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cells, water purification and pollution control.

science and technology.

Abstract: Nano-Chemistry is a branch of science that studies the structure, properties and applications of substances
at the nano level (10° meter). Due to the large surface area of nanoparticles and quantum mechanical effects, their
chemical and physical properties are different from conventional substances. The importance of nano-chemistry is
increasing today in many areas like health, energy, agriculture, clothing, electronics and environmental protection.
Nano-particles are proving to be highly effective in works like drug delivery system, cancer treatment, solar cells, fuel

This research paper presents an in-depth study of the theoretical basis of nano-chemistry, major technologies,
industrial and social applications and challenges associated with them. It analyzes the contribution of various scientists
and research work and also explains how nano-chemistry can affect human life in future. Through tables and analysis
in the research paper, it has been shown that nanochemistry has the potential to become the foundation of modern

Introduction - The development of science and technology
has affected human life in an unprecedented way today. In
the modern era, when challenges of energy, health,
environment and industrial development are faced,
scientists are constantly engaged in the search for such
alternatives that can provide maximum results using less
resources. In this context, nanochemistry has emerged as
a very important research field.

Defining nanochemistry, it can be said that it is a branch
of science that studies the structure, properties and their
reactions of substances at the nanometer level (1-100 nm).
The word ‘nano’ comes from the Greek language which
means ‘dwarf’ or ‘extremely small’. A nanometer is one
billionth of a meter. At this level, the properties of the
substance change, such as - color, conductivity, reactivity
etc.

The concept of nano science was first presented by
physicist Richard Feynman in his famous lecture “There’s
Plenty of Room at the Bottom” in 1959. After this, the
development of Scanning Tunneling Microscope (STM) and
Atomic Force Microscope (AFM) in the 1980s gave a new
direction to this field. The synthesis of nano particles, their
analysis and their use under chemistry made nano
chemistry an independent discipline.

Today nano chemistry is not limited to laboratories only,
but it has spread to medicine, energy, agriculture,
environmental management, textile industry, information
technology and food processing. For example —drugs can
be delivered directly to diseased cells through nano drug

delivery system; nano-fertilizers and nano-pesticides are
helpful in increasing agricultural production; while nano-
filters and membranes are useful in water purification and
pollution control.

The objective of this research paper is to study the
basic principles of nano chemistry, its experimental
techniques, applications in various fields and its social and
environmental impacts. Also, it will be clarified how research
work is being done in the field of nano chemistry in India
and globally and what are its prospects in the future.
Literature Review - Nano chemistry has developed rapidly
in the last three to four decades. Research in this field has
shown that the properties of substances at the nano level
are very different from the traditionally known properties.
For this reason, they are being used in various fields. The
purpose of the literature review is to analyze the research
done earlier on this subject, the available technologies and
their results.

1. Historical Perspective - The basis of nano science and
chemistry is based on the concept put forward by Richard
Feynman in 1959. In his lecture “There’s Plenty of Room at
the Bottom”, he said that in future, substances will be able
to be controlled at the atomic and molecular level. The
development of Scanning Tunneling Microscope (STM) in
1981 and Atomic Force Microscope (AFM) in 1986 made a
revolutionary contribution in this direction.

2. Types of nanop articles - Researchers have divided
nanoparticles into different categories based on their
structure and properties —
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Metallic Nanop articles — such as gold, silver, copper.
These are mainly used in catalyst and pharmaceutical fields.
Semiconductor Nanop articles — such as quantum dots
(CdSe, ZnS). These are used in optoelectronics and solar
cells.

Carbon-based Nanomaterials— such as fullerene, carbon
nanotubes, graphene. These are used in batteries, sensors
and textiles.

Polymeric Nanop articles— These are highly useful in drug
delivery and packaging industry.

Table 1: Types of nanop articles and their applications

No.| Type of Major Application areas
nanop article examples
1 |Metallic Gold, silver Medicine, catalysis,

anti-bacterial coating

2 | Semiconductor | Quantum dots | Solar energy, LED,

optoelectronics

3 |Carbon-based | Fullerene,CNT,| Energy storage,
graphene textiles, sensors

4 | Polymeric Biodegradable | Drug delivery,
polymer packaging, agriculture

3. Global research contribution:

i. Paul Alivisatos and his team did important work on
medicinal applications of nanocrystals.

ii. Sumio lijima discovered carbon nanotubes in 1991,
which gave a new direction to electronics and materials
science.

iii. Richard Smalley and his team discovered fullerene
(C,,) in 1985, which earned him the Nobel Prize in 1996.

iv. George M. Whitesides did extensive work on self-
assembly in nanochemistry.

