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ZnO nanoparticles are very interesting because they have amazing visual,
electrical, and catalytic properties. They are needed for many things, like sensors,
photocatalysis, and electronic devices. This study shows how well and how easily
new ways of making ZnO nanomaterials can be scaled up. These methods include
sol-gel, hydrothermal, and chemical vapor deposition. We describe in detail some
important methods for characterizing ZnO nanomaterials, such as Fourier-
transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM),
transmission electron microscopy (TEM), and X-ray diffraction (XRD), to show
how important they are for understanding their optical, morphological, and
structural properties. Our study shows that using new ways to make ZnO
nanoparticles can greatly improve their ability to conduct electricity and react
with light. These new discoveries will have a big effect on making gadgets out of
ZnO that work really well. The study stresses the need for more research to
improve the ways that ZnO nanoparticles are made and how they are
characterized so that they can fully realize their promise in cutting-edge
technological applications. Using ZnO nanoparticles in next-generation
technology and working with people from different fields are brought up as
possible areas for future study.

Keywords: ZnO nanomaterials, Synthesis approaches, Characterization
techniques, Unique properties, Nanotechnology, Semiconductor materials,
Photocatalysis, Nanostructures.

1. Introduction

Scientists already know a lot about the features of zinc oxide (ZnO) nanoparticles. These
materials have a wide bandgap, a high exciton binding energy, and a number of different
forms. These features can be useful in many areas, such as photocatalysis, sensors, electronics,
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and optoelectronics. Nanoparticles of zinc oxide are important for making technologies that
clean up the environment, solar cells, gas monitors, and UV light-emitting diodes (Rahman
2019). Because they are smaller, their surface qualities, surface area, and quantum
confinement effects are different from those of bulk materials. A lot of good things could
happen with ZnO nanoparticles, but they are hard to make and identify. Many people find it
hard to use traditional methods of synthesis on a big scale because they require a lot of work,
high temperatures, and expensive tools. ZnO-based devices are still hard to work with because
they are so big and oddly shaped. This affects both how well they work and how often they
can be used. Zinc oxide nanoparticles are famously hard to describe because they are so small
and have complicated surface chemistry. A lot of complicated methods are used to figure out
their structure, anatomy, and sight. The goal of this project is to look into new ways to make
Zn0O nanoparticles that are easier to make in large amounts, cheaper, and easier to control in
terms of their properties and shapes. Our project's goal is to discover a way to fix these issues.
As part of this study, the methods that will be needed to look into nanoparticles and figure out
what they are made of will also be looked into. The latest ZnO nanostructures, how to measure
them, and the possibly helpful properties of ZnO nanoparticles are all looked into in great
detail in this working. Researchers and businesses may be able to find more uses for ZnO
nanoparticles if they follow the detailed study and suggestions in this paper.

2. Aim and Objectives

Aim

The study's goal is to find new ways to make ZnO nanoparticles and explain everything in
detail so that their unique properties can be used in cutting-edge technology.

Objectives:

o Think about the most recent study that was done on how to make ZnO nanoparticles.
o Some of the synthesis methods that were used should be explained in great depth.

o Pay attention to the unique traits that ZnO nanoparticles have.

o For more information on how the qualities of ZnO nanoparticles can be used to create

new and unusual technologies, click here.

The purpose of this study is to explain both the overall goal and the specific goals of the
research project, which is to use new ways of synthesising ZnO nanoparticles and thorough
characterising them in order to learn more about them and how they can be used in modern
technology.

Existing Synthesis Methods for ZnO Nanomaterials

ZnO nanoparticles can be made in a number of different ways, and each has its own pros and
cons. People use the sol-gel process a lot because it is cheap, easy to use, and can make goods
that are very pure. In this method, zinc precursors are broken down by water and then squished
together to make a colloidal solution. This solution gels and, when dried and heated, turns into
ZnO nanoparticles. Hydrothermal synthesis is another famous method that uses high-
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temperature and high-pressure water solutions to make ZnO nanostructures (Liu et al. 2022).
One benefit of this method is that it can make nanorods and nanowires with controlled sizes
that are very well defined. Chemical vapor deposition (CVD) can be used to make high-quality
ZnO0 thin films and nanostructures, but it costs more to run and needs more complex tools
(Gartner et al. 2023). Each of these methods makes the field better by giving us new ways to
change the properties of ZnO nanoparticles for specific purposes. It is still hard to control the
shape and size of materials consistently across different synthesis processes. As a result, this
illustrates that further research and developments are required.

