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AIMS FOR THE STUDY OF NANOSCIENCE

® The aims of Nanoscience.

® To incorporate Practice of synthesis methods.

® [nterpret the finding into the broader study of Nanoscience.
® Emphasizing on Methods of synthesis techniques

® The aim of the Nanoscience working in this is to focus on better
integration of the data and interpretation with the wider
professional community and dissemination of their research to the
public.

® Similarly many of citizens of our country are involved in locating,
exploring for the future.



OBJECTIVES OF NANOSCIENCE

e To explore on synthesis methods.

e To document and research traditional methos and navigational
techniques.

e To disseminate the knowledge gained to scholars, researchers and
students of similar disciplines, as well as to the general public.

e To understand applications in different fields

OUTCOMES OF NANOSCIENCE.

e Understanding of several of these disciplines and sub-disciplines.

e Acquire an understanding of the concept of Nanoscience

e Display a broad understanding of the historical development of
human culture and apply this information with sensitivity and an
appreciation for diversity in prehistoric, historic and modern
cultures.

e Develop an awareness of intercultural influences and exchanges
between different culture groups, and the mechanisms through
which these operated in the past.

e Acquire knowledge of the geography of regions of interest and
how this has affected the rise and development of human resources
in these areas.

e Identify and distinguish the steps involved in carrying out
quantitative and qualitative research using available library and
internet resources, as well as primary materials, including literary,
historical sources.

e Produce and express coherent, persuasive and innovative written
studies with attention to academic integrity and respect for diverse,
including contrary opinions and ideas.



e Demonstrate an understanding of the historical development of
Nanoscience and the progress.

e Gain and understanding of the major theoretical perspectives and
debates within Nanoscience how these have affected our view of
the past, and how they may be applied to research in this field.

e Demonstrate knowledge of the Nanoscience: how to record,
investigate, analyze and interpret in technology for sustainable
development.
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NANOMATERIALS

(Particles of Very Minufe Size)

| INTRODUCTION TO NANOSCIENCE AND

13.1
NANOTECHNOLOGY

The word “nano’ has a Greek origin meaning dwarf (small). Technically, the Pref
nano means “‘one billionth™ or 10~°. Therefore, one nanometer is 1077 metre, an
nanosecond is 10~ sec and so on. A nanometer is used to measure things that are vrr;
small such as atoms and molecules. For example, hydrogen atom is 0.1 nm, red blogq

r wavelength is 400 to 700 nm, etc. When ‘nany

cell is 500 nm in size, visible colou
prefix is used with sctence and technology, it becomes a new field of Physics. .

Nanoscience and Nanotechnology
Nano-science in its simplest form is the study of fundamental principles of
molecules and structure with the size ~ | nm to 100 nm. These structures are called
Taniguchi of Japan in 1974 used the word

nano-structures. First of all Prof. Norio i
nanotechnology to describe the extension of traditional silicon machining down into
an one micron. Richard Feynman, in his famous speech, discusse the

region smaller th
possibility of manipulating and controlling things on molecular scale in order to
atomic sized ‘components. An

achieve electronic and mechanical systems with
ulated extensively about the laboratory

American engineer Eric Drexler has spec
synthesis of machines at the molecular level via manipulation techniques and
r which has been c1lled

producing components much smaller than any microprocesso
molecular nanotechnology. We differentiate between nanoscience and nanotechnology

as follows :
Nanoscience is the study of phenomena and manipulation of materials at atomic,
the properties dile

molecular and macromolecular scales. In nanoscience,

significantly from those at a larger scale. '
Nanotechnology is the design, characterisation, production and application of
structures, devices and systems. The work is done by controlling shape and size 3t

nanometer scale.
In short, nanoscience is the sfudy and nanotechnology is the engineerins which
s and systems:

drh::- :q;,}‘]fc’design and manuthct.urc of extremely small component e
materiafs .:,',f " ff-'f-'lhnafag, » of design, synthesis, characterization and application
The N nanoscale is called nanotechnology. 5
ational Nanotechnology Initiative (U.S.A.) defines nanotechnologY

consisting of all of the following ;

(334)
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13.2| NANOPARTICLE |
——-'1| 'S AND NANOMATERIALS

The prefix ‘nano’ mea illi
hs one billionth. A nanumeter is one billionth of a metre

wi o
m). This 1s roug - )

(10 ) . ghly ten times the size of an individual atom. The diameter of a
puman hair meausres 50,000 nanometers (nm) .

Materials when reduced dow ; :
ph_r.';ian'. Chemical. Optical, HJ.{Jg”:”:_? Hllgfhrlnl.‘s?ow drasl:-::' changes n respect of
had o cxciting applications in Blf oy cn.fnr. a “"d_ eiecfr;cmf properties. Aljl these
Electronics, securify and cosmetics T]n;. anli Mﬂhmﬁ ke e

’ apoynly ¢s. These applications open new field of research to
understand this small world of science and engineeri i ; i
mechanically strong, transparent and totall d%[?ct..rmg. Nanomalerm!s'are e
oome véryiactive and ’lggrcssi\:c d totally di El'c:l'll. from bulk materials. They also

Vel aggre in chemical reactions.

The important parameter in the study of nano physics is the ratio of surface area to
the volume of the particles. In nanoparticles, the atoms on the surface begin to dominate
over those in the bulk. As a result, the material properties are modified. For example,
metalst which are good electrical conductors in the bulk, begin to show insulator like
behaviour. It is also observed that some of the metals at nanosize exhibit fluorescence.
Further, the magnetic nanoparticles show some peculiar behaviour with the transition
from a ferromagnetic to what is known as superparamagnetic behaviour.

,}ﬂ"he properties of materials are different at the nanoscale for two main reasons :
(1) Narfomaterials have a relatively larger surface area as compared to the same
- ass of material produced in a larger form. ic. Nanoparticles have large

surface to volume ratio than their bulk counterpart. This can make materials

more chemically reactive and affect their strength or electrical properties. In
in their larger form are reactive when

some cases the materials that are inert

produced in their nanoscale form.
Quantum effects can begin to dominate the behaviour of matter at the nanoscale

affecting the optical, clectrical and magnetic behaviour of materials. So,
Nanaomaicrials have unusual electrical, optical and magnetic properties than

. their bulk counterpart. . _
So, what kind of ¢hanges in the properties do Wwe¢ expect? Here are some interesting

examples :
(i) Opaque substances ¢
(ii) Inert materials can be
(iii) Stable materials can (urm cot
(iv) Solids can turn into liguids at et
(v) Insulators can become conductors, € £ 51lh|:u':1. o .
The most far reaching consequence of nanoparticle i the change In their electronic
properties. When paﬂicles are small enough, they become electronic comparable to

atoms and molecules following guantum mechanical prop erties. When nanoparticles
lectronically cumparable to atoms and molecules. Now

become small enough, they €
|

—
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] T ——" Unifiod P"'}’%r'- W
they follow quantum mechanical rules instead of classical physics i 1 Cy. Iy
5. Due