4. Research on Nanochemistry in India:

Many research works have been done on nano science in
India too:

i.  Indian Institute of Technology (IIT) and Indian Institute
of Science (11Sc) Bangalore have done pioneering
research on nano drug delivery, nano photonics and
nano sensors.

i. Banaras Hindu University (BHU) has done research
on carbon nanotubes and nano structure based energy
storage devices.

iii. Tata Institute of Fundamental Research (TIFR) has
done extensive study on electronic and magnetic
properties of nano particles.

iv.  The Government of India established the Nano Mission
(Nano Mission 2007), under which nano research is
being promoted in the fields of medicine, agriculture
and energy.

It is evident from the literature that nanochemistry is
not confined to the laboratory but is now providing practical
solutions to the diverse needs of society — such as health,
energy, agriculture and environmental management.
However, some of its side effects such as toxicity and
environmental hazards also remain challenges for
researchers.

Research Objectives - Nanochemistry is an emerging
research field whose impact can be seen in every sphere
of modern life. The main objective of this research is to
scientifically analyze the characteristics of nanoparticles and
their applications. The following major objectives have been
kept under this study:

1. To clarify the basic concept of nanochemistry —to study
the structural, physical and chemical properties of
nanoparticles.

2. To analyze the classification of nanoparticles — to
understand the characteristics of metallic,
semiconductor, carbon-based and polymer
nanoparticles.

3. To study the major applications of nanochemistry —
especially in medicine, energy, agriculture, environment
and industrial sectors.

4. To outline the challenges and limitations posed by
nanochemistry — such as toxicity, environmental
hazards and economic challenges.

5. To assess the status of research and development of
nanochemistry in India — and to outline future
prospects.\

6. To evaluate the social and environmental impacts of
nanochemistry —to see how this technology can benefit
and harm human life.

Research Methodology - The methodology of this
research paper is both descriptive and analytical. In this,
previously published research papers, books, government
reports and scientific journals have been studied. Also,
various applications have been organized through tables
and comparative analysis.

1. Nature of Research

Qualitative - Description of the characteristics and

applications of nanoparticles.

Quantit ative - Comparative analysis of data obtained in

various studies.

2. Sources of Dat a

Primary Dat a: Laboratory based studies, case studies,

experimental results.

Secondary Dat a: Research papers, journals, books,

internet based resources, scientific databases (Science

Direct, Springer, ACS etc.).

3. Techniques of Analysis

Spectroscopy: Analysis of nanoparticles by UV-Vis, FTIR,

Raman etc.

Microscopy: Use of TEM, SEM, AFM.

X-ray diffraction (XRD): For identification of nano

structure.

Comparative t ables: Comparative study of results of

different researches.

4. Limit ations:

i. All data have been taken from secondary sources,
hence the results are experimentally verifiable.

ii. Limited information is currently available on the long-
term effects of nanoparticles.
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Scientific Basis of Nano-Chemistry:  To understand nano-

chemistry, it is necessary to know how the physical and

chemical properties of substances change at the nano level

(1-100 nanometers). When the particles reach nano size,

their surface area, quantum effects and interactions are

greatly affected. Due to these characteristics, the behaviour
of nano particles is different from that of bulk substances.

1. Surface Areato Volume Ratio- As soon as we reach

the nano level, the surface area of the particles increases

much compared to their volume. For example, about 40—

50% of the atoms in a 10 nanometer-sized particle are on

the surface, whereas this ratio is much less in larger

particles.

i.  Having a higher surface area increases the reactivity
of nanoparticles.

i. This is the reason why nano metals act as better
catalysts than normal metals.

iii. Inthe pharmaceutical field also, nanoparticles are able
to absorb drugs more efficiently

2. Quantum Effect s - The properties of substances at the

nano level are governed by quantum mechanics.

i. Band Gap Change: The energy level of electrons in

nanoparticles becomes limited, which changes their optical

properties. This is the reason why quantum dots emit light
in different colors.

ii. Magnetic Properties: Atthe nano level, the behaviour

of magnetic materials becomes different from that of bulk

materials. These are called superparamagnetic.

iii. Electrical Conductivity:  Structures such as graphene

and carbon nanotubes exhibit extremely high conductivity

at the nano level.

3. Structural Characteristics - The structure of

nanoparticles can be more organized and controlled than

bulk materials.

i. Zero Dimensional (OD):

ii. One Dimensional (1D):

iii. Two Dimensional (2D):

iv. Three Dimensional (3D):
structures.

