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ewhibil  Smi conduchi vi#z . Thye Compounds, o g'roUpcd into

® stoichiomelyic Semi conduch‘nﬂ Com poundy
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to A ﬂ"muf’)' the enerqy gap an}-f‘ur"ﬁt.r veduced to 0. 6% ey
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® Oclect Semiconduciors :-
Mainy non- Stoichi omehrit empound; ost  as Sc.m.t.onduch:rs
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pet™ there by produting elechrical Conduch vity- Tkm_ non- Stoichiomelric
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4
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chol cogens  ( culphor, St, Te) on melting give Visous .\-‘qﬂ:dé,

which qu;‘ca:h,, form 9\assq on Coo'c‘nﬁ. Cholcogen - based glasrer
behave G4  pholo Conductora. Se'. s an etcellent photo conduy Jor
and it's elechonic conduch‘v-‘hj enhancy on enposure do light:
the principle d- photo conduchon s used in Xevogqraphy ((ﬂqohﬁoﬂ*f’ﬂ)
protess: : :

the Xevor mathine C_SSu\Hallj consiss d. a ujhndn'cnl ro}-o.Hng
muolic drum with a very thia +ilm d amorphoos Selenivm on it.

The pholv topying proces involug He follow! n9 steps :

tovona Wirt

4
1.
<&

® oischarging

\.

Y

GJ—D?-W-(DP?\S = o
® 1mage tonsfer S

P—”-_Pafa-“‘"‘ of smi conduetors - For preparing Semi- conducHng devicy,
the basic moterialy .S?'f&g' must be PU“- for ' pre paration d, h?g“’
pure Si L | the Followrnj methody are vied
1) preparakion 4 purve St be

Y Doping tedhniaud.

3) LuH-‘nJ into chips.

) prepoyation cL pure si]o.e_ !=  This i Carmed 1,1 -Fallowa"nj mcﬂqoch/
a) Oistillakon
b) 2sne rt#nimj
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a) Diskillabion i~ £+ is bated on Separotion 4— rake rialy dve to «1 E
diffe rence in - boiling pointt (bp's). The 1w mektrialy Gecly and '
SiHely are vied fr  preparabion d- pure Ge 4 1 fq.pt.t'.f-?.vd)d.

 pure Becly is obrosred, by paising vapourd through the
#racHonaking edumn. pore Getly So, obtained s breated  with
extro. pure wWatdh fo g GeO, , which is then yedoted (in .on
akmaiphoe d- Wdragux) to get eemental germanium, which i< then
qujccu fo  purificobion. | -
Explain Zoma - Sudining melRod od Sewi andudi 2 .

%) 2one ﬁ—ﬁ-‘nt'ng i~ THis a technique d- purifieation , which involuy
‘n-u\‘n-a,ll:aah‘on, principle d, Hiis technique iS Yimporiby an

more solubl in the molfen Han in  the Solid makevial™

the following -Pfg- shows a Verbel 2one Tefina us«d for
the porificobion - 4 G- - ‘

pure soedified Geirod. H
Redoting al"'_ml’m“-'
molten Zone- .

|_—

/

) _— RF coil Slou)lg
_| mou.‘nﬂ down wardy .

- .L -(1000°c)
G =ty

= Fig:  2one mefining 4 1%
clamp

Tn this mebhod, o vod 4 6e iy placed verh t_‘.,Lnx and heardd

by o RF cotl o aboul- l000'c in a rc.duc"ng. o.tmusp&w_. when
the heattng coil  movd sowly from tep o boHom, the itmporiby
are Sweft down with molten malerial , while the pore "‘6e¢ vod
Solidifia ar the  uppen portion. when  the porificabon d~ Lppen
porHion 8- the Yod IS campld-f., e boMHom porbion L the rod
(whew imporibd ox mde) s Stapa-rahd.
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® npoping fechnique - For getting doped material, coleulated
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a) Epitany :- It inveluu deposition 4. thin \ayo & dopantt on

G ) GL . In thit method, S @) Ge wefer is placed in o b"?

anlfndr-°cn1 rol.ﬂa'-’tubc veactor , which s then heoted by RF coil -
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condy c+ing mgl-cr:a.l without any mdhing. The procey consishs 8-
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Elechon 4+ hole — Energy,
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insulaive -
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The emiter & p- type and junthion -T 1 forward bieyed, So o. )
large number &- hely enton Hhe bage vegion.  If the bage is e.mfrt_mchj
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mogne . .