) fact, they are Cﬂ].ll.!tl as quantum dots or sometimes as artificial AOms, Thig . . thiy P
disappearance of band structures and the formation of discrete encrgy, o1

The most striking property of nanoparticles made of semicond uctor gf
change in their optical properties compared to those of bulk materia]. In chm:-n
size dependent optical properties of colloidal semiconductor particles ha’str:f. th
observed. (The minimum energy required to create an clectron-ho|e p:ie h’*
semiconductor quantum dot is defined by the band gap £ )11 the enerpy ”r]igh:- n 4
than band gap encrgy, it will not be absorbed by quantum dot. The band pap dcpc,:;]m
the size of the quantum dot. Therefore, absorption is also size dependent, It s, Son
that absorption spectrum of smaler quantum dots is shifted to shorter Wﬂ\}c[cngtht

Recent applications of nanoparticles ; /

(i) Nanoparticles are used in displays that are cheaper, larger, brighter ang More

i

eflicient.

) (fi) They are used in renewable energy ultrahigh performance solar cells,
\/(iii) Nanoparticles have been found to impart some extra properties to varigyg da
to day products. For example, nanozinc oxide particles have found to have a supeﬁ;
ultraviolet blocking properties compare to its bulk state.

(iv) Nanoparticles are used antibacterial silver coating on wound dressing,

(v) Magnetic nanoparticles exhibits unique nanoscale properties of
superparamagnetism and are utilized as excellent probes for magnetic resonance
imaging (MRI).

(vi) Nanoparticles improve efficiency of coolant in transformers.

(vii) These particles are frequently used in anti-reflection coating and to make light

, based sensors for cancer diagonosis.
] (viii) The microchip and its revolutionary applications in computing,

communications, consumer electronics and medicine. -

1%

\

13.3| SYNTHESIS OF NANOPARTICLES =
| |

- Nanoparticles with size ranging from | nm to 100 nm can be synthesized by means
of various techniques. Physical, chemical, biological and self assembly techniques are

few common of them.
j}ére are six widely known methods used to produce nanoparticles. They are :.

+ Mechanical alloying or high energy ball milling.
2. Sputtering or Laser evaporation.
3. Plasma synthesis,
4. Inert gas condensation,
3. Electrodeposition,
6. Sol-gel synthesis,
Here some of which are discussed below :

(1) Ball milling method

“"]i.”iﬂg method is a mechanical method. This is a special type of grinder. Bal
malerialcy Indrical dE:‘VICE used in grinding materials like ores, chemicals, ceramic rﬂ:;l
» €. The mill rotates around a horizontal axis and is partially filled Wi

Ball
mill ig
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*ials are used as media. Industrial ball mills can
- pater™ sontinuously fed atone end and discharged at
npernl;:r end. The grinding works on the principle of
|Ilf=}‘_l | speed. The critical speed is that speed after
Cr;l_!':l": e grinding medium (say steel balls which are
“'Intmqihlc for the grinding of particles) start
| r::r:mﬂ slong the direction of the cylindrical device.
#herc will be no further grinding. ‘

@) Sputt.[g]_'ing or Laser evnpnralkinn

Laser beam

Vacuum

Helium chamber

polE :
rlcri;ll (o be grounded plus the grinding medium as shown in fig. (1). Different
||1:1

EERSRE——

Rotating
cylinder

r,iatarial

Grinding
medlu_m

Fig. (1) Ball mill.

gputter means to SP“} out or throw out and sputtering is a process in which surface
gfoms are phyﬂfﬂ{{l’ cjected from the surface by momentum transfer from an
energefic bofrlhﬂrdfﬂﬁ heam. (say laser beam). Fig. (2) shows a laser e_va]?m'atlo“
sputtering in inert gas atmosphere. A high intensity laser beam is allowed to incident on

chamber.

(3) Radio frequency (RF) plasma method

small micrometer size particles. Fig. (3)
shows a method of nanoparticles

N\
I %
PSS
Cluster
Metal Orifice bg:;
disk

Fig. (2) Laser evaporation method.

(arget metal disc. This causes the evaporation of atoms from the surface of metal. The
atoms are then swept by a burst of helium into vacuum chamber through an orifice. The
expansion of gas in vacuum chamber produces a cooling because it has passed through
orifice. Now the clusters of metal atoms as nanoparticles are formed in vacuum

A thermal plasma can also deliver the energy necessary to cause evaporation of
Collected rod

]

S}*n}hesis utilizing a plasma generated by

radio frequency heating coils. The metal

IS contained in a pestle in an evacuated RF.
thamber, The RF coils are wrapped coils
around the evacuated system in the 000U
Vicinity of the pestle. The evacuated
“iamber js provided with an opening to

l— To vacuum
—

-] .-

0580 — " pump

D

?}:Tr helium gas. The evacuated R~ Evacuated ;
ml{:ﬁ'i?r s also provided a cluster B Metal [+~ Chamber

iquig 1on (cellected rod) device of —n—g:s

‘ nitrogen filled cold finger 1

CmpPL"l' asSEmbl},.

Flg. (3) Showing gas condensation.
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Unified Physics
The metal is heated above the evaporation points by R.F. coils. Now hel;
lum

..w

allowed to pass into cvacuated chamber which forms a high temperature Plagm, 2V |
region of coils. The metal vapour nucleates on the helium gas atoms. I is imsma inth, | ool
mention here that ultra fine particles are formed by collision of evaporated 5, Ny, | g
residual gas molecules. They now diffuse to colder collector rod, where nap,, r% Wi 4l
are formed. " Particl, t
de

