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Abstract:
As a relatively new area of research, "nano-science™ focuses on things with sizes ranging from a
few nanometers to fewer than 100 nanometers, which places them somewhere in the middle of the
size spectrum between the biggest molecules and the tiniest structures that can be constructed
using photolithography. Colloids, micelles, polymer molecules, phase-separated zones in block
copolymers, and other structures have historically been associated with exceptionally large
molecules or aggregation of many molecules in chemistry. Recently, several nanostructures—such
as buckytubes, silicon nanorods, and compound semiconductor quantum dots—have gained a lot of
attention. Quantum mechanics and the movement of photons and electrons within microscopic
structures are the most often thought of topics when discussing the intersection of nano-science,
electrical engineering, and physics. Viruses, DNA, subcellular organelles, and gap junctions are
all examples of nanostructures found in cells, which is why they captivate researchers in
biochemistry and biology. This study explores the definition of nano-technologies. Is It Possible for
Chemistry to Affect Nano-technology and Nano-science? What Commercial Opportunities Exist in
Chemistry? Does Nano-technology Pose a Risk? The paper's concluded that nano-science is now a
frequent theme in many scientific fields. Nano-technology, which is both evolutionary and
revolutionary, will be the technology that emerges from it. The future of the subject, the
opportunities it offers, and the degree of creativity and initiative chemists and chemical engineers
exhibit in carving out their specialization will all influence how much of a supporting or leading
role chemistry plays.
Keywords: Chemistry, Commercial uses, Devices, Nano-Science, Nano-technology.

1. What is Nano science?

In the realm of emerging scientific inquiry, "nano-science” refers to things “with smallest
dimensions ranging from a few nanometers to less than 100 nanometers, the size range
encompassing both the largest molecules and the smallest structures currently amenable to
fabrication through photolithography ™! In chemistry, structures with sizes in this range have long
been linked to big molecules or aggregates of numerous molecules, such as “colloids, micelles,
polymer molecules, phase-separated areas in block copolymers, and similar structures.”
Buckytubes, compound semiconductor quantum dots, and silicon nanorods are some of the most
intriguing new types of nanostructures. Quantum mechanics and the study of how photons and
electrons behave in structures on the nanoscale are the most common definitions of nano-science in
the fields of electrical engineering and physics. Nanostructures are of great interest to the fields of
biology and biochemistry because they are integral parts of cells. Many fascinating biological
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structures, such as viruses, subcellular organelles, and gap junctions, are in fact nanostructures.
These little buildings pique my curiosity for a variety of reasons. To start, a lot of their
characteristics are mysterious. The flagellar motor of Escherichia coli: how does it work? In
organometallic nanowires, how does an electron flow?™! And secondly, they are not easy to whip
up. It is easy to create molecules in huge numbers, and they can be described in detail. Preparing
and characterizing “colloids, micelles, and crystal nuclei” has always been more challenging than
making single components; creating a "synthetic chemistry™ of “colloids as exact as that used to
make molecules presents a wonderful challenge to the chemical sciences.” Another intriguing set
of challenges is the synthesis or fabrication of organized arrays and patterns of colloids."!

Thirdly, examining nanoscale structures provides novel phenomena as many of these structures
have been inaccessible or unexplored. So far, science has not been able to conduct thorough
investigations into structures using very minute particles or massive, organized collections of
molecules or atoms. Fourth, at room temperature, nanostructures are in the size range where
guantum phenomena, such as “quantum entanglement and other reflections of the wave nature of
matter,” are widely believed to play a significant role. Despite being the fundamental foundation of
atomic and molecular qualities, “classical behavior in macroscopic materials and structures
conceals quantum events.” Already created and shown to have extraordinary electrical properties
are quantum dots and nanowires; | am sure there will be additional nanoscale materials with
various characteristics to investigate and use.