. ol o P MFMWL% 'Z_Qiu examples
Ferromognebism i~ Subskanty] like ZIvon, Cobaﬂ-,ru?, are atacked

very stongly by o magnetic field. Such Substancy ore Catled
forvo magndit  gubstancy. and Hye Subskancy are pcrmam_nlr{:;_
mag netised. |

. £n solid stare , the, me.'lnl iony  d)- ferromaq Neic fobstancy are
srou'be.d 10 ge then into Small  TE4ions Call¢4 d.omoun& " and e0ch
domain acH a3 a Hny mognd‘- In an Un—mo.jneHud preee 4-
o furro magnesic substanct ,  the domains axe  rondemly oriented and
Net magnekic moment odw hon- 2ex0.

when ‘Hie sobsranee Is placed in a mogneHc fud, all e
demains oriented in the direckion d magntht fdd and a shom
magnec efecs is produced. this ordering d domain persisk
even when  magneh'c tidd i removid ond  fervo mogndic Subitana
becomt| @  pAmanent magnek: ’
' Ferri maqnetism i- p('r"rl'mo.qnw'{f"!n“"j oblLr.w.d when  Ha

magnetic momenH A the domaing in the Substance ave a.ll‘.‘gnui
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They ore wmblﬂ oH-rotked by magnehic fidd a3 com pared 1o
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T .Pgrro mo.gm.hc. Substance).
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Fey 0y (magnehte) and ferridy like

Fe,04 Ore examply 4 such Sobstancey. Theye

Mg Fe2 Oy ond NI
in the abfne

sobstancy  lofe ferri magneliim  on heating and
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@ @ @@ @ @ — Ferro m'agnuv‘g
@ @ @ @ ® (B - rerri magneic.
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edhol ane M[al-xd 4 Exphw'ﬂ\&md SwicdalBs T
Insulators

i st - the Pw
lnSulaHmj materioly ‘are the Substancy which resist - the

of heat, Sound and chdmicty thyough  them.

There o +wo +ypes ?nSulo.h)rsl

® Thermol  insulators
® Elechrico)l  insolators. (er) OF dechrice-

1thirmal insulao - Thuj resis the flow o heot
ex:- asbestos, glap wool, Ribre bOard foamed pb'bjﬁ‘lﬂmdt

" A substonce that reducy the vate d transfer d heat
berwten objeeks  in Yhermal Contack ¢ a Hermal insvlator®

A thermal insulabing  makerial is placed bthueen a  wanm
Tegion ond a ceoler mglon o veduce the rabe ﬁL heat How

40 the Ccooler Tegion,

propiy i~ A Hermal dinsvlator chould have ,
@) Ther mad Shb?la"hi

®)  Dimensionol stob:liy
©) chemical stability

W) Jight in  wesght
@) Non iNflammable and water proof.
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UNIT -3
PART -II

Nanomaterials: A nanomaterial is defined as a material having at least one dimension in the
nanometer range. Nanoparticles have great scientific interest because they are effective
intermediates between bulk materials and atomic or molecular structures. A bulk material
should have constant physical properties irrespective of its size, but at the nano-scale this is
always not the same.

Size-dependent propertics such as quantum confinement in semiconductor particles, surface
Plasmon resonance in some metal particles and super Para magnetism in magnetic materials.

