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ABSTRACT

The purpose of this paper is to impart cross-disciplinary guidance and training to students
in the rapidly developing nanoscience and nanotechnology area. This specially designed course
projects a prismatic view to introducing the synthesis, properties, structure, bonding, and important
applications of nanoparticles in different fields in meeting academic objectives. The various
fundamental and applied aspects of nanoparticles are discussed that are of interest in the chemical
education experience and also cover environmental concerns for their educational value. Seminar
presentation, laboratory experimentation, and careful assessments of students’ performance
constitute very important components of this graduate-level course to enhance subject matter
knowledge and other sector-specific skills. The syllabi developed signify an attempt to help
students to understand the basic importance of nanoparticles in different fields and create proper
awareness about the applied aspects in a wide range of applications through illustrative examples.
This paper attempts to promote integrative learning to impart better education and outline the four
important participatory aspects (four L’s) of learning-lecture, laboratory, library, and life to bring
about educational transformation in students under a single scientific theme. The course content
and structure promote the students to get ready for the real challenges of actual interdisciplinary
research in the current world environment as an effective approach. [African Journal of Chemical
Education—AJCE 14(1), January 2024]
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INTRODUCTION TO NANOPARTICLES
Purpose and Importance

Nanoparticles have dramatically diminished size in the range of 1 -100 nm and they exhibit
size-dependent properties that are different from those of bulk materials. For example, copper
nanoparticles having a physical size of less than 50 nm are very hard while conventional bulk
copper displays ductility and malleability. The upwardly mobile subject of nanoscience is one of
the interdisciplinary research and development domains and is expected to induce significant
impacts on the quality of life (Fig 1).

The recent developments in high-precision instrumentation coupled with advances in
special synthetic techniques provided insight into the unusual physicochemical properties of
nanoparticles. The approaches, concepts, and methods of chemistry, physics, biology, and material
science are closely interlinked, and the interdisciplinary character of nanoscience requires higher
education and training in a different direction. There is exponential progress in the number of
publications and patents in the past decade and led to a greater understanding of the nature of
nanoparticles. The Journal of Nanoparticle Research is the first interdisciplinary journal devoted
to nanoparticle science and technology. In recent years, Nano Today, Nano Letters, Nature

Nanotechnology, ACS Nano, Nanoscale Horizons, International Journal of Nanoscience
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International Journal of Nanotechnology, Internet Journal of Nanotechnology, Journal of
Nanobiotechnology, Nanomedicine Research Journal, Journal of Nanoanalysis, and Virtual
Journal of Nanoscale Science and Technology have joined this ever-growing list.

The 13th international conference on nanotechnology was held in August 2022 in Prague,
Czech. Republic. The most interesting development is the emergence of nearly a hundred fifty
important books on various intrinsic aspects of nanoscience and nanotechnology as their broad
theme. The Encyclopedia of Nanoscience and Nanotechnology, Handbook of Nanostructured
Materials and Nanotechnology, and Advanced Catalysis and Nanostructured Materials provide a
good perspective and an immense amount of information in this rapidly developing area of
research [1-7].

There is a steady increase in the number of technical reports and other periodicals in the
discipline that help in information dissemination. Recent Patents on Nanotechnology is a journal
started in 2007 that provides patent information useful for researchers in the area. These current
developments continue to exert a powerful impact on research and will help us to extend cross-
disciplinary education for the integral growth of students.

The physical and chemical properties of nanoscale materials are different from those of

bulk materials. Because of the extended network of pi-bonds, carbon nanotubes conduct electricity
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and have great tensile strength. As these nanoparticles find a large number of applications in

different fields, an increasing number of industries are involved with the production and use of

nanoparticles in the stable form [8-21]. This frontier field is currently receiving very high levels of

research funding from various private industries, academic institutes, and different governmental

organizations all over the world. Several websites act as valuable electronic sources of information

on different aspects of nanoscience including example problems and emerging opportunities [22].