The fifth point is that one area of ongoing research in biology is the study of functional structures
on the nanoscale scale, which are responsible for many of the cell's most complex functions.
Nanostructures whose functions are still largely unknown include “the ribosome histones and
chromatin, the Golgi apparatus, the mitochondrion's inner structure, the flagellar micromotor, the
photosynthetic reaction center, and the cell's wonderful ATPases.” As for the sixth point,
nanoelectronics and -photonics will have nanostructures as their foundation.

“Microlithography is perhaps the most significant fabrication technique of our time. The
information technology that has revolutionized society” over the last fifty years is based on
microprocessors and memory, which it produces. "Smaller is cheaper and quicker" is a common
way to describe Moore's rule, which microelectronic technology has rigidly adhered to over half a
century. “Heat dissipation, power distribution, clock synchronization, and intrachip
communication” have superseded the once-fervent "smaller" as the governing idea of circuit
design. Nevertheless, shrinking continues unabated, and technological advancements in the
semiconductor industry have reduced the size of components used in commercial semiconductor
devices to within 100 nm. As microelectronics transforms into nanoelectronics, “comprehending
the actions of matter in structures smaller than 100 nm is and will remain an integral aspect of this
progress.”

The driving factor behind “nano-science is the prospect of new phenomena and new scientific
knowledge coupled with the expansion of a critically vital technology. Another, less logical kind of
propulsion exists:” the field of nano-science and nano-technology has become a haven for science
fiction writers and futurists, who speculate about what the future could hold. Exciting and terrible
concepts have sprung from people's wild speculation about the future of nano-technology, which is
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often unfettered by reality. And, sometimes, completely absurd. Nano-science has emerged as a
symbol for the future of physical science, thanks to the widespread dissemination of these concepts
in popular culture, literature, and advocacy organizations for the protection of society from careless
or immoral technology. Because of the contradiction, it is thrilling and unsettling at the same time.

2. Is there a Nano Technology?

We have now had nano-science on our side for ten years. There aren't many technologies that have
sprung from it yet, and its development has seemed (though it may not really be) slower than in
fields like biotechnology. The first thing to wonder is: "Will there be nano-technology?”
"Definitely yeah!" is the response. "What on earth is it?" follows. How long till it's here? In what
way, exactly?

2.1.And how many nano-technologies will there be?

Existing goods with micro- and nanometer-scale characteristics will undoubtedly give rise to an
evolutionary nano-technology, which is currently underway. There is commercial "nano-
technology" that is doing well in its early stages. Perhaps more intriguing is the prospect of ground-
breaking nano-technologies founded on radically novel scientific principles, capable of producing
goods beyond our wildest dreams. If that's the case, they will likely come slowly, like most new
technology, but | have a sneaking suspicion they will.

We are already living with nano-technology in three fields: microelectronics (where astute
engineers have demonstrated ways to expand current methods of fabricating “microelectronic
devices to new systems with sub-70-nm wires and components), materials science (where
structures of 1-100 nm determine many of the properties of polymers, metals, and ceramics) and
chemistry (where astute drugs on the nanometer scale are routinely used to control proteins and
signalling complexes, and macromolecules have dimensions of many nanometers).” Such
innovations are known as "evolutionary nano."

Technologies derived from novel “nanostructured materials (e.g., buckytubes), the electrical
characteristics of quantum dots, or from radically different types of architectures—based on
nanodevices—for use in computation and data storage and transmission constitute the as-yet-
undefined "revolutionary nano™ nano-technology.” Biologically inspired or based nanosystems are
also quite intriguing.

Undoubtedly, cutting-edge nano-science is currently taking place in academic labs, and new types
of nano-technology will play a significant role in the future. What is currently unclear, however, is
the extent to which and the rate of this transition into practical applications. Nonetheless,
technological precedent reveals that when there is sufficient new scientific knowledge, significant
new technological advancements will always follow.
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3. Can We Expect Chemistry to Influence Nano-science and Nano-technology?™*°*?

