomaterials
and their properties, researchers can continue to develop new and improved electrochemical devices with enhanced
performance and cost-effectiveness. Therefore, this review will highlight electrochemical techniques, energy storage, as
well as electrochemical sensors based on nanotechnology. As well as the integration of nanostructures with the
electrochemical system in applications of economic interest. It will shed light on the future of these applications and the
challenges of environmental sustainability.
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Scheme 1 and Table 1 Summarize the Use of Nanomaterials Applied to Different Electrochemical Equipment
Moreover, innovative sustainable materials have been used in nuclear applications such as cellulosic waste in treatment
[7, 8] or cement mixed with plant waste [9], natural clay [10], bitumen [4] or with asphaltene and polymer [6], cement
waste [7], and glass [8-10] for waste stabilization and radiation shielding.

Nanomaterials can be categorised as 0D, 1D, and 2D structures according to their dimensions. The most basic kind of
nanomaterials are spherical nanoparticles known as zero-dimensional (0D) nanomaterials. Metal nanoparticles like gold
and silver, semiconductor nanoparticles like quantumdots, and oxide nanoparticles like titanium dioxide are a few
examples of OD nanomaterials [15]. The electric characteristics of nanomaterials, such as their insulating,
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semiconducting, and metal-like qualities, can also be used to categorise them. Insulating nanomaterials have a large
band gap and don't carry electricity.

Metal oxides such as titanium dioxide, zinc oxide, and aluminium oxide are examples of insulating nanomaterials.
Catalysis, energy storage, and environmental cleanup are just a few of the numerous uses for these nanomaterials.

A categorization based on various material classes has been developed to better comprehend and classify the many kinds
of nanomaterials that can be employed in electrochemical applications. These categories include conducting polymers,
metal oxides and hydroxides, carbon-based nanomaterials, and hybrid materials. The performance of electrochemical
devices, especially in energy storage applications like batteries and supercapacitors, can be greatly enhanced by carbon-
based nanomaterials like graphene, carbon nanotubes, and fullerenes, which have been thoroughly investigated [16].

Applications of Nanomaterials in Electrochemical Devices

Because of their high surface area and redox characteristics, metal hydroxides and oxides, such as iron oxide, zinc
oxide, and titanium dioxide, has also showed promise in electrochemical devices [17]. A variety of electrochemical
applications can benefit from the special qualities of conducting polymers like polyaniline and polypyrrole, which
include high conductivity and adjustable redox potential. Research has also been done on hybrid materials, which
combine two or more kinds of nanomaterials and have the potential to improve functionality and performance. The
electro-chemical properties of the devices are significantly changed when electroactive materials are nanostructured.
Two- and three-dimensional nanometer-sized structures, such as dye-sensitized solar cells (DSSC), are assembled from
quasi-zero-dimensional structures or building blocks (nanoparticles). Furthermore, because of their tiny size and large
surface area, 0D nanoparticles and nanodots have garnered a lot of interest for their possible application in batteries.
Specifically, 0D nanoparticles and nanodots have special chemical and physical characteristics that make them attractive
options for battery electrode materials.

By offering high capacity, quick charging and discharging rates, and an extended cycle life, these materials can greatly
enhance battery performance [18].

The large surface area of 0D nanoparticles and nanodots, which offers many active sites for electrochemical reactions, is
one of its advantages. Because more active material is accessible for electrochemical processes, this characteristic can
increase battery capacity [19]. Furthermore, quick diffusion of lithium ions is made possible by the tiny size of 0D
nanoparticles and nanodots, which results in quicker charging and discharging rates. Because of their large surface area-
to-volume ratio, 0D nanoparticles and nanodots have two advantages when used in batteries: improved electrochemical
performance and more effective ion transport [19].