Q1) Explain the Sol-gel process for the preparation of Nanomaterials?-

Sol-Gel process: The sol-gel process is an example of bottom-up process and is very long known
since the late 1800s. Sol-gel is a chemical solution process used to make ceramic and glass
materials in the form of thin films, fibers, or powders. A sol is a colloidal (the dispersed phase is
so small that only Van der Waals forces and surface charges are present) or molecular suspension
of metal or metalloid dispersed in a solvent. A gel is & semi-rigid mass that forms when the solvent
from the sol begins to evaporate and the particles or ions left behind begin to join together in a
continuous network.

M — OR + H,0 - M — OH + R — OH (Hydrolysis)
M—-0OH + RO—M - M —0 —M + R — OH (Condensation)

> The sol-gel process is a wet-chemical technique that uses either a chemical solution (sol)
or colloidal particles (sol for nanoscale particle) to produce an integrated network (gel).

» -Metal alkoxides and metal chlorides are common starting materials. They undergo
hydrolysis and polycondensation reactions to form a colloid, a system composed of
nanoparticles dispersed in a solvent which is generally an alcohol. The sol evolves then
towards the formation of an inorganic continuous network containing a liquid phase (gel).

» Formation of a metal oxide involves connecting the metal centers with oxo (M-O-M) or
hydroxo (M-OH-M) bridges, therefore generating metal-oxo or metal-hydroxo
polymers in solution.

» After a drying process, the liquid phase is removed from the gel. Then, a thermal

treatment (calcination) may be performed in order enhance mechanical properties.
Advantages: (i) Able to get uniform and controlled size of nanoparticles. (ii) Can be carried
out at low temperatures and can have better control over the reactions.

Q2) How nano-materials are characterized using BET, TEM and SEM methods?
> The characterization of nanoparticles can be done by using BET, SEM and TEM methods.

L Brunauer Emmett Teller (BET) method: This method is used to determine Specific surface
area (m?/g) of nanoparticles by the absorption of an inert gas (typically N2) on the surface.
Working: The sample is weighed and placed into a vacuum chamber to remove moisture and
absorbed gascs. The sample is then cooled down to a constant temperature by means of liquid
nitrogen. N gas is adsorbed on the sample surface. From the amount of pas adsorbed at a
given pressure an adsorption isotherm is derived. The BET theory is then used to determine
the amount of gas necessary to form a monolayer on the surface, also called the monolayer
capacity. From the monolayer capacity, the specific surface area in m?%/g can be calculated.
Other inert gascs, such as Ar or Kr, can also be used.

Note: Dry samples required. Fast and relatively cheaper method.
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2. Transmission Electron Microscopy (TEM): This method is used to determine primary
particle size, aggregate (particle size) and agglomerate size of nanoparticles.

Working: Transmission electron microscopy (TEM) is a technique involves a beam of
electrons is transmitted through a thin sample. An image is formed from the interaction of the
electrons transmitted through the sample, the image is magnified and focused onto an
imaging device such as a fluorescent screen, for viewing the sample, or onto photographic
film, for a record of the sample. Areas of dense material (such as solid nanoparticles) absorb
the electrons and appear as dark areas on the viewing screen. Less dense material (such as
coating around the nanoparticles) allows the electrons to pass through more freely and appear
as lighter areas. Typically a final image will be 200,000 times normal magnification and the
TEM is capable of achieving a magnification as high as 1 million, but the quality of the
image decreases as magnification increases.

3. Scanning Electron Microscopy (SEM): is a test process that scans a sample with an
electron beam to produce a magnified image for analysis. The method is also known
as SEM analysis and SEM microscopy, and is used very effectively in microanalysis.
SEM is a method for high resolution surface imaging. The SEM uses clectrons for imaging,

much as light microscopy uses visible light. The advantages of SEM over light microscopy include
greater magnification (up to 100,000X) and much greater depth of field. A random straight line is
drawn though the micrograph. The number of grain boundaries intersecting the line are counted.
The average grain size is found by dividing the number of intersections by the actual line length.
Average grain size =1/(number of intersections/actual length of the line). TEM give information
about the internal structure of a sample, but can only produce a 2D image of a small area, where
as SEM is better of 3D surface morphology. TEM would be useful for imaging protein molecules,
for example, and SEM would more likely be used to look at the surface features on a cell membrane.