Knowing that chemistry is already a frontrunner in nano-technology should reassure scientists.
Chemical engineering is, and always has been, the pinnacle of nano-technology: By linking atoms
and molecular groupings together with bonds, chemists create new kinds of matter (and in reality,
no other scientific field does this on a regular basis). They execute chemical synthesis, an activity
on the size of sub-nanometers, “on megaton scales when required, and they do it with exceptional
efficiency and safety.” Nanoelectronics may have sparked early interest in nano-technology, but it
appears that materials science—which is typically the result of chemical processes—is where the
first novel and commercially viable technologies are emerging from revolutionary nano-science.
What follows are a few examples.

3.1.Buckyballs and Buckytubes

One of the earliest discrete nanostructures with a graphite-like structure, buckyballs have failed to
wow with their practical use. But long graphite rods called buckytubes (often called carbon
nanotubes) quickly caught up to them. These structures exhibit a multitude of exceptional
characteristics, including as exceptional mechanical strength, semi-conductivity with very high
carrier mobility, and metallic electrical conductivity. Their commercial applications are only
starting to emerge. Astoundingly, for materials of this unusual origin, there are practical but
worthwhile uses, such as dissipating static electricity and making electrostatic spray-painting easier
by improving the electrical conductivity of polymers. Printing electronics and plasma screens are
possibilities for the future. Naturally, for some of these uses, buckytubes will compete with less
costly materials like silicon and carbon black; pricing and safety will decide the victors. In order to
produce consistent buckytubes at reasonable prices, the process and catalytic chemistry needed is
something that chemical engineers and chemists work on extensively.

3.2.The Quantum Dots

Although quantum dots have numerous potential applications, their first implementation was in
semiconductor materials such as cadmium selenide, in the form of tiny grains measuring just a few
nanometers in diameter. Coating these grains with zinc oxide and an organic surfactant—
techniques well-known in “the chemical industry for use in paints and washing powders”—
stabilizes them against hydrolysis and aggregation. Test applications for these first semiconductor
quantum dots include inks, computer and mobile phone displays, and ultraviolet light-emitting
displays. The fact that these materials retain their colour even when exposed to light makes them
unique, but there's more: a single production method can produce them in a variety of sizes, and
thus, in all colours. Their biological uses highlight the challenges of introducing new technologies.
“Their toxicity and competition from molecular-scale probes” have limited the early success of
their research as probes in cell biology. However, it is evident that the ideal material to use for
describing the inside of a live cell is tiny, harmless particles.
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3.3.Polymers that are separated phase

To enhance the characteristics of polymeric materials, “the chemical industry has long relied on
phase-separated copolymers and blends.” Methods for rationally creating phase separated zones
(and the characteristics of polymeric materials) are emerging from nano-science, which is shedding
light on the architecture of these regions (which are often of nanometer dimensions). A fresh
perspective on engineered materials will emerge from an understanding of these correlations
between polymer composition and material characteristics. The fields of microelectronics and
photonics are discovering new applications for nanoscale phase-separated block copolymers.
3.4.Self-Composing Monolayers

The formation of these materials—adored by their coworkers as "SAMs"—is achieved by
facilitating the assembly of suitable surfactants on surfaces. They could lead to devices on the
nanoscale scale for "organic microelectronics™ and synthetic pathways to surfaces with highly
structured coatings that are nanometer thick and provide biocompatibility, friction control, wetting,
and adhesion. They have also altered the course of surface science as a field of study, shifting focus
from “organic materials in conditions more like to the actual world to metals and oxides in high
vacuum.”

3.5.Nanofabrication

Because of the intricate methods needed to overcome the size constraints imposed by optical
diffraction, photolithography has become more difficult and costlier as the crucial dimensions in
microelectronics have decreased. Astoundingly, soft lithography and nanoimprint lithography—
chemically known processes like printing, moulding, and embossing—have arisen as possible
alternatives to or complements to photolithography. “Van der Waals interactions, maybe the
molecular granularity,” but definitely not optical diffraction, put the inherent limits on the sizes of
the designs that can be reproduced by printing and moulding. The most well-known and advanced
method of self-assembly in chemistry is also providing a promising way to combine "bottom-up"
and "top-down" production, resulting in naturally occurring hierarchical structures. A very
practical way to get nanoscale rods is to employ electrochemistry in membrane pores.

