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o Dimensionality of a system
o What is new about nano? [New effects and phenomena,
new functions, new devices]

Now, we have classified nano crystals and nanostructures and nanomaterials based on

dimension one fundamental.
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We have already addressed the question: *what is o bulk materal® We had noted that hulk’
com be unefully defined by commidering  given property. Similarly the question can be asked
‘what is the dimemsiomality of & system™ We live m a 3D world andd hence all tangible

obgects are 3-dunensional Grapheoe (a single layer of graphite) is nearty an idenl 21 crystal

(1e the thickness being just one stomic layer)

But, with respect 1o properties or their vanations we can effectively call a matenial o
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Another question which we have to ask ourselves is that what the dimensionality of a
system is. In other words, how many dimensions does an object have, now this question
obviously is a practical question, it is a question related to the physics of the dimension.
This is in other words very closely related to question which we had asked before what is
the bulk material and clearly we have noted that the bulk material could be defined based
on a particular property that we are taking into consideration. Similarly, we can ask
ourselves a question that even though we live in the 3 D world that means that the

dimension world we live in this 3 D.

Hence, any tangible object is going to be three dimensional, but in terms of the physics
or in terms of the effects, we see can there be some other dimensions to a given kind of a
structure or given some kind of a physical property. For instance, suppose | take graphite
which is almost a single layer of graphite is almost as close to an ideal two dimensional
crystal that we can think of. So, this is just an atomic layer and therefore, | would like to
treat this system as a two dimensional system rather than three dimensional system even

though we know that this object has an embedding in three dimensions.

Similarly, suppose | look at other derivatives like carbon nano tube, which can be
thought of a folded version of graphite this also can be thought of a curved two
dimensional space. This would be a cylindrical two dimensional space a florian molecule

can be thought of as what is called an s 2 space or an spherical two dimensional space.



Therefore, it is even though we live in the three dimensional world with respect to the
given property or a structure. We have to talk about other dimensions which could be
lower than a three dimensional world which could be two dimensions or as we shall see

sometime even one dimension.

Now, let us take a very classic example a cantilever beam a cantilever beam typically
which has a very long aspect ratio which has an | by d greater than 20, which is
sometime call the oiler beam is a thin beam. The variation shear stress is in the radial
direction during bending can be neglected for this case and sometimes in for many
concentrations this beam can be treated as a one dimensional beam. So, do you think that
| am talking about this drawn here, so it is an extremely long beam with very little

thickness, very little as compatible length of the beam, L by d is greater than 20.

Now, it simplifies my overall calculations when 1 talk about this beam as a one
dimensional beam, rather than considering it as a complete three dimensional system.
Similarly, let us take an another example for instance a plate shown here, which has an
height b length | the thickness t. Suppose, my thickness is very large as compared to the
length of the breadth or in | can even pick one of the two dimensions like length and see
the thickness is very large. Then, such a plate can actually be solved the questions for
such a plate and we solved in two dimensions and the condition under which it solved it

is called two dimensional plane string condition.

That means a strain in the third dimension can be treated as the 0 because whatever | am
loading and | am applying on this body as | mean it has a no three dimensional condition,
it is not along with its constant along the third dimension. | can treat this body like a two
dimension body and solve my equations assuming the third dimensional strain in what
instance | was about to call the z direction. The direction of the depth as my z direction
because | can call this is my y direction and this is my x direction. So, if it is very large
in z dimension, then | can treat this problem effectively as a two dimensional problem,

very thin bodies like almost like a thin lamina.

We actually treated like even what is known as plain stress condition in which the stress
in the third direction can be neglected. So, the message from these two examples of
graphite and the examples of these two kind of what you may call as thin beam plate is

that in terms of structures and in terms of properties effective equations. | need to solve



and i may want to consider a lower dimensional body, which actually is very meaningful
in terms of the physics. | am going to study in nano materials, again these I can extend
these concepts, which | have learnt and such concepts are similar concepts also
applicable.

A nice example for this would be in case of nickel films, which have grown on copper of
1 0 0 substrates, 1 am taking a specific example to illustrate a point, but the concept
obviously as much more general application and very often this treating. This high
dimensional system as a lower dimensional system can save a lot of my time in terms of
computations and can save lot of time in terms of understanding the physics. It is
worthwhile to treat them in the appropriate dimension, now in case of nickel film on
copper substrate and we know that nickel is ferromagnetic material and while copper is

not.

Now, this copper 1 0 0 is a single crystal on which I am growing a nickel film, when |
am growing film layer by layer and | notice that if my film thickness is greater than
about seven mono layers, the system behaves like a 3 d Heisenberg ferromagnet. The
details of all ferromagnetic we will discuss later, but now we are worried about one
important concept which will become as | go along and if I am below seven mono layers
the system behaves like a 2 d system. Then, how | am differentiating 2 d system versus 3
d system in 2 d system all the spins are in plain and in 3 d system all the spins are out of
plane. Typically in this system where spins, which cant out of the plane, therefore let me

take the system and draw a schematic here.
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So, | have my copper substrate and this is now a single crystal and on top of it | am
drawing my ferromagnetic nickel layer | have two cases, thickness less than seven mono
layers and thickness greater than seven mono layers. So, | am talking about number of
mono layers of nickel on copper substrate nickel being ferromagnetic for the case of the
seven mono layers or less than seven mono layers, it behaves like a 2 D ferro magnet.
Here, suppose | have to draw schematic of the layer, I would notice that all the spins
schematically I am showing here, all the spins are in plane. Suppose, | am talking about
thicker film, then I would notice that some of the spins what actually cant out of the plain

for spins, there is a 3 D component of a system.

Effectively, these system can treated like a 2 D system and these system will have to talk
be about 3 D system, therefore we clearly see that with respect to the physical property
of spin alignment and also the spin orientation. We can have a lower dimensional system
or higher dimensional system based on a specific geometry and based on specific
property and considering and you would notice that in nonmaterial. Since we are going
down to low dimensions very often that we can actually treat system in a lower
dimensional manner keeping fully in view that actually the system is three dimensional.

We live in a three dimensional world and when we talking about reduce dimensionality

is either is respect to us structure like the graphite or it is with respect to like ferro or a



property like ferromagnetic spin alignment. So, we have to keep this in mind while we

treating systems and solving equations which are important.
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What s new about Nano?

