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Learning does not just mean studying for addition
to qualifications or to improve job opportunities.
It should be geared up to open up one’'s mental
abilities toexplore awide range of activities that
facilitate widening the horizon of understanding
nature and natural phenomenabesides expanding
scope for and physical opportunities. NCERT is
committed tobuilding aworld-class education
and trainingframework. In orderto accomplish
its mandatefor improving the quality of school
education it strives continuously to develop,
upgradeand modernise school curriculum,
assessments andexaminations. Main objective of
these interventions is to provide a coherent and
integrated curricdlum andassessment
framework forschools, which,in turn,may raise
standard ofachievement andwideneducational
opportunity.

Nanoscienceand nanotechnologyhas ledto an
unprecedented excitementin the scientific and
engineeringcommunities, especiallyduring the
lastdecade. Therecentrevolutionaryadvances in
nanoscale phenomenaopen exciting, new avenues
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for researchand discovery.The potential
contributions of advances in nanoscale
phenomenatoimprove humanhealth created
even moreexcitement byenvisioning new
biomaterials,devices andtechniques for
biological detectionand remediation.Thus, issues
suchas synthesis, fabrication and
characterisationof functional nanomatenals and
nanostructures forbiomedical applications
(molecularrecognition, nanotubes, nanowires,
nanoparticles, self-assembly, polymer-based
nanomaterials, thin films, medicalimaging,
diagnosis andtherapy, etc.) become very
important. In recognition of this potential, we are
proposinga new curriculum atsenior secondary
level school education.Wealso providea lesson
plan thatwould help teachers indealing with this
topic of interest.

Nanotechnology dealsintherealm ofthe nearly
invisible. Theword comes from the Greek nanos,
meaning “dwarf”.But by mostaccounts, the
technology’s potentialis anything but small.
Scientistsandengineers can now physically work
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withmaterials atthe atomic level tocreate stain-
proof fabrics,scratch-resistant paintsand longer-
lastingtennis balls.And researchers say new
medical diagnostictools andsmaller,more
efficientfuel cellsand batteries based on
nanoscienceare onthe way.

According to Chad Mirkin, Director of the Institute
forNanotechnology at Northwestern University,
“It has only been inrecent times that we've had the
tools thatallow usto manipulateatoms and
molecules. Thereis abig shift herein theway we
approachscience andthe waywe approach
engineeringand ultimatelythe waywe approach
medicine. And | think in many respects it is
revolutionary.”

From computerchips invisible to the nakedeye to
microscopic machines thatseek outand destroy
cancersinside the human body, many scientists
contend that the potential of nanotechnology
could be endless, but not without controversy.
There are hundreds of nano-enhanced products
already inthe marketplace.But thereare virtually
no regulatoryguidelines fortheir manufacture
and distribution.

NanotechnologyLesson Plan

This lessonplan has been preparedto serveas a
modeltohelpsenior secondaryschool science
teachers todevelop their own plan foran
introduction to nanotechnologyina classroom
setting.

Introduction to the Concepts of Nanotechnology
is the study anduse of structures between 1
nanometre and 100 nanometresin size.

Ask the students : What isthe smallestthing
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you canimagine? Answers might includea human
hair, the head of a pin, or an atom.

Reading : Now have students readthe following:

Introduction to Nanotechnology

Nanotechnology is defined as the study and use of
structures between 1nanometre and

100 nanometres in size. To give you an idea of
how small that is, it would take eight hundred
100nanometre particles side byside tomatch the
width of a human hair.

Looking at Nanoparticle

Scientists have been studying and working with
nanoparticles forcenturies, butthe effectiveness
of their work has been hampered by their inability
to seethe structure of nanoparticles.Inrecent
decades thedevelopment ofmicroscopes capable
of displayingparticles as small asatoms has
allowed scientists to seewhat theyare working
with.

Figure 1provides acomparison of various objects
to helpyou begin toenvision exactly howsmall a
nanometre is. The chartstarts withobjects that
can beseen by the unaidedeye, such as anant, at
the top of the chart, and progresses to objects
about ananometre or lessin size, suchas the
ATP moleculethat storeenergy from food in
humans.

Nowthat youhave anidea of how smalla scale
nanotechnologists work with, consider the
challenge they face. Thinkabout how difficult itis
for many of us to insert thread through the eye of
aneedle. Suchan imagehelps youimagine the
problem scientists have while workingwith the
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nanoparticles thatcan beas muchas one
millionth the size of the thread. Only through the
use of powerful microscopes can theyhope to
‘see”andmanipulate these nano-sized particles.