T

Biological Use

Fig 1. The interdisciplinary nature of nanoscience provides exposure to developing multi-skills
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This paper is intended to inspire, introduce, motivate, and offer insight into both basic and
applied aspects of nanoparticles to the students and to provide experiments to demonstrate their
synthesis [23-40], characterization [41-47], and applications [48-94] as an integral part of the
learning process. This course material can be useful in conducting short-term courses, and
programs in training and education for the benefit of students and teachers at different progressive
academic institutions or for those in advanced chemical learning centers or specialized executive
education programs to reignite young minds. This paper could provide a ready reference with a
broad perspective that is of interest to the readers of the scientific community working in diverse
fields like education, environment, and healthcare and acts as a catalyst for further growth of the
subject knowledge.

This paper may also serve as a rough guide for upgrading the general chemistry curriculum
into which modern nanotechnology components could be incorporated to create awareness about
the importance of nanoparticles in different areas. In addition to teacher-led training by intensive
lecturing, internet-based learning as a tool in enhancing teaching-learning interactions offer
flexibility and anywhere-anytime availability. There is an attitudinal sea change in the learning
styles of younger generation students in the recent past and this course provides an outline to

acquire the necessary skills for success in the field of an e-learning platform. Such a paper could be
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used as a text in a slightly different context of the virtual course in the electronic college, one
useful for the self-learning type of students for their further educational refinement and as a part of
virtual education conferences to keep in tune with the contemporary developments in the field.
This course is different in having a healthy mix of broad activities that pertain to theoretical
lessons, intense laboratory practice, resource materials, and real-life examples is useful in

specialist institutions in the education sector for those having a sound scientific background.

Content Organization

This paper is organized into twelve major sequential sections, each dealing with a healthy
dose of particular aspects of nanoparticles (see Appendix 1). The topic is divided into smaller
sections to enable the instructor to impart subject knowledge in sufficient detail during class hours
and a clear distinction is made between different interrelated sections. The importance and scope
of nanoparticles are presented at the beginning of this guided tour of the specialized field,
extending further to Nature to instill students’ fascination for Nature and its creations. The general
classifications of nanoparticles discussed immediately after lessons from the nature section help
the students to develop the skill of visualizing nanoparticle behavior by mental models. Current

approaches to the production of nanoparticles are described in the subsequent section.
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Further, particular physical techniques used in their characterization such as scanning
electron microscope (SEM), atomic force microscope (AFM), and Fourier-transform infrared
spectroscopy (FTIR) are discussed. The physical properties such as mechanical, thermal, electrical,
electronic, optical, and spectroscopic properties and their chemical reactions classified under
different subheadings are described in the subsequent two sections. The structure and bonding
aspects, as well as their use in medicine, materials science, and catalysis, are explained as we
proceed further, and other uses of nanoparticles are discussed at the end of this section. The list of
ten experiments related to synthesis, property measurement, and different types of applications that
could be conducted within the course is incorporated to impart experimental skills [95-100]. Also,
the student’s seminar component that provides them a platform to perform is included at the end.

A few relevant questions listed before the reference section provide further practice to
enhance their understanding and appreciation of nanoscience and assists them to gauge their
understanding of the topics covered through inquiry-based learning. The large number (150) of
pertinent references listed at the end of the article act as a resource to incorporate the educational
values of continuous research and development in students to prepare them for the challenges in

the field. These cross-references provide useful related information or more detailed discussions on
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the subject for further studies or consultation to develop sector-specific skill sets that build
confidence in them through visualization techniques.