< Pursts and pundits alike will pomt out that 'nano’ always existed Some examples

confimung their mecrtions are

« Stned glass (Fcentres and nano-crvstals 1o provide colour stain 1o transparcnt
colouries glaw)

* GP zooes (strengtheming coberent scum-coherent precipitates i ACu allov to provade
cnhanced strengthemng hardness)

* DNA (basie genctic molecule present m all the Iinvmg organisms)

Now, one important question which comes to the mind and which we have often ask for
the people researches people and working their nano material and nano structures is that
what is new about nano? If you go back in history you would notice that in stain glass
the f centers and nano crystals is what provide the color was staying in the transparent
colorless glass and in stain glass has been found in very ancient churches. If you look at
material science for more than 100 years the g p zones have been which are typically
coherent and they can grow they can semi coherent in to the form of theta double prime

precipitates in aluminum copper system.

They have been providing strength and hardness that means more than 100 years we are
been dealing with g p zones and systems which are now giving us hardness though they
exact structure of g p zones. The details came out where actually discovered only after
the transmission electron micro scope came to be being, we all know that we are made

up of genetic material which is DNA.

We already said that DNA itself is a nano structure, therefore if somebody were tolike
question that when nano materials always in existence the answer has to be there were all
there for a long time the nature is among with them. In fact, when you take your candle

and collect the suit on the top suppose | flame a candle and collect suit on the top, then |



would find many of the nano structures which have been discovered in the last thirty
years actually formed in a common suit. Therefore, in some sense nano materials and
nano structures always existed, but then what is new about nano that is a question which

we will come to our mind and we will try to answer this question in the coming slides.
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New etiects and phenomenon not obseryed i bulk comnterparts are obseryed i nanomaterials
A few of the "new” mspects about nano are

U Inverse Hall-Petch effect
It s well established that decreasing the gram size results i an ncreased hardness and
strength as gram boundanes pose an impediment to dulocation motion (dislocation ‘piles
up mechanism- the wsually accepted mechanism'). But, when gram size reduces to tens of
nanometers (- 15 nm) the 15 not able to support a dislocation pile-up. Hence the
trend of increasing hardh gth with a decrease m gran size s broken m the
nanocrystalline maters ¢ are even reports m hiterature of decreaming strength with
decreaung graun seze at very small graun sizes (S nm)
Chant N agnetoreastance
Ciant magnetoresistance o the dramatic decrease in the clectneal resistance on the

application of magnetic fickd, i an otherwise antiferromagnetic hybnd. Giant

magnetoresistance s seen m a hvbnd compting of a non-magnctic- nano-film placed

between ferromagnetic layers. In the absence of external magnetic ficlds the magnetic
lavers arc anti-ferromagnetically coupled. The resstance of this state s very lugh On
application of a magnetic ficld, the spin vectors in the ferromagnetic layer tends to align in
parallel leading to a drastic reduction in resistivity

The problem lies in a fact that very many new effects which have been discovered of the
advent of intense study of area of nano science. These effects we are not known to the
science before the advent of what you might call research into nano materials and nano
structures before the advent of nano technology. We will take up a few of these effects
which we can call absolutely new about nano and here we are talking about effects and
phenomena which have perhaps no bulk counter parts. In other words, they are never not
observed in the bulk materials is very specific to nano structures and nano materials, so

we will take a few of these the details of these.

We will obviously consider with respect to the whenever we go to the relevant topic and
we will discuss some of these in detail. For instance, when we are talking about hall page
effect, when we are dealing with mechanical behavior we will talk about hall page effect
and when we are talking about for instance magnetism in detail, we take a magneto
resistance at this stage. It is important just to note that in spite of the field of nano in
some sense existing in for ages, in fact you can use ancient, they are new things which

have come up of late. Therefore, it warrants a separate place in our study and in scheme



of things for us to study nano materials and nano structures as a separate branch varying

specific attention to some of these aspects.

Of course, we are only listing a few of these kind of effects here and further many more
effects we will consider in relevant topics. So, let us start with the inverse hall page
relation is well established as start wish that are decreasing the grain size. The hardness
and strength of material increases this is primarily comes under the fact that the green
boundaries pose an impediment to the motion of dislocations. One of the classic models
in this case is the dislocation is file up mechanism which suppose to lead to the inverse
hall page relationship. There are still issues to be resolved regarding the origin the
mechanism how the inverse hall page relationship comes about, but we will not go the

details.

Now, we will just assume the hall page relationship is coming because of the impediment
post by green boundaries to the motion of dislocations. So, these locations which are
weakening the crystal and if there are impediments to its motion then we are going to get
an increased strength, but this hall page relationship on one hand in very large grain size
material has been questioned. It does not our region of interesting very small grain sizes
when we are talking about tens of nano meters typically are less than about 15 nano

meters.

It is been observed that the green itself cannot support a dislocation pilot and it is seen
that the hall page relationship actually breaks down in very specific experiments. Of
course, many of these experiments still need a confirmation of larger spectrum of
materials. There have been reports that not only that traditional hall page behavior break
down, but they can actually be something known as the inverse hall page relationship, so
in the hall page relationship.
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Typically, we observed that if | am plotting one by root t same as with respect to the that
means the decreasing grain size i, we would notice that decreasing grain size to right, I
would notice that there is a straight line. This is my some kind of strength of parameter
which could be for instance stress and yield strength, now when we go to very small
grain sizes and here say for instance | am talking about this is an order of about 15 nano
meters or less there are three possibilities which come about. Either I can continue the
harden the way it is, but typically what is absorbed is the hardening rate actually comes
down, but in very some very specific case, people have actually that the hardening may

even come down without possibilities.

The hardening becomes constant with respect to grain size, so it is very clear that when
we go to small sizes the hall page relationship breaks down the grain is too small to
support to pileup. Even if you are not talking about pileup mechanism this is the
experimental result and you have to take the way it is and notice that the hardening rate
changes with respect to grain size d is my average grain size. Of course, it may the rate
of hardening becomes constant that means it becomes invariant of the grain size, but in
very specific cases you may actually absorb the inverse hall page relationship. So, the
inverse hall page relationship obviously is not absorbed in large grain sizes and
therefore, it has no bulk counterpart it is only observed in very small grain size materials

and the inverse hall page.
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New effects and phenomenon not observed in bulk comnterparts are obsenved 0 nanomaterials
A few of the "new” aspects about nano are

