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ABSTRACT

The scientific revolution happened in the last two decades has given birth to a new branch called as nanoscience
and nanotechnology. This new technology can now offer materials which can act like as store house of human
knowledge and to unveil many fundamental secrets of nature and solve several technical difficulties. It isaworld
of technology witnessing arevolution in the exploration of matter at the small invisible scale. Thistechnology is
expected to be the unique bridge for linking the technical gap between the solved and unsolved problems. With the
help of this technology, one can detect brain treating diseases like Cancer, AIDS, Alzheimer and many other
harmful viruses etc. and this has also brought arevolution in the area of electronics by creating RFID robots and
sensors. In this write up, we briefly discuss the potential benefits of nanotechnology and their ground-breaking

applications which can make our future better and stronger.

WHY NANOTECHNOLOGY

Although there are so many technol ogies but the
buzz word dl over theworldis“Nanotechnology” be-
causethe present day technol ogies have not satisfied
our demands and expectations. For instance, our best
photovoltaic devicesconvert light with only 16 per cent
efficiency inenergy conversion. Whilecookingwe use
only 38 per cent of the thermal energy produced by
gas. However, theefficiency of thenaturally occurring
photosynthetic process by the plantsisincomparable
compared to theaboveinstances. Thisisall man has
learnt from nature but he hasto learn alot moreto get
closer to nature because no one hasreached the effi-
ciency of photosynthesis and no factory does water
purification and storage as efficiently as coconut trees
or watermelon. To achievetheabove, theevolving tech-
nology infront of usis“Nanotechnology”. The use of
thistype of technology isnot new to us. With the help
of thistechnol ogy only, theachemistsinAlexandriade-
veloped apowerful colloiddl dixir knownas“liquidgold”
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apreparation that was meant to restore youth and the
Lycurgus cup madeby romansin4 ™ century AD. This
cup appearsredintransmitted light (if alight sourceis
kept within the cup) and appearsgreeninreflected light
(if thelight sourceisoutside). Thecomposition of this
cupisjustlikeour normal glassesbut thisspecidity lies
inadding of very smal amountsof gold and silver inthe
form of nanoparticles¥.

Historicaly nanotechnology wasfor thefirst time
formally recognized asaviablefield of research by Ri-
chard P. Feynman, a Noble laureate in his mythical
speech “Thereisaplenty of room at the bottom” in
1959. Although he has not used a single word about
thistechnology in histalk, theword “nanotechnol ogy”
was coined |ater by Eric Drexler. Nanotechnology isa
new category of technology that involvesthe precise
manipul ation of materid sat themolecular level or nano
scaeof roughly 1 to 100 nanometres. Theword “nano”
itself saysitisdwarf, i.e., small. Thisisnot just anew
fidd of scienceand engineering but anew way of 100k-
ing at and studying. Using this, researchersand manu-
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facturerscan now fabricate materiasliterally molecule
by molecule.

WHY NANO BEHAVESDIFFERENTLY
FROM BULK

While macro scale objectsarewidely used, they
have not caused the same excitement asnanomaterials.
Thereasonismacro sca eobjectshave essentidly the
samepropertiesasbulk materids. However, at thenano
scalethefundamental properties of materialsdepend
onthelr size, shape, and composition in away that they
donot exhibit at any other larger scalesand sizes. Some
of the possiblereasonsthat nanosca e objectshavesuch
amazing propertiesareasfollows:

a) Quantum size effect

When ametd particle having bulk propertiesisre-
duced in sizeto afew hundred atoms, The continuous
density of statesin the band is replaced by a set of
discreteenergy levelswhich may havehigh energy level
spacing’s and the gap opensup. Thesmall cluster is
ana ogousto amolecule having discreteenergy levels
with bondingand anti-bonding orbitals. Eventudly asize
isreached wherethe dimensionsof theparticlesarein
theorder of wavel engthsof theed ectrons. Inthissitua-
tion, theenergy levels can be modelled by the quan-
tum-mechanicd treatment of aparticleinabox. Thisis
referred to asthe quantum-size effect.