Due to these different structures, the properties and uses

of nanoparticles also vary.

4. Chemical Properties :

i.  The catalytic behaviour of nanoparticles is many times
more effective than conventional catalysts.

ii. Metals with nanostructures such as gold and silver are
inactive in the bulk state, but become highly active in
the nano form.

iii. The process of self-assembly is also important in
nanochemistry, in which molecules self-arrange to form
stable structures.

5. Mechanical & Physical Properties:

i.  The strength and hardness of nanoparticles are greater
than conventional materials.

ii. Carbon nanotubes are 100 times stronger than steel
but weigh much less.

Nanoparticles

Nanotubes, Nanowires

Graphene, Nanosheets
Nanocrystals, fullerene

iii. Transparency of materials can also increase at the
nano level, for example, the use of nano TiO, in
sunscreens and transparent coatings.

Table 2: Changes in the properties of materials at the

nano level

No.| Properties Bulk st ate | Nano state

1 Surface area Low Very high

2 Catalytic capacity | Normal Many times more

3 Color and light stable Changes color on

changing size

4 Magnetism Normal Superparamagnetic
Ferro-
magnetic

5 Conductivity Normal High or controlled

6 Strength Normal Very high

* Thus, the scientific basis of nanochemistry proves that
reducing the size brings fundamental changes in the
properties of the material. This feature makes nano-
chemistry unique and multi-purpose.

Applications of Nano-Chemistry: ~ The applications of

nano-chemistry are multi-faceted and it is proving helpful

in fulfilling many needs of modern society. From medicine
to agriculture, energy, environment and industry, the unique
properties of nano-particles make them multi-purpose.

1. Healthcare & Pharmaceuticals: Nano-particles have

brought a new revolution in medical science.

(a) Drug Delivery System:

i.  Nano particles are capable of delivering drugs to the
target site.

ii. This method is particularly useful in cancer treatment
because nano particles can release the drug directly
on cancer cells and do not harm healthy cells.

iii. Liposomes and polymer nano particles are prominent
in drug delivery.

(b) Diagnostics:

i. Quantum dots are used in bio-imaging to identify
diseases.

i. Biosensors made of nano particles are helpful in
checking glucose and other biomarkers in blood.

(c) Disease treatment:

i. Silver nano particles (AgNPs) have anti-bacterial
properties.

i. Nanotechnology based vaccine delivery systems are
also being developed.

Table 3 : Applications of Nanochemistry in Medicine
No. | Application Nanop articles | Special

Area Used Contribution
1 Drug Delivery | Liposomes, Targeted Drug
Polymer Therapy

Nanoparticles
Quantum Doaots,

2 Diagnosis Early Detection of

Nano Sensors | Disease
3 Infection Silver Destroy Bacteria/
Control Nanoparticles | Virus
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2. Energy Sector: Nanochemistry is playing an effective

role in solving the global problem of energy.

i. Solar Energy: Quantum dots and nanocrystal based

solar cells are more efficient than conventional silicon solar

cells.

i. Energy Storage: Supercapacitors and batteries made

of carbon nanotubes and graphene can store energy for a

longer period of time.

iii. Fuel Cells: Nano catalysts increase the efficiency of

hydrogen based fuel cells.

3. Agriculture Sector: Nanochemistry is helpful in

increasing agricultural productivity and protecting crops.

i.  Nano-Fertilizers: Provide nutrients to plants slowly and

in a controlled manner.

i. Nano-Pesticides: More effective than conventional

pesticides and less harmful to the environment.

iii. Nano Sensors: Useful in early detection of soil

moisture, fertility and diseases.

4. Environment al Management: Nano particles are

helpful in solving environmental problems.

Water Purification:

i.  Nano TiO, and ZnO help in decomposing pollutants.

i. Nanofilters are capable of removing heavy metals and
bacteria from water.

Air Pollution Control:  Nano catalysts help in reducing

harmful gases emitted from vehicles.

Waste Management: Nano technology based sensors

check wastewater and industrial pollution.

5. Industrial Applications:

i. Electronics: Nano transistors, nano wires and

guantum dots are being used in the manufacture of fast

and micro electronic devices.

ii. Textile Industry: Textiles are made waterproof,

dustproof and anti-bacterial by nano coating.\

iii. Construction Industry: Nano cement and nano

additives increase the strength and durability of buildings.

iv. Cosmetics: Nano TiO, and ZnO are used in

sunscreens and cosmetics.