MICROWAVE-ASSISTED SYNTHESIS

90
VAPOR DEPOSITION TECHNIQUES 20
I
HYDROTHERMAL SYNTHESIS 95
SOL-GEL METHOD 85

|
0 50 100 150 200 250 300 350 400 450

® Reaction Time (hours) Reaction Temperature (°C)

m Yield (%) Average Particle Size (nm)

Figure 1: Synthesis Methods for ZnO Nanomaterials
(Source: Self Developed)
Characterization Techniques for ZnO Nanomaterials

It is important to gather more details in order to fully understand the functions and features of
ZnO nanoparticles. X-ray diffraction (XRD) is a method that might help us learn more about
the solid structure and regular phases of ZnO nanoparticles. Some people call scanning
electron microscopy (SEM) a way to take pictures of the surface of a particle and get
information about its size and shape (Brodusch et al., 2021). One way to look at the atomic
structure and crystallinity of a substance is with a process called transmission electron
microscopy (TEM). Fourier transform infrared spectroscopy (FTIR) is the method that
Upadhyay et al. (2020) use to look at the chemical bonds and functional groups that are in
ZnO nanoparticle parts. These methods must be used to fully comprehend the molecular,
physical, and chemical features of ZnO nanoparticles. A person should really know how to
prepare samples for transmission electron microscopy (TEM) and how to clean samples for
scanning electron microscopy (SEM) if they want to get the most out of these cutting edge
scientific methods. To fully handle and understand ZnO nanoparticles, it is necessary to have
a thorough understanding of a host of different techniques.

Nanotechnology Perceptions Vol. 20 No.4 (2024)



Innovative Synthesis Approaches and Detailed.... Rajesh Kumar et al. 736

Transmission
electron
microscopy (TEM)

Fourier-transform
infrared
spectroscopy (FTIR)

Fig 2: Characterization Techniques for ZnO Nanomaterials
(Source: Self Developed)
Unique Properties of ZnO Nanomaterials

Since ZnO nanoparticles are different from other nanoparticles, it can be used in a lot of
different ways and are useful in many different situations. One reason they might work so well
in UV LEDs and photodetectors is that they have a big bandgap and a strong exciton binding
energy. Vyas (2020) sated that ZnO nanoparticles could be used as materials for
semiconductors. These could give power to the circuits and sensors. In addition, they are very
steady when exposed to light and are very good at breaking down water and poisons. It is
possible to improve the efficiency of nanoparticles by changing their size, shape, and the way
they are made. It is common for electrons to move around more freely in nanorods and
nanowires than in nanoparticles. Jia et al. (2019) stated that they are greatly helpful for uses
that involve circuits. To use ZnO nanoparticles to their full potential in the real world, it is
important to understand and improve their unique properties.
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Enhanced electron
transportin
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Fig 3: Unique Properties of ZnO Nanomaterial
(Source: Self Developed)
Gaps in Current Research on ZnO Nanomaterials

Although ZnO nanoparticles are easier to make and learn more about now, there are still many
issues that need to be resolved. According to Abolhasani and Kumacheva (2023), lab studies
aren't useful for real-world issues since the steps of synthesis can't be repeated or made bigger.
To find out how stable ZnO nanoparticles are and how they affect the world, more research is
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needed. More research is needed to find fresh ways to create ZnO nanoparticles that will let
us better manage their features. Zirconium oxide nanoparticles are hard to add to circuits that
are already very involved. To do this, scientists from various areas must work together. They
attach technology to things. Filling these holes with ZnO nanoparticles will make them work
well in many scientific areas.

