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Department Vision

I [ become a leading center of excellence in Computer
::Sci-e:n:ce, and Engineering (Data Science), empowering
; -é’qddqritjs:vbi:th,qdvanced knowledge, ethical values, and
i innovative: skillsto address real-world challenges and
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Program Educational Objectives

; E’EO 1: To prepare our students to find suitable employment

; eémniepégra.t? with their qualification. '

- PE@ 2: 79 gr:ejaté good entrepreneurs who may contribute to the
. nation building and generate job opportunities for others.

' PEO 3: To develop praficiéncy in students for higher studies
-and R &D for.the égb‘,tiphjdf',cp’mél@x problems for betterment

‘ofthesociety, - - | - -

' PEO 4:To develop stbdéh‘qs'-ets:.r'es.éOnsible' citizens with high
- moral and ethicdl values who'can‘become asset to a vibrant
CHAtION: Caer it e

.PSO 1:'Apply,cjomputaiti(}:né[, ‘st:a'fciisfical, and-machine learning
s O ar \ and-interpret complex data, developing

“innovative solutions for real-world éh‘allenges in diverse




Program Outcomes

‘PO 1: Engineering Knowledge: Apply the knowledge of mathematics, science,
enaneerlng fundamentals, and an engineering specialization to the solution of
cOmple‘x engrneerlng problems.

.PO 2: Problerh Anatysls |dentify, formulate, review research literature, and analyze
°comp-le,x engl,nee.rlng p_rdblems reaching substantiated conclusions using first
prmmpbes of mathema.tlcs nafural sciences, and engineering sciences.

PO 8. Dés-ugn/blevelopment,o‘f so'lutlons Design solutions for complex engineering
.problems‘and de5|gn°sys’ce-rn cbmponents or processes that meet the specified

: -needs W|t'h appro'pulate c.onsqder‘atlon for the'public health and safety, and the
: cult,ural soc:letal ~and enwrohme,ntal considerations.

PO 4. C(’)n-duct mvestrgatlons.o’f eomplex praoblems: Use research-based knowledge
.and resea’rch methods mcludmg design of experiments,.analysis‘and interpretation
-of d'ata .and' synthe5|s of the information te providewvalid conclusions

~ PO 5 'I\/Iodet;n tool usage Cl"eate, ‘Select and apply-appropriate techniques,

re'sources and modern Engmeeﬂng and IT tools including prediction and modeling
to complex englneerlng .act|V|t|es with an understanding of .the limitations.

g .PO 6 ’I'he.engrneer anbl somety Apply reasoning informed by-the contextual
5 -knowledge to assess some‘tal heal*th safety, legal and-cultural issués-and the

consequent responslbllltles re-{eva_nt to the professional engineering practice.
PO 7. En.\/lronment and s’ustalnablhty Understand the impact of the-professional

. engméermg solut|0n-s in souetal.and environmental contexts, and demonstrate the
- -knowledge of, and néed for sustalnable development.

" PO S: Ethlcs A’pply e.th,lcal‘pnn-c:lples and commit to professional-ethics and

respons+bLl|t|es and no-rms of the englneerlng practlce
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Opening hook

Imagine machings so tiny they can travel through blood
vessels and repair cells from within. What if these miniature
robots could diagnose diseases earlier than any physician
and deliver medications precisely where needed—all at a
scale invisible to the naked eye? Welcome to the
revolutionary realm of nanobots, where science fiction
rapidly becomes scientific reality.

Why This Topic

Matters ?
Nanobots are poised to transform medicine, manufacturing,

environmental science, and more. Unlike any technology before,
they can work at the atomic and molecular level, paving the way
for targeted drug delivery, real-time diagnostics, efficient pollution
cleanup, and novel materials. Their potential to solve persistent,
large-scale challenges is propelling research and investment
globally, promising breakthroughs that will redefine healthcare,

industry, and environmental management.
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1.Introduction to Nanotechnology
e

NaroTechnology is the science and \
engineering of manipulating matter at | %
the nanometer scale (1 to 100
nanometers) to create materials,
devices, and systems with unique
properties and functions that are not
seen at larger scales. It is highly
interdisciplinary, combining principles
from physics, chemistry, biology, and
materials science, and it enables
advances in fields such as electronics,
medicine, and energy by exploiting the
special behaviors and effects that occur
only at the nanoscale

4N . ""/{'{: \ i‘ o >, "' A nanobot is so small that about 1,000,000 nanobots can

\ \ o v fit on the tip of a pin.

The term nanotechnology was first popularlzed tby Noric .

Taniguchi in 1974. I .‘

Nanobots can be designed to move th ug ﬁ ﬁ
bloodstream to dellver drugs e
Scientists arg’g i Q@%‘
NSl ls .
O-eﬂ-na'n-omgers ide,|while

Jo)
some nanobots are only 100 nanometersor éss.