(4) Chemical method
The nanoparticles of silver can be prepared by dﬁcﬂmpu .
(CH,),—C,HsNa AlHj in toluene and heating the solution to 105°C for two hos'“E
The titanium isopropoxide is also added to act as catalyst. The size of the pani:{s'
produced depends on the choice of catalyst. For example, in presence of titanjy :s
g

catalyst 80 nm nanoparticles are produced. 2
I

(5) Sol-Gel method N |
Sol-Gel is a chemical process used to make ceramic and glass materials in the form 1

of thin films, fibres or powders. A sol is a colloidal (the dispersed phase is so small iy,
gravitational forces do not exist, only van der Waals’ forces and surface charges g

present ) or molecular suspension of solid particles of ions in a solvent. A gel is a semj. |
rigid mass that forms when the solvent from the sol begins to evaporate and the

particles or ions left behind begin to joint together in a continuous network. |
Typical precursors are metal alkoxides and metal chlorides. The most widely used |

are tetramethoxysilane (TMOS) and tetraethoxysilanes (TEOS) which form silica gels, |
Alkoxides are immiscible in water. Matual solvent alcohol is used. The metal chlorides | =
undergo hydrolysis* and polycondensation reactions** to form a colloidt dispersedin
a solvent. The sol evolves then towards the formation of an inorganic network |
containing a liquid phase (gel). After this, a drying process is used which serves to
rem:ove the liquid phase from the gel thus forming a porous material. Finally, a thermal
treatment (firing) is performed in order to favour further polycondensation and enhance
mechanical properties. |
The sol-gel process usually consists of the following four steps : ;
(i) The desired colloidal particles once dispersed in a liquid to form a sol. |
(i) The deposition of sol solution produces the coating on the substrate. |
(iii) The particles in the sol are polymerized through the removal of stabilizing |
components and produce gel in a state of continuous network.
(iv) The final heat treatments pyrolyze the remaining organic or inorg
compounds and form an amorphous or crystalline coating.
- In brief, we can say that sol-gel formation occurs in four stages
(ii) Condensatioin, (iii) Growth of particles and (iv) Agglomeration of par

(6) Pulsed laser method

o This melthnd is used in the synthesis of silver-nanoparticles. Silver nitrate $
a reducing agent are arranged in a vessel. A solid disc [Fig. (4)] attached ¥

T _— - o mah l‘ﬂ'“‘" b:'

= ™~ i =

anic |

(i) Hydrolyss
ticles.

olutioh
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s | 34| TOOLS TO MAKE NANOSTRUCTURES
es -
|
;
3::: Anumber of tools are used to make nanostructures. Here we shall consider the
to nethod of lithography. The word “lithography” originally belongs to the concept on
nal sone. A lithograph is an ima ge (usually on paper) that is produced by making a pattern

1ce o the stone, inking the stone and then pushing inke
cnsider the following lithography :
(1) Nanoscale lithography
(2) Dip pen nanolithography
() E-beam lithography.

d stone onto the paper. We shall

-
& ) Nanoscale Lithography
nic Ananoscale lithography cannot use visible light. The reason is ihat] theu;'-'a\':izilgth
W Visble ligh is 1 least 400 nanometers. Therefore, structures smaller 1.ar!l ‘;llrt
iis iculy 1 make dj ing it. Indeed, the common methods use .Y-ray lithography.
, ; € directly using it. i< lith hy. In this process, a
. t"‘""*mlﬂlve, current computer chips normally LISE'lhlS 1 Ognpe&-wough that mack
Ea;tﬂ Mask is made using chemical methods and .Y-rays are pass
"duce the actyal chi e i is mi
P structure. . . mall scale hlhogl-dph}' 1S MICTO=~
:’2 impr; " 0f the most straightforward technique doing s

Whitesi his research gro
;’”121:: “lh“gl‘aphy. This was developed by (:“;eoligean d :Zi:]:is::fm: way as a mbg
1By . U“iVersity. This method is very simpl€

P A Pattern is made on the rubber surface (actually a rubber-like silicon/oxygen

Polyme lecular ink. The ink can then be

" iy ou g S lcaiiv iR e w::lll]'l::osurface in small-scale stamps just
licg id OUton g metal, polymer, oxide or any

P rubber on simple paper.
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(2) Dip pen nanolithography (DPN) r.;q/
" - . L . I lTl

Dip pen nanolithography is a process ol writing in the same way pq Ne
lines with a foutain pen. In arder to make such lines in nanoscale, it j5 nee. Wey, !

nanopen. Fortunately, . :

Atomic force microscope is a very high rcsr.lllm-m:? type ul'sc:mning Probe m_nan%:

The scanning probe tip o { this microscope is !‘illl‘llhl[‘ to the tip of a r““"IainI%‘ﬂr; g

microscope has high resolution of f‘ructinln ni“z\. i.e.,, more than 100 time bgenn';

optical diffraction limit, In DPN, a 1‘cs!crvu:lr (.ﬂ ink (_nmms or molecules) i stnr:hr ty

top of scanning probe tip [fig. (5)]._'1 he tip is manipulated across the SUrfag Innu‘
)

lines and patterns behind. A

e . . . Necegg, r“t't, '
an atomic force microscope (AFM) tips are id h“ha' pxc
2a| [ dis[(

Writing
direction
Molecular —_—

transpor

Substrate

Fig. (5) AFM tip used for dip-pen lithography.
AFM tips are relatively easy to manipulate. This fact makes DPN the techniques
choice for creating new and complex structures in small volumes.

(3) E-beam lithography

The light based industrial lithography is limited to creating features no smallert
the wavelength used. Although we can use smaller wavelengths light but this creats
side effects like blowing the feature which we are trying to create. The reason is thy
smaller wavelength light has higher energy. |

An alternate way to solve the problem is to use electrons instead of light. Thi
E-beam lithography may be used to make structures at nanoscale. E-beam lithography
also has applications in current microelectronics manufacturing.

PROPERTIES OF NANOPARTICLES

|
Following are the properties of nanoparticles.

(1) Mechanical properties

Very small nanoparticles have almost all their atoms on the surface. Thes¢ a?m.us
have more freedom to go larger from their equilibrium positions. This chara-::tens’i:;1
can lead to the changes in the structure of these particles. The studies o gtlo
nanoparticles by electron microscope reveals that gold nanoparticles ‘:,cxmmuf_‘E
transﬁ'mrf between different structural arrangements. This property of nmu.JP“m:
matenial is known as fluctuations, At very high temperatures, these t'luc{uatml.li f

cause a breakdown in the s i : ormatio”
ot o ymmetry of nano is results the [0
liquid-like droplet of atoms. 24 particle. This res

o iulil ' 2
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Fig. (6) Strength of nanophase copper as a
function of grain size.

Therefore, the material in nanophase has very high strength and super hardness.

The melting point of the cluster depends on the number of atoms in the crystal. It
increases with increase in number of atoms and attains the value of bulk material when
the cluster contains 1000 atoms or more. Fig. (7) shows the melting point of gold versus
diameter of nanoparticle.

L T{K)

1400+
l* 1300-
2 1200+
€
8 11001
@ i
£ 1090
= 900T

800t

D(nm)

2 5 10 20

Diameter —

[ 3 R ————

o

Fig. (7) Melting point of gold as a function of grain size.