The Nanotechnology Debate

There are many different points of viewabout the
nanotechnology. These differences startswith the
definition of nanotechnology. Some define it as
any activitythatinvolves manipulating materials
between onenanometre and 100 nanometres.
However, the original definition of
nanotechnology involvedbuilding machines at the
molecuarscale andinvolves the manipulation of
materials onan atomic(about two-tenths of a
nanometre) scale.

The debate continues with varying opinions about
exactly whatnanotechnologycanachieve. Some
researchers believe nanotechnology canbe used
to significantly extendthe human lifespan or
produce replicator-likedevices thatcan create
almost anythingfrom simple raw matenals.
Others see nanotechnologyonly asa tool to help
us do what we do now, but faster or better.

The thirdmajor areaof debate concerns the
timeframe of nanotechnology-related advances.
Will nanotechnologyhave a significantimpact on
our day-to-daylives in adecade or two,or will
many of these promisedadvances take
considerablylonger tobecome realties?

Finally, allthe opinions about what
nanotechnologycan helpus achieve echo with
ethical challenges. If nanotechnology helps us to
increaseourlifespans orproduce manufactured
goods from inexpensive raw materials, whatis the
moral imperative about making such technology
availabletoall?ls there sufficientunderstanding
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orregulation of nanotech based materials to
minimise possible harm to usor our
environment?

Only tmewill tellhow nanotechnologywill affect
our lives, the following topics will help you
understand the possibilities andanticipate the
future. The followingsectionis dedicated to
provide clearand concise explanations of
nanotechnologyapplications.

Nanotechnology Applications

Theability tomanipulate nano-sizedmaterials has
opened up a world of possibilities in a variety of
industriesand scientificendeavors. Because
nanotechnologyis essentiallya setof techniques
that allowmanipulationof properties ata very
smallscale,itcanhave manyapplications,such
as:

Drug delivery: Today, mostharmful side effects
of treatmentssuch as chemotherapy area result
of drug delivery methods that don't pinpoint their
intendedtargetcellsaccurately.Researchers at
HarvardandMIT have beenable toattach special
RNAstrands, measuringabout 10nanometres in
diametre,tonanoparticles andfill the
nanoparticles witha chemotherapydrug. These
RNA strands are attractedtocancercells. When
the nanoparticle encountersa cancercell it
adheres toit andreleases thedrug intothe cancer
cell. This directed method of drugdelivery has
greatpotential fortreating cancer patients while
producingless side effects thanthose produced
by conventional chemotherapy.

Fabrics : Theproperties of familiar materialsare
being changedby manufacturers whoare adding
nano-sized components toconventional materials
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to improve performance. Forexample, some
clothing manufacturersare makingwater and
stainrepellent clothingusing nano-sized
whiskers inthe fabric thatcause water tobead up
onthe surface.

Making compositefabric with nano-sized
particlesor fibres allows improvementof fabric
properties without asignificant increase in
weight, thickness, or stiffnessas mighthave been
the casewith previouslyused techniques.

Reactivity of materials : The propertiesof
many conventionalmaterials changewhenformed
as nano-sized particles (nanoparticles). This is
generallybecausenanoparticles havea greater
surface areaper weightthan largerparticles; they
aretherefore morereactive tosome other
molecules.For example, studies have shown that
nanoparticles ofiron can be effectivein the
cleanupof chemicalin groundwaterbecause they
reactmore efficientlyto those chemicals than
largeriron particles.

Strength of Materials : Nano-sizd particlesof
carbon, (forexample nanotubes andbucky balls)
areextremely strong.Nanotubes andbucky balls
are composedof only carbon andtheir strength
comesfrom specialcharacteristics of the bonds
between carbonatoms. One proposed application
thatillustrates the strength of nanosized particles
of carbon, isthe manufacture of bullet proof
vests made out of carbon nanotubes which weigh
asless asa T-shirt.

Micro/Nano ElectroMechanical Systems :
Theabilitytocreate gears,mirrors, sensor
elements, aswell as electronic circuitryin silicon
surfaces allows the manufactureof minature
sensorssuch as those usedto activatethe airbags
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inyour car.This techniqueis calledMEMS (Micro-
Electro-Mechanical Systems). The MEMS
technigue results in the integration of the
mechanicalmechanism withthe necessary
electronic circuiton singlesilicon chip,similar to
the method usedto produce computer chips.
Using MEMS to producea device reduces both the
cost andsize of the product,compared to similar
devices made withconventional methods.

MEMS isa steppingstone toNEMS or
NanoElectroMechanical Systems.NEMS products
are beingmade by fewcompanies, andwill take
overasthestandard,once manufactures make
the investment inthe equipment needed to
produce nano-sized features.