Future Directions in ZnO Nanomaterials Research

Future research into ZnO nanoparticles should focus on coming up with new ways to make
them that can be used on a large scale and can produce nanomaterials with very controlled
properties. TEM and synchrotron radiation are two examples of advanced characterisation
methods that may help in learning more about the dynamic processes involved in production
and the real-time behavior of ZnO nanoparticles when they are being used (Pinho et al. 2022).
Also, looking into how to add different substances or parts to ZnO nanoparticles could lead to
the creation of mixed materials that are better or have new properties. Material scientists,
engineers, and environmental scientists will need to work together to solve the problems with
Zn0 nanoparticles' safety, ability to be scaled up, and effect on the environment (Raha and
Ahmaruzzaman 2022). It is important to prioritize the development of environmentally
friendly synthesis methods and do thorough life-cycle studies to make sure that ZnO
nanoparticles can be used in new technologies for a long time. By looking into different study
areas, the field can move toward using ZnO nanoparticles in better and longer-lasting ways.
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Figure 4: Characterization Techniques for ZnO Nanomaterials
(Source: Self Developed)

3. Methodology

A method named secondary research was used for this study. This method involves carefully
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looking over and putting together all the information that was already out there on the features,
qualities, and steps used to make ZnO nanoparticles. The goal of creating this method was to
make the most of the huge amounts of information that can be found in patents, meeting
papers, and academic magazines. This not only points out places that need more research, but
it also gives a full picture of where the field is now. Scholarly works that have been reviewed
by other scholars are thought to be some of the best places to get high-quality information that
has been carefully studied about ZnO nanoparticles, how they are made, and what their
properties are (Ladan 2020). One of the best ways to learn about the newest developments in
science and technology is to listen to talks given by well-known experts at gatherings. When
patents are given, the goal is to close the knowledge gap between academic study and practical
use in the field. One way to do this is to look at apps that were just released and can now be
used for business purposes. These apps use new and original ideas. There are a number of
things that can be done to make sure that the study and the materials chosen are real and useful.
There is one main factor that determines which stories are chosen: how often they appear in
well-known and important magazines. This has been done to make sure that the data can be
trusted. The second topic that keeps getting a lot of interest is ZnO nanoparticles, specifically
how they are made, what makes them different from other particles, and how they should be
described. Third, modern research has made it much easier to keep up with the latest business
news and trends, and personalized solutions are given extra attention (Tracy 2019). Now that
this method has been put into practice, it is much easier to understand a number of methods
and how well they work deeper down.

Table 1: Synthesis Methods for ZnO Nanomaterials

Chemical synthesis using metal salts and alkoxides, yielding high [1, 2]
purity ZnO nanoparticles.

Utilizes aqueous solutions at elevated temperatures and pressuresto  [3, 4]
form ZnO nanostructures.

Physical method depositing ZnO thin films or nanostructures via  [5, 6]
vapor phase reactions.

Rapid synthesis using microwave radiation to enhance nucleation [7, 8]
and growth of ZnO crystals.

Table 2: Characterization Techniques for ZnO Nanomaterials

Determines crystalline structure and phase purity of ZnO  Phase identification
nanomaterials.

Provides high-resolution images for surface morphology analysis ~ Morphology
of ZnO nanostructures. assessment

Offers detailed images and diffraction patterns for atomic-scale  Nanoparticle size
characterization. analysis

Measures optical properties such as bandgap and absorption of  Bandgap
ZnO nanoparticles. determination
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Table 3: Properties Studied in ZnO Nanomaterials

Property Description Key Findings

Photoluminescence Study of emission of light upon excitation, revealing Enhanced emission in nanoscale ZnO
defect states in ZnO. structures.

Electrical Measurement of electrical behavior, crucial for electronic  Increased conductivity in doped ZnO

Conductivity applications. nanowires.

Gas Sensing Detection of gases based on ZnO's surface reactivity —High sensitivity to NO2 gas with ZnO
changes. nanotubes.

Mechanical Evaluation of mechanical strength and flexibility in ZnO  Improved flexibility in ZnO thin films.

Properties nanostructures.

Table 4: Outcomes of ZnO Nanomaterial Studies

ZnO nanoparticles show improved efficiency in  Potential for water purification
degrading organic pollutants. applications.

Control over bandgap and absorption spectra for ~ Customizable device applications.
various optoelectronic devices.

Higher sensitivity and selectivity towards specific ~ Advances in  environmental
gases. monitoring systems.

Enhanced conductivity and mechanical robustness ~ Progress in nanoelectronics and
for diverse applications. nanomechanics.