Numerous kinds of 0D nanoparticles and nanodots, such as metal oxide nanoparticles, carbon nanodots, and quantum
dots, have been studied. For example, research has demonstrated that carbon nanodots may increase the capacity and
rate performance of sodium-ion batteries, while tin oxide nanoparticles can improve the cycle stability and rate
capability of lithium-ion batteries [20]. Due to their special electrical and optical characteristics, quantum dots have also
been studied for their application in next-generation batteries [20].

Furthermore, the special qualities of 0D nanoparticles and nanodots make them appealing for application in a variety of
electrochemical devices other than batteries. For example, they are perfect for usage in sensors, catalysts, and
supercapacitors due to their high surface area-to-volume ratio and adjustable size and shape. Their compact size can also
improve ion diffusion and electron transport, which will improve the overall performance of the device.

The development of new synthetic techniques for creating extremely homogeneous and monodisperse 0D nanoparticles
and nanodots, as well as investigating their electrochemical characteristics and possible uses in a range of
electrochemical devices, have been the main focus of recent research [21]. 1D nanowires and 2D nanosheets have been
extensively studied for use in a variety of electrochemical devices, including fuel cells and supercapacitors [22].
Because of their enormous surface area and superior conductivity, these materials show high specific capacitance and
quick charge/discharge rates in supercapacitors. 1D nanowires and 2D nanosheets have been employed as catalysts in
fuel cells to enhance reaction kinetics and lower electrochemical reaction costs. 1D and 2D nanomaterials are appealing
for a variety of electrochemical device applications due to their special qualities, such as their mechanical strength,
flexibility, and transparency [23].

The potential application of three-dimensional (3D) nanometer-sized structures, also referred to as nanoarchitectures or
nanostructures, in electrochemical devices has also been studied. The performance of electrochemical devices and
electrochemical processes can be improved by these structures' high surface area and distinctive porosity [24].
Mesoporous silica, nanocubes, and nanorods are examples of three-dimensional nanostructures. With encouraging
outcomes, researchers have investigated their application in fuel cells, batteries, and supercapacitors. To fully realise the
promise of these materials, additional research is required to overcome the remaining obstacles in the synthesis and
integration of 3D nanostructures into useful electrochemical devices.

For the identification and characterisation of nanoparticles, specific analytical methods are employed. Electron
microscopes for scanning or transmission (SEM, TEM) are examples of advanced technology [22-24]. Different optical
techniques can yield different kinds of physicochemical information on nanoparticles, but the technology and specific
material attributes, such composition and size, determine how relevant they are. Certain issues, such inexpensive, user-
friendly portable controllers and self-powered gadgets, can be resolved using electrochemical technology.
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Nanotechnology may be a potential option for many electrochemical technologies since many nanoparticles can produce
electrical signals, have good biocompatibility and stability, and are easy to use [25].

To assist the development and execution of biomonitoring programs, quantitative methods are needed to measure
exposure to alien organisms. Chemical synthesis, electroextraction, metal refinement, batteries, fuel cells, sensors, and
surface modification thru electrostatic precipitation, separation, and corrosion are just a few of the numerous technical
uses for the electrochemical phenomena. The significance of nanotechnology in developing suitable electrode materials
for high-performance supercapacitors has been highlighted by recent research [26].

Zheng et al.'s [27] discovery of a template-free, one-step carbonization-activation method significantly simplified the
synthesis of nitrogen-rich activated nanosized carbon with hierarchical micro/mesoporous and ultrahigh specific surface
area while reducing chemical waste. Using a mechanically driven sol—gel transition technique, chitin nanoparticles were
synthesised in a NaOH/urea solvent to produce activated carbon with a high nitrogen content and robust electrochemical

properties. We compare the different kinds of nanomaterials utilised in different electrochemical devices in Table 2.