U loverse Hall-Petch cffect
It s well established that decreasing the gram swze results i on mercased hardness and
streneth as gram boundanies pose an unpedunent to deslocation motion (dislocation ‘pales
up mechanism- the wsually accepted mechanism') But, when gram size reduces to tens of
nanometers (15 nm) the grain 1 not able to support a dislocation pile-up. Hence the
trend of ncreaning bardness strength with a decrease i gram size s broken n the
menocrystallime matersals. The are even reports i hterature of decreaming strength with
decreasing graun size at very small gram sizes (¢ 5 am)
Chuant MMagnetoresstance
Crrant magnetoresistance 15 the dramatic decrease n the clectneal resistance on the

apphication of magnetic field, i an otherwise atiferromagnetic hybrid. Grant

magnetoresistance m seen m a hvbeid comesting of a non-magnetic- nano-film placed
between ferromagnetic layers. In the absence of external magnetic ficlds the magnetic
layers are anti-ferromagnetically coupled. The resstance of this state i very lugh. On
application of o magnetic field, the spin vectons in the ferromagnetic layer tends to align m

parallel lcading to a drastic reduction in resestivity

Typically, takes in at a grain size of about in the range of what five nanometers, so it is
very clear that | am going to very small grain sizes now | am talking about nano
structured material. That means material is bulk, but the grain size is in nano scale the
mechanism of deformation can change the mechanism of deformation or the mechanism
of strengthening can change and since this mechanism is changing. You would absorb
that deep the traditional relationship like a hall page relationship which is valid in the

large grain size regime is no longer valid in the smaller grain size regime.

It is depending on what we might call experimental details the kind of material the kind
of material what you might call the starting materials conditions etcetera. You may even
absorb what is known as an inverse hall page relationship which has no bulk counterpart.
The second example we consider is from the world of magnetism and we take up an
effect known as giant magneto resistance typically the acronym used for this, again like

the previous example there is no bulk counterpart to this.

It is actually found in hybrid nano scale in normal magneto resistance we observe that in
presence of a magnetic field the resistance increases while the absence of magnetic field
the resistance is in lower state in giant magneto resistance. This magneto resistive effect
takes a new higher order all together which could reach 80 percent or more because in

normal magneto resistance the value is magneto resistance is of about 5 percent.



Here, we having a much higher enhancement in the electrical resistance and this happens
in the presence of a magnetic field. So, here we make what is known as an anti ferro
magnetic coupled hybrid, in another words | take two materials and in the I will just take

one example now and details of which we will talk later.
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So, I make an hybrid of three layers and this is known magnetic layer and these are ferro
anti ferro magnetically coupled ferro magnetic layers. So, the coupling between the two
is anti ferro magnetic, but these layers by themselves are ferromagnetic. So, in the
presence in the absence of a magnetic field, the spins in one layer is pointing opposite to
the spins to other layer and this is now my high resistance state and the resistance is
coming from spin dependent electrons capital. Now, what happens suppose | switch on
the magnetic field in the presence of magnetic field like b, what | get here this is a state

in which my spins are ferro magnetically coupled this is my magnetic layer.

This is another magnetic layer in between these is a nonmagnetic layer and you would
the thickness of the middle layer is less than what is known as the spin diffusion length.
If they get ferro magnetically coupled, then | get a low resistance state the difference
between the resistances of the low resistance state in which happens in the case of with
the magnetic field. These are the high resistance state which is in the absence of a
magnetic field when this two ferro magnetic layers are anti ferro magnetically coupled is



very large. This is the effect of giant magneto resistance, now obviously it is very clear

that the thickness of this layers and the thickness of these layers are very small.

This layer’s thickness and internal spacing layer thickness very important because this
has to be the spin diffusion length of the material and that the mode of scattering here
which is giving rise to electron resistance. | pointed out is actually spin dependent
scattering and this spin dependent scattering which is giving rise to the resistance in a
material. Of course, | am ignoring here scattering from the interfaces there could also be
scattering from this interface and scattering from this interface. We should add on
resistance which is present, but we are looking the difference in resistance between the
ferro magnetically coupled layers and the anti ferro magnetically coupled layers, then it

is basically the spin dependent scattering.
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New effects and phenomenon not observed i bulk connterparts are observed in nanomaterals
A few of the "new” aspects about nano are

U loverse Hall-Petch effect
It as well established that decreasing the gram size results i an mcreased hardness and
strength as gram boundanes pose an unpediment to dulocation motion (dislocation ‘pile-
up mechanism- the wsually accepted mechanism'). But, when gram size reduces to tens of
nanometers (- 15 nm) the gramn s not able to support a dislocation pile-up. Hence the
trend of ncreasing hardness strength with a decrease i gram size s broken n the
nanocrystalline matersals. The are even reports m hiterature of decreaming strength wath
decreasng graun size at very small graun sizes (5 am)

Chuant Magnetoreastance ~ .4

Crant magnctoresistance i the dramatic decrease n the clectncal reustance on the

application of magnetic fickd, n an otherwise antiferromagnetic hybrid. Grant
magnctoresistance i scen o hvbrid consssting of a non-magnetic- nano-film placed
between ferromagnetic lavers. In the absence of external magnetic ficlds the magnetic
lavers are anti-ferromagnetically coupled. The resistance of thas state s very lugh On
apphication of a magnetic ficld. the spin vectons in the terromagnetic laver tends to align in

paralle] leading to a drastic reduction in resistivity

Now, this particular configuration actually has important applications in reading heads
etc and this can also used for deduction of magnetic field which are very small.
Therefore, clearly there is no classical analog to this because here we are made a
sandwich structure or more precisely hybrid which is the whole mechanism of which
operates because of the nano scale in which the spacing layer is present. The anti ferro
magnetic coupling between the ferro magnetic layers and therefore, there is no classical

analog or the bulk analog to this. Therefore, when we are talking about giant magneto



resistance, absolutely new phenomena which is present in what is called present at the

nano scale.

They are close cousins of this which are close present like tunnel magneto resistance and
some of the other things we will consider very soon. So, it is clear that when we are
going to nano scale, there are new things which we are observed extremely fascinating
new things which have no bulk counter points. Therefore, it definitely makes us
worthwhile to study what you might call nano materials nano structures from a

completely new prospective and try to understand some effects which are coming there.
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O Superparmmoagnetism
Faromagnetic matenals consist of magnetic domamns within whach the spins are parallel
When the particle size s reduced to very small sizes (typically less than 20 nm) the entire
particle becomes a sngle doman. On further reduction m size (about fess than § nm) the
spuns get thermally disordered i the absence of magnetic fickds. When an external

magnetic field s applied the spins are able to shgn i the direction of apphicd magnetic

ficld. making them behave as super paramagnets (e, i the absence of external ficld the

particle s paramagnetic and in the presence of a ficld all the spins are aligned in paralicl
leading to a large increase in magnetization). Thix s an interesting example n which a
ferromagnetic matenal i bulk behuves hike a paramagnet when particle size s made very
small