Molecule Manufacturing : IfyoureaStarTrek
fan, youremember thereplicator, adevice that
could produceanything from a spaceage guitar
toacup of Earl Greytea. Your favourite character
justprogrammed the replicator, andwhatever he
orshe wantedappeared. Researchersare working
on developinga method called molecular
manufacturingthat maysomeday makethe Star
Trek replicatora reality. The gadgetthese folks
envisionis calleda molecularfabricator; this
device would usetiny manipulators to position
atoms andmoleculestobuild anobject as
complex asa desktopcomputer. Researchers
believethat raw materials canbe usedtoalmost
any inanimate object using this method.

Medicine : Researchersaredeveloping
customised nanoparticle size of molecules that
candeliver drugsdirectly todiseasedcellsin the
body. When it's perfected, this method should
greatlyreduce thedamage treatmentsuch as
chemotherapy,does toapatient’s healthy cells.
Nanomedicire refersto future developments in
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medicine that will be based on the ability to build
nanorobots. In the future these nanorobots could
actually be programmed torepair specific
diseased cells,functioning ina similarway to
antibodies inour natural healing processes.

Electronics : Nanotechnologyholdssome
answers for howwemightincrease the
capabilities of electronic devices whilewe reduce
their weight and power consumption.

Space : Nanotechnology mayholdthe keyto
makingspace-flight more practical. Advancement
innanomaterials make lightweight solarsails and
a cablefor the spaceelevatorpossible. By
significantly reducingthe amount of rocket fuel
required, theseadvances couldlowerthe cost of
reaching orbitand travellingin space.

Food : Nanotechnologyis having animpact on
severalaspects of food science,from howfood is
grown to how itis packaged. Companies are
developing nanomaterialsthat willmake a
difference not only in the taste of food, but also in
food safety, and the health benefits that food
delivers.

Fuel Cells : Nanotechnologyis beingused to
reduce the cost of catalysts usedin fuelcells to
produce hydrogenions from fuel such as
methanol andto improve the efficiency of
membranes used infuel cellsto separate
hydrogen ions from other gases as oxygen.

SolarCells : Researchershave developed
nanotech solarcells thatcanbe manufactured at
significantly lower costthanconventioral solar
cells.

Batteries : Work is currentlybeing donefor
developingbatteries usingnanomaterials. One
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such batterywill beasgoodas neweven after
remaining onthe shelf fordecades. Another
batterycan berecharged significantlyfaster than
conventional batteries.

Fuels : Nanotechnologycan address the
shortage offossil fuels such asdiesel and
gasoline by making the production of fuels from
lowgraderaw materials economical, increasing
the efficiency of engines, and making the
productionof fuels from normal raw materials
more efficient.

Better Air Quality : Nanotechnology can
improvethe performance of catalystsused to
transform fumes escapingfrom cars or industrial
plantsinto harmlessgases. Thatis because
catalysts made from nanoparticles have a greater
surfacearea tointeract withthe reacting
chemicals than the same quartity of catalysts
compnising larger particles. Thelarger surface
areaallows more chemicalsto interactwith the
catalyst simultaneously,which makes the catalysts
more effective.

CleanerWater : Nanotechnology is beingused
to developsolutions to threevery different
problems inwater quality. One challengeis the
removal ofindustrial wastes,such asa cleaning
solventcalled TCE, from groundwater.
Nanoparticles can beused toconvert the
contaminatingchemical, througha chemical
reaction intoharmless material Studies have
shown thatthis method can be usedsuccessfully
to reachcontaminates dispersedin underground
ponds andtreat them at much lowercost than
conventional methods whichrequire pumping the
water out of the ground for treatment.

Chemical Sensors : Nanotechnologycan
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enable sensorsto detectvery smallamounts of
chemical vapours.Various types of detecting
elements, suchas carbon nanotubes, zinc oxide

nanowires or palladium nanoparticles canbe used

in nanotechnology-basedsensors. Because of the
small size of nanotubes, nanowires, or
nanoparticles,a fewgas moleculesare sufficient
to changethe electricalproperties of the sensing
elements.This allows the detectionof avery low
concentration of chemicalvapours.

Sports Goods : Ifyoure atennis orgolf player,
you'll beglad to hearthat even sports goods has
wandered into the nanotechnology applications in
thesports arenainclude increasingthe strength
of tennisracquets, filling anyimperfections in
club shaftmaterials andreducingthe rate at
which airleaks fromtennis balls.