3.6.Applied Quantum Behaviour

The use of quantum behaviours, such as “entanglement, the wave nature of molecules, and
quantum teleportation”, could lead to groundbreaking advances in nano-science. Because of their
diminutive size and the fact that chemists may manipulate their electronic states, molecules have
been considered as a potential starting point for chemical approaches to structures that possess
quantum electrical activity. “Research into the quantum behaviour in molecular matter will
undoubtedly continue vigorously, despite the recent decline of molecular electronics. However,
comprehending and utilising the movement of electrons in molecules” could be extremely valuable
in fields such as redox enzymology and quantum electronics.
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3.7.Nano-biomedicine

One of the greatest scientific mysteries is the cell and its function; solving this mystery will
provide light on the nature of life itself. Everything in biology is based on the cell, the smallest and
most basic unit. It's like the quantum of life. Amazing nanoscale "machines"—functional molecular
aggregates of tremendous complexity—form the system of molecules that make up the cell. To
fully grasp the cell through a reductionist lens, one must comprehend these molecular
nanostructures in all their molecular complexity, including their mechanistic aspects. To achieve
this goal, we need to develop new ways of studying these systems in isolation, at the cellular level,
and throughout the body as a whole. A better knowledge of human life and health, and eventually
"nanomedicine,” will be possible thanks to the methodologies that develop from this study. Drug
delivery, imaging agents, and clinical analysis are three further potential applications for
nanostructures.

4. Which Possibilities Does Chemistry Present for Science?™**®
Chemistry has a plethora of chances to make significant contributions to nano-science. The
following are five of my favourites:
1) Nanostructure Synthesis: The capacity to create novel types of matter is a hallmark of
chemistry, which sets it apart from other scientific disciplines. To uncover hitherto unknown
occurrences, it will be necessary to develop novel nanostructures. With the guts to lead the charge,
chemistry may be a revolutionary force in nano-science;
2) Materials: Chemistry and materials science are borderline identical for the most part. Materials
whose characteristics are dependent on their nanoscale structure have been (and will be) developed
in part by chemists. In the long run, the cost-effective, reproducible production of these materials
will depend on chemistry and chemical engineering;
3) “Molecular Mechanisms in Nanobiology: Chemistry's unique understanding of molecular
mechanisms can make unique contributions to the field by elucidating the molecular mechanisms
of functional nanostructures in biology, such as the light-harvesting apparatus of plants, ATPases,
the ribosome, and structures that package DNA.
4) Instruments and Analytical Procedures: The scanning probe microscope, which Binnig and
Rohrer developed in the IBM Zurich laboratory, is the tool that set off the nano-science boom.” It
IS necessary to know what nano-structures are in order to develop new ones. In order to construct
the instruments that characterise these structures, physical and analytical chemists will aid;
5) Assessing Risk and Evaluating Safety: Collaborating across fields such as molecular medicine,
epidemiology, physiology, and chemistry is essential for understanding the hazards posed by
nanostructures and nanomaterials.
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5. What Are Chemistry's Commercial Opportunities?™"*’!