Super-hvdrophobicity

\s the surface roughness o mcrcased from micronsscale to nano-scale, the actual contact
arca of the surface decreases (assuming the apparent contact to be constant), The up of
cach msperity supports part of the water droplet. Thas shafts hvdrophobicaty to higher level
of superhydrophobrcity. wherem, contact angles of greater than 165 can be obtamed. The
normal (maximum ) contact angle obtmned n the case of hydrophobicity s about 120
(with the best avaslable substrate of least surface encrgy). The phenomenon of
superhvdrophobicity can lead to the development of non-wetting clothes, self-cleaning
\\l"\L'\\‘ n "IA"I‘"IIII'J surfaces ol

Once other effects, which we can talk about now is super para magnetism, it is very well
known that when you heat up the ferro magnetic material about the Curie temperature it
becomes paramagnetic. If | apply external fields to paramagnetic material, then there is a
tendency for alignment of the spins in the paramagnetic material, but it is constantly
fighting against with thermal disordering. Suppose, | take a molecule like oxygen which
is paramagnetic the typical susceptibility is very small, that means it has the

susceptibility in the order of 10 power minus 6.

That means the alignment in the process of magnetic field is very small the reason the
alignment is very small is because this oxygen is not ferro magnetic. Now, there is an
alternate way of producing what you might call paramagnetic material as | pointed out

like that it some starting with an ferro magnetic material. There are two ways of



producing a paramagnetic material from a ferro magnetic material one is as | pointed out
is actually heating the material above the mercury temperature. An alternate method is to
actually reduce the particle size to very small sizes, so let me right down summarize the
ways | produce | can produce is actually my para magnetic material.
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So, there are materials like for instance | can write example of oxygen which are always
paramagnetic and we are not talking about these substances. Here, we are actually
talking about materials like iron which are actually ferromagnetic, but which can be
made in to paramagnetic state by heating or by reducing the particle size. In some sense,
both heating and reducing the particle size as usual c is equivalent when you when it
comes to the essential physics, what is happening here and we will see how it leads to the

phenomena of super para magnetism.
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d Superparmmagnctism
Forromagnetic materials consist of magnetic domams within whach the spins are parallel
When the particle size s reduced to very small sizes (typically less than 20 nm) the entire

5 nm) the

particle becomes a sngle domam. On further reduction m sze (about less than
spuns get thermally disordered m the absence of magnetic ficlds. When an external
magnctic ficld s apphied the spins are able to align i the direction of apphied magnetic
ficld. making them behave as super paramagnets (1o, m the absence of external ficld the
particle s paramagnetic and in the presence of a ficld all the spins are aligned i paralicl
leading 1o a large increase i magnetization). This is an interesting cxample in which a
ferromagnetic matenial m bulk behaves hike a paramagnet when particle size s made very
small

Super-hvdrophobicits

As the surface roughness s moreased from micron-scale to nano-scale. the actual contact
arca of the surface decreases (assuming the apparent contact to be constant), The up of

cach mpenity supports part of the water droplet. Thas shifts hydrophobacaty to higher level

of superhydrophobicity. wheremn, contact angles of greater than 165 can be obtamed. The
normal (macimum ) contact angle obtame of hydrophobreity s about 120
(with the best avaslable substrate of least surf gy). The phenomenon of
superhvdrophobicity can lead to the development of non-wetting clothes, self-clcamng
windows. non bro-fouling surfaces ctc

You reduce the particle size to very small sizes typically say less than about 20 nano
meters the entire particle becomes single domain we know that we already have seen
bulk magnetic material it is actually split into multiple domains. Now, when it goes when
he particle size goes to less than 20 nano meters, now this is single crystal 1 would know
that the entire particle becomes because the domain wall thickness is too large the
particle size is too small. Therefore, it cannot support any domain walls within the

particle and the entire particle becomes a single domain.

Now, at this state this material is still ferromagnetic even though it is a single domain,
but suppose | reduce its size even further and take it to the size order of 5 nano meters.
Now, | am assuming a pure iron particle there are no oxide layers covering it, then the
particle size is so small that the inherent tendency for all the spins to align within the

particle is becomes small.

| simply do not have enough number of atoms in the material to give me my effective
spin alignment. Therefore, the tendency for alignment is becomes a smaller and smaller
as | reduce my particle size and about a critical size of about 5 nanometer what happens
is that the temperature becomes the temperature which is time to disorder this alignment
spins wins over. Therefore, | get into a paramagnetic state now this is a paramagnet and
obviously as | pointed out this is the reduction of particle size is very similar to heating

the material because overall because actually disordering the temperature.



This is actually fighting against the ordering effect of inherent ferromagnetic spins and of
course when we are talking about ferromagnetic alignment I mean the spins are aligned
parallel in the same direction. Now, since the particle size is too small and the thermal
disordering is have taken over this material becomes paramagnetic, but such a material is
very much different from paramagnetic material. For instance oxygen which has no
inherent tendency for alignment of spins since this material is paramagnetic is inherently
ferromagnetic which becomes paramagnetic. If | apply even a small field just below the
critical size at which it becomes paramagnetic, so below the critical size at which it

becomes paramagnetic even a small magnetic field will tend into align the magnet.

We remove the field again it gets into a paramagnetic state in other words such a
material shaving a tendency to align all its spins even in the presence of a week field. In
other words, this is unlike the oxygen case in which very high fields are required to even
to get a partial alignment of the spins here the spins are automatically orient themselves.
Therefore, you get very high enhancement in what we might call paramagnetic
susceptibility such material therefore, is called super paramagnet and this is purely
coming from the effect which is size reduction effect.

So, by reducing size | have made the material which is normally for a magnetic into
paramagnetic material this paramagnetic material in the presence of a field tends to align
all the magnetic movements. Therefore, which has a very high susceptibility and such a
material would not have any hysteresis, therefore | have a very interesting effect again
related to magnetism coming from this particle size reduction. Let me move onto the
next example which is from a totally different physical property coming from totally
different from physical property. This is the area of super hydrophobicity all of you must
have observed when you take a lotus leaf for instance. You put water on lotus leaf tends

to bleed up very similar to what bleeding may happen if you put a water drop on a glass.
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So, if you notice that if you put a water droplet on glass it will tend to bleed up rather
then become a smooth layer on top this is not what happens with water it tends to bleed
up and you would notice that if you put water on wax. For instance, this is the similar
effect you would observe, therefore such materials do not tend to be wetted by water
there is a reason why the lotus leaf should not wetted by water because. If water will
were to wet the lotus leaf the lotus leaf would sink and therefore this is not a desirable

property for the life of a lotus leaf.