The introductory section creates awareness among the students about the importance of
nanoparticles in various disciplines. Learning objectives are followed by the instructional structure
section that has a checklist of how to proceed with nanoscience presentation and evaluates
students’ overall performance periodically. The two subsequent sections deal with syntheses by
several methods and common physical techniques in structural analyses that have become
necessary components. The section on structural aspects is followed by one of bonding
considerations including a subsection on stabilization versus aggregation. Another section that
contains all the essential information on application orientation has been incorporated and it is
extremely important to highlight characteristically interesting applications as technical topics to
teach including application-based conceptual knowledge. The theory class should be supplemented
by practical experiments in the laboratory as a single demonstration experiment can teach as much
practical knowledge as several books on the subject can reveal.

It will be in the interest of the students to improve their skills by performing experiments
individually or in batches under supervision to obtain hands-on learning experience.

Demonstration experiments will have an impact on the minds of students as they are exposed to the
85




AJCE, 2024, 14(1) ISSN 2227-5835

latest experimental techniques and several sophisticated instruments. These laboratory experiments
are related to the lecture material to a significant extent that helps maintain the continuity in the
discussion and is designed to suit graduate-level students. While conducting the experiments,
students can visualize each step, write down observations and perform calculations to prepare the
laboratory reports that will help them to retain information for a long time. The experiments have
been carefully selected to provide the students with a wide range of laboratory experience in the
nanoparticles to fill in the gaps in the learning flow. The concluding section provides the flavor of
the current trends and the prescription of scientific growth prospects.

The special features include seminar presentations and practical components to improve the
process of analytical observation, increase awareness, raise their enthusiasm and interest, enhance
analytical capacity, and inspire and motivate young students. These practical demonstrations or
experimentation reinforces theoretical concepts taught in the classroom essential for the integral
growth of the students. The list of selected references helps the reader to consult original papers,
review articles, patent documents, periodicals, and internet resources including specialized web
content sites or books for further exposure to all relevant aspects encompassing different domains

of nanotechnology. In this context, a well-stocked library comprising a collection of relevant
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textbooks, reference books, educational and research journals, scientific periodicals, and bound
volumes of previous journals helps in implementing the higher education process.

In addition to the supplementary use to enrich their subject knowledge, the students can
learn a lot through a daily dose of reading books in the library on wide-ranging topics. Another
interesting feature is that a series of relevant questions have been incorporated to encourage the
students to think about the significance of the principles or the practical aspects and to inculcate a
spirit of inquiry in learners. It can be used for self-assessment that can promote a poor or low
performer to a high performer and initiate subsequent interactions with inspirational instructors or
teachers for further clarification. The questioning process provides an opportunity to answer
questions that rekindle the learning spirit and allows the active learners to conform to an expected
level of the answer. The review questions include conceptual questions based on principles and
problem-solving ability questions designed to enhance students’ scientific reasoning skills. In
summary, this is a higher education course with a difference as it includes theory, practical,
learning resources, and life exercises, all in a cohesive approach in a scientific training model
intended as a guide for the students (Fig 2). This assumes special significance in a paper with each
of the four principal factors that keep the students engaged in a range of learning matters under the

‘all-in-one’ concept. In addition to the flow of the detailed topical narratives, we have also
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incorporated informative visual representations within the context of each section to create a
mental picture. This acts as a special pedagogical feature that summarizes the principal points, key
concepts, or important ideas to alert students to further discussions.

These simplified schemes contextualized in capsule format aid an easier and better
understanding of the fundamental principles by visual impact and the distinctive style of
illustrations also helps avoid monotony while reading. Selected websites and references with an
emphasis on textbooks, review articles, and commentaries, act as a resource for homework. In a
nutshell, such courses provide a stimulus for students to think outside the narrow boundaries built
around specialized courses and trigger a broad-spectrum thinking mechanism that results in enough

motivation.
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Lectures on
fundamentals of
nanoscience

Laboratory Library (oral
experience in presentation +
practicals written report)

Fig 2. Highlights of the essential features of this courseware include four different inter-connected

activities conducted in an integrated manner.

REVIEW QUESTIONS
1. Define and describe the following terms: Nanoscience, Nanotechnology
2. Differentiate between nanoparticles and nanomaterials.

