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9.1 Applications of Graphite

Graphite Is commonly used (1) as heating elements for electric farnaces, {21 an electroades for are welding,
($) v mevalharghcal crucibles, (4) in casting moulds for metal alloys and cernnics, (3) for high-temperature
refractorics snd Insulstions, (6) in rocket pozeels (7) in chemical reactor vensels [B) fow ehecuricsl comLacts,
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/ 10. Fullerenes

This polymorphic form of carbon was discovered in 1983,
Tt exists in discrete molecular form, and consists of 3 hollow
spherical chuster of sixty carbon avoms: a single molecule is
denoued by Cgy. Each molecule bs composed of groups of
earbon atoms tha are bonded 1o one another to form both
hesagon (ss-carbon atom) and pentagon (five-carbon
atom) goomettical configurations. One such molecule.
shown in fig 19 is found w consist of 20 hexagons and 12
pentagens. Which are arrayed sich that po twe pentagons
share & conumon side: the molecular sirface thus, exhibit
the symmetry of a soccer ball. The material compossd of
C g mobecules is known as buckminister fullerene. The gem
Fullerenes is used to denote the class of matenals (hat ant
composed of this type of malecule. Fig. 19, Strwcture of g malerule




In pure form, It is &n insulator best functions as wper conducior by doping with

Fullerenes react with s number of nucleophiles, for example, amines, phosphing
reagent, organolithium reagent to give sultable derivatives
It also gave adducts with anthracene, cvelopentadiene, furan and sobenzofuran,

Many higher fullerenes are chiral, with increasing cage size. the number of chiral isen
rapidiy, for example, of the 5 isomeric Cyy structures, 2 are chiral, and 10 chiral isomers ey

It can be eompressed to loss 30% of its volume without destroving its carbon cage strug
irradiation, Cy; undergoes photodissociation vie successive Cs losses down to Cyg.

10. [t can formed solid soft ferromagnetic with zero remanence on reaction with ooganic elecs

[Tetrak’s (Dimethy] amino) ethylene].

10.3 Applications of Fullerences

Superconductors : It can be used as 2 superconductor when doped with alkali metals.
bt cooled, its resistivity begins 1o drop sharply at sbout | §°K indicative of superconduect
HIV Protease inhiblior : Ceo and irs derivatives, because of their large size,
hydrophobic character, may prove 1o have vahue a3 diagnostic agenes in medicine. for exan
derivatives are currendly being investigated as potential inhibitors of the Protezse enIyme spo
the Human Immuno Deficiency Virus | (HIVP),
Carbon nasctubes and nanowires: One potential imporant applicaclon for these g
nanotubes I ia the area of composites. Carbon fibres made from oTganic polymers ane
strengthen Light weight high-tech materials such as the carbonvepoxy resing weed :;-,. golf chubs,
- rackets and yachis. Each fibre is five times thinner than & fu:aan h.]:

Ca : fpates i

tabysis: Fullerene C, participates in catalysed proceases as cither a part of the caralyst
substrate. The complex Lo Fd{PPhy ), huhenmnda:ﬂunﬂvulnthhm
heterogenssus hvdrogenation reactions, :

Polymerization reactions; When Cuo fulierene pellets ars i PR o

K for § hour, cycloaddition socurs ive palym 7
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vubstance tends to take the shape of container like Hquids but is more

viscoaus and turbid and appears distincily different from liquids. The step-wise changes thar take place
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Fig. 20: Seep-wise changes in conversion of crystalline
solid into lguid through Uquid crystalline siate

Classification of Liquid Crystals
are 3 types of the liquid crvsials:
MNematic liquid crystal

Cholesteric liquid crystal

Smectic liquid cryvstal

Nematic liquid crystal: In these liquid crystals, the long axis of the molecules are lined up. The
molecular axes are parallel wo cach other but the molecules are not arranged in layer. Nematic liquid
crystals have a translucent appearance because they scatter light stranghe The mechanical, electrical
wnd eptical propenties like dielectric constant, diamagnetism, elasticity, viscosity etc., depend on the
divection along which these are measured. This crystal does not conduct tlectricity in pure form.
However, they show conductance in presence of some impurities. For example, > ATRIN :
benzyladine-p butyl analine is solid below 295 K but changes into nematic liquid crystal above this
Cholesteric liquid crystal: In this type, the malecular axes arc aligned, ar
arranged in layers in which the arientation of axis shifts in a regular wa
nest. These are named cholesteric crysuals because the skeleton of the sul
state is similar vo that of the cholesteral. These liquid erystals are ch
optical rotation. The pitch of the spiral
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i1.2 Applications of Liquid Crystals
Gt ._::.-ﬂ.al-: aré used B sobveni for ithe wady of sroctume of ERietrops meslecules
speciroscopically
These crystals consume very little clocunic power herce these are used in digical displavi Bk kel
caboulstors, dightal wrist watches eu
[ue to their electrical and mechanical properties hing between cryuialline salids and isotropc
Fequids are used In gas licurid chromatography

4 The chalesterkc type of crystals sve used for detecting tumours in the body by the methosd called

thermography.

12. Concepts of Manomaterials and Its Applications

12.1 Definition of Nanotechnology

Mar s the prefix of  unit. As onc nana is equal 1o 107, 0 | nano meler means I.vl:r‘mur.l.m-ln'* mj. Ay
Mmmw‘mmﬁnudmﬂmaﬂﬂﬂmmﬂmi
Mn-ww.wum-mwhummnw
of & nwr era In industrinl revelution. [t sdhvent in day-to-day lfe will soon be et arad resiiaed.