Table 2 A comparative study of the morphological characteristics and properties of nanomaterials produced
using various techniques

Nanomaterials Synthesis Method Morphological Features Properties Ref.
Metal oxides and Various synthesis I—Irl()gherfilérsface area, redox Sll; S?rbol:hemical for 28,
hydroxides methods prop . 29

devices
(C(aonductmg polymers Various synthesis High conductivity, tunable | Versatile for
(;lg ';miline methods redox potential electrochemical 30
golipyrrole’) applications
. . Mixing different . . .
Hybrid materials Kinds of Enhanced functionality and | Enhanced properties | 31,
nanomaterials performance through synergy 32
0D nanoparticles and . . Small size, high surface Pr0m1.51ng for
nanodots Various synthesis area batteries, sensors, 33
methods catalysts,
Supercapacitors
Large surface area Ideal for
1D nanowires and 2D | Various synthesis & ” | supercapacitors, fuel
excellent
nanosheets methods .. cells, and other | 35
conductivity .
electrochemical
devices
3D nanostructures Various synthesis High surface area, unique g;):; rg;l for 35
(nanocubes, nanorods, | methods porosity . 1 ’
mesoporous silica) supercapacitors, fuel | 36
cells
Nanomaterials for Various synthesis Tailored properties  for 51(; t(:irrlgjllljrorfical 36
electrode materials methods high-performance device devices

Because of their large surface area and redox characteristics, metal oxides and hydroxides including iron oxide, zinc
oxide, and titanium dioxide are appropriate for electrochemical applications. Because of their high conductivity and
adjustable redox potential, conducting polymers like polyaniline and polypyrrole offer flexibility in electrochemical
devices. Because of their synergistic effects, hybrid materials—which blend several nanomaterial classes—offer
enhanced functionality and performance. Additionally, nanomaterials with specific characteristics for high-performance
devices are created for electrode materials in electrochemical devices. Researchers can create more affordable
electrochemical devices with improved performance by comprehending the unique properties and production techniques
of these nanomaterials.

Materials Used

Zinc acetate dihydrate (Zn(CH3COO)2:2H20) from Sigma-Aldrich Chemical Company (St. Louis, MO, USA),
deionised water containing 1 M ammonium hydroxide (30% of the concentration in the container), ethylene glycol
(solvent 99.8%), and isopropyl alcohol (solvent 99.9%).

Synthesis ZnO Nanomaterials using Hydrothermal Route

The hydrothermal method was used to create the ZnO nanomaterials [37]. Because of its low cost and low temperature,
the hydrothermal approach is one of the most used synthesis techniques for the creation of ZnO nanorods.
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Figure 1 Reaction methodology: (a) solution stirred magnetically; (b) fully dissolved solution; (c) solution placed
in a Teflon-lined stainless steel autoclave in a muffle; and (d) solution cleaned and centrifuged.

The reactions were put in a beaker and stirred magnetically until all of the ingredients were fully dissolved (Figure 1a
and b). For each reaction, 500 mg of zinc acetate dihydrate were dissolved in 10 mL of ethylene glycol and 3 mL of
deionised water. 50 microlitres of deionised water containing 1 M ammonium hydroxide were used for reactions with
(*). To fully dissolve the zinc acetate, this liquid was magnetically agitated for 20 hours. The solutions were then placed
in a stainless steel autoclave lined with Teflon and allowed to react (Figure 1c).

Table 3 Temperature and duration of each reaction

Reaction | Temperature (°C) Time (Min)
Zn0O-1 160 89

*Zn0O-1 150 95

ZnQO-2 140 183

*Zn0-2 150 183

Zn0-3 150 359

Ammonium hydroxide was utilised in processes using (*).

The temperature and duration of each reaction are displayed in Table 3. After three centrifugations at 15,000 rpm for 15
minutes, the products were cleaned with isopropyl alcohol (Figure 1d). Zinc acetate may be dissociated by the heat and
high pressure created in the reactor by ethylene glycol, producing Zn2+ ions. The acetate ions then react with the water
to make hydroxyl ions and acetic acid. Zinc hydroxide, which can produce oversaturated nucleation sites and precipitate
in more stable species for temperature and reaction time, can be produced when the hydroxyl ions bond to Zn2+. ZnO
nucleates in a heterogeneous environment when the Zn(OH) dehydrates.