3. Discuss the three main classification schemes of nanoparticles with suitable examples.
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4.

10.

11.

12.

13.

14.

Explain the working principle of the TEM. What useful information can be extracted from the
image analysis?

Describe the major features of the CNT and list its applications in various fields.

Justify the statement “Nature is an abundant storehouse of the creation of nanoproducts”
Explain why the optical properties of nanoscale materials often differ from those of the same
materials in the bulk state with suitable illustrative examples.

Discuss why nanoparticles have a lower melting temperature far below that of the bulk
material.

Write a technical essay on natural nanoparticles or nanomaterials.

Justify the statement “Developments in nanoengineering can bring constructive applications in
many areas as well as destructive atmospheric pollution.”

Discuss problematic environmental consequences of large-scale production of nanoparticles.
What are two broad approaches to synthesizing nanoparticles? Name and discuss four methods
of preparation. Discuss the advantages and disadvantages of wet methods.

What have been the trends in nanoscience research in recent years?

Explain the principle of AFM and its impact on our understanding of nanoparticles.
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15

16

17

18

19

20

21

22

23

24

25

. Briefly discuss the statement “Substances in their nanoparticle form interact differently from
their physical form”.

. Describe bonding concepts and perspectives in a nanoscience sense.

. Give a critical explanation of the structural aspects of nanoparticles.

. Comment on “Theoretical investigation of the structure of nanoparticles”

. Describe the difference between particle stabilization and particle aggregation. List the factors
that may disturb the stability.

. Write a brief essay discussing the importance of electron microscopy techniques in the
characterization of nanoparticles.

. What properties allow nanoparticles to act as better catalysts?

. Summarize some of the major synthetic techniques leading to the formation of nanoparticles.

. Describe two examples in which the physical properties of nanoparticles differ from those of
macromaterial counterparts.

. Suggest design and planning principles of nanosystems that appreciate their usefulness. What
methods are commonly used for the preparation of nanoparticles?

. Explain particle stabilization versus aggregation with a couple of parameters with special

reference to the bonding.
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26

27

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

. Summarize the principal uses of nanoparticles in the industry.
. Discuss the sources and impacts of solid nanoparticles. Describe the implications of attempts
to produce nanoparticles on an industrial scale.
Elucidate ideas and ideals of nanoparticle production from a broad-based global perspective.
Write a two-page introductory essay answering each of the questions (i) What is the
relationship between the nanosystem and nanoparticles.

(if) How do temperature and solvent affect the state of aggregation?

(iii) What are the advantages of composite nanomaterials?
Give a detailed account of how the control steps help in the entire process of reduction of
anthropogenic nanoparticulates.
What selective factors lead to unique behavior, in nanomaterials?
Name the physical stabilization parameters of concern to nanoparticle design considerations.
Discuss the advantages and disadvantages of recent advancements in nanoscience.
What are zero-, one-, two-, and three-dimensional nanomaterials?
Write the principles of the working of SEM and TEM.
Explain top-down and bottom-up approaches to producing nanomaterials.

Describe how oxide nanoparticles can be obtained by the sol-gel technique.
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38. What is a nonodrug delivery system? What are the special structures/features of the system?
39. What are some of the most interesting nanoparticles found in nature?
40. Discuss the societal and environmental impacts of nanotechnology.

The students actively participated in the true spirit of the learning process as indicated by
the chain of positive responses received in the classroom. Their academically focused sustained
involvement in practical and seminar activities was observed, which suggests higher levels of
alertness and considerable interest. Their performance was evaluated continuously for learning
efficiency through regular in-semester tests for the portions covered till that time and an end-
semester examination incorporating the entire syllabus.