Q3) Give the preparation, properties and applications of Carbon nano tubes?

Carbon nanotubes (CNTs): Carbon nanotubes are composed of carbon atoms linked in
hexagonal shapes, with each carbon atom covalently bonded to three other carbon atoms.
Carbon nanotubes have diameters as small as 1 nm and lengths up to several centimeters.
Carbon nanotubes are strong, they are not brittle. They can be bent, and when released, they
will spring back to their original shape. '
The cylindrical allotropes of carbon having length to diameter ratio 1 lakh times are
called Carbon Nano Tubes.
These sheets can be tightened (rolled) into different form, which have different
(mechanical) properties. The names for these twisted forms are: (a) Armchair, (b) Zigzag,
and (c) Chiral.

Depending on the number of layers present, carbon nanotubes are classified into three
types.

1. single-walled nanotubes (SWNTSs),

2. Double-walled nanotubes (DWNTs), and

3. Multi-walled nanotubes (MWNTs).
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Single-wall carbon nanotubes (SWNTSs) are a special class of carbon materials known
as one-dimensional materials. They consist of sheets of graphene, rolled up to form hollow
tubes with walls one atom thick. Much like graphene, SWNTs have properties that differ
considerably to those of bulk carbon (e.g. graphite). Due to its chemical structure and

dimensional constraints, this material exhibits exceptional mechanical, electrical, thermal,
and optical properties.

Synthesis of Carbon nanotubes: Carbon nanotubes can be synthesized
following methods. -

1. Arc-discharge method: This method was first

used by Sumio lijima in 1991, this technique is
also used for the synthesis of fullerenes. The
experiment is carmried out in 2 reaction vessel
containing an inert gas such as helium, argon, etc.
at a constant pressure. A potential of around 18 V
(50-100 A) is applied across two graphite
electrodes separated by a short distance of usually
1-4 mm within this chamber. As a result, carbon
atoms are ejected from the anode and are
deposited onto the cathode. The black
carbonaceous deposit containing CNTs is seen

growing on the cathode. The produced CNTs will have fewer structural defects, better
electrical, mechanical and thermal properties. The synthesis product yield is 60%.

by using the

—l—

2. Laser ablation method: This process was developed by Dr. Richard Smalley and co-
workers at Rice University in 1955. In laser ablation, a pulsed laser vaporizes a graphite
target at 1200 °C in a high-temperature reactor while an inert gas like helium or argon is seat

‘into the chamber. A water- cooled Cu surface may be used to collect the vaporized carbon as
1nanotubes by condensation.

; .) Reaction F
- } umace
; ' Water
; rh STy AT N T e T e cooled
‘ ot A R W Fooe s e N R mey pdy s

g o R ER PRI 3o
% i bagin I i UL e gt =4

. i o o Rt 3 . 8y ¢ b’ e

i =N -."7. v \ *

K 7 oot e By Y
' & I PRI | A R atf. T
4 ’ e LY N R g (L MU 8 A
[§ N‘_YAG "1- ‘-..“:. ‘ . .\.F,.-' '_-Il "I "

! A fie A : .

1

C deposits

¢The laser ablation method yields around 70% and produccs mainly contains single-walled

carbon nanotubes with a controllable diameter. However, it is more expensive than either arc
discharge or chemical vapor deposition.
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Chemical Vapour Deposition method: The chemical vapour deposition method (CVD) is
an altemative method in which CNTs are developed on metal catalyst surface like Ni, Co, Fe,
etc. and their alloys. The gaseous hydrocarbon like methane (CHa4) or ethane (C2He) along
with a carrier gas like nitrogen, helium or argon are sent into the reaction chamber at 700° C.
The CNTs grow at the surface of the metal catalyst surface by dissociation of hydrocarbon
molecules. Use of catalysis reduces the need for high temperatures. Very high yields (90%)
are reported by using this method. CVD is the most widely used method for the commercial

production of carbon nanotubes.
) Reaction He‘uns Water
chqnber y, colls cooled

collector

o L N N\ i
Substrate C deposits
Properties of Carbon Nanotubes:

1) Carbon nanotubes are one dimensional conductor along the tubular axis with conductivity
either metallic or semiconducting nature.