Discussion : Holdadiscussionin theclass
about the basic concepts of nanotechnology,
which mightinclude issues like :

e Youlearned inthis introductionthat scientists
hadtoimagine thecharacteristics of
nanoparticles foryears beforetheydeveloped
specialmicroscopes thatallowedthemtosee
them.What wouldit be like to workwith a
materialyoucan't see? Are there other fields
of science where you workwith things you
cant see? (Radio waves,graviy, etc.)

e Whichis bigger : Ananoparticle,an atom,
ora molecule?Discuss thefact that,
depending on the composition and number
ofatoms ina molecule,it canvary from a
nanometre in diametreto hundreds of
nanometresin length.Similarly, different
types of atoms may have diametres ranging
from a tenth of nanometreto 5tenths of a
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nanometre. Nanoparticlesalso varyin size,
ranging up to 100nanometres. All of these
can bemeasured innanometres, a
measurementwith aconstant size of one
billionth ofa metre.

Explore an Application of
Nanotechnology

Discussion : Some scientificfields focuson
one type of materialor process,such as
biology that focuses on living organisms and
metreeologythat focuses on the weather. What
does nanotechnologyfocus on? Remind the
students of the definition of nanotech
nanotechnology; this study of structures of
small sizecan be appliedin just aboutany field.
Nanotechnology is currentlybeing used in
medicine, the environment, to add strength to
materials such as fabrics, spaceflight, andso on.

Reading : Havestudents searchover asmany
processes of information as possible including
the internet and pick few pages to read.
Encourage themto follow links onthe site for
additional information, if they find it interesting.
Havethem createa brief report aboutwhat they
have readand presentit tothe class.

The Future of Nanotechnology

Explain that nanotechnology has the potential to
be a disruptive technology, meaning that it could
cause extreme change inour societythat could
have awide range of consequences.An example
of this would be the industrial revolution, which
changed the economy of most of our cultures
from agrarian tomanufacturing based.
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Discussion : Pick oneof thesetopics:

e Themolecular replicator,once developed,
couldallow peopleto simplyproduce many
items they need themselves with noneed for
a companyto manufacture those products.
What would this do to our economy as we
know it today? What if everybody could
produce their own clothing, iPod, and shoes?
Would it help poorer people or would it put
people out of work? How would the world
change?

e Inthe worldof medicine nanotechnology
couldchange thehuman lifespan.Repairs at
the cellularlevel couldstop andeven reverse
aging. If everybody could live hundreds of
years, whatwould happen toour world?
Would onlyan elitefew getsuch treatment
andwhat consequenceswould thathave? If
nobody ever died, would people have to stop
having children to avoid overpopulation?
What would that mean toour society?

One canhold a discussionwith the entireclass, or
break upinto smaller groups withsome groups
making anargument for the benefits of these
changes, and the othergroups arguing the case
that suchchanges would bring more harm than
good to our society.

Optional Activity : Hold debates between the
groups on the above discussion topics.

Wrap up the lesson by pointing out that
nanotechnologyoffers greatpotential for
advancement,and that,as withany scientific
breakthrough, italso raises ethical and
societal questions.
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Thefollowing isa model syllabus on
nanotechnology thatit can be mostsuitable for
adoptionat seniorsecondary level. The proposed
syllabusis conceived for four semesters after
class Xth.In semesterformat one can pursue
issues more deeplyand explorea widervariety of
questions.

Nanoscience |
e Biology
e Algebra
e Computer Literacy
e Writingand Research
— Cell Structure
— DNAExtraction
— Gel Electrophoresis
— EnzymeandProtein Structures
— Tagging methods

Nanoscience |l

e Chemistry

e Physics

¢ Mathematics

e Communication
— Periodic Table
— Molecules
— Compounds
— Physical properties
— Electrical properties
— Bandstructures
— Computer Simulation
— Basics of modellingprogrammes
— Input requirement
— Reliability
— Variations

¢ Obsenrational Internship
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Nanoscience lll e Nanomaterials
— Introduction tomaterial properties and
e Nanoelectronics manufacturing methodologies

— Adhesion, tension, friction, viscosity, etc.,
— Impactof manufacturingand operational

— Serve asan introductionto electrical

structures ’
— Processorandmemory devicedesign and environments
fabrication Nanoscience IV
— Emergingtechnologies: quantum, e Advanced Fundamental Courses
photonics, nanowires, molecular e Micro andNano Fabrication
* Nanobiotechnology e ThinFilm Deposition
— Serve as anintroduction to the field e Introduction to Materials Characterisation
— Energy productionand enzymatic ¢ Principles andApplications of
processes Nanobiotechnology
— Protein interactions * Industry Internship

Picture on page 33 : Tiny nanogears mayone day move microscopic machines through the human
body in search of disease. (Source:www. highlighthealth.com/../2009/10/telomere.gif)
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