Another exercise that is undertaken is that the students have to submit a written seminar
report for evaluation as part of the examination process and oral presentation was assessed for
overall quality, domain-specific information content, presentation skills, and ability to answer
questions. A sample of course handouts and laboratory manuals are provided as supporting
materials to promote active learning culture among the student community. As part of the industry-
interface initiative, invited lectures on a particular topic by individual experts in nanotechnology
from industries are arranged to update the knowledge and help students to expand their subject

range and industrial inclination. Another academically stimulating activity that provides feedback
93




AJCE, 2024, 14(1) ISSN 2227-5835

is to ask one or two students to summarize the portion covered in the previous class and ask typical
cross-questions about the topic to get oral short answers. This continuous exercise led to a
stimulating discussion about related scientific aspects from a broad perspective and provided the
students an opportunity to improve their scientific skills through an open-ended interaction that
was reflected in greater student participation and higher performance.

This question-and-answer activity has attracted some interest and excitement, acting as an
exercise in education, an increasingly important part of students’ transformational process. The
focus on key learnings actively integrated into institutional initiatives helped both the value
addition by imparting good education and unlocked the student’s scientific potential to some extent
by motivation. This vibrant course format with quality content allows broad access to the learning
process by being opensource in nature and the students exhibited remarkable enthusiasm and
continued interest during the actual course delivery process. More emphasis was placed to identify
and suggest the students follow a clear path to performance improvement during the in-semester
tests and subsequently, they were graded to explain their relative performance at the end of the
end-semester examination.

The entire class was able to meet certain standards through proper interactions during the

course through a direct approach and the students spent a substantial amount of time and expended
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a quantum of energy in learning the subject that induced them in a new direction altogether. The
unique format and intrinsic strength to capture the essence of the special field coupled with better
scientific growth opportunities have triggered an enhanced interest among students. The various
educational activities in the classroom and laboratory inspired the whole class in some way
involving self-learning type students to those with a self-paced learning style.
CLOSING REMARKS

We have designed the course so that the participating students will become aware of
different valuable nanoscience aspects enabling them to gain subject knowledge and relevant skills
in the specialized subject through complementary activities (Fig. 3). The objective is to provide
insight and understanding of a range of nanoscience topics through value-added information
integration in an interactive format and the incorporation of principles of different domains gives
the course an interdisciplinary flavor. The main focus for learning academic knowledge and
practical work in this discipline is to motivate the majority of learners’ interest and develop proper
intellectual infrastructure that enhances their mastery of the personal process of living. This paper
emphasizes experimental methods and analytical techniques with the objectives of synthesis,
analysis, application, and evaluation in an educational exercise protocol in a stimulating learning

environment. Encouraging the students with questioning and experimentation will help them to
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acquire the ability to provide rational explanations, identify the sources of uncertainties, and

respond to problems in the field of molecular nanotechnology. It is taught as an interdisciplinary

course with a balance between academic learning through classroom discussions, self-learning

nanoscience education materials, and laboratory training that reflects on different aspects of the

subject. This short-duration course is particularly useful at universities that offer a range of

specialized educational services and innovative educational programs at different institutions or

scientific research centers with exceptional academic qualities.

‘ Specific-actions \

Rigorous study

:

Develop problem-solving mechanism

Fig 3. Schematic diagram showing academic education and intellectual growth interconnections.
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Thus, nanoscale research and education lead to a better understanding of nature, aiding
sustainable development, producing innovative products, high throughput processes, and
diagnostics that are of scientific and commercial interest. Emerging areas include topics to
understand specific perturbations at the molecular level, exploring the key properties to find out
new applications, creating some interesting problems to solve, and developing a deep
understanding of nanoscience-related issues. The control and prevention of environmental
pollution are more relevant with the increasing momentum of the green movement and the recent
introduction of the International Journal of Green Nanotechnology; Material Science and
Engineering.