Carbon nanotubes are the strongest and stiffest materials due to presence of covalent sp*
bonds between the individual C atoms.

CNTs are highly flexible- can be bent considerably without damage

CNT:s are very clastic ~18% elongation to failure

CNTs have high thermal conductivity along the axis but these are good insulators lateral
to the tubular axis.

CNTs have a low thermal expansion coefficient.

CNTs are good electron field emitters.

MWCNTs possess kinetic properties with inner nanotube core may slide without friction,
within its outer nanotube shell, thus creating an atomically perfect linear or rotational

bearing.
9) CNTs have good optical properties due to absorption, fluorescence, Raman spectroscopy.

Applications of Carbon Nanotubes:

1) Because of superior mechanical properties, CNTs are used to make space elevators,
bullet-proof clothing.

2) CNTs are used for producing field effect transistors provided with digital switching.

3) These are also used for making polymer nano composites used for making wires and
cables.

4) CNTs are used to make paper batteries which can provide stable output comparable to
conventional batteries.

5) CNTs are used to prepare solar panels due to their strong UV-Vis, near IR radiation.

’61)) There are used in fuel cells to store fuel like hydrogen.

8)

o

NI LI

CNTs are used in treatment of cancerous cells by exciting with radio waves.
Because of the high surface energy, CNTs are used in catalysis.
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Q4), Explain ghe properties and applications of Fullerenes.

Ceo is most studied fullerene due to its availability, high symmetry and low price. In 1985,
James R. Heath, Robert Curl and Richard Smalley, from Rice University discovered Ceo, and
shortly thereafter came to discover the fullerenes. Buckminster fullerene (Ceo) was named
afier Richard Buckminster Fuller, a noted architectural modeler who popularized the geodesic
dome.

Definition: The spherical alltropes of carbon containing 60 carbon atoms are called fullerenes.
Fullerenes are closed hollow cages consisting of carbon atoms interconnected in

pentagonal and hexagonal rings. Each carbon atom on the cage surface is bonded to three

‘carbon neighbors therefore is sp? hybridized.

» In fullerenes, 12 pentagonal rings are necessary and sufficient to
affect the cage closure.

» Fullerenes contain carbon atoms arranged as a combination of 12
-pentagonal rings+and n hexagonal rings.

> Fullerene cages are about 7-15 A in diameter, and are one carbon

atom thick. ,
» The chemical formula is C20+20.

Types of Fullerenes:
i. Buckyball glusters: smallest member is C2o (unsaturated version of dodecahedrane) and the
most common is Ceo.
fi. Nanotubes: Hollow tubes of very small dimensions, having single or multiple walls.
fii. Megatubes: Larger in diameter than nanotubes and prepared with walls of different
thickness.
Preparation of fullerenes: The fullerenes were prepared by evaporation of carbon electrodes
in an electric arc discharge process in helium atmosphere. In a chamber, an electrical
discharge is applied between graphite electrodes in Helium atmosphere at 100 torr. As a
result, soot is ejected from the graphite and is deposited inside the chamber. The resulting
soot is scraped from the evaporation chamber and dissolved in benzene. Further separation
and purification leads to Ceo in gram scale.

Properties of Ceo and its derivatives:

1. Fullerenes are sparingly soluble in many solvents. Common solvents for fullerencs are
toluene, CS, benzene, CHzCh, etc. C

Fullerene is a black crystalline solid and is thermally stable up to 400 °C.