It is observed that melting point reduction is not really significant until the particle

Size is less than about 10 nm.

(2) Optical properties |
The colour of the material is determined

“sorbed by it. The absorption of photons occurs

by the wavelength of light photon
because electrons from lower.energy

i
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Fig. (8) Optical absorption spectrum of CdSe for
nanoparticles of sizes (2 nm) and (4 nm),
ltis observed from the figure

CIRITQY 4 the size of the particle decreases. Theretore,

that lowest energy absorption edge is shifted 10 highy

there is a significans shift iy
opacal ebsorption spectra.
(3) Magnetic properties

The nanoparticles of g magnetic solid exhibts ;

anew class ofmagne
s impartant to mention here that small particles difYer from bulk parti

that they have lower coordination number, A graph betwe
Magnetic moment versys coondination number i

tic properties, |
cles in the seng
en the change in buk
shown in fig, (9).

2 ost
g
g-eo.e-~
i
880.4"
g 024
e e T S t
2 4 § g 10 12
Comhaﬁmnumber"-'-
Flg.m)c'\angglnm&
magnehcmoment
N .Vesmscoorumation Number,
. A
lsclqar Small particles (lower ¢
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| i,*qu Metal Bulk
- Cluster
Na, K Paramagnetie :
Na.K Ferromagnetic
Fe, Co, Ni Ferromagentic 3
Fe, C Super paramagnetic
Gd. Tb Ferromagnetic S
Gd. T s uper paramagnetic
aramagnet;
[_8‘11.__ nagnetic Ferromagnetic
Eleclroniﬁ properties
i)

, electronic  structure of nanoparticles can be stedied by ultraviolet
o-electron spectroscopy. Wh_e“ “Il““"'ioi‘ﬂ photon strikes an electron in the valence
Jof the atom, the electron is ejected from the atom. The emitted electrons are

cd by the device of spectroscope. Now, the number of counts (electrons emitted)
o sbsorbed energy are noted and plotted. Fig. (10) shows a graph between counts
‘ﬁi: energy of copper clusters having 20 to 40 atoms.

.

e e e . s

Counts —

Energy —*

in valence band region of
iolet photoelectron spectrum in
Pl Ulgg;l;er n%noparliclas having 20 and 40 atoms.

articles
. 1i.aring that the energy levels of nanopar’
The graph shows peaks, thereby indicating e gion varies with the size of

e discrete. Therefore, the electronic struture InV
the cluster.
In brief, following are
(i) They are hard. o
: NPt e ; i eratures.
E::%}T'll:fgya;reeegssgle (drawn out into threads) at high temp
(iv) They are chemically very active.
(v) They are wear resistance:
(vi) They are erosion resistant.

the few properties of nanomaterials :

13.6 | QUANTUM WELL, B
__ | QuanTum DOT5
I L

.+ +. ~nntinuously reduced from a _large or
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: : Unifieq Ph |
matter remains same in the beginning byt smal] Jf.v,lc’l
ch '

that the properties of the _ '
aferwards. Finally, if the size drops below | 00 nm (in nano range), o g, )
Fagtio . "

occur in the properties. A progrcsswe g'cncratmn of diminishing Size of g
nanostructures takes place in the following way : e,
1. If one dimension is reduced to the nanorange while other dimepg: by

large, then the structure so formed is known as quantum well as showp i 8 ey
b

Sig
2. If the two dimensions are reduced to nanorange while the lh?rgg'“]hj ;
Tem,:

same, then the structure so formed is known as quantum wire as shown jp fi Mip, LL
3. When all the three dimensions of the material are reduced to nap, rag,;“ Q"
Be

is called as quantum dot as shown in fig. (11d).

‘tr]‘

Bulk Well Wire Dot
(a) (b) (c) (d)

Fig. (11) Progressive generation of rectangular
nanostructures.

M 7

. " It is important to mention here that the word quantum is associated with |l g,
three structures. This is because the changes in properties arise from quany
mechanical nature. Fig. (12) represents the corresponding reductions in curviliney

geometry.
Bu'k Well Wire dot
Fig. (12) Progressive generation of
curvilinear nanostructure.
Example : Let us consider the case of a macroscopic system (big stl'l.lﬂul"ﬂf’r
wire. Here, the Wi

copper wire. In this case, free electrons move throughout the entire

dimensions are very large as compared to the distance between the atoms. Let &
consider the movement of free electrons when the dimensions of copper wire Chﬂﬂg'”;
one or more directions. When one or more dimensions of copper become s0 sin‘lfl_ll Ih:fr i
approaches several times the spacing between the atoms in the lattice, then the Sllf”“[a'ﬁ
becomes entirely different. Let us consider a copper plate of 5 cm long, 3 €™ wide o
only 3.6 nm thick. This thickness corresponds to the length of only 10 unit cells '
means that only 20% of the atoms are in unit cells at the surface of copper Under
situation, the conduction electrons are confined in a narrow dimenios™ ° ..
conﬁgma'tion is known as quantum well. In case of quantum wire, the coppr ¥ eV
long in dimension while a nanometer size in its diameter. So, electrons ‘“(:;hawﬁ

along the wire but are confined in transverse direction. The quantum well M3 e
dimensio™

shape of tiny cube, a short cylinder or a sphere with low nanometer

i
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-!Ill i \'s.‘\ \
N ‘-ulh‘“/"."ml" 18 of quantyy, dot
8

|“l . } B
‘ i prowing hvomai technique
up Technic ERare uge
e

d for the prepar

I
\ ofton !
Atlon of quantum dots ;

ll; " yodown technique
» atom by atom, 1.¢., 0 lL'L‘llniun o Nique
\ TRl ALY 1 c M

;qulll“ d qolecules into the structure '|'I1i.:]P|L
!\‘“'“ w 1‘0“Cd by series of ¢ l S 13

':,‘dioﬂ-‘ LOml (s ¢ lli d res ol catalysts. This process |
T qtalysts called enzymes asse ‘ 088 18 used widelv in hi .

i ¢, ¢ 1-1011@ o oo, -\““":tlshtmhlg amino acids used widely in biology. For

:'onus and bll}} z}ed WEANS of the body, § to construct living tissues that

= op-down techmique:: Thic iq s :

() ”:i o constructed b This is a technique in which materi :
mﬂhcsh’-‘- — . Y Temoving existing _ \aterials and devices are
norefOrCs i this technique, a large scale oby lt g tmateril from larger enties
. . 2 0 o f cc ) H Y H '
aimcnsm or dimensions to nanoscale pattern ('I'rl thm ol teducedln

nique called lithography. Lithography is ¢ . This can be accomplished by a

o nma y is an image that is produced by making a
o ON the stone, inking the stone and the - : y MaKing ¢

, sed n pushing the inked stone onto the paper

. lithography uscd may be a nonoscale litl . pap="~
ithography Thc'litho raphy .‘-L i 10g_.r:1phy or dip-pen lithography or @
Udiati'o ersiliv graphy s‘hmcs radiation through a tip to the surface
ive resist. The resist is then removed and the sur

in which my

ol L'mm.,:"t'h materials and devices are

L'“"riu(l.n date and fashion individual
uthy a sequence of chemical

£-beam litl
d with ra

face 18

coale
chemical\y rreated to produce the nanostructure.
The semiconductors Iike PbS, GaAs, CdS, etc., can be synthesized in 2 nanometer
like band

level and they are called as semiconductor quantum dots. Their propertics
03D, |uminescence, etc., always differ from their bulk counterpart.