12.2 Background

Mﬁmhmmmmmmw.-ﬁmmuwm.m
name was evolved by Japanese scientist Noria Taniguguehi in 1976. The interest of sclentiss in
nanotechnology staned increasing in 1966 when 8 ‘wanning tennclling microscope’ was developed by
noble prize winner West German scientists Guard Binig and Switzerland scientist Henrich Rourer. This is
qh_mmmﬂthdpdnﬁdllkiﬂ“tﬂﬂﬂrﬂ-ﬂ!hmﬂ-—
and & molecule for the first time.

12.3 Concept
The stoma and molecules of materials are almost of the nano size. Therefore, they is
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. Hybrid materials are made of & combination of crganic and inorganic COmpOnents inter cn_r;pmﬁ
at & molecular level (hlock copolymers)

2.4 Classification of Nanomaterials
dano materials have extremely small size having at least one dimension 100 nm or less.

coonding Lo Shegel. nancstructured materials are classified as zero dimensional, one dimensional, two
simensional and three dimensional nanostructures on basis of structure,

Janomaterialy are classified as:

Manomaterials
Mana crystafline M structured
l |

v

Inorganic Podymer

L Carban nanotubes s Dendrimer

L3 Metallic nsnoparticles e ]

—3 Silkca Manoparticles =+ Mano particies

g (usnium dots —p [nog conjugates

12.5 Processes to Prepare Nanomaterials
Manomatcrials are prepared by following two methods.

[ 18 'L-Fhﬂlmmhﬂd

2. Smaller w larger doing method
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127 Carbon Nanocones

Carbon Mapooone: were dincovered in [ %94 They are oonical srrecmees which 2 made from carbon.
Mancones have height and base diameter of the same order of magnitade. They oorer on the surface of
matarad Fraphes
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12.8 Dendrimers

Dendrimers are HIH"" branched pelvmiers with contrnlled commpeition and nanoscale dimensiona, The
werm iendrimer B derved from the Greek waord 'dendri’ meaning “tree like' and ‘meroa’ means “part aff.
Poly {amidoamine) or PAMAM is the most well known dendrimer

Denadrimers are fabricated from monomers wsing step growth polvmerization by
I, Convergent methods

2 Divergent methods

Applicathons of Dendrimers

Some imparant applications are as follows:

Ini bio medical feld

Transdermal doug delivery

!n pene deflivery

In gene therapy

Anticancer drags

In chemotherapy

For enhancing solubility

As magnetic resonance imaging (MRI) conrrast against
As denddritic wenmom

In crop protection and agrochemicals
. In photodvnamic therapy
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12.9 Uses of Nanotechnology

The scope of unigque and peculiar produects made from nanstecheclogy is cxpanding very fast. It ranges
from clothes 1o cosmetics, hard disc of computer 1o industnes. and medical wiences w water purification
etc In this regard, different major fields of application of nanotechnology sre enumeraied as follows:
1. Computer stream:

1) In Supercomputer: Development of supercomputer i the cutcome of nanotechnology. For
that a ‘nanowire’ is uweed instead of 3 computer ‘confector. Conscquently. the memory and
specd of computer enhances many Times. Increase in memary nury be s high as | million

(i} In Chips and }Cs: Computer chips, carcuits, transiston snd ressen otc. can be made more
wirful and of much improved guality as compared 10 cxtsting chapa.

2. Medical schences: Presently the maximum wse of nanotechnology is in the field of medical sciences.

Main among them are the following

(i) Cancer treatment: Bactenia tumor cells of goid particl are bring developed for changing the
structure of cancer. [t is likely 1o destroy the dangeroun chernent of tumor.

(i) Disease detecting devices: Nanotechnobogy based devices sach as wrist watch s being
developed, which is likely 10 predicn the probable discasevillncsses of the body. Since the

discase will be detected at its original stage, sn appropriste tratment can be staned withowt
*.M-immdlh_h_ﬁ
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M) Nanotechnology based Palnts: I1 tivanium dioxide (Ti0, | s nanomatérial is miued with the

paing: the hardness, shining and life of the paint thus prepared is ikeky 10 be many tmes mers
than the conventional paint.

{1y Nanotechnology based Clothes: Such dothes are being manufsctured by textile indusury.
which absord human sweat easily. These clothes are more durable also as compared 1o
comventional clothes,

4 Ouher uses: Nanotechnology has many other uses Main amon

(0 Waeer purification: Nano-mineral, nano-gold and nanc-sifver nitrate A upchu
the harmiul element arsenic (As) from water.

(i) MNanofoster material is used o Improve the quality of brightness and
ichevision.

5. In future:

(@ huowill become possible 10 produce lighter and stronger materials

(i} The nanostructured pharmaceuticals can be delivered into the body's o
very short duration.

(lil) The storage capacity of magnetic Lapes Can be incroased

() T will be possible 1o manufacture scratch proof glasses.

12.10 Nano-Electromechanical Systems (NEMS)

Progress in nanotechnology is poised for a great jump. Development of ultra-—-minkacure sysiems vz
nano-gletromechanical svstems {NEMS) will make the maintenance. safery and updating of computers
and other hardware an easy Lask.
. mﬂ#ﬂuﬂﬂmmmumwnlnﬁmwlu-ﬂemm“
installations’ equipmsents into a smaller chamber.
2 qugmmhmnmlma
body parts and their belongings.
mmﬂudwmhmmhwﬂﬂ-mm
Japanese company Nippon Denso’ has made an ultra-micro car of unimaginable 4.T8 mm size. Made of
m-ﬂﬂiﬂ.umﬂulmdﬂ.ﬁ?mﬂu.mﬂ volt motor consists of a coll of 1000
mmﬂﬂ_mmmmhmmm-du-:m

mhmnmm.hmumwu is yet 1o be felt and
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housed-in the watches, shint pockets, pens. othes