So, the important point which comes about when we study the lotus leaf is a fact that it is
not just hydrophobic what hydrophobic meaning it repels water, but it is actually is a
super hydrophobic. The difference between hydrophobicity and super hydrophobicity

can be understood by measuring the contact angle, so my contact angle if understand.
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So, | put a droplet and | measure the contact angle and this is my contact angle that the
droplet makes measure the contact angle, and see what a contact angle is. I will observe
that for normal hydrophobicity | can get a maximum of 120 degree contact angle even
120 degree possible only when | have the best available substrate with this surface
energy. That means such a substrate this is not wanted to be wetted by water, 1 am not
best, | can go low energy substrate is about 120 degrees, | cannot get hydrophobicity

greater than 120 degrees.
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Superparmmnagnctism
Farromagnetic materials consist of magnetic domams within whach the spins are parallcl
\\bamcmkm-nthdb\m—ll-ua (typically less than 20 nm) the entire
asngle d O further reduction m size (about less than € am) the
-puug:l“ Iy disordered in the abs of mags ficlds. When an external
magnetic fvcunwlmltllc-pmnrcdﬂch align 1 the dircction of applicd mag:
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to a large zation). This is an interesting example m which a
fammqnan material m hull. bd'me- like a paramagnet when particle size s made very
small

Supehycbnliobisiey

As the surface ,‘_— " d from le to nano-scale, the actual contact

arca of the surface o ( g the ap tact to be ). The up of

cach mperity supports part of the water thtpkl This shifts hydrophobicity to higher level
of superhydrophobicity. wheremn. contact angles of greater than 168 cuhc-bumakﬂn
nmm-l 1mmumh contact angle obtained in the case of hydrophobicity is about 120‘\

1\\ﬁhlklun\al&kmdhd-hwwl The phenomenon of =
superhvdrophobicity can lead to the devel of tting clothes. self-cl
wndows. pon bro-fouling surfaces ctc




In the case of lotus leaf you can observe actually you can get a 165 degrees, this is what
defines a property of super hydrophobicity is that to super ability repel water suspicious
substrate does not want to wetted by a water. The question arises how many able to go
from a value of 120 degree which is possible purely by low surface energy which is
coming from chemical character of the surface to something like 165 degree. Here,
something more is in what obviously cannot be just chemical nature of surface because
that can wanted to give a degree what is this, which can give 165 degree take up as very
soon, but this phenomena is absolutely coming because of structures of scale.

Therefore, not only structures of scale consider this beautiful example hierarchical
structure let us talk about hierarchical structure exited the important example is when
hierarchical architecture actually give us a super hydrophobicity. Now, we will assume
that super hydrophobicity and this is coming from hierarchical structure where in you
have not just low surface energy, but in certain structural contribution which is giving
that structural contribution. From learning from super hydrophobicity, we can actually
make non wetting clothes is very important practical applications. We can make self-
cleaning windows non bioholing surfaces, typically you might have notice that ships

have barnacle sticking to them.

Therefore, you might some kind of pain, but the problem of these kinds of pains
sometimes very environment non friendly that are very bad for the environment and
therefore, you don’t want might be among these kinds of chemicals. Suppose, | have a
hydrophobic surface then there is chance sticks to it, now suppose | am talking about an
application the chemicals transporting in a utensil. Then, | would want to empty the
entire utensil later on with the cell without any chemical being left is serve two purposes.
Of course, when | am going to refill the utensil, |1 do not have clean to prior to refilling

second thing my gain is 100 percent in other word all the chemicals.

| have transferred easily into whatever the application for which actually now in a
commercial products the people are actually manufacturing the inner surfaces of these
phases. These have an architecture very similar to what we have learnt from the lotus
leaf. These are hydrophobic and super hydrophobic surfaces and there is a very
interesting application when it comes to using to phenomenon of super hydrophobicity in

some sense. These are called by bio metric material or bio non stick material where we



are learning from nature actually engineer our surfaces to have what we might call low

wetting capability.

Typically, surfaces in macro scale are either hydrophobic or leo phobic either they repel
water or they repel oil, but in nano scale it is there is certain surface which have been
near and both leo phobic and hydrophobic. There is very interesting possibility we go to
the nano scale material one of the example which of course, may not be very surprising a
new is a concept of super surface activity. Now, we know that small sizes for a given
volume of material the surface energy or a surface area is going to increase. Later on,
during the lectures we will actual make a calculation to see that for a give a volume.
Suppose, | reduce my particle size how much my surface area | am going to create, so

the phenomenon | am talking about here.
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Keeping the volume of a particle constant consider a volume then split this particle into
two particles and further I may want to split this particle into two particle and carry on
this chain for the when | go on doing at point of time. My particle size will become nano
size and this will become nano meters, therefore, 1 am keeping the volume of a particle
constant, but I am keeping on dividing the particle. It is a visualization this may not be
the way actually a the nano particles may be actually manufactured, but the essential
concept dealing this here is for a given volume of a material. My surface area is



increasing drastically, this increase surface area, of course means that | have a large

amount of high interface energy present in the material.
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O Super surface activity
With decreasing dimension of the particles, the number of surface moms increases
drastically (calculation shown later in an example). This leads to a significant encrgy
coatnbution to the system from the umsatisfied bonds of the surface atoms. Hence, the
surface becomes extremely “active’ due to the high available surface encrpy. Thas effect
finds applications in: adsorption of toxic gases, catalys, cte

Interface energy is a surface energy because the surface actually is a region of unsatisfied

bonds the bulk of the material.
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Suppose, | have to talk about bonding inside the material taking a particle like this I am
just going a pure schematic this is bonded all the sides. So, for the region this could be

bonded for some sense nearest and next nearest neighbors to fallen, so many of these



neighbors 1, 2, 3, 4, 5, 6, 7, 8 of these for suppose the atoms are sitting on these surface
actually bonded only to a few of them. Therefore, they are some unsatisfied bonds which
cause the material energy and this is of course we know the origin of surface energy,

which also the concept of surface tension.
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J Super surtace activity
With decreasing dimension of the particles, the number of surface soms morcases

drastically (calculation shown later m an example). This lcads to a significant encrey
contnbution to the system from the umatisfied bonds of the surface atoms. Hence, the
surface becomes extremely ‘active’ due to the high avaslable surface energy. Thas effect

finds applications i adsorption of toxic gases, catalyms, cte

Now, since the surface area is increasing drastically there is a significant amount of
energy stored on surface available at the surface, and therefore and the surface will come
extremely active this highly active surface can be used. Actually, we have quite some
time for distance in absorption of toxic gases in catalysis etc, so this is we all know that
activated charcoal can be used as an absorption media of gases. Furthermore in when we
are talking about for in sense application trying to slow hydrogen in the solid state for in
sense and transport application. This kind of application using a surface area helps in
actually first of all breaking up the hydrogen in to h which can further diffused into the

material and then stored in interior of the material.