13.7| CREATION AND USE OF BUCKYBALLS

Until 1985, there were only two known forms of pure carbon-graphite and
diamond. Both these substances consist entirely of carbon atoms. However, they differ
greatly in their structure and physical propertics. First of all we shall discuss the

structure of diamond and graphite.

Diamond.

In diamond, all carbon atoms

lattice. Fach carbon atom is bounc h
ttrahedrons. This structure makes diamond extremely
structure of diamond.

are stacked neatly in a three-dimensional array or
¢ other carbon atoms in a pattern of
ard. Fig. (13a) shows the

ond gtructuré

plam
f diamon

. ettt ir@ 0

Scanned by CamScanner



" —-.u““u(! j:h '_-
Graphite. In graphite, the carbon atoms form sheety of linkeq h 5’3!,:3‘
carbon atom within a sheet forms strong bonds to (hree other ¢ 8§ \

I‘Il'hnn aloy “El‘:m“ b i A
the sheets are held together by weak bonds due to van der Waal's Ty, 4

. ns, |
0 T ! I . II " [ v o . X (‘il'l:eﬂ‘ r .n‘l"hl.«
that the sheets can slide past each other. Therefore, graphite is sofl ang ... "5 m %
. - . - - r
the reason that the pencil, which has graphite in its leads, leaves tl‘ank"}:.qy‘_rhi, |
dragged across the page. Fig. (13b) shows the structure of graphite, lselp, Vi

the structure of carbon atoms connected by covalent bonds t)

- 35055--0@@ .
>
B - Carbon

atom

N a sheet of gr §

aphi'le. 1

Graphite sheets

Fig. (13b) Structure of Graphite ‘Flg. (13¢) Structure of carbon atoms Connecteq
sheets covalent bonds in a sheet of graphite,bY

Buckyball.

In 1985, a third form of carbon was discovered. It is a hollow cluster of 60 carbog
atoms shaped like a football. Just like the case of graphite, in which each carbon atomjs
bonded to three adjacent carbon atoms and arranged in a sphere about a nanometer
diameter. It was named Buckminsterfullerene or in short “buckyball” after the famous
American architect R. Buckminster Fuller who had already designed domes in this
structure. The shape of a buckyball is shown in fig. (14).

Covalent Carbon atom

bond

(i) Pentagonal (12)

(ii) Hexagonal (20) ] i phases

Flg. (14) - Sixty casbon atoms in the shape of a sphere with 32 faces—a buckyball

Buckyball is the ro
world, The buckyball h
connected by 32 faces,

undest and most symmetrical large molecule known in the
as carbon atoms at 60 chemically equivalent vertices that 31;
family of re] 12 of which are pentagonal and 20 hexagonal. Today, ahWIgau
buijbaH ;e- ated molecules has been discovered and come under fullerenes. T :u-es
family s the most famous of the fullerene (closed spherical carbon struc

. . , ’
latti;h}?a?" like molecules bing with each other in the solid state to form crysL
“having face centred cubic structure, In the lattice, each C, molecule is separd

% K
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/i : cncanSl NEISHVOUUEDY 1 nm, )
U m. The molecules in 1y ¢ e

Tn cules in the cl

. Cus (
Dl] b P 1 e 4] Nie .
o o waals® forces. Ihe C lattice "’“lcllsmumetcrnl"l(‘

are el
d1op i -Cuic
has twq ht;t‘ﬂlw.- by weak forces :':]:HIL;:'IIL
X | s called th
\orter llul“t;lhs. I'he bond Icnglhi
engths between hcxngnﬁ

h
"ﬂﬂ\-c;ﬂ (wo hexagons ((lulll)]cm{,‘(;:::;l““"’
f"s g penmgon. ) are |
g Jarger bulkyballs such as C,, ¢ :
ol gmaller bulk-balls _Czo- C,s ﬂnd?g ,,in andC,, 1
n face Cf:nl[-ed cubic structure, 263’,? lave
s Are easily fitted into the empty Smg‘of v
tassium metal are placed in 1;1 es be
ssium vapout diffuses into these e;“p;v::

", nortant 10 mention thatC,, ¢ b

js1Imp  becomes e]-CCtl‘iC:lHﬁf'] crystal is itself an insulator but whe : :

ar ductivity witl } conducting. It is observed ;NHJ} topedwithalktl

W crcofn l;me:-coidu‘ 1_} transition temperature 18 K. This l:wd11m:| K(-}.C"” shows the
S ctin 1 ) adto the +

glass.cj P g me}tenals. CS, Rb Cg, also show S Orn?w

qansition temperature still high at 33 K. s superconductivity with

Creatioin of Buckyballs

. Buckyballs can be created by vaporizing carbon placed between two graphite rods
which are Pl'c_lc'id in low pressure helium atmosphere in a reaction chamber. An arc
-.n;el'der s-upplies the p.ower to arc electrodes. The helium atmosphere is uscd'bccausc
helium 18 an unreactive gas and it is capable of transferring heat rapidly. When an
electric arc 1s generated between the electrodes, a tremendous energy is created which
is ransferred to carbon. The carbon is evaporated to form root and buckballs. The
buckballs are condensed on water cooled walls of chamber. The roots are then
separated by using solvents such as benzene. Note that neither helium nor neon €an

bound with carbon.

Propesties of Buckyballs

Various properties of buckyballs ar¢ -

(1) Buckyballs can be used in various appli
unusual hollow, cage-like structure.