These tables provide a structured overview of the synthesis approaches, characterization
techniques, properties studied, and outcomes in the field of ZnO nanomaterial research.
Adjustments can be made based on specific studies or additional details. To fully understand
how ZnO nanoparticles are made and what makes them different from other shapes, you need
to read a lot of specialized literature. Putting data in a way that is both thorough and strict
makes it possible to find trends, new ideas, and big discoveries. You might be able to use this
type of research to compare how useful and effective different review and synthesis methods
are. This is done by looking at changes in synthesis and sorting methods and comparing them.
Carofiglio et al. (2020) stated that these changes affect both the way ZnO nanoparticles look
and how they work. By using this method, one can get a full picture of where ZnO nanoparticle
research is at the moment, which makes sure that all the important data is collected and
properly evaluated. It also shows where we don't know enough, which leads to more study and
analysis. There is an even bigger benefit to it in this way. The main goals of this project are to
perform study into a wide range of science uses, improve efficiency, and learn more about the
properties of ZnO nanoparticles.

4. Data Analysis and Findings (Secondary)
Synthesis Approaches
Comparative Analysis of Different Synthesis Methods

There are pros and cons to each way of making ZnO nanoparticles. People like the sol-gel
process because it is easy and doesn't cost much. Two different kinds of zinc are broken down
and mixed with water. They've been boiled and dried. Studies show that this method can make
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10-50 nm ZnO nanoparticles. The sol-gel process often results in lumps because it needs exact
reaction conditions to make pieces that are all the same size. Hydrothermal synthesis is another
common method. Around 100 to 200°C and pressure in water are used to make ZnO
nanostructures. Jia et al. (2019) say this method works best for making nanorods and
nanowires that are 20 to 100 nm wide and many micrometres long. To keep the high-pressure
settings for hydrothermal processes, you need special tools, but they give you more control
over particle form and crystallinity than sol-gel synthesis. CVD is a process that is often used
to make thin films and particles of high pure ZnO. Gaseous zinc intermediates and oxygen are
mixed together at high temperatures (500-700°C). ZnO made by CVD is regular and has good
crystal quality, which makes it perfect for use in optics and electricity. The tools are hard to
use, though, and they cost a lot to keep up.

Table 5: Synthesis methods, advantages and disadvantages

- Cheap and easy to use. - Particle size control requires precise
management of reaction conditions.

- Capable of producing ZnO nanoparticles ranging - Prone to issues such as particle clumping.
from 10 to 50 nm in size.

- Offers more control over particle shape and - Requires specialized equipment to maintain
crystallinity compared to sol-gel synthesis. high-pressure conditions.

- Suitable for precise control of nanostructure
dimensions.

- Produces high-purity ZnO with good crystalline - Equipment is complex and costly to
quality. maintain.

- Suitable for large-scale production of ZnO
materials.

Innovative Approaches Identified in the Literature

The goal of new developments in making ZnO nanomaterials is to get around the problems
with old methods. For instance, microwave-assisted synthesis uses microwave energy to
quickly and evenly heat the reaction mixture. This cuts the time needed for synthesis to
minutes and makes ZnO nanoparticles that are 5 nm in size. This method looks like it could
be useful in industry because it is very efficient and can be used on a large scale.

Another cutting-edge method is to use green synthesis techniques to make ZnO nanoparticles
from plant products or bio-templates (Gongalves et al. 2021). These methods can make ZnO
nanoparticles with unique shapes and better surface properties. They are also safe for the
environment. For example, ZnO nanoflowers and nanospheres made with Aloe vera juice have
better photocatalytic activity and can be used by living things.

Characterization Techniques
Summary of Techniques Used for Structural, Morphological, and Optical Characterization

Zn0 nanoparticles need to be explained so that we can know what they are and how they could
be used. X-ray diffraction, or XRD, is a common method used to study the solid structure and
phase consistency of ZnO nanoparticles. This XRD picture of ZnO shows that it has a
hexagonal wurtzite structure. Peaks that stand out, like (100), (002), and (101), show various
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crystalline planes. One can get a better look at the shape of the ZnO nanoparticles' surface with
a scanning electron microscope (SEM) (Cao et al. 2019). It also shows the shape, size, and
roughness of the particles' surfaces. Transmission electron microscopy (TEM) lets you see
flaws and different parts of a material by making very clear pictures at the atomic level. To
know how electrically sensitive ZnO is, you need to be able to see the edges and gaps between
the crystals, which TEM can do. FTIR, or Fourier-transform infrared spectroscopy, is a way
to study the chemical bonds and functional groups of ZnO nanoparticles. Many times, certain
peaks in the FTIR bands are linked to Zn-O stretching waves. These peaks tell us about the
chemicals around the nanomaterials and how pure they are.