When doped with alkali metals, they act as conductors and superconductors.

Fullerenes are very difficult to oxidize but can easily reducible.

Because of presence of unsaturation, fullerenes show broad UV-vis absorption.

Fullerenes behave like an electron deficient alkenes and reacts readily with electron rich
species and acts as acceptors of electrons and clectronic energy.
Applications of fullerenes:

1. Fullerenes have been extensively used for several biomedical applications including MRI,
X-Ray imaging, drug and gene delivery.

2. Bucky balls may be used to store hydrogen, possibly as a fuel tank for fuel cell.

They inhibit the spread of the HIV virus and arc used in treatment of HIV.

4. Fullerenes are chemically reactive and can be added to polymer composites with specific
physical and mechanical properties.

5. Fullerenes are also used to produce incxpensive solar cells.

6. Th“:SC. are used in several applications like coatings, lubricants, catalyst, electronic and
optical devices.
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o
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Q5) Give the types and applications of Liquid crystals?

Liquid crystal is a state that occurs between a solid & a liquid. They possess
properties characteristics of both liquids & crystalline solids. It also possesses propetties not
found in either liquids or solids. A fluid phase in which a liquid crystal flows and will take
the shape of its container. It differs from liquid that there are still some orientational order
possessed by the molecules.

Solid Liquid Crystal  Liquid
/ Gl
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Liquid crystals are discovered in 19* century when studying a cholesterol derivative.
Cholesteryl Myristate A
E Director
‘o

i “+—> /171N

solid 7V°C 1c  8°C yquia \ A\

Orientational Order: Assuming that the direction of preferred orientation \ / l / \
|

in a liquid crystal is 7, this direction can be represented by an arrow, called /| "\ / ;
the director of the liquid crystal. '

Criteria for a molecule being liquid crystalline: The molecule must be elongated in shape-
length should be significantly greater than its width. Molecule must have some rigidity in its

central region. The ends of the molecule are somewhat flexible.
R A X A R
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Types of Liquid Crystals: The liquid crystal state can be attained either by the action of heat
or by action of solvent on amphiphilic systems. These are classified into two types.

1. Lytropic Liquid Crystgls: LC phases formed by dissolving the compound in an appropriate
solvent (under given concentration and temperature conditions) are known as lyotropic LCs.

2. Thermotropic Liquid Crystals: The liquid crystal phases obtained by changing the
temperature are called thermotropic LCs.

Thermotropic LCs are further classified into three types

A Nematic Phase: One of the most familiar liquid phase phases is the
nematic. The word nematic derived from the Greek word, ,,nema” which
means "thread". In nematic phase molecules have same direction in space ‘
but change the order. ' \

B Smectic Phase: "Smectic" is a Greek word which means soap. This is just ‘
like a slippery soap which is present in the lower side of soap dish. In the ‘
smectic state, the molecules are arranged in layers or planes they show '
general structural order in nematics. Some compound are develop many types of smectic
phase.

o Smectic-A: In smectic-A, there is parallel position of director and smectic plane. The
orientation of molecules is disturbed in the plane.

e Smectic-B: In mesophase, orientation of molecules are just like a smectic A, the
molecules are arranged in layer which form hexagonal structure.

e Smectic-C: In mesophase, molecules are oriented as same order A, B but in smectic-c
smetic having a tilted angle between molecular alignment and the surface of the layer, the
phase is measure by rotation of angle.

Ay (AN
AN | 7 \iiminiim,
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C Cholesteric Phase: These types of liquid are also known as chiral nematic liquid crystal
Like the nematic phase, the molecules in this phasc are also parallel to each other within

layers. The director axis changes regularly in nature to form 2
helical structure. This regular change is called pitch. The pitch

changes with temperature and by the boundary conditions.
Eg: Hydroxypropyl cellulose and cholesteryl benzoate.

Applications of liquid crystals:

These are used in Liquid Crystal Displays (LCDs).