(2) Buckyballs are also extremely stable and

and pressures. an reac
(3) The carbon atom . otill intact.
leaving the stable, SP tructiEs
(4) New molecules can be ¢
buckyball and by trapping 5"

than bon,

also b;l:lt{ ilﬂls:n l-we" found. In addition

olume of | (-umﬁc.d'

lween l110|e”~]",l:c” is empty. The alkali

uated tube Lll|;]l1' oAl Whien(Ceg cysta 4

wcesands CUun heated to 400°C, then
a compound K,C, is formed. It

cations because of their chemistry and

can withstand very high temperatures

¢ with other atoms and molecules,

e outside ofa

ckyballs are still under development

Uses of Buckyballs ,iiond
Most of the commcrcial appl.lcasl ere buck palls can be used are : .
stages. However, yarious appllcatm". rting e right amount of potassium OF cesium
(1) Whena buckyball is dope Lal, it be comes 8 S"percamfncron It is the best
ithin the €

into empty Space

organic supercon ’ rty s
9 ule can @ ; .d. This prop¢
e mdecture is ais not disrupte® 1'11 P'lcl than metd

buckyball StUC o medium for hydrog

can be a better St

s Wi
to us- ' for each carbon atom. The

ductor

uggests that buckyball
| hydrides.




(3) Medical appli
regions of the

delivering elements . '
antioxidants, counteracting free radicals in the human body,

body. Another potential use of buckyballs in Medic; © inf
for medical imaging. Buckyballs have the ab“if:e m,,m're
Yig, 1

3
and anti-wrinkle creams are also being developed using oy
eing used to develop stronger polymers, uck}'ba"!
d light detector has already been developed by Sie .
d for production of diamonds and carbjde, :;e c:

i

(4) Anti-aging
(5) Buckyballs are b
(6) A buckyball-base
(7) Buckyballs are being use

tools or hardening agents. n
(8) Option for silicon chip in computers.

13.8 | CARBON NANOTUBES |

Richard Smalley (1990) was the first to give the concept that if buckybag et
enough, they can become carbon cylinders. Sumio lijima discovered these 8
cylinders in 1991 and named them nanotubes [fig. (15)]. Their name is derived g,

Covalent bond

Carbon atom

Fig. (15) Carbon nanotube.

their size. The di ..
up ltLS;:erlﬁe diameter m“‘a nanotube is in the order of few nanometer while they €& :
nanostruct:i m:hmeter in length. Carbon nanotubes are allotropes of carbon

¢ that can have a length-to-diameter ratio greater than 1,000.000.

Nanotub
membersesoafreﬂfgmﬁfﬁ;; the same time when buckyballs are formed. Naﬂﬂmbes.cs[
buckyballs ne structural family which also includes the SP""

~ _
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W g pan0oteEE e o o STEPTLE rolled roe
| @Ibon atom 1S covalently bonded to thy. Into a cylindrical structure in which

cﬂrba ¢¢ other carbon atoms,

& ison with Buckyballs

M |ls, carbon nano
g ike buc b::;:dc::l tol hree oﬂlll;t)es alr:: each a lattice of carbon atoms. Each atoms
covﬂ["m caroon atoms, Basically, carbon nanotubes are
I;i

" ybﬂus. Ho‘:vev;:; tsl;:‘:reemtz_l never closes into a sphere when they are formed.
t‘Up::a of forming pe ol a sphere, the lattice forms the shape of a cylinder as

poes o
Nanombes can be of two types :
) Single-Walled Carbon Nanotube (SWNT)
) Mulli-Walled Carbon Nanotube (MWNT)

(1) sjngle-walled carbon nanotubes: A SWNT can be thought of a
Gne-alﬂm‘lhiCk layer of graphite (called graphene) wrapped into a seamless cylinder.
They are 20 important variety of carbon nanotubes because they exhibit electric
properties which are not shared by MWNT. In the near future SWNT will be used for
miniaturizing electronics beyond the micro electromechanical scale. | _'

@) Multi-walled carbon nanotubes : A MWNT consists of mu!nple conccj:ntrlc
qanotube cylinders, i, they consist of multiple layers of graphite rolled in on
ihemselves to form a tube shape.

These are shown in fig. (16)

O &=

Fig. (16) (n}.SingIe-walled and (b) Multi-walled nanotubes.

. L ﬂmbes - .
Production [S}'“thesm] ofi==s, dding a few percentage points of vaporized kael
d bg’ 5:1 Carbon atoms dissolve in the metal nanoparticle.
arbon.

: ith carbon atoms, carbon atoms start
When the metal nanoparticle i filled to the bnm wit o ends o he growth of a
: . c|e and bond 108ethe
reingonohe efee Ty ke e et rtothe
(huckﬁ’ba.“} (jf“;l: ::;ason is that when one end e gtm\zlz?: ':Juckyball. This is also the
Metal nang .article it can not clos€ into the sphere simE[le - aparedio buckyball (60).
®ason whypnanam,bes have more carborn atoms (101)

Nanotubes can be produce
nanoparticles to the vaporized ©
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. s are bei roduced with a r of LR
Commercially, nanotubes are being producec A number of Metheyy, T ﬂ’ /

s are r discussed. i
these methods are now disc %I:

(1) High-Pressure Carbon monoxide Dcpr..r.viﬂ-rm (III] l‘('j(.')) .
This method involves a heated chamber ”:l(llllrg l1 which cnr.lmn Mo Oxig
and small clusters of iron atoms low, When car .m.n‘ Monoxijde Moleg,, o ® o,
on the iron clusters. the iron acts as a cul:;lyst. I'his helps 4 Carhop, nr: Iﬂnrj
molecule to break up into a carbon atom and an OXygen alom. The c*“'h”n"md,_
bonds with other carbon atoms and a rmnc.}lube lattice js formeq The xahm
atom combines with another carbon monoxide molecule (o form carbop digygtﬂ

gas. The gas then floats ofT into the air.

(2) Chemical-) apour Deposition (CV D)- |
In this method [Fig. (17)], a substrate is prepared w:l_h a layer of mety| cay
particles such as nickel, cobalt or iron. The substrate js heated to appmximmi’lﬂ
700°C in a chamber. To initiate the growth of nanotul?es, Fwo gases are blo“y
into the chamber. One is a process gas such as ammonia, nitrogen of hy droge:
The other is a carbon-containing gas such as methane. We know that mefhane.
contains one carbon atom and four hydrogen atoms. The high temperatyre inthe
chamber breaks the bonds between the carbon atoms and the hydrogen, atomsi,
the methane molecules. This results in carbon atoms with no h)’dmgen 2tomg
attached. These carbon atoms attach to the catalyst particles where they bond
other carbon atoms. This results in the formation of a nanotube,

[ 7\
! .
Substrate ( I_I_E
\ E CH;

Furnace ’
Vacuum
pump
Fig. (17)

() Laser Evaporation method
The experimenta] arrangement of Jaser evaporation method is shown in
fig. (18). It consists of a quartz tube containing an inert gas (argon gas). A
graphite target is placed inside the tube. The graphite target contains a small
amount of cobalt ang nickel that act g catalytic nucleation sites for the

Water cooled
copper collector

|l|-'.I-J|||h|r|.l.|:|,|.'|.|l'"l T
!