More hydroxyl ions may be produced by ammonium hydroxide, which favours Zn(OH) and shortens the ZnO growth
period.

2Z(CH5C00), - 2H,0 > 2Zn?* + 4(CH,C00)~ + 4H,0,
2Zn*t + 40H™ - Zn,(OH),
Zn,(OH), — 2Zn0

Morphological Studies

Powder X-ray diffraction measurements were made with KaCu (A = 1.54 Ao) using a Ni filter Ultima IV (Rigaku,
Tokyo, Japan), operated in a Bragg— Brentano geometry with 40 kV voltage and 44 mA of emission current, equipped
with a D/tex Ultra detector.

The diffraction patterns were registered in an angular interval from 20° to 80° at 20 with an angular resolution of 0.02°
and velocity of 10°/min. The powder was put on a glass holder sample. The morphological study was realized by
transmission electron microscopy with a TITAN microscope supplied by FEI-Company (Hillsboro, OR, USA). The
samples were prepared with a few drops of ZnO redispersed in isopropyl alcohol (0.1 mg/mL) on a lacey carbon grid.
Finally, the electrical behavior was characterized by the Precision PiezoMEMS tester for Radiant Technologies, Inc.
(Albuquerque, NM, USA) equipment.

Outcomes and Implications with Data Analyses
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1. X-ray diffractogram Analyses

ZnO Nanomaterials' X-ray diffractogram exhibits acceptable quality in all processes and reveals no precursor residue or
impurities. The creation of a hexagonal wurtzite phase is demonstrated by reflections that align with the crystalline
planes of the material structure (Figure 2). Additionally, the peak widening indicates that samples may include tiny
nanocrystals.

Zn0?
*Zn02
ZnO?
| *ZnO'!
A Zn0!
—— JCPDS

Intensity

l)l \

) I

[ I B

i
20 3‘0 40 50 60 70 80
20 (Degrees)
Figure 2 XRD traces for every reaction

The Scherrer equation was used to compute the mean crystallite size before determining the dislocation density.
Additionally, wurtzite lattice constants and interplanar distance were measured and compared with the data reported
under JCPDS Card No. 36—1451 (Tables 3a and 3b).

Consequently, the lattice constants were used to compute the bond length from the tetrahedral of the wurtzite structure,
demonstrating the little or nonexistent presence of strain in the ZnO nanomaterials. Additionally, an effective mass
model was used to compute the ZnO Nanomaterials' band gap [38, 39].

Calculation: Crystallite Size and Lattice Parameters
A crystallite is a region of a material that shares the same crystallographic orientation. The size of metallic, ceramic, and
polymeric nanomaterials greatly affects their mechanical, chemical, and physical properties [40].
Using the Scherrer equation, we calculated the average crystallite size of each reaction (Tables 4a and 4b):
ky

- Lcos 6 1
where D is the size of the crystallites, k = 0.9 is the Scherrer constant, y = 0.15 is the X-ray source's wavelength in
nanometres, B is the Full Width at Half Maximum (FWHM) in radians, and 0 is the peak location (in radians). Each
plane's crystallite size was measured, and the average size, Dm, was found.

§=— @)

m
The average crystallite size for each reaction was used to compute, which is defined as a line of structural discontinuities
running thru each crystal or grain per unit of volume (Table 4). Significant peak broadening may result from the
samples' extensive dislocations. Dislocation density and crystallite size are important components of diffraction analysis
because of their consequences [41].

Table 4 Crystallite size (nm) for each plane, mean size (nm), and dislocation density ¢ (nm—2) for each ZnO
Nanomaterials reaction

Plane <h,k,I> ZnO-1 *Zn0-1 Zn0-2 *Zn0O-2 Zn0O-3
Dm 30.8 32.0 29.5 30.9 34.7
6=10-4 10.5 9.7 11.4 10.4 8.3

Ammonium hydroxide was utilised in processes using (*).