These are used in Liquid Crystal Thermometers.

These are used in Helmets and Bullet-proof vests.

These are used in Battery testing strips (used by DuraCell).
These are used in Radiation and Sensors.

These are used in Switchable Light Panels for windows.

SWVvh LN -
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7. These are used in In Optical Memorics.
8. These are used in solvents for GC, NMR, reactions, elc.

9. These are used in Biological systems and medicine.

Superconductors

Q1) Explain the Meissner effect.

1. When Superconducting material cooled bellow its critical temperature (T¢), it becomes

resistance less and perfect diamagnetic.

2 When superconductor placed inside a magnetic field in (T¢), all magnetic flux is expelled

out of it the effect is called Meissner effect.

3 Perfect diamagnetism arises from some special
magnetic property of Superconductor.

4 If there is no magnetic field inside the superconductor
relative permeability or diamagnetic constant e=0.

Q2) What are SuperConductors and their types.

Superconductors: The phenomenon in which the electri
mddenlyfuﬂsmnurlywowhenitisoooledtoavcty

low temperature is known as superconductivity, and the
materials under this condition are called super
conductors.

Super conductors are classified into two types: é

1. Type-I super conductors or Soft super conductors,and &

=g== Superceaducto

2. Type-1I super conductors or Hard super conductors. = =

Temperathwe

L Typel Super conducto

rs or Soft super conductors: These were discovered first and

usually consist of pure metals, elemental metals and not alloys, they show some conductivity
at room temperature. These were discovered first and usually consist of pure metals. Type-1

superconductors

are also called as the "soft" superconductors. When the magnetic field is

applied on s super conductor and increased gradually, the inverse magnetization increases
linearly up to a certain value called critical field (Hc) and then sharply falls to zero.

i Type-I super conductors have only one critical field.
ii. These exhibit complete Meissner effect.
iii. The values of Hc are too low to have any useful

magnetic applications.

2 Type-1l super conductors or Hard super conductors: Type-2 superconductors are also
known as the "hard" superconductors. In Type-2 superconductors, the transition from a
superconducting state to a normal does not occurs sharply but is occurs through a mixed
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region. When magnetic field is applied on a super conductor and increased gradually, the
inverse magnetization increases linearly up to 2 certain value called first critical field
(Hcl). From theis point, the penetration of magnetic field into type-2 super conductor
begins. After another value of magnetic field called second critical field (Hc2) or vortex
region, the superconductivity disappears and material returns to the normal state.

Super el
M Conducting /t’

- v o = = -—-— B

Hc1

=

i. Most of these are developed from alloys, ceramics, transition metals, etc.
ii. These do not exhibit complete Meissner Effect.

iii. The transition between super conducting and normal state is not sharp.
iv. They have higher Tes than Type 1 superconductors.

Properties of superconductors:
1. Superconductors offer more resistance than other elements at room temperature.
2. Critical temperature of super conductor is low when a small amount of impurity is added.
3. The superconducting state will be lost in the presence of a magnetic field greater than
a critical value, even at absolute zero.
4. In superconducting state, the material becomes diamagnetic.
5. The thermal expansion and elastic properties of material remain unchanged during

phase change from normal to superconducting state.

Applications of superconductors:
1. Superconductors were uscd to build experimental digital computers.
2. They are used in diagnostic tools like MRI in the ficld of medicine, NMR machines,

and mass spectrometers.

3. They are used in transformers, power storage devices, electric power transmission to
transmit power over long distances without resistive loscs.

4. They are used in electric motors (¢.g. for vehicle propulsion, as in bullet trains),
magnetic levitation devices, etc.

5. These can be used as memory and storage devices in computers.

6. These can be used in wind turbines, the lower weight and volume of superconducting
generators could lead to minimize construction and tower costs.

7. Some super conductors are acts as excellent catalyst for industrial process.

8. For computers, super chips made up of superconductors can function 1000 times
faster than silicon chips.
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