{ Graphite targey

Laser




ale*="

0
(il i {nano . :
\ mation - tubes. A par of the 3917 %

fo .
o cooled copper collector, T} quartz tube oyt :
S gr side the furnace consists of

Wﬂ . .
ce. An intense pulsed |; aphite is he;
pulsed laser e heated to 1200°C with the help of
- 0

furnd beam ¢ am is al)
; qser Ot vapor: . ¢ S allp S
rhe 1as aporates the carboy Owed to incident on the target

s the carbon atoms f; - aloms | )

sweeh tubes are § from high temper; l‘(lnI] the graphite. The argon gas

ow nano ubes are dc"CIOpcd as the y ature side (o colder copp le] =
2 er collector.

co : aporized ¢
f copper collector. This Inclhmlulmrh“"Cﬂlulcnh’cs' on the cooler

Ui;rndulces single walled carbon
parison to other methods.

qurface ©
nmmtubcs. This 1s an expansive method |
qrbon arc method inc¢

) in this method, panotubes are produced in
Juring an arc discharge [fig. (19)]. A pot e car.l;(m soot of graphite electrodes
4cross graphite electrodes which are s cpilfl}l‘[“]ddtl, fference of 20-25 V is applied
5-20pum dlat'netcr_ Carbon atoms are cjcctcldcfrun:’ tLem no‘ls:‘]:? . lm;.:c d”:;c?jsmns
high ?cmperalure generated during the discharge ancll) ft:r:Ve c u:lr(; e due ttlo
negative clectrode. When a small amount of cobalt ’;izl‘zgiml - '0: ! z
incorporatcd as a catalyst in the central region of c:;th;:de a sin?;rle]:v:r:llcld
nanotubes are produced. If no catalyst is used, then mu:li'waned'mbcs are

produced.
Arc ellectrodes
Vacuum pump
Fig. (19) Carbon arc method.
13.9| PROPERTIES OF NANOTUBES _
I e tensile strength (amount of force

Shgres nanotube® * sfj[hout tearing) of carbon nanotubes is approximately
s i er. This is due 10 the fact that

which an object can withstar > diamet
100 times greater than {hat of steel of the sal . enth provided
firstly, each carbon nanotube is ON° large '
) sovalet
by the interlocking carbon-to-car.bon uo:'low vt Y
(2) Nanotubes are Very elast’™ WZ -lnThc Young M
how much force a material 18keS bend 1'- Jaruiubes have a perfect
higher than for steel This is due 0 the fact that
2 ] . oy Slrﬂng' . . .
bond strength between carbon & ms 15 very Jotubes are light weight witha
| (3) In addition 1o bein stw“? ey +eramal conductivi
¢ that © steel < very gh. The thenmal con uctivity
nanotues d ess of thermal conductivity in

bonds is verY large-
odulus is a measure that

odulus of nanotube is 3 times
structure and
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;< different that of conductors. The conduction in conductors gy, : M'*L‘

es is differe ctrons. On the other hand, the conduction jn ”“nonhat“‘hh .
alent bonds holding the carbon atoms together ;)_ﬂq t:’l’-c;
at. Therefore, nanotubes are good cumiuc.lnr';lrnr.n i

be a nonpolar molecule (a molecy)e Wit b
I Ity
It

[ e A TR
nanotub
to movement of frec ch:.
place due to vibration of cov e
also uses this method to conducthe .

(5) A carbon nanotube happens (o

end and a negative end). . _—
- show - rnetoresistance (;
arbon nanotubes show negafive mag 1ce (a phenom,

ce of a material due to variation in.(l.c. mugnc‘tic ficld), M of
(7) Carbon nanotubes are metallic or scn:ntcnnduml‘ng depending upon (he dia

and how they are rolled. The synthem-s of cur-br.)n nanotubes 'gcnerall_y resultg incr
two-thirds are semiconducting and one-third are metaljc,

al current density more than 1000 {imeg erare:

. 3
positive
(6) The ¢
change in resistan

mixture of tubes, :
metallic nanotubes can have an electric

than metals such as copper and silver.

In brief, the nanotubes have the following unique properties :
High flexible, can be bent considerably without damage.
Ve;_v elastic ~ 18% elongation to failure.

Very high tensile strength.

High thermal conductivity.

High electrical conductivity.

Low therma! expansion coefficient.

High absorbent.
e Good field emission of electrons.

Explanation of Properties.
Now we explain the reasons why carbon nanotubes exhibit these properties in
detail : .

(1) Due to the symmetry and unique electronic structure of graphene, the structure
of a nanotube strongly affects its electrical properties. For a given (», m) indice
nanotube, if (n, m) is zero or a multiple of 3, then the nanotube is metallic
Otherwise, the nanotube is a semiconductor. Hence, all armchair nanotubes for
which n = m are metallic. However, only about a third of all zigzag and chiral
nanotubes have electrical properties like metals and others (two-third) are like
semiconductors. For example, nanotubes (5, 0), (6, 4), (9, 1) etc. are all
semiconductors.

Carbon nqnotubes conduct electricity better than metals. We know that flow of
;lchqns is known as electric current. When electrons flow in a metal, they
ump into metal atoms. Hence some resistance is offered to their movement. I
rc::ehof carbon nanotubes, the flow of electrons is governed by rules of quantim
Chaimag;lcs‘.t hHence, electrons behave like a wave travelling down a smooth
wilth no . .
Within na atoms to bump into. This quantum movement of an electro
1otubes is called ballistic ¢
2) Carb - ansport,
(2) Carbon nanotubes are su 2 ormed
b ! per-strong because of the covalent sp* bonds for™
etween the individyal carbon : 10
that each carbon nanofype = ‘”0;"5- Another reason for being super-stror>
(3) The 15 one large molecule
B thrf.zascm for carbon nanotubes to be stiffa o . the bond$
€ atomic lattjce donot bregk West material on earth is that
eak when we bend or compress a nanotubé:
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Iﬂﬂierlaf ductivity in nanotubes (a; EE&#-' %
Y con €5 laKes place just Tik

nanotubes conduct heat by ardike

\"Jﬂ 1'[1!-‘“
t j atoms together. The a

“ . as in case of diamond.