Additionally, the chemical sector may take use of six distinct possibilities presented by nano-
technology:

1) Research Tools: The first, and most established, opportunity is “to create new instruments and
apparatus for research (and increasingly for development and manufacture).” The market for
"instruments for nano-science"” is expanding;

2) New Materials: Among the many types of nanostructures, materials will have a significant
economic impact. From nanoscale bar-coded rods and spray-painted car bumpers “to printed
organic electronics in electronic newspapers and smart shipping labels, there is a wide range of
uses for structural and electrically/magnetically/optically functional polymers, particles, and
composites.” The commercialization of these applications' value will likely depend on chemistry
and chemical-process technologies;

3) Innovative Fabrication Techniques: The commercialization of nanomaterials is contingent
upon their production feasibility. To demonstrate this idea, consider the significance of buckytubes
grown atop iron nanoparticles in the process of "nanotube” development: vapor/liquid/solid
catalytic growth. The The chemical industry has always been a frontrunner when it comes to
creating novel methods for producing novel materials;

4) Nanoelectronics: Materials scientists and chemists will have immediate chances to create novel
photoresists and procedures to produce “structures with the sub-50 nm dimensions needed by
nanoelectronics.”

5) Nanoparticle Technology: Targeted nanoparticles will play a significant role in various fields,
including the development of hydrophobic drugs with enhanced bioavailability, as well as
electrodes and lumiphores for novel visual displays;

6) “The Revolutionary Unknown:” The most intriguing and last class covers groundbreaking
concepts, such as quantum computers, biocompatible nanoparticles that can detect and report pre-
symptomatic disease, “nano-CDs (read by a network of parallel atomic force microscope tips”
called the "centipede"), and so on.

The chemistry sector may benefit from functional nanomaterials with high performance. The
problem is that the quantities needed will be minimal, at least initially and maybe forever. “The
chemical industry will face a dilemma in the future of nano-technology: either manage businesses
that produce tiny quantities of boutique materials or try to move downstream, potentially
competing with traditional customers, to gain a share of the value of the systems that these
materials become a part of.” This decision will be made in a world where new, billion-dollar
chemical plants are no longer necessary and where agility is crucial for capturing technological
opportunities.

6. 1s Nano-technology Dangerous?**%"!

When a new technology comes out, there will be two camps: one that wants to use it right away,
and another that wants to wait until it's completely safe to do so. The public is understandably both
apprehensive about and enthusiastic by nano-technology due to its novelty, familiarity with certain
aspects and unfamiliarity with others.
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6.1.Parts of the ""Assembler™ and ""Grey Goo™

The potential for nano-technology to spiral out of control is a source of worry. A number of
futurists, including Drexler and Joy, and science fiction writers, have proposed the concept of tiny
robots that can reproduce themselves ("assemblers™), break out of labs, and devour the planet. This
notion is the basis for this worry. It goes without saying that every prediction about the future is
purely subjective. As for me, | just don't understand how such things can work. Although the
concept of tiny, self-replicating machines has never appeared completely out of the question (after
all, microbes do exist), the thought of creating such machines from scratch has always sounded like
an insurmountably daunting endeavour, and it still does. | don't think it's possible to create
nanomachines that replicate themselves and look like the bigger machines we know and love.
Accordingly, | think we can put this kind of worry out of our minds until we see scientific
breakthroughs in areas like artificial life and self-replication that will outweigh nano-science.

6.2.Potential Health Risks from Nanoparticles

There is a valid reason for public concern in this case. Several illnesses, such as silicosis,
asbestosis, and "black lung,” are linked to tiny particles, but our understanding of how these
particles interact with cells and tissues remains limited. The vast majority of nanoparticles are
likely harmless; after all, they are ubiquitous in nature, and there's no need to anticipate radically
novel forms of toxicity from them. In addition, the majority of commercially available
nanomaterials would be created and used in settings that minimized their exposure to the general
public. One such example is the compounding of buckytubes into polymers. It is yet unclear “how
nanoparticles enter the body,” how cells take them up, how they circulate, or what effects they
have on the organism's health. It would be wise for the chemical industry to fund objective research
on how current and future nanoparticles and nanomaterials affect cellular behaviour and animal
health if it wants to get serious about nanostructured materials. Regardless, regulatory bodies that
are worried about the health implications of nano-particulates from other sources (particularly
carbon nanoparticles in diesel engine exhaust) will investigate this specific public health issue
thoroughly.