Table 4: Major application areas of nano-chemistry

No.| Area Application Nanomaterials used

1 | Health Drug delivery, Liposomes, quantum
diagnostics dots, AgNPs

2 | Energy Solar cells, Graphene, quantum
batteries dots

3 | Agriculture | Nano fertilizers, | ZnO, TiO, polymers

social and environmental.

1. Technical Challenges:

i. Controlled Synthesis: It is still difficult to completely

control the size, morphology and surface properties of nano-

particles.

ii. Standardization: Uniform standards are not available

for the preparation and testing of nanomaterials.

iii. Stability: Nanoparticles are often unstable and lose

their properties by agglomeration.

iv. Cost of analytical equipment:  Equipment such as

TEM, SEM, AFM, XRD are expensive, which limits research.

2. Health Challenges:

i. Many nanoparticles have been proven to be toxic.
Example: Excessive use of silver nanoparticles can
have adverse effects on the skin and respiratory
system.

i. Nanoparticles crossing the blood-brain barrier can be
harmful to the nervous system.

iii. Long-term effects have not been adequately
researched yet.

3. Environment al Challenges:

i.  Water pollution: Nanoparticles can have toxic effects

on aquatic organisms when mixed in water.

ii. Soil Pollution: Excessive use of nano fertilizers and

pesticides can affect the soil structure.

iii. AirPollution: Nano level dust particles can be harmful

to both human health and the environment.

4. Economic Challenges:

i. The cost of research and development of
nanotechnology is very high.

ii. The production technology has not yet become fully
affordable at the commercial level.

iii. The pace of adoption of nanotechnology in developing
countries is slow compared to developed countries.

5. Social and Ethical Challenges

i. Privacy: Excessive use of nano sensors can pose a

threat to personal privacy.

i. Inequality: Access to technology may be limited only

to developed countries and the rich class.

iii. Bioethics: Ethical questions arise on the use of nano

medicines and treatments.

Table 5: Major challenges of nanochemistry

No.| Category Challenges

1 Technology | Controlled synthesis, lack of

standardization, stability

Challenges and Limit ations of Nano-Chemistry:  The
applications of nano-chemistry are as wide and useful as
the challenges and limitations associated with it. These
challenges are faced at all four levels — technical, economic,

nano pesticides 2 Health Toxicity, effects on nervous system,
4 | Environ Water/air Nano filters, nano TiO, long-term unknown effects
-ment purification 3 Environment | Threat of water, soil and air pollution
5 | Industry Textiles, CNT, nano additives 4 Economic High cost, slow progress in developing
electronics, countries
construction 5 Social/ethical | Violation of privacy, inequality,

bioethical questions
In conclusion, the progress of nanochemistry is as

promising as the challenges associated with it. Safe

standards, stringent regulations, and long-term research
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are necessary to address these problems.

Development and Research S tatus of Nano-Chemistry

in India

Nanoscience and nanotechnology in India have developed

rapidly in the last two decades. The government, universities

and research institutes have made significant contributions
in this field.

1. Policy Initiatives:

i. Nano Science and T echnology Initiative (NSTI,

2001): The Government of India launched this program in

2001 to promote nano science.

ii.  Nano Mission (2007): The Department of Science and

Technology (DST) launched the National Nano Mission in

2007. Under this, emphasis was laid on research in hano

technology, human resource development and collaboration

with industry.

iii. ‘MakeinIndia’ and ‘Startup India’ schemes: Under

these schemes, development of nano-based products and

startups were encouraged.

2. Major institutes and research centers: Many

institutes in India are doing research focused on nano

science and chemistry:

i. Tata Institute of Fundament al Research (TIFR),

Mumbai — Research on nano physics and chemistry.

ii. Indian Institute of Science (11ISc), Bangalore—  Nano

materials and nano-biotechnology.

ii. 1ITs (Mumbai, Delhi, Kanpur , Kharagpur , Madras

etc.) — Nano electronics, nano materials and industrial

applications.

iv. CSIR-National Chemical Laboratory (NCL), Pune —

Pioneering research on nanochemistry.

v. Jawaharlal Nehru Centre for Advanced Scientific

Research (JNCASR), Bengaluru — Pioneering work in

nanomaterials.

3. Research and Publications:

i. Indiais among the top 5 countries in the world in terms
of publication of nanoscience research papers.

ii. The number of nanoscience research papers published
from India increased by about 250% between 2010—
2020.

iii. Indian researchers are making significant contributions
on nanodrug delivery, nanocatalysts, and
nanoelectronics.