. the vibr X

¢ car TU”ba . ar‘""-‘]‘ OI:Ihc covalent bonds holding
(e I3"’r-[thc heat through the material, The :‘liﬁlgglmg arund themselves and

smi v ol o ' ness of the c: i

25n1iﬂi"g this 1L]:1li:q'z|t1u:)|1 throughout the N arbon bonds helps In

rd ecules are molec ' iy

?*I““pomr moi:louds on the sur;'J;:t:S without a positive end and a negative end.

Jectron ce of each nanotube provide a mild attractive

{5] he € . .
che petween the nanotubes and is called van der Waal’s force

|| USES OF NANOTUBES

perties discussed in the previous article, nanotubes can be used in

g 10 the pro '
7 plicaliU“S as under :
ﬁﬁ) ge 10 its unusual current conduction r'flechanism, wires made from nanotubes

can conduct huge amount of current with less power wastage. Note that wires
nade from nanotubes are different from nanowires.
with nanotubes and nanowires, we can produce transistors and memory devices
sbout nanometer wide. This can be used to reduce the size of the devices and
wires as the complexity of computer chips increases. Nanotube based transistors
can operate at room temperature and are capable of digital switching using a
single electron.

(3) Nanotubes can produce materials with toughness unmatched by natural and
man-made materials. Due to its great mechanical properties, nanotubes can be
used to produce from everyday items likes clothes, sports gear to
combat/bulletproof jackets and space-suits.

(4) Nanoscale electric motors have also been developed using nanotubes.

(5) Chemical vapours arc¢ also being detected using nanotubes. Sensors using
carbon nanotubes have shown to detect chemical vapours with concentrations in

the parts per billion (ppb)-
(6) Research is being done to store

act as a fuel tank for hydrogen fuel cell-powered cars.
(7) In medical applications, the carbon nanotube can be used as a vessel for

transporting drugs into the body. It is especially being used for treatment of
cancer in destroying cancer cells.

1311} APPLICATIONS OF NANOTECHNOLOGY

is a far-fetched idea with no near-term

hydrogen in nanotubes. [f successful, this would

w’_“‘wv people believe that nanotechnology
Plications, However, till April 08, about 600 products have already been developed

g
n nlgnﬂl'lt}ttclmg]ogy_ We have already discussed the uses of buckyballs and nanotubes
) € previous articles. To make the discussion complete here, we now present the

0 S
"L;S applications of nanotechnology :
Electronics :  Electronics is currently the workhorse technology for

omputing and communications as well as a major comp ERAISION Sosher
ons of nanometers in either

{E‘J{;nds. The electronic devices with typical di.menm i !
the three directions, display many uniqte properties. Single electron

ansistor (SET), spin values and magnetic tunnel junctions (MTJ) are

h
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7354 Unifi
. . Nifie
conceptually new devices which are based on nanotechy,
8]

(l Phy
are f':llsh:r, compact and rclmi\'c'l}' cheaper. Spin valve :Iuvj,:h.‘f:;"- Theg, e
used in personal computers to increase the storage capaci %‘- Are Alreg -'.-u_._», 1
use of spin valves and magnetic tunnel junctions is prowin ,3’ 0l harg ige, ™
spintronic (spin based clectronics  or m”mluh’tlﬂ.ﬂ," W fig, : The
nanostructures, it is possible to reduce the size of I‘Ill.‘ll]l."lr:r":r‘hlll(;q}_ ?J.Im
more and thereby to increase the density of a magnetic mer ity 5""-‘+I;,,]'!:'"‘!
efficiency, and lower its cost. Nanolithographic methods nm’i.]”:'}"' INCregg, ¢
to prepare  some strikingly - powerful  memories. an;nlrt'-m'v h“irr\ I
nanoscience offer dilterent memory possibilities. Other rnuthn:iLhrnm” Y 1:!:
density memories have been proposed in the general m‘cqs ?r 0 high
clectronics. A number of spin based devices like spin FE-‘T” Molecyly, |
encorders, decorders for modern computers are being P'L‘Parcd- ,}_lspln LED,
computers using nanotechnology will be more powerful 'tha'nr: Quantyy, |
computers. The flat panel television or computers monitors are the M existip
Productg o

’Rfr.-!'. i

nanotechnology.
(2) Optics : Electric light and fluorescent lights are in common use, Nanogg;

has entered in the field of light emission by the use of light emitting ;
(LED). In LEDs, oppositely charged electrical carriers (electrons nndgﬁllodc
recombines in an excited state. This excited state loses its energy by T«les!
emission. Most LEDs are based on semiconductors. T he phe:ncfrns:ngnlght
Juminescence is also of substantial interest in a number of applications Fur
example, luminescent bar code structures are available. o

Charles Lieber’s group at Harvard has recently demonstrated that crosseq
wires. made of semiconductors with nanoscale dimension, can act light emitting

structures. These cross-wire emitters are probably the smallest current light
are intense and their colours can be chosen. Therefore, light

sources. They
is one of the most immediately attractive

emission, like photovoltaics,

applications of nanostructure.
Almost all communication involves the transfer of messages.

Nanotechnolgoy and nanoscience have been active in producing effective
fibre-optic structures. Fibre optics permit high speed, efficient, high density,
high reliability passage of enormous densities of signal. A single fibre network
can carry tens to thousands of data streams and voice conversations at once.
We have studied that in electronic circuits, the resistive heating causes
dissipation of energy and wasted power. In addition, high frequency electronic
devices such as computer networks and microprocessors face issues of mutual
and self inductance. The circuits can act like antennae and signals can jump
from wire to wire when frequencies are high and wire spacing is low. Optical
computers and optical devices, because they do not move electronic charge, 3
nearly immune to above both problems. This is one of the signal advantages of
optical circuitry. »
(3) Piagnostics : Nanotechnology is helping in medical diagnostics by providing
faster, cheaper and portable diagnostic equipments. )
) Novel drugs : Nanotechnology aids in delivery of just the right amount ©!
- Eedicmt: to the exact spots r:?rthe bf}dy that need it. o Gty
nergy : Nanotechnology will provide new methods to effectively utilize
f”"ill'lr‘::;;llljﬂgy resources. [t :will also present new alternative fuels. Solar cells
ecome cost effective.
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(6) Water : Nanotechllology Will provide effi
Water from the oceans Can also be converted intg drinkiny

0 Superior, Ihght weight Materiqls The strength  and
nanomaterials make them Suitable for yge In tear resistan; cl
(bullet-proof clothip

£s), spouts Materials, etc,
(8) Cemputers : Computers can be maq

2
Y s

ation techniqueg
Water,

light weight of
othes, body armour

cient watey purific

€ more powerful and smaller using
nanotechnology.
(9) Sensors : Sensors based on fanotechnology are’more sensitjve and hence more
effective.
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