The use of green catalysts and nanoparticle production processes to form environmentally
safe compounds and the investigation of environmental contamination and human exposure of
nanoparticles/nanomaterials by dermal, inhalation, and ingestion routes will make a significant
advance in this direction. The unforeseen environmental consequences of the promotion of large-
scale nanoparticle production by environmental monitoring pose serious challenges to the
researchers in the field due to an incomplete picture of the problem and a lack of a more detailed
understanding of the biological or geological processes of nature. An active learning approach in a

flexible format can provide an environment for creative thinking and encourage imaginative
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mental processes that lead to an experience with a difference. The framing of syllabus content
would benefit the students from a healthy dose of fundamental conceptual knowledge with an
application orientation and there is room for considerable further development.

Key multidimensional challenges for future research in the next decade include the
following: i) build and develop miniature sensor systems (nanosensors) to detect molecular
phenomena ii) manufacture advanced materials with desired shapes and properties
(nanomanufacturing) iii) the elucidation of biochemical pathways involved in several
biotransformations iv) construction of molecular machines to destroy pathogens and robotic sensor
devices for superior security systems v) synthesize scavengers inside blood vessels to inhibit scale
formation on inner walls vi) development of novel electrode material for the fuel cell meant for
hydrocarbon usage. vii) computer-aided molecular design and modeling studies to make atomically
precise functional structures vii) development of nanoemulsion vaccines to promote a strong
immune response against AIDS virus (HIV) ix) creation of low-cost process with an overall
efficiency of energy production to solve the energy problem x) develop a biocompatible device
that can be implanted in patient’s body to monitor insulin levels xi) special- formula surface
cleaners to make our homes free from disease-causing microorganisms, bacteria, and viruses Xii)
special nano-additives that enhances mileage and reduce exhaust emissions in vehicles. There will
be new domains added to the expanded nanotechnology map with innovative steps in futuristic
health care and across industries that range from pharmaceuticals to machine manufacturing,

biotechnology to nanoelectronics, and food processing to nanochemicals [101-150].
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The discovery of active pharma ingredients or precursors with biomedical features during
the drug development process and the study of the safety and efficacy of such new drugs have a
huge potential for the development of a culture of creative thinking. Another key area is the
fabrication and development of multifunctional nano-chips for sector-specific applications. The
main research themes could include nanomachines, multifunctional membranes, nanochips,
nanoelectronics, and instruments at the nanoscale. Exploration of research questions on
nanoaspects of the entire spectrum of networking atoms of different elements in the periodic table
provides clues about the behavior of resulting nanomaterials. The sales, service, spares, and safety
aspects of nanosystems will come into sharp focus with the growing popularity of nanomaterials
and nanosystems soon. It will also allow some key initiatives in marketing aspects including
intense investment and innovative institutional solutions actively integrated into these initiatives.
An intensive investigation of the release of nanoparticles in the atmosphere and their impact on the
cardiovascular and respiratory health of humans is a step in the right direction in the distant future.
As an attempt to incorporate updating skills, one could add materials that are both informative and
insightful from time to time through the survey of current research results. In a nutshell,
nanoscience offers good prospects for innovative products in a completely different direction for
nano-applications and the advancement of knowledge in our understanding of nature at its

nanoscale fabrication of essential components.
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Appendix 1: Detailed Structure of the Course

1. Course Objectives

>

>

VV VY

Y

To introduce the basic concepts and the essential features required to understand
nanoscience and appreciate its important role

To recognize the main classes of nanoparticles based on different parameters and be able to
give examples of each

To know the synthetic techniques normally used in the laboratory to obtain nanoparticles
To underline the role of the different types of analytical techniques used in the
characterization of nanoparticles

To understand the properties of various types of nanoparticles

To become familiar with the research and development reported in the specialized literature
and to encourage students to take an active part in seminars

To outline the prospects of nanoscience and to emphasize the applied aspects to appreciate
the important implications

2. Course Outcomes

After the completion of the course, the students will be able;

e To explain the basic concepts and the essential features of nanoscience

e To classify the nanoparticles into various categories based on different parameters
e To describe the common synthetic techniques of nanoparticles
[ ]