Zinc and oxygen atoms are organized in a hexagonal closed pack, coordinating with one another in an equal location.
Furthermore, Bragg's rule was used to compute the interplanar gaps from the wurtzite structure [41].

The Miller indices characterize each pair of crystallographic planes, and we computed the interplanar distance, which is
a function of the unit cell parameters, to produce the lattice constants. Lattice constants a and c are related to the inverse
square of the interplanar distance in a hexagonal crystal structure. In the end, a and ¢ were computed using planes (1 0
0) for a and (0 0 2) for c. The (h k 1) planes listed in the JCPDS card data match the interplanar distances determined by
XRD. Additionally, Table 5 compares the lattice parameters computed for each response to the JCPDS card.
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Table 5 Lattice parameters from XRD data and JCPDS data in Angstroms (A)

Lattice Zno-1 *Zn0-1 Zn0-2 *7n0-2 Zno-3 JCPDS
Parameters
a 3.6 3.5 3.6 3.5 324 3.5
o 5.2 521 5.2 521 5.19 52
£ 1.61 1.61 1.62 1.61 1.62 1.60
a
% 479 476 476 479 47778 47.62

Ammonium hydroxide was utilised in processes using (*).
2. Transmission Electron Microscopy
Table 6 The ZnO nanomaterials' mean, standard deviation, minimum and maximum sizes (nm).

Reaction Mean | Standard Deviation Minimum | Maximum

Length (nm)

Zn0O-1 164 82 40 389
*Zn0O-1 177 77 44 572
Zn0O-2 150 81 43 558
*7Zn0-2 341 139 67 952
Zn0-3 168 64 49 363
Width (nm)

Zn0O-1 72 24 33 145
*Zn0O-1 87 32 31 256
Zn0O-2 84 36 42 261
*7Zn0-2 120 53 44 321
Zn0-3 83 28 43 209

(d) (€)

Figure 3 TEM pictures and histograms of each ZnO nanomaterial's length and breadth response: (a) ZnO-1, (b)
*Zn0-1, (¢) Zn0-2, (d) *Zn0-2, () ZnO-3 [Ammonium hydroxide was utilised in processes using (*)]

Particle production at the nanoscale is confirmed by the TEM pictures (Figure 3a—e), which display the breadth and
broad histograms of each reaction's size distribution.

The length and breadth of these nanomaterials were measured and verified using the free program Image]
(https://imagej.net/ij/). The ZnO nanomaterials' average length and breadth are between 150 and 341 nm and 72 and 120
nm, respectively. ZnO Nanomaterials of reaction ZnO-1, which have a distinct column form between length and
breadth, are shown in Figure 3a. Figure 3b shows that ZnO Nanomaterials with a slightly pointed form and a high
average size in both length and breadth were produced by the reaction *ZnO-1. However, Figure 3¢ demonstrates that
the ZnO-2 reaction resulted in ZnO Nanomaterials with a crisp shape, and the distinction between length and breadth is
still clearly visible. We find that reaction *ZnO-2 produced ZnO Nanomaterials with a crisper shape based on Figure 3d.
Lastly, Figure 3e shows that ZnO Nanomaterials with a distinct shape between length and breadth were formed by
reaction ZnO-3.

The morphology shows a sharpy form at the end of each nanomaterial, which might be caused by hydroxyl ion
enrichment, and larger expansion upon interactions with ammonium hydroxide. More faces are therefore encouraged to
grow. Conversely, reaction *ZnO-2 shows that a solution richer in hydroxyl ions yields particles with a more scattered
size the longer the reaction period.