4. Industrial and Commercial Development

i. Nanodrugs: Some Indian pharma companies are

working on nanodrugs for the treatment of cancer and

infections.

ii. Nanocoatings: Their use is increasing in the

automobile and textile industries.

iii. Nanofertilizers: Companies like IFFCO are engaged

in the development and commercialization of nanofertilizers.

5. Challenges for India:

i. Lack of high-level laboratories for research.

ii. Lack of stringent regulatory policies for nano products.

iii. Limited collaboration between industry and academia.

iv. Lack of financial resources and uneven distribution of
research.
Table 6: Status of Nanochemical Development in India

No.| Sectors Achievement s Challenges

1 Policy Nano Mission, long-term policy
NSTI Lack of
concrete

2 Research | Publicationsintop | Lack of
5 countries laboratories

Nano fertilizers,
nano coatings
Programmes at
lITs, 11Sc, in rural/state
JNCASR universities

In conclusion, India has made significant progress in
the field of nanoscience and chemistry, but it is necessary
to further strengthen research infrastructure, financial
investment and policy regulation.
Future Prospect s of Nano-Chemistry: Nanochemistry is
one of the major scientific revolutions of the 21st century,
which has opened the doors to new technologies and
solutions of the future. Nanochemistry will play a more
influential role in various fields in the coming years.
1. Healthcare & Medicine:
i. Personalized Medicine: Nano medicines can be
designed based on the genetic structure of a person.
ii. Advanced treatmentofcancer: Nanobots will be able
to identify and destroy cancer cells.
i. Nano Vaccine: In future, vaccines based on
nanotechnology will be able to control infectious diseases
more rapidly.
iv. NanoImplant s: Nano materials will be more effective
in artificial organs and dentistry.
2. Energy and environment sector:
i. Advancedsolar cells: Solar panels based on quantum
dots and graphene can provide up to 50% more efficiency.
i. Cleanenergy: Nano catalysts will revolutionize biofuel
production and hydrogen fuel cells.
iii. Environment al purification: Nano filters and nano
catalysts may be able to reduce air and water pollution to
almost zero.
3. Agriculture sector:
i. Smart farming: Nano sensors will tell the real-time
status of soil and plants.
ii. Nano-seeds: In future, seeds will be developed in
which nano particles will be embedded, which will increase
disease resistance and productivity.
iii. Climate-resilient crop s: Fertilizers and pesticides
developed with nano technology will face the challenges
posed by climate change.
4. Industrial and technology sector
i. Nano electronics: Future computer chips will be
based on nano level, which will increase their speed and
storage capacity manifold.
ii. 3D printing and nano materials:

3 Industry Slow pace of
commercialization

Lack of resources

4 Education

Nano particle based
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3D printing will completely change the industry.

iii. Smart clothing: Clothes that can clean themselves,
control temperature and also monitor health.

iv. Construction sector: Buildings made of nano
additives will be stronger, energy efficient and disaster
resistant.

5. Space and defense sector:

i. Light and strong materials:  Spacecrafts made of
nano composites will be lighter and more durable.

ii. Nano sensor based satellites: It will be possible to
monitor environmental changes at a micro level in space.
iii. Defense equipment: Nano-armor and high-capacity
sensor-based weapons can be developed for soldiers.
Table 7: Future Potential Areas of Nanochemistry

No. | Area Future Potential

1 Health Nano robots, personalized medicine,
nano vaccines

2 Energy Advanced solar cells, hydrogen fuel,

biofuel
Smart farming, nano seeds, climate-
resilient agriculture

3 Agriculture

4 Industry Nano electronics, smart textiles, 3D
printing
5 Space/ Lightweight spacecraft, nano armour,
Defence micro-satellites

In conclusion, in the future, nanochemistry will play a

vital role in making human life healthier, safer, energy
efficient and sustainable. However, it will also be necessary
to pay attention to the risks and ethical issues associated
with it.
Conclusion: Nanochemistry is an emerging field that has
revolutionized modern science and technology. Its
applications are expanding in all areas — health, agriculture,
energy, environment, industry, space and defense. Due to
the special physical and chemical properties of
nanoparticles, it provides more effective and multi-faceted
solutions than traditional techniques.

Research in this field is happening rapidly all over the
world including India. India has also made remarkable

progress through Nano Mission, lITs, [ISc and CSIR Labs.
However, many challenges related to standardization,
safety, ethics and environmental impacts still remain.

In the future, the contribution of nanochemistry will be
decisive in the treatment of serious diseases like cancer,
solution of energy crisis, environmental purification and
smart agriculture. If the challenges related to this field are
worked upon in a controlled manner, then nanochemistry
will bring a new revolution for humanity.
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