Therefore, the super surface activity is natural consequence of the presence of large
amount of surface area for a given volume of material. We will return this topic very
frequently how this interior surface area is some sense important in some sense what
may call the expectations we have the nano material. This we should know that as we

said new phenomenon and when we are talking about nano materials.
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W funstions can be performed usimg nanomaterials whnch were otharwise not possiblc
Some of these functions rely on the etfects descnibed before

O Targeted drug delivery
Nunoparticles can be loaded with specific sensor and drug moleculets). The drug can be

transported to the required site theough blood stream. On detection of the affected

tesue celiv arca by the functionalized surface group the drug w released locally on desired
target (targeted drug delinery)

\chicving superhvdrophobic antibiofouling suriaces

Nanoscale surface roughness enhances matenal properties hike hydroplulicaty or
hvdrophobicity, which s otherwise unattamable (by explormg different matenials) The
phenomenon of superhvdrophobicity relies on schieving Cassic Baxter state (allowing
support of water droplet on nano-roughness, without actually wetting the entire surface)
Correspondingly. these water-repelling surfaces do not allow fungal algae growth on their
scfaces by rejecting water deposition on ther surface

Trmwparent coramics

Cernmucs are wsually opague due to hight scattenng ot gram boundanes and porosities, of
size comparable size to that of the maident hight. Limiting the grains and porossties to
much finer scale (fow nanometers) can make ceramies transparent. (AL O, has been made
transparent by sintering nanosized particles)

We should note that new functions can be performed using nano materials, which
otherwise could not be possible. So, we are asking questions what is new about nano
why would if somebody comes to tell you that nano is always existed we have to
conquer with him and we also point out. Then, there is new function and there is a new
phenomenon and there is a new applications and new devices which otherwise has no
classical counterpart. Some of these functions relay on the effects which we have be
described before we take a few examples to illustrate what we might call the power of

nano material.

The nano technology which has come from the use of nano materials first of this targeted
drug delivery nano particles can be loaded with the specific sense and for in sense of
drug molecule. This is now we might call us nano particle the drug can be transported to
the required side to the bulk stream. If you are talking about magnetic material an
external magnetic field can be assisted to bring this particle which has been now loaded
with sensor, but also the drug loaded molecule to very close to the tissue. This has been
affected on deduction of the affected tissue cells and area by the functional surface group
the drug is released locally to the desired target. Now, they are three components to this
whole process, but let us first look at the benefits are doing, so when you are doing at
targeted drug delivery obviously you do not have to over saturate the system the entire

body with a lot of drugs.



So, you save on the amount of the drug delivery you may end up of side effects put into
the general effects if this drug is put into the handle systems and you can avoid side
effects by making the drug only go to the specific location. Here, you want drug to be
delivered the amount of as drugs that can be selling and the amount of drug, which can
be used and further you may want to give only a very specific amount of drug and as a
sensor material that is the drug may not be required throughout. It may be required

during specific times and only when the drug is required we can actually the drug.

Therefore, we make it sites specific quantities specific and also time specific, so this is
possible by using what we call smart nano material particle where in the nanoparticle has
been functionalized. We will talk a little more about functionalization soon and the nano
particle is what you might call empowered with the sensor and also with the treatment
drug molecule. Now, this is a beautiful example and already a lot of field trials are going
on to use this transacted drug delivery and in the future we are going to find the more

drugs that are going to be delivery in a very specific site specific manner.

We go to have more and more of targeted drug delivery what you might call helpful for
both curing of the drug disease and also in wording the side effects come from saturating
the system with lot of destruct. So, this is actually a very beautiful application of nano
materials in the field of medicine and as a pointed out that two levels at which this sites
specificity could be obtained, one is the particle itself sensing as a specific area, the
second before that we can actually take this particle to the specific area by for since we

use a one external magnetic field if the particle is meant magnetic.

So, nano particle is now becoming a smart device by itself it is now not only meant for
empower of the sensor, but also empowered with the treatment method, we have already
seen this example of achieving the super of hydro-phobic surfaces. We can actually get
anti bio forming surfaces and we will soon see when we talk a little more detail that is a
super hydrophobicity actually comes from certain kind of the roughness which is now in
the nano scale. This can be used for making coating switcher which repel or do not allow
the growth of fungus and algae, so this is a nice another applications and this functions
will not be able will not achieve this functions by user conventional coatings and
surfaces. Therefore, we have to rely on nano structure or nano structures on the surface

another interesting application is the emergence of transparence ceramics.



Typically, if you take a ceramic like aluminum you notice that it is optic aluminum for
instance can become optec because the fact that there are porosities in defects in the poly
crystalline alumina which include the gain boundaries and these gain boundaries. The
porosities have a length scale which is comparable to the wave length of the incident
light. Therefore, scattering of light arising from these defects which is can be gain
boundaries porosity within a material which is making this material optec if by suitable
processing. We will see soon what kind of suitable processing we can take up we can
actually reduce the defects in a material.

That happens when you actually produce a few nano meters during sites ceramic we can
actually get what is known as a transparent ceramic. So, again we have to rely on nano
material or nano technology for the making this transparent ceramics and a typical as you
can see typical alumina sample is actually opaque. Now, what are uses of these
transparent ceramics, we will see very soon that how these transparent ceramics can

perform roles which otherwise not possible with conventional lenses made out of glasses.
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U Rapid catalys
Surface activity of nanoparticles enhances multifold (few ordens of magmtude ) because of
two reasons . (1) the surface arca avaslable to react morcases as we go down m size, and (1)
the unsatisfied bonds fead to mstability of nanoparticle itself. Hence the syncrgistic
combimation of enhanced wurface with lugh energetic associated with nanopartic les
enhances thewr catalytic activity dramatically
Functionalization
Functionalization s the addition of one (or more) functional groups on the surface of a
matenal (or particles). Usually this surface modification i achicved by chemical synthesis
methods to umpart certam propertios to the surface (¢ ¢ cnhance affimty of surface for a

particular species or make the surface water repellent). It 1s easier to functionalize

nanoparticles as they posscss lngher surface activity. Functionalized nanoparticles find

apphications i rapid catalvsis. targeted drug delivery. sensors cte

We already pointed out that the increases surface area also means that we are going to
get an high amount of what might to call an ability for a material to perform like a
catalyst. The starting example is the case of gold the gold in its macro scale does not
have any catalytic role. Typically, but suppose | am talking about the gold in nanoscale

and if i am specifically concerned say gold in nano scale embedded process in a if two or



three kind of a substrate than you would notice that gold in other wise does not show any
catalytic property turns into good catalyst. It actually gets and actually get lot of
specificity in the kind of process that can be controlled with this can be catalyst if

reduces nano scale.