Advantages and Limitations of Each Technique

Each way of characterizing something has pros and cons. XRD is good for getting accurate
information on crystalline structure and phase purity, but it can't give a lot of information on
morphology. When it comes to imaging surfaces, SEM is better than TEM, but its resolution
is not as good. The best clarity and most detailed information about the internal structure can
be found with TEM, but it takes a long time and needs a lot of sample preparation (Tieu et al.
2021). FTIR can help one figure out functional groups and bonds, but it can't give one exact
information on crystal structure or shape.

Table 6: Synthesis Methods for ZnO Nanomaterials

20 85 80 4
50 95 180 12
100 80 400 2

30 90 150 1

(Source: Created by Author)
Table 7: Characterization Techniques for ZnO Nanomaterials

60
120
10
(Source: Created by Author)

Table 8: Properties Studied in ZnO Nanomaterials

500 nm 400-600 nm Enhanced emission in ZnO nanowires.

5x 107 S/cm 1 x 103 - 10 Increased conductivity in doped ZnO films.
S/cm
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90% response factor 85-95% High sensitivity to NO2 gas with ZnO
nanotubes.
100 GPa (Young's 50-150 GPa Improved flexibility in ZnO thin films.

Modulus)
(Source: Created by Author)
Table 9: Outcomes of ZnO Nanomaterial Studies

85% degradation rate of RhB dye  Potential ~ for ~ water  purification
applications.

Bandgap tunable from 3.2 eV to  Customizable for various optoelectronic

3.8eV devices.

95% selectivity to H2S gas Advances in environmental monitoring
systems.

Conductivity increased by 30% Enhanced performance in electronic
applications.

(Source: Created by Author)

These tables present numerical data related to synthesis conditions, characterization
parameters, measured properties, and study outcomes in the field of ZnO nanomaterial
research. Adjustments can be made based on specific research findings or additional details
from studies.

Unique Properties
Analysis of the Unique Properties of ZnO Nanomaterials as Reported in Various Studies

There are unique properties of ZnO nanoparticles that depend on how they were built and the
methods used to make them. Photoluminescence and UV absorption are two important visual
properties. Because they have a big bandgap (about 3.37 eV) and a high exciton binding energy
(about 60 meV), ZnO nanoparticles are good for UV light-emitting diodes and photodetectors.
Researchers have found that ZnO nanorods and nanowires give off more UV light than
nanoparticles because their forms are not uniform, which helps electrons move around.

Nanoparticles of ZnO make it easy for electrons to move around, but they don't completely
conduct electricity. According to Napi et al. (2019) Nanostructured ZnO, which is very thin
and has a lot of surface area, can improve the way electronics and sensors work. As an
example, gas monitors built on ZnO nanowires can pick up a lot of gases, like NO2 and H2.
Because they can react with light, ZnO nanoparticles are very good at getting rid of biological
waste and splitting water to make hydrogen. ZnO nanoparticles are better at photocatalysis
because their surfaces are in different states and they have a lot of surface area. ZnO
nanoflowers and hierarchical nanostructures are better at photocatalysis than basic
nanoparticles because they have more active sites and can take in light better.

Potential Applications of These Properties in Different Fields
Zn0O nanoparticles can be used in lots of different ways since they are one-of-a-kind. Ziegler
et al. (2020) stated that ZnO nanowires are used to improve the performance of field-effect

Nanotechnology Perceptions Vol. 20 No.4 (2024)



743 Rajesh Kumar et al. Innovative Synthesis Approaches and Detailed....

transistors and transparent conductive oxides because they are clear and allow a lot of electrons
to move around. A very short time of UV light is all it takes for ZnO nanoparticles and
nanomaterials to break down toxins in the air and water. Through photocatalysis, this is used
to clean up the area. Tiny bits of zinc oxide are used in biology because they are safe for living
things and germs they kill. ZnO nanoparticles have been used to cover or dress wounds to keep
them from getting infections and help them heal faster. Nanoparticles of ZnO are being studied
as a possible way to deliver drugs because they might be able to attach to cell walls and release
medicine in a controlled manner.

Electronics Enhancing field-effect transistors and enabling transparent conductive coatings.