To discuss the data collection process and interpretation of instrumental data to extract
useful information

e To be able to make accurate qualitative statements about the properties of various types
of nanoparticles

e To speak about the recent advances and trends in specialized research in the area

e To present the prospects of nanoscience and research implications

3. Instructional Structure

1. Introductory Remarks

1.1. Scope and Importance

1.2. Lessons from Nature

1.3. Nanoparticle Classification

1.4. Current Concepts

1.5. Unique Dimensions/Exceptional Cases

100




AJCE, 2024, 14(1) ISSN 2227-5835

2. Synthetic Strategies

2.1. Top-down Approach and Bottom-Up Approaches (Mechanical milling, Etching, Laser
ablation, Sputtering, Electro-explosion, Supercritical fluid synthesis, Sol-gel process, Laser
pyrolysis, Molecular condensation, Chemical reduction, Green synthesis)

2.2. Physical Methods (Laser ablation, Mechanical milling, Sputter deposition, lon-implantation,
Ultra-sonication, Irradiation)

2.3. Chemical Methods (Chemical Reduction, Gas Phase/Chemical Vapor Deposition, Sol-gel,
Hydrothermal, Micro-emulsion, Co-precipitation/Colloidal, Sonochemical, Microwave-assisted,
and Laser/Spray pyrolysis)

2.4. Biological Methods (Green synthesis using plants/microbes/biomolecules/enzymes)

2.5. Other Preparative Routes (Green Methods vs Conventional Methods)

3. Characterization Techniques

3.1. UV-Visible Spectroscopy (UV-Vis)

3.2. Fourier Transform Infrared Spectroscopy (FTIR)

3.3. Scanning Electron Microscope (SEM)

3.4. Transmission Electron Microscope (TEM)

3.5. Scanning Tunneling Microscope (STM)

3.6. X-ray photoelectron Spectroscopy (XPS)

3.7. Powder X-ray Diffractometry (XRD)

3.8. X-ray Fluorescence Spectroscopy (XRF)

3.9. Atomic Force Microscopy (AFM)

4.0. Dynamic Light Scattering (DLS)

4.1. Inductively Coupled Plasma Mass Spectrometry (ICP-MS)

4.2. Matrix-assisted Laser Desorption/lonization Mass Spectrometry (MALDI-MS)

4.3. Scanning Mobility Particle Sizer (SMPS)

4.4. Zeta Potential Measurement

4. Properties of Nanoparticles

4.1. Physical Properties

4.1.1. Mechanical & Thermal Properties- Hardness, Tensile Strength, Thermal Conductivity,
Thermodynamic Properties (particle stability, decomposition, stoichiometry)

4.1.2. Magnetic & Electrical Properties — Magnetic Susceptibility, Magnetoresistance, Electrical
Conductivity, EPR/NMR
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4.1.3. Optical & Spectroscopic Properties — Dielectric Constant, Refractive Index,
Photoconductivity, Photoluminescence, IR/Raman/UV spectra

4.1.4. Transport properties in low dimensional systems

4.2. Chemical Reactions

4.2.1. Reactions of Metal Atoms

4.2.2. Adsorption of Gases

4.2.3. Functionalization Reactions,

4.2.4. Reactions with other Compounds,

4.2.5. Stability (Temp, pH, Oxidation)

4.2.6. Factors that Affect the Rate of Chemical Reactions

4.2.7. Surface Chemistry Properties

4.2.8. Catalytic Reactions using Nanoparticles

5. Structural Aspects & Bonding Considerations

5.1. Size and Shape,

5.2. Electron Configuration

5.3. Flexibility (Dipole Moment/Polarizability)

5.4. Geometrical Configuration

5.5. Stabilization vs. Aggregation

5.6. Intricate Structural Patterns

5.7. Types of Bonding

5.8. Simulated Models

5.9. Quantum Dots, Wires, and Wells

6. Application Areas

6.1. Providing Products & Processes

6.2. Novel Nanomaterials (Inorganic/Organic/ Carbon/Polymeric/Dendrimers)
6.3. Innovative Pharma-products, Pathogen Removal, Drug Delivery, Prevention of Bacteria
Spread