So, surface activity of nano particle is enhanced many fold and sometimes few orders
magnitude. This is because of the increase surface area of available to react and say go
down in size which is what we have noted when your time divide a particle into smaller
and smaller sizes. The unsatisfied bonds leads to instable nano particles itself sense
synergetic effects of combination of enhance surface of high energy associated of nano
particles enhance that catalytic activity drastically. Therefore, with if | have catalyst

which is performing certain role in the bulk state if I now make it in the nano scale.

Then, definitely have chance of increasing catalytic, but a few orders of magnetic and
this straitening pointed out. There are case where the normal material or the bulk
material is not does not show catalytic activity, but when reduces nano scale in the case
of gold for the instance, it assumes the catalytic role that to very important catalytic role.
We already have seen an example of how functionalization is very important this is we
saw in the case of what we meant called taking nano particle functionalizing with surface
with that and attaching for instances of drug molecule fictionalization is the addition of
one or more functional groups on the surface of material or particle in this current

context.

Usually, this surface modification is achieved by chemical synthesize method it is
imports certain properties surface. For example, we can enhance of surface for particular
for specious to make the surface. It is easier to functionalizing nano particles as a process
high surface activity functionalize nano particles and application in rapid catalyst
targeted of delivery in sense of etc. Therefore, fictionalization is much more of what we

have called feasible because of the presence of this highly act surfaces.

Now, I can not only load my part nano particle with one kind of functional molecule, but
I can use multiple functional molecule, which can perform the multiple roles. Therefore,
I may have actually achieved multiple task in a single with a single nano particle, so
what kind of devices as say which using the some are of the effect process that we have

seen just now that what we are going concern next.
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These effects have been used to make devices products which would not function without the

effect observed at the nanoscale

J Nanoporows membranc filter
Membrane filters sieve out harmful bactena and are permeable oaly to the molecules
which can pass through the nano-porous membrane These are utilized m the filterme of
water to got bactenia-free water
Samtizing waddung machines
Billions of silver jons are released durmng the wah Owing (o the ant-bactenal property o
silver wms fabries are samtized (dmnfected )
Noa-wettng clothing
Nom-wetting clothes have been developed by coating namoparticles on the fabric. If you

spill coffee on your trousers made of such a material, it will just flow away withoat

leaving a stan. Thas laver of nanoparticles s transparent and 15 ivisible to eve
Biological Senson

Surface functionalized nanoparticles can trap o single carbon monoxide molecule which
chicits a sharp change n the srface potential  Thas potential can be detected and can
trigger an alarm for thas harmiul gas before the carbon monoxide beak becomes fatal
Another example of such an appheation of surface functionalized nanoparticles s i the
diagnosis of diabetes by detecting acetone n the breath of a patient

Huge variety of devices and products are already in the markets many more on the way
and as we can see that there are filling area materials can not solved our problem one
example is nanoparticle. Our memory in filters already seen that an example how to
make nano for us material which is an hybrid of matter and air and matter and vacuum
and as such membrane filters for bacteria and for us membranes. We want to see
particularly how bacteria pass through membranes and | can actually make membranes
which is thus dual role of keeping out bacteria going important molecule pass through

and these are been in utilize in filter.

What do we mean call the process that we have seen just its now that is what we going to
consider next huge variety of devices products are already in the market many more on
the way. As u can see that they are what do we mean they are filling into what areas
conventional materials cannot solve our problems one is nonporous membrane filters, we
have already seen that an example of how we are going to get nonporous material. It is
an hybrid of matter and air or a matter and vacuum and such membrane filters can see
how harmful bacteria. From here, only two molecules which can pass through the nano
porous membrane, in other words | mean what particularly harmful species like bacteria,

but not other molecules to pass through these membrane.

| can actually make an membrane thus this dual role of keeping out bacteria and allowing

the important molecules to pass through and this have been utilizing actually filtering



water to get bacteria a free water. Another nice example is production of sanitizing
washing machine, so here washing or washing process is as a dual role and this in fact
has this kind of sanitization washing machine usually available in the market. | think
more than 1 company is producing such kind of a sanitization washing machine and in
this basically during the wash two things are happening, of course we are getting lot of
dirt.

Additionally, we can also having an antibacterial effect which is coming from the
washing this is achieved by actually having the silver nano particles in their interior
surface of the wash of washing machine. This silver nano particles least pilings of silver
ions in the wash till per ions have an antibacterial property, which kills the bacteria
present in the fabrics. Therefore, now | have a fabric which is not only clean off that, but
also clean off bacteria, so this a nice commercial product which is now available in the
market wherein well known principles for intensive toxicity of silver ions to bacteria and
defect.

That large surface area provided by nano particle can actually help sore lease of silver
ions have been put together to produce something very useful and common which can be
find on every house. We already seen the example of knitting clothing and we always not
knitting clotting because we do not functions in dividing the core we do not want that
skills to get into that code which could be harmful for that coat or in come into contact
with this skin. The beautiful thing about this that these nano particles which are
embedded in these kind of fabric or transparent any useful to guide therefore, they donor
alter the look or the texture or the fabric which is basically done by the coating

nanoparticles the fabric and even in a common application for this.

Suppose, | was in coffee on to the also made of session material then they of coffee will
not penetrate through the cloth flow way and the before this has applications from very
specific to application wherein you want the coat to be resistant. It is another kind of
very harmful chemicals to very common applications where anyhow want to scolding
coffee into a skin. We already seen a nano scale sensor, but the general area of sensors

and especially biological sensors nanoscale materials are making serious in roads.

Now, the amount of the material | need to actually make a sensor and number two the

amount of material which can be detected by the sensor is very small. Therefore, | can



now deduct those concentrations of for instance a very harmful molecule like carbon
monoxide though carbon monoxide by itself is not a toxic material, but actually deprived
a human system of oxygen. In fact, it prevent bonds with a hemoglobin and therefore,
you may get carboxy-hemoglobin instead of ox hemoglobin. Therefore, your blood could
be deprived over oxygen which is bad for us suppose | want to deduct carbon monoxide

in their atmosphere.