“The tiniest robots with the biggest ambitions.”
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Important dates

1857: Michael Faraday discovered colloidal “ruby” gold,
showing unique properties of nanostructured gold.
1959: Richard Feynman gave the lecture “There’s
Plenty of Room at the Bottom,” envisioning
manipulation at atomic scale, often considered the
founding idea of nanotechnology.

1974: Norio Taniguchi coined the term
“nanotechnology” to describe precise machining at
atomic-scale tolerances.

1981: Gerd Binnig and Heinrich Rohrer invented the
scanning tunneling microscope (STM), awarding them
the 1986 Nobel Prize. This allowed imaging of
individual atoms.

1985: Discovery of fullerenes (C60) by Harold Kroto,
Robert Curl, and Richard Smalley, important carbon
nanostructures.

1991: Sumio lijima discovered carbon nanotubes,
tubular carbon structures with exceptional properties.
2004: Isolation of graphene, a single-atom-thick carbon
sheet, by Andre Geim and Konstantin Novoselov, who
later won the Nobel Prize for this.

2000: Formation of the U.S. National Nanotechnology
Initiative (NNI) to coordinate nanotech research and
development.



2. Key Principles of Nanotechnology

The Building Blocks

e Nanotechnology involves manipulating and controlling
matter at the nanoscale, typically between 1 and 100
nanometers.

e At the nanoscale, materials exhibit unique mechanical,
electrical, optical, and chemical properties different
from their bulk counterparts due to increased surface
area-to-volume ratios and quantum effects.

e Quantum mechanics significantly influences the
behavior of materials, affecting their electrical,
magnetic, and optical characteristics.

e Nanomaterials are engineered at this scale, including
nanoparticles, nanotubes, and nanowires.

e Self-assembly processes allow molecules and
nanoparticles to spontaneously organize into functional
structures without external guidance.

3 Nanotechnology



Algorithms Used in Nanotechnology

- amics (MD) . Simulations: These
100 enents of atoms and molecules to &

material behavior over time.

/e , :
Quantum Mechanics (QM) Algorithms: Such as
Density Functional Theory (DFT), used to
understand electronic properties and chemical
reactions at nanoscale.
Machine Learning (ML) Algorithms: Used for
predicting material properties, optimizing
synthesis processes, and discovering new
nanomaterials. Examples include Support Vector
Machines (SVM), Random Forest, and Deep Neural
Networks (DNN).
Monte Carlo Simulations: Stochastic algorithms
used to model probabilistic behaviors of
nanosystems.
Genetic Algorithms: Employed to optimize
configurations of nanoscale elements for desired
properties.
Neural Networks and Fuzzy Logic: Used fOl ‘
Li

function approximation Wjﬁ :
in computational nanotec/@/ — g
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4. Some Applications of
Nanotechnology

S,can-deliver drugs precisely
:co target sites, such as cancer cells,

increasing treatment efficacy and
reducing side effects compared to
conventional therapies like
chemotherapy. This enables higher
localized doses with minimal damage
to healthy tissues.

2.Cancer Diagnosis and Treatment
Nanobots can patrol the
bloodstream to detect and directly
treat tumors by delivering
chemotherapy agents or blood-
clotting drugs to cut off tumor
nutrient supply. DNA-based
nanorobots are being tested to
target tumor sites with high
specificity

5 - Nanotechnology



CELLULAR INTEGRITY: +98%
L TISSUE REGNERATION: ACTIVE

3. Cellular Repair and Regeneration
They can perform repairs at the cellular level by
identifying damaged tissues and initiating
regeneration using DNA components. This may
assist in reversing damage from dlseases
Injuries and helping conditiopsi
or neurodegenerative dis

Nanotechnology



iNntegrated with artificial intelligence (Al) and g
. L), is driving a technological revolution that is
}-Fa-ﬂﬁ-ﬁe-Fm-i‘ﬁg multiple industries including medicine, electronics, and
-environmental science. Al enhances nanotechnology by enabling the
analysis of vast datasets to predict and discover new nanomaterials
with exceptional properties. It also empowers precise control of
nanorobots for targeted drug delivery and dynamic adaptation in
biological environments. Meanwhile, nanotechnology contributes to-Al
advancement by providing energy-efficient, high-performance
nanoelectronics that improve Al hardware capabilities. Together, they
enable breakthroughs in early disease detection, personalized
treatments, smart environmental monitoring, and nano-manufacturing
optimization. This synergy between Al and nanotechnology promises to
accelerate innovation and open new frontiers for scientific and
industrial applications, making significant impacts on healthcare,
sustainability, and technology development

7 - Nanotechnology



6. Nantechnology in Climate &

potential applications in climat and
though this is an emerging area of &
could be used in environmental monitoring by
’Collectlng detailed data on atmospheric conditions at a nano-
scale, providing real-time, localized information that improves
forecasting accuracy. Additionally, advanced nanotechnology
can contribute to more efficient computing systems that run
complex climate models faster. While Al and machine learning
are already making large strides in weather prediction,

nanobots could enhance data collection and processing for
better climate insights in the future.