6.4. Applications in healthcare (Diagnosis, Nanodrugs, Orthopedic Implants)
6.5. Use in Environment (Protection, Maintenance, Remediation, Enhancement)
6.6. Nanoparticles as Catalysts in Chemical Reactions

6.7. Water and Air Purification, Cleaning Oil Spills from Oceans

7. The Way Forward

7.1. New Solutions to Old Problems
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7.2. Nanomaterials in Anti-Microbial Solutions and Microbial Fuel Cells

7.3. Nanotechnology in Medicine (Drug Delivery, Targeted Therapy, Diagnosis, Molecular
Imaging)

7.4. Applications in Engineering, Energy, and Electronics (nanocomposites, sensors, solar cells,
catalysts, photodetectors)

7.5. Nanoscience in Food (Processing and Packaging) and Textile Industry

7.6. Nanosystems in Agriculture (Crop growth/protection, Soil Enhancement, Stress Tolerance)
7.7. Emerging Materials and Technological Solutions

7.8. Nanorobotics in Biomedical Applications

7.9. Applications of Green Nanotechnology

8. Experimental Examples

8.1. Synthesis of Carbon Nanotubes

8.2. Preparation of Titanium Oxide Nanoparticles

8.3. Physical Characterization of Various Nanoparticles

8.4. Application of Nanoparticles in Catalysis

8.5. Use of Nanoparticles in Composite Materials

8.6. Medical Applications Demonstration

10. Student Seminar Presentation/Analysis of Breakthrough Research Papers

Purpose of the study

What researchers accomplished

Background information on methods

Researcher’s approach

Experimental observations

Commentary on research implications

References

11. Assessment/Review Questions

12. References:

1. M. Ineke, E. Claude, Nanotechnology and Human Health, Taylor and Francis, Boca Raton,
2013.

2. G.L. Hornyak, H.F. Tibbals, J. Dutta, J.J. Moore, Introduction to Nanoscience and
Nanotechnology, CRC Press, Boca Raton, 2009.

3. G.E.J. Pionern, A Laboratory Course in Nanoscience and Nanotechnology, CRC Press, Boca
Raton, 2015.
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4. N.O. Petersen, Foundations for Nanoscience and Nanotechnology, CRC Press, Boca Raton,
2017.

5. T. Pradeep. Textbook of Nanoscience and Nanotechnology, McGraw Hill Education (India)
Private Limited, New Delhi, 2012.

Appendix 2: Essential Nanoscience Outline: Brief Content
Course Objectives

Course Outcomes
Instructional Structure
Introduction to Nanoparticles
Nanoparticle Classification
Synthetic Strategies
Characterization Techniques
Properties Observed
Structural Aspects

10. Bonding Considerations

11. Applications Orientation

12. Experimental Activity

©CoNoO~WNE

13. Seminar Presentation
14. Closing Remarks

15. Review questions

16. References

17. Supplementary Material

Appendix 3: Supplementary Materials

Experimental procedures, Laboratory instructions, Safety precautions
1. Synthesis of gold/silver nanoparticles
2. Synthesis of CdS nanoparticles stabilized by polyphosphate
3. Characterization of the silver nanoparticles
4. Preparation of gold nanoparticles using tea
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Application of CNT membranes for water purification
Application of nanoparticles in medicine

Generation of particulate pollutants in a confined environment
Synthesis of zinc sulfide nanoparticles

Synthesis of carbon nanoparticles from candle soot

O Sample analysis using SEM/TEM/AFM
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