For example, if we consider asemiconductor like
CdS, whichisnormally reddishincolour. If it brings
downto Nano scaeit showsdifferent colours.i.e., a4
nmsizeit showsorangeand at 3nm sizeit showsyel-
low and at 2 nm sizeit showswhitecolour. Similarly,
gold nanoparticlesa so show different optical proper-
tieswith respect to their size and shape. Not only the
visua properties but also the other properties can
changedraméticaly.

b) Geometricstructure

Generdly crystd structureof largenanoparticlesis
thesameasthebulk structure. Recent x-ray diffraction
studies of 80 nm auminium particlesshowsthat they
have (Fcc) unit whichisthestructureof unit cell of bulk
aluminium but smal particleshaving diametersof 3-5
nanometres haveicosahedral structure. For thesewell-
structured nanoparticles, thesurface-areato volumeis
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very highand hence, the chemicd and physica proper-
tiescan a so bedtered remarkably.

NANOTECHNOLOGY INNATUREAND
CURIOSITIESIN SCIENCE: SMALL IS
BEAUTIFUL

Fundamenta understanding of the natura phenom-
enon around us can a so lead to new discoveriesand
progressin science and technology. For example: In
recent timesthere has been anew understanding about
how the hydrophobic surfacesand hydrophilic surfaces
work. Thiseffect has beentherefor millionsof years
and now isrecognized asthe“Lotuseffect”. Lotusisa
beautiful flower knowntodl civilizations. How it ap-
pears beautiful anditsleavesdo not becomedirty even
by stayingin muddy water without letting water stick to
it has been a point of wonder. However, it has been
investigated and found that thisis due to the micro-
nano structure of thelotus. Whenitisobserved under
electron microscope, it exhibits somebumpsof micro-
meter size and bumps are decorated with nano-meter
Sized structures. Thiscan help awater drop stay onthe
leaf without spreadingit. Whenthewater drop rollson
thelesf, it collectsthedirt on the surfaceand makesthe
surfaceclean. The phenomenon of wettabilityinlotusis
a so commonin many other plant |eaves, flowers, but-
terfly wingsand many othersin plant and anima king-
dom. Scientistshavetried now to make useof thisphe-
nomenonto artificidly obtainthehydrophilic/hydropho-
bic surfaced in various material s of different sizesand
shapes.

Somewhat Smilar interesting phenomenon observed
innatureover centuriesand wondered about isso-cdled
“Gecko effect” or swarming of alizard onwall. How
doesalizard balanceitsweight? Doesit secrete any
fluid to stick or what else? Now the scientistsbelieve
that the particular construction of thetip of itsfeet on
whichmillionsof nano hair exist helpitincrawling. In-
terestingly the force that each hair strand exerts be-
tweenwall anditsdlf isjust weak van der Waalsforce.
Thiseffect may be useful to makerobotswhichwould
climbthewallsor do somescientific operationswithout
manua ad. Some simple minded gpplication of gecko
effect would beastick tapewhich can be used number
of timeswithout failing; likealizard®?.
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NANOTECHNOLOGY’SROLEIN
CATALYSS

Caaysisplaysavitd roleinproviding fuds, fine
chemicals, pharmaceutical sand meansfor strengthen-
ing environmenta safeguardsin comparisonwith many
other fiddsof chemicdsand materid sciences. Catdy-
sis was one of the first fields to take advantage of
nanotechnol ogy supported noblemeta cataystswith
particle sizesdownto afew hundred nanometresand
zeolite catal ystswith pore sizes of sub-nanometres, al
developed in 1950s-1960s arewidely used in today’s
chemicd processes. Thefidd of catdysiscontinuoudy
renvitesitsdf and becomehighly interdisciplinary. Many
of therecent advantagesarearesult of suchinterdisci-
plinary devel opmentsinvolving nanotechnology. The
nanotechnol ogy guided thedesign, fabrication and en-
hancement of their activity or selectivity, aswell asthe
reductionincost of catalystswhichwill have enormous
impactsto thechemical industry and hence, the society
aswell. Theability to harnessthelargesurface area-to-
volume ratios and the unique binding sites of
nanoparticles, especialy in heterogeneous catalysis,
constitutemg or diving forceinfundamental research
and practica applicationsof nanoparticlecataystsim-
portantly. Tailoring of the nanoparticlesize, shapeand
surface could aso lead to improved or catal ytic prop-
erties. Amgor chalengefor exploring nano-particlesin
heterogeneous catalysisisthe controlled size, shape,
surfaceand interparticlespatia properties. Theultimate
god istoachievehigh catalyst by designwithand high
activity and 100% selectivity. A large number of
nanoparticle catalysts haverapidly emerged in recent
years, especially the nanoparticles supported oxides,
encapsul ated organic monolayersare of areseectively
appliedintheboth traditional and new approaches?.