6.3.Civil liberties and privacy

The application of evolutionary nano-technologies, which are now undergoing fast development,
poses the greatest threat to society, in my view, rather than hypothetical breakthrough materials or
systems. With the increasing pervasiveness of electronics and telecommunications in almost every
facet of modern life, it is becoming ever easier to gather, store, and organize massive amounts of
personal data. This is due to developments such as ultra-dense memory, fast processors, “methods
for searching databases, ubiquitous sensors, electronic commerce and banking, and commercial and
governmental record keeping.” The Due to their identifying and characterization potential, as well
as their ease of collection and manipulation, these data directly threaten long-established standards
of personal privacy. No matter how well-intentioned, | do not support the idea of "universal

International Journal in Physical and Applied Sciences
http://ijmr.net.in, Email: irjmss@gmail.com




- - - - - nalJo;,,
International Journal in Physical and Applied Sciences

Volume 11 Issue 06, June 2024 ISSN: 2394-5710 Impact Factor: 8.657 =)
Journal Homepage: http://ijmr.net.in, Email: irjmss@gmail.com %,,‘j

Double-Blind Peer Reviewed Refereed Open Access International Journal

surveillance"—the constant monitoring of all individuals and all aspects of society—in the name of
counter terrorism.

There is no radically "new" idea or anything specifically linked with "nano™ in the current
technological landscape, and the danger (and opportunity; “good and evil are not always easy to
separate in technology) of emerging information technologies emanates almost imperceptibly from
this.” But there's no denying that IT has changed the world—and not just a little bit, compared to
biotech. | think it will keep doing so, and the change it has brought about is deeper and more
widespread than anything that "revolutionary™ nano-technology might provide in the near future.

6.4.The ""Right Size""

Finally, nano-science is quickly becoming an integral aspect of technology and has already become
a major focus of basic research. "Nano™ is great, but we can't lose sight of "micro"—or "small"—in
our excitement. Microtechnology has a greater impact than nano-technology in several fields. An
encouraging area for the commercialization of microfluidic technologies is the development of
“assay systems based on mammalian cells” for drug development. However, nano-technology is
not very helpful in this regard: Any channel that contains a “mammalian cell, which is an item a
few micrometres (not nanometers) in size,” must be bigger than the cell itself. The correct scale for
scientific and technological advancement may be anything from millimetres (for technologies
pertaining to minute objects) to nanometers (for larger ones); the "nano" isn't always the best or
only choice.

7. Conclusion

These days, nano-science is a common thread throughout many scientific disciplines. The
technology that comes out of it will be nano-technology, which is both evolutionary and potentially
revolutionary. The field's trajectory and the possibilities it presents, as well as the level of
innovation and initiative shown by chemists and chemical engineers in establishing their niche,
will determine the extent to which chemistry plays a role, whether it's a supporting one or a leading
one.

Taking use of nano-technology's potential will need new behaviours, which presents the chemical
sector with unique possibilities. in There will be very few nanomaterials that are mass-produced,
and even fewer procedures for creating nanofabricated structures in factories the size of those that
make commodity chemicals. Nanomaterials and nanostructures will be valuable when used for
their intended purposes and integrated into relevant systems. We will have to wait and see if
chemical companies are more interested in making photonic devices to capitalise on their photonic
bandgap (PBG) material production capabilities or if telecom companies are more interested in
making PBG materials to take advantage of “the functions they offer in their devices and systems.
Competitors in the market for high-value, functional materials, components, and systems” are
certain to crop up for chemical businesses engaged in nano-technology.

If the chemical industry wants to avoid technological and financial stagnation, it may have to make
the difficult but necessary step downstream into nano-technology or other developing sectors, as
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there are few fresh, high-margin industries available to it. A key to success in emerging markets is
nimbleness, and seizing opportunities as they arise is no easy feat. This is going to be especially
tough for an industry that has become used to not receiving praise for trying new things and has
been under-recognized for its innovation for decades.
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