ZnO Nanomaterials’ Application

The MTI-2100 fotonic sensor is a fiber-optic measurement system (with a dual channel) that performs noncontact
displacement and vibration measurements. By using fiberoptic technology, MTI-2100 does not apply load on the
measurement target, and it is not affected by magnetic and electrical fields. We used this MTI-2100 fotonic sensor to
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measure the displacements of a beam that was fabricated using a steel substrate and a ZnO nanomaterials synthetized
with our method. This was deposited on the outer surface of the steel substrate. A 20 MHz DDS function generator (BK
PRECISION 4040B) and a digital oscilloscope (Agilent Technologies DSO3102A, Santa Clara, CA, USA) were used in
the measurements of the displacements of the beam, which were generated by the supplied voltages.

- . 200 :
2 (a) —— Beam Displacement (b) —— Beam displacement
v 10V

150 150
100+

100

50 4

Displacement (nm)
Displacement (nm)

time (s) Time (s)
Figure 4 Displacement of a beam made of a ZnO nanomaterials produced by 1 Hz square wave voltages. Voltages
from (a) 1 to 10 and 1 V and (b) 1 to 10 V were supplied.

Square wave voltages from 1 to 10 V with a frequency of 1 Hz were supplied to the beam, which generated
displacements of the beam (Figure 4 a,b). The beam displacement was generated by the ZnO piezoelectric materials. A
second measurement of the beam was made with square wave voltages at 50 Hz and values from 1 to 10 V and 10 to 1
V (see Figure 5 a,b). These measurements showed the piezoelectric effect of the ZnO Nanomaterials that was deposited
on the beam surface.

When the supplied voltage is kept constant, the displacement of the beam is also kept constant. For voltages of 10 V at 1
and 50 Hz, the maximum displacement of the beam was close to 150 nm.

(a) Beam Displacement (b) —— Beam displacement
150 4 s 150
10V LAY
£ £
= =
= 1004 = 100
5 5
£ £
@ @
(=3 o
S K
g % g o
[a} o
1V {
0 , 04 1V
SRS

0 2‘0 4‘0 6’0 0 3‘5 7‘0
time (s) time (s)
Figure 5 Displacement of a beam made of a ZnO Nanomaterials produced by 1 Hz square wave voltages.
Voltages from (a) 10 to 1 and 1 V and (b) 10 to 1 V were supplied.

Conclusions

The substantial influence of nanomaterials on the future of several sectors and scientific fields is highlighted by the
conclusion derived from the thorough study and findings reported in this publication. The necessity for ongoing
developments in the field of nanotechnology is highlighted by the requirement for innovative technologies that can
manipulate materials at the nanoscale. Because of their special qualities—such as their vast surface areas, distinct
architectures, and abundance of active sites—nanomaterials have shown to be incredibly useful in improving
electrochemical performance. This quest for increased cost-effectiveness and efficiency creates new opportunities for
the commercialisation and broad use of nanomaterial-based solutions. Nanomaterials seem to have a very bright future.
Using a hydrothermal technique, we investigated the effects of reaction time and ammonium hydroxide addition on the
form and characteristics of ZnO nanomaterials. Reactions without ammonium hydroxide produced the finest
morphological control of the ZnO nanomaterials, most likely as a result of increased development along certain crystal
faces. With the exception of reaction *ZnO-2, which displayed a bathochromic shift that can be linked to easy
nucleation under changed circumstances, optical examination revealed a blue shift in comparison to bulk ZnO in the
majority of samples.

Regardless of the presence of hydroxide, XRD measurements verified high crystallinity and consistent crystallite sizes
throughout processes, and computed band gaps closely matched values found in the literature, supporting the validity of
IJDDT, Volumel16 Issue 77s, 2026
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the suggested synthesis. However, more characterisations are needed to optimise the suggested synthesis since the size
and shape of the ZnO nanomaterials affect their mechanical and electrical characteristics. Additionally, a ZnO
nanomaterials was applied to a steel beam's surface in order to evaluate the displacements caused by the piezoelectric
effect at square wave voltages of 1 and 10 V at 1 and 50 Hz. These ZnO nanomaterials may be utilised to create
nanotransducers, self-powered sensors, biosensors and piezoelectric nanogenerators.

More chemical analyses of the ZnO nanomaterials will be examined in further studies.
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