NANO MEDICINES: AN EVOLVING
INTERFACE TO TREAT BRAIN TEASING
DISEASES

Today nanoparticlesarebeing devel oped to have
accurate, controllable, and rapid responsivediagnostic
and treatment solutionsfor variouskindsof diseases.
With the recent advancementsin drug discovery pro-
cess, stressisan effectivedrug delivery to the affected
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organ. Itiswell-known that many therapeutic agents
haveintracellular compartmentsastheir siteof action.
For exampl e, the nucleusisthesiteof action for anti-
cancer intercal ating agentswhereasthe cytoplasmis
the centrefor anumber of steroids. Accordingly, the
efficiency of drug dependsonitssustained availability
at the targeted point of delivery and various studies
confirmthefact that particle sizeshould besufficiently
smdll for it to get transported acrossthemembraneand
thistrangport occursmorereedily for nanoparticles, they
work efficiently in drug delivery process. Theparticles
are coated with antibodiestofight aparticular virus, so
that they will form clumpsthat would bevisibleon con-
ventional body scans. The nanodrugs synthesized in
variousforms such as nanospheres (drug present on
thenanoparticleasacapping agent), nanocapsul es(drug
confined in acavity surrounded by apolymeric layer),
nanopores (nanoparticle surface perforated with holes,
hol es contai ning drug molecules). The purpose of en-
capsulation or entrapment isto gain abetter degree of
control over thedrug rel ease process. Recently, attempts
have a so been made towards devel oping biodegrad-
able polymeric nanoparticlesaspotentid drug ddivery
devicesand d so variousresearch groupshavead so es-
tablished the use of polymeric nanoparticlesfor nasal
and ophthalmic delivery of drugs. This group of
nanoparticles have also shown prominencefor usein
neuro-disorders Furthermore, nanosize carriersasvi-
taminmoleculessuchasvitaminA and E, have potentia
applicationsin dermatology and cosmeticg?.

In addition to these, recent advancements in
nanotechnol ogy show that the nanoparti cles can detect
and kill the cancer cellsefficiently and they act asban-
dage (made of nanofibre) to heal wounds. Scientists
prepared sensorsfor the detection of bacterial growth,
chemicals, and pathogens. Even themechanical prop-
ertiesof single DNA moleculeswerealso discovered
using advanced manipul ation techniques. Itisstrongly
believed that these scientific and technol ogical devel-
opmentsinthisareawill restore our youth and makes
usimmortd.

NANOPARTICLESIN COSMETICS

Nanoparticles play animportant rolein cosmet-
Ics. Zincoxideandtitanium oxidenanoparticlesof fairly
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uniform size are ableto absorb ultraviolet light and
protect us from sun. Due to their small sizes,
nanoparticles-based creamsarepreferred asthey can
be used in small amounts and do not |eave any gaps
between them whi ch a so give asmooth appearance.
Thesmall particlesin someof the creams scatter light
in such away that appearance of thewrinklesisdi-
minished. Someof the creamsusing nanoparticlesare
aready marketed. It has al so been observed that the
nano-based dyes and colours are quite harmlessto
skinand can beused in hair creamsor gels. Recently
one cosmetic cream was prepared with the assistance
of nanotechnology. Thiscream makes our age looks
likelesswhenitisapplied ontheface. However fur-
ther research on the effect of nanocosmetics on hu-
man bodiesis necessary?.

ENVIRONMENTAL ISSUESON
NANOTECHNOLOGY

Whenever any new technology emergesthereis
rightfully aconcern about itsimpact onsocid life, hedth
and environment. Many new technologies were de-
veloped in the 21 century which creates numerous
benefitsto mankind but at the sametimewe haveto
face numerous problems by adopting varioustypes of
technologies. Some often poses whether
nanotechnol ogy would help to solve or increase the
problems?Will nanomaterials pollute water, air and
food or it harm human bodies, animalsand plants by
inhaling or by contact? Although ill effects of
nanomaterialsare possible, they are not well studied
yet. Recent researchesreved that particlesof size 50
nm can affect cells, 30 nm can affect central nervous
system and 70 nm can affect aveoli of lungs. And aso
carbon nanotubes are able to penetrate into the to-
mato seeds and affect their germination and growth
rates. Analytical methodsindicated that theCNTsare
able to penetrate the thick seed coat and support
water uptake inside the seeds, a process which can
inhibit the germination of seedlings™. On the other
hand, present findings show that the silver
nanoparticles promote the growth of Brassicajuncea
(Indian mustard) seedlingsby modifying their antioxi-
dant status, trestment of plantswith amixtureof nano
Si0,and TiO, can enhance activities of specific en-
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zymes, increase diseaseresistivity of plants, increase
theyield of crop™. Itisalso believed that nanoparticles
themselves can be used to reduce pollution and envi-
ronment related problems.