I can use surface nanoparticles which can now have a sensitivity which is much higher
than that if 1 use some conventional deduct or and if this were connected to a complete
device. The change in the potential surface potential of the nano particle can be deducted
this can be a set of alarm and this alarm can alarm can tell us that the carbon monoxide
levels in the atmosphere is as exceeded what you might call a leak which is now can be
fatal. Therefore, | can avoid an evacuation procedure or a kind of embroider procedure
can be deducted another such example of a important deduction would be acetone in the

breath of a patient.

Suppose | see there is a acetone then this could be aa assign of an in pending diabetics
and this can be early deduction in a patient. Therefore, | can take lot of preventive
accurate measures which actually helps us to before the disease spreads to all extend
variant it can no long effectively. So, the area of sensors holds lot of promises where it
comes to deduction of gases molecule solution. This typically can be harmful or can be
assign for kind for certain kind of diseases or in living being stalked about this little bit

that how we can make transparent ceramics.
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O Scratch ressstant lenses
Nanometer sized aluming particles can be wsed o8 a feedstock for thermal spraving or
spark plasma smtenng to form fully dense pellets of transparent cerannc. These optical
components bemng made of a ceranue provides for supenor strength, hardaess and thermal
shock resstance as compared o their glass plastic counterparts. Wear resistant optical

components can be utilized i acrospace applications

J Spin Valves
Spin valves csentially utilizes the gant magnetoresistance (GMNR) cffect. An applied
magnctic ficld can be wed to switch the material showmg GMR cffect from a lugh
ressstance state to a low resstance state. Thes makes these devices behave as “spin valves
or micro-switches. Spin valves have been used i the fabrication of spin valve transistors
(g sthicon comtter and collector ). which can be wed in the detection of magnetic fickds
Spmtromes (spin transport clectromes or magneto-clectromes )
In spintromes the spin (and sssociated magnetic moment) of an electron w utilized along
with the wsual clectromic charge i the fabnication of solid state devices. Spin dependent
clectron transport 15 at the heart of such devices. Spin polanzed clectrical ingection has
been used i the construction of senuconducting lasers. Spin based transistors have also

been emvisaged

This transparent ceramic can actually put to fantastic views by making scratches, so most
| am talking about an aerospace, where in | need lengths which of course you know that
in aerospace application. | am talking about space cannot be there is a scratching lengths
cannot be easily replaced. Then, | need a kind of length which is where optically
transparent and additionally as good hardness and fractalness is so that any kind
imperfect outer space during the application cannot destroy and normal glasses easily
fracture. Therefore, making a lengths out of normal glass is not a very good idea it comes
to outer space applications. Now, we can actually produces transparent aluminums

ceramic lenses which is produce by plasma fully dense fell it.

This transparent can use to make a lengths which have superior strength high hardness
and good commercials appreciate is also very important outer space if my lenses is in the
sun sight or facing the other make a difference could be large. Therefore, | have
additional this helps in making a good kind of lens for outer space applications, so in
some scratches lenses or in a perfect lens which | would like to co operate in an optical
system especially for good applications. Another example is just an extension of the

phenomena encounter the phenomena joint magnet to the system.

Using this a set of monetarism, an applied magnetic field using this to switch the
material game or effect high resistance to a low resistance, this is what we just seen this

very effect of shown also means that the device behaves like a spin ball another words.
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If 1 have a material multilayer joint monitorial system and i am talking about state where
in the two layers of bottom layer ferro magnetically covered. Then, if | have electron
spins with this kind of a spin electron, this will pass through suppose | switch on the
magnetic field then get into a state which we are drawn before where in my spins are anti
ferro magnetically coupled. This is in the presence of magnetic field b and this is in the
absence of the field b and this is the state electron will tends to scatter from the second

layer which is now opposite spin compared to the spin.

Therefore, | can actively control now and the spin which passes through I can switch on
here switch off the passage of the electronic by using the | have the spin dependent
scattering. This is done by switching on and switching of the magnetic field, therefore

this is effectively spin, certain kinds to go through.
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O Scratch resistant lenses
Nanometer stzed aluming particles can be used s a feedstock for thermal spraving or
spark plasma smtenng to form fully dense pellets of transparent ceranuc. These optical
components bemng made of a ceramic provides for superior strength, hardness and thermal
shock ressstance as compared (0 ther glass plastic counterparts. Wear ressstant optical

components can be utilized i acrospace applications

Spmn Vahves

Spin valves cscntially utilizes the giant magnetoresistance (GMR) cffect. An applied
magnetic hicld can be wed 1o switch the material showmg GMR cffect from a lngh
resistance state to a low ressstance state. This makes these devices behave as ‘spin valves
or mucro-switches. Spin valves have been used in the fabrication of spin valve transistors
(wung stheon entter and collector ). which can be wed in the detection of magnetic fickds
Spantromcs (spm tramsport clectromes or magnetosclectroncs )

In spintronics the spin (and associated magnetic moment ) of an clectron s utilized along
with the wual clectrome charge m the fabrication of solid state devices. Spm dependent
clectron transport 1s at the beart of such devices. Spin polarized clectrical imjection has
been used m the comstruction of semuconducting lasers. Spin based transastons hanv e also
been emyvmaged

Therefore, now | can use for instance in making what is known as spin valve transistors
where in Silicon is used as this can also be used as an enough magnetic fields especially
of low magnitude. Therefore, I can | have joint, this can be actually treated like a
effectively a spin valve and this spin valve can be used to make nice devices like
magnetic field directly. This whole concept of spin valve and joint magnetic part entire
area which can be called spintronics, spin transport electronics of magneto electronics

now playing with charge of the electron.

Of course, when | am talking about associated magnetic moment which comes from the
angle in this, we use the electronics spin of the electron utilize along with the usual chart
electron is always in charge in the fabrication of devices spin electron transport. That
means now | am controlling my passage of electron lying on the property of spin of
course construction of semiconducting these is already formed applications.

Here, use to make a layer which is semi conducting layers spin base transistors also be in
the same previous application. Therefore, nano materials and nano structures we see that
we not only deal with the charge of an electron. We can actually control the spin of an
electron we can make devices specifically deal with the spin of an electron and therefore,

we can have an entire new field, which is come up the field of spin electrons.
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These “new” phenomena have Jed (o awareness about ‘nanomatenals and nanotechnology

Thes consequently has developed

U An mereased quest towards understanding the size dependence of vanous physicol
phenomena (1.¢. nanoscience along with their applications )

J Fascmating possibilities. that can be achucyved wang nanomatenials and nanotechnology

Faho tandard

M Favourable govermnmmental policies

So, there is an overall benefits to these effects and all we will just half of these to

actually come, what you might called as an application from policy.