-t
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7. Current Development

qtgeveop nts in-ranotechnolggy in
5e?nbhas.g/mj cthroughsa

AN@SsSensSo dN0

JdéVICES That afe/Shapimn@various
ndusifiesrCarbow’nanomaterials like

ENeycarbon nanotubes, and

k_nanodiamonds are being advanced for
superior strength, conductivity, and
versatility in electronics, construction, and
biotechnology. Innovations include 3D
carbon nanomaterials with customizable
pore structures for energy storage and
graphene-based concrete mixes for
sustainable construction. The nanosensors
market is expanding with electrochemical
and mechanical nanosensors enabling
molecular-level detection for healthcare
diagnostics, environmental monitoring, and
wearable technologies. Advanced
microscopy and imaging techniques are
enhancing nanoscale material
characterization and biological imaging.
Additionally, Al integration is accelerating
nanomaterial discovery and nanodevice
optimization, driving faster innovation
cycles. These developments collectively
promote sustainability, medical precision,
and enhanced performance across multiple

sectors. / ) .
_______________________________________________________ L —— LI
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8. Future Possibilities &

F /%ks from exposj

uiriRg more research on the\‘i{rlong—

Ffects,on humans and ecosystems. &

[echnical barriers in large-scale, cost-effective

- manufacturing of complex nanoscale materials and
devices.

e Environmental impacts of nanoparticle release and
Interactions, necessitating comprehensive risk
assessment and regulation.

e Ethical and social concerns about nanoparticle use,
monitoring, and possible weaponization.

e Regulatory challenges, as current frameworks struggle
to keep pace with rapid innovation and diversity of
nanomaterials.

e Lack of sufficient skilled workforce trained specifically
on nanotechnology processes, safety, and risk
management.

e Market acceptance uncertainty as consumer and
industry adoption depend on perceived safety and
benefits.

e Need for coordination among governmental agencigs;
industries, and scientific communities to addrj

occupational health and safety

_________________________________________________ =%
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9.2 Ethical Concerns in

Nanotechnology

O

o -- 2l-hea As] s 20 workers handling nanoparticles, including the need
—__fof hazara identfication, communication, and safe workplace controls. @
RPeSsilgle-arirtentied environmental harm due to novel properties of
nanorn@'te:Ta[? such as bioaccumulation and toxicity.
_ The risk of misuse of nanotechnology in military applications and
surveillance, raising privacy and security issues.
e Fears surrounding self-replicating nanomachines leading to uncontrollable
scenarios like "gray goo."
e Ethical principles affected include nonmaleficence (do no harm), autonomy,
justice, and respect for persons.
e Necessity of strong, transparent regulation and ethical guidelines to balance
innovation with safety and social trust.
e |ssues with informed consent, privacy, and fairness in nanomedical
applications.
e Importance of international cooperation and standardized safety protocols
to manage risks globally.
e The dilemma between societal benefits versus individual risks, emphasizing
the right to a safe environment.
e Ethical reflection should accompany nanotechnology research at all stages,
not just as an afterthought.

"..'
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10. Recap of Our Nano Journey

‘Lozl.b.l,_wan otec%n/

wulation
molecular
e materials and

—a—t—shdws promise in diverse fields such
as medicine, electronics, energy, and
environmental science.

e Ethical concerns arise due to potential
human health risks, especially for
workers exposed to nanoparticles.

e Environmental impact is a significant
issue because of the unknown
toxicological effects and
bioaccumulation risks of nanomaterials.

e There are fears about misuse in military
and surveillance technologies, including

Sey
s
‘s
-

privacy violations. o
e Specific worry exists about self-
replicating nanobots causing

uncontrollable scenarios.

e Ethical principles like nonmaleficence
(avoiding harm), autonomy, justice, and
respect underpin responsible nanotech
development.
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11.Final Thoughts
' The g

4
~Final Thoughts
n nanotechnology emphasize its vast

| ral to revolutionize many sectors, from medicine
to energy, offering unprecedented capabilities for
Innovation and problem-solving. However, its
development must be guided by careful ethical
consideration, focusing on safety, environmental

stewardship, and respect for human rights.

s

Scientists are developing
nanobots so small that &
thousands of them could
fit inside the width of a
single human hair, yet
they may one day travel
through our
bloodstream to detect
and even repair diseases
like cancer at the cellular
level!

13 Gt Nanotechnology