SUCCESSFUL APPLICATIONSOF
NANOTECHNOLOGY INTHEREAL TIME
SCENARIO:

Applicationsin cancer therapy

a. Ultrafast cancer detection kit using silver
nanoparticles

Silver nanoparticleadhered on aglasssubstrateis
shown to be an economical, fast and reliablekit for
detection the early stages of cancer. Thiskitisableto
deliver resultswith 10 timesmoreaccuracy withinmin-
utes, thusproving to beideal for cancer detection®.

b. Nano shellsactsasanticancer drugs

Nano shellscan act asanticancer drugs. Thelight
used isnear - infrared light whi ch getsabsorbed by the
shells, thereby heating and destroying thecellswhich
areinjected withthe shells. Detection of thecancer cells
isasodoneby theshdlls.

c. Carbon nanotubeskill cancer cells

Thetransporting capabilitiesof carbon nanotubes,
combined with suitablechemicd functiondizationand
their near infra-red optical absorption properties, can
be used for destroying cancer cells®.

Applicationsin neurology

d. Gold nanoparticlesoffer acurefor Alzheimer’s
condition

Betaamyloidfibrils, bound to gold nanoparticles
arefound to separate on exposureto mild microwave
fields. Themicrowavefield was orders of magnitude
less than what isused in mobile phones, thereby re-
moving any hedlth hazard. Interestingly, thefibrilswere
observed to be dissol ved and do not reaggregate even
after several weeks, thusoffering apotential curefor
Alzheimer’scondition’®.

e. Nano beltsto detect nerve agents

For detecting nerve agents, sensors have been made
by combining tin oxide “Nano belts” with low power
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micro-heaters. Theseare ultra-stable, highly sensitive
and freefrom the ‘poisoning effect’ of metal oxidesare
found inthe previous sensorg®.

f. Carbon nanotubescommunicatetonervecdls

In ascientific breakthrough, scientistshavetrans-
mitted el ectrical signasof nerve cellsthrough carbon
nanotubes. Thenervecell grows on carpet of carbon
nanotubeswhich were ableto receive and react to the
electrica sgnasfromthesubstrate. Thispresentsthe
feasibility of using carbon nanotubesand related mate-
ridsinthetrestment of nervousbreakdown conditiong?.

Applicationsin other fields
0. Nanofibrebandageto heal wounds

A Nanofibre mat whichisextracted from fibrino-
gen, asolubleproteinthat ispresent in blood, has been
made and it can be used asawound dressing or tissue
- engineering scaffold which isused to heal woundg?.

h. Injection of magnetic nanoparticles into the
blood can reveal whereharmful virusesarelocated

It has been shown that injection of magnetic
nanoparticlesinto the bloodstream can reveal where
harmful virusesarelocated. The particlesare coated
with antibodiesto fight aparticular virus, so that they
will form clumpsthat would bevisible on conventiond
body scans.

i. Nano crystalsfor detecting genetic mutations

A techniguethat uses Nano crystalsfor detecting
genetic mutations hasbeen devel oped, whichinvolves
the creation of bioe ectronics coding™.

J. Carbon nanotubesbased artificial muscles

Inabreakthrough research, artificia musclesbased
on carbon nanotubes have been developed. The
nanotubestake on atripleroleof fuel cell eectrode(to
generate el ectrical energy), super capacitor (to store
the energy) and an actuator (to convert electrical en-
ergy to mechanica motion). Thissdf-propelling artifi-
cia musclerunson methanol andisthought to bring the
scientific community one step closer toward building
“humanoids ™.

k. Silicananoparticlesspringforth life
Thenormal silicananoparticleshave been shown
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to providethe structure and function to proteins. The
proteinsassembled into aparticular formwith specific
sructureinthe presence of slicananoparticles, thereby
leading aninorganic angletotheorigin of lifd3