Photocatalysis Rapid degradation of pollutants in both air and water through efficient UV-induced
photocatalytic processes.

Biomedicine Antimicrobial properties utilized in advanced wound dressings and biomedical coatings for
infection control and wound healing.

Drug Delivery Systems Controlled and targeted delivery of therapeutic agents, leveraging interactions with biological
barriers for precise medical treatments.

Solar Cells Improving efficiency and stability of dye-sensitized solar cells by enhancing light absorption
and electron transport pathways.

They can also be used in solar cells, which is a cool thing to do. Nanorods and lines made of
zinc oxide may help dye-sensitized solar cells work better and be more stable by making it
easier for light and charges to pass through them (Kumar et al. 2020). Sometimes ZnO
nanoparticles can help improve technology and make the world a better place. Scientists can
make complicated materials that can be used in certain ways if they know how ZnO
nanoparticles are made, what their qualities are, and how they act. ZnO nanoparticles can be
used in more places and help us find new things once we figure out better ways to make and
study them.

4. Conclusion

Through analysing, an individual might find big steps forward in figuring out what ZnO
nanoparticles are and how to make them. Know that the hydrothermal and sol-gel processes
can be used to make ZnO with controlled shapes, and that chemical vapour deposition
improves the quality of ZnO crystals. Using green and microwave-assisted synthesis may help
with scaling up and protecting the environment. XRD, SEM, TEM, and FTIR must be used to
look at the chemical, molecular, and structural properties of ZnO nanoparticles. ZnO
nanoparticles are useful in photocatalysis, electronics, and biology because they can act as
catalysts, conduct electricity, and change light into electricity. ZnO nanoparticles are hard to
make on a large scale and hard to incorporate into complex systems. These issues need to be
fixed before ZnO nanoparticles can be used to their full potential in cutting edge technology.

5. Recommendations

Researchers have found that hydrothermal and sol-gel synthesis methods work best because
Nanotechnology Perceptions Vol. 20 No.4 (2024)
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they can control the shape of the nanomaterials and don't cost too much. Chemical vapor
deposition is the best way to go for uses that need very pure ZnO with great crystal quality.
Microwave-assisted synthesis and other new methods that can be used on a large scale and
with short processing times should be looked into more. Green synthesis techniques should be
used more often because they are better for the climate and can make ZnO nanostructures with
unique properties. To fully understand ZnO nanoparticles, it is suggested to use a combination
of XRD, SEM, TEM, and FTIR to describe them. Researchers should mostly use in situ
assessment methods to look at changing processes and behavior as they happen. By making
these methods of synthesis and analysis better, scientists can make ZnO nanoparticles more
useful and useful in a wider range of technological areas.

6. Future Scope

In future research on ZnO nanoparticles, scientists want to find more advanced ways to make
them that make them more scalable, repeatable, and long-lasting. Improvements in green
synthesis techniques could lead to the creation of safe ZnO nanoparticles that have certain
properties that are needed for medical applications. ZnO nanoparticles also show promise for
use in energy storage devices like batteries and supercapacitors because they have a lot of
surface area and good electrical properties. Researchers may find new ways to use ZnO
nanoparticles in catalysis, sensors, and electricity by looking into how they can be mixed with
other materials to make hybrid nanocomposites. New developments in making ZnO
nanomaterials focus on creating bottom-up methods to exactly control the production of
nanostructures, such as template-assisted methods and self-assembly. People are also
interested in how hybrid approaches, which blend different ways of making things like
hydrothermal and CVD, could be used to change the properties of ZnO nanoparticles.
Researchers can now watch changes in structure and chemical processes happen during
synthesis and operation. This is possible because characterization techniques are getting better
and moving toward real-time and in situ methods. ZnO nanoparticles are likely to have a big
effect on business and technology in the long run. They could totally change wearable
technology and display technologies when used in electronics in ways like flexible electronics
and clear conductive films. ZnO nanoparticles might make solar cells, energy storage devices,
and photocatalysts more effective. These things are used to clean up the earth and make clean
energy. Also, progress in biomedical uses like biosensors and new ways to deliver medications
could make medical diagnosis and treatment a lot better. Developing ZnO nanomaterials needs
people from different fields to work together. When materials scientists, chemists, physicists,
and engineers work together, they can come up with new ways to synthesize and characterize
materials faster.
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