ROAD MAPSOFNANOTECHNOLOGY AND
OUR FUTURE JOURNEYS

Herein, some of our demands and expectations
from the emerging areaof nanotechnologiesarelisted
beow:

Will-Will communication

Asweknow that the carbon nanotubes have the
capacity to communicatewith nervecells9 andtheca
pableaf transmittinginformation through carbon chain™,
with the help of these we can trap the speech signal s of
brain and directly sendit to the other whosewewant to
spesk, through antennaand recalver system. Thismeans
we can stop communi cating oraly and wewill commu-
nicatewiththenerveimpulsesonly.

b. Scanningthecontentsof brain

Infuture, with the help of nanotechnol ogy wecould
simply scanthe contentsof brain downloadthemintoa
computer memory and resuscitated a will, either inan-
other body, or for thereal extremistsin the form of
softwareinvirtua space.

¢. Diamond nanofibresinbrain

At present our brainsarevery vulnerableto strong
vibration, etc. Onceif wetransplanted diamond Nano
fibresinto our brain, the brain would cause only minor
discomfort dueto the heavy collisionsby meansof any
accidentsor strong tremors. If we could weave mol -
ecules of diamond into the bonesof our skull, it would
become partially indestructible.

d. Increasingtheday hoursby introducingan al-
ternative satellite

A satellite with solar panels, made up of
nanotechnol ogy ismade with 100% efficiency of re-
ceiving the sunlight from sunand storingit, issent into
thespace. Whenthe sun setsonwes, thesatellitewhich
Issengitized to riseslowly inthe east and began to start
givinglight. It recaivesthesunlight 12 hoursfromsunin
day timeand transmitsit for another 12 hoursin night.
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S0, thereis chanceto increase the day time and thus
increas ng the scientific and technol ogica devel opment
inIndia

e. Rapid food production by extractingthe capac-
ity of cancer cells

The capacity of cancer cellsisrapid and unstop-
pablemitosis. If we extract the generesponsiblefor it
andinjectedintothecelsof food crops, thereischance
to enhancethefood production. Also the nano pesti-
cideswhich givethe essentia nutrientsto plantseffec-
tively can also enhancetherate of food production.

f. Healing power based on rapid mitosis

Nano cells, which are biocompatible, having the
capacity of rapid mitosis (whichisextracted from can-
cer cells), areinjected into body. Whenever thereisa
lossof tissuein thebody by wound or other way, these
cellsreact and perform rapid mitosisand thuswe can
achievethepower of healing.

g. Hydro filled magnetic nano shells for the
peptidolysisof pathogen’sreplication proteins

By breaking the peptide bonds in the proteins
present in apathogen, itisexpected to stop thereplica:
tion of that pathogen which canleadto apotential ben-
efitin cancer therapy. Herewe can usewater molecules
filled magnetic nanoshd Isto trigger therelease of water
molecule at thedesired areain pathogen.

h. Nano RFID (Radio frequency and identifica-
tion) robots

The RFID tags (used asrobotsto monitor the hu-
man body activities) arelikely to threaten our freedom
whichisbased on microel ectronics; but oncewemade
RFID tags made up of Nano electronics, they would
beeasily inserted into human body. Once they enter,
they can monitor blood consumption and also there-
lease of hormonesin severd glands. If they areinjected
into brain, they can al so record the signal stransmitted
by neuronswhich can be useful inanaysing our body
functions. Thesemachinerobotsare ableto detect the
incidence of genetic mutation at molecular scaleand
hence, thereisachanceto correct genetic dispropor-
tionsto cancer. Theserobotshavingtheir Szelessthan
blood cellswill repair our organsday and night to cre-
atenew tissues.
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ETHICAL IMPLICATIONSAND
CONCLUSION

Nanotechnol ogy productsare reaching the market
with an annual growth rate of over 25 per cent. Both
promisesand concernsabout the socia implications of
thisnew technol ogy are being voiced with increasing
frequencies. Ethical aspectsareincreasinginrelative
importance and their upstream consideration may bea
key for the successful and sustained application of this
technology. The potentia societal implications of the
scientific and technologica innovation in therealm of
nano areonly partially understood and therefore need
to befurther explored. Although thereare so many anti-
nanotechnologists around the world but the newly
emerging technol ogiesof the 21% century havethe po-
tentia to revolutionize socia and economic devel op-
ment.
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