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Hello everyone I welcome you all to the 10" lecture of this course. The 10 lecture is on carbon
nano tube and needs bio applications, so in lecture we are going to learn what is carbon nano

tube.
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And what is a difference between single wall nano tube and multi wall tube and we are going to
learn how to synthesis this carbon nano tubes and also we are going to learn how to functionalize
this carbon nano tube the various applications of carbon nano tube and also there are various

applications of carbon nano tube.
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Carbon nanotubes (CNT)

* (NT can be described as a sheet of Giraphene sheet
utaphene rolled nto a cylinder

* Constructed from hexagonal rings of
carbon

* (Canhave ane layer or multiple layers

¢ Cunhave capy af the ends making

them look like pills
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So let us see what is carbon nano tube the carbon nano tube can be described as a sheet of
graphene rolled into a cylinder so here you can see this animation this is a graphene sheet it is
rolled into cylindrical shape this is called as carbon nano tube and this graphing it is mainly
made up of hexagonal rings of carbon and this carbon nano tubes can have 1 layer or multiple
layer of graphene sheet if it is having 1 layer that is single wall carbon nano tube if it is having

multiple layer that is called as multi wall carbon nano tubes.

And this carbon nano tube can have caps at the ends okay so we can have caps at the ends of this
tube so that we can load any therapeutic molecule are we can load any anti cancer drugs inside

the carbon nano tubes and we can use it for various therapeutic application.
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Carbon nanotubes

Single wall carbon nanotube

So form where we get this graphene so we get the graphene from the graphite okay so the single
layer of graphene if it is rolled into tubular form that is called as single wall carbon nano tube

and if you are using multi layers of graphene that is called as multi wall carbon nano tubes.
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Structure and morphology

* The bonding in carbon nanotubes 1s spi with each atom joined to three
neighbours, as in graphite.

* The tubes can therefore be considered as rolled-up graphene sheets (graphene is an
individual graphite layer)

* This bonding structure, which 1s stronger than the sp3 bonds found m diamond,
provides the molecules wath therr unique strength.

* Under high pressure, nanotubes can merge together, giving the possibility of

producing strong, unlimited length wares throygh high-pressure nanotube linking

g I FOCREIE

Let us see the structure and morphology of carbon nano tubes so the bonding in the carbon nano
tubes is sp? with each atom joined to 3 neighbors as in graphite okay, so that tubes can therefore
be considered as rolled up graphene sheets and this bonding structure which is stronger than the
sp® bonds found in diamond and also under high pressure this nano tubes can join together and

form a nano wires.
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Classification of carbon nanotubes

Carbon nanotubes are classified m following two types,
+ SWNTs- Single walled carbon nanotubes
+ MWNTs- Multiple walled carbon nanofubes

So let us see the different between the single wall carbon nano tubes and multi wall carbon nano

tubes.
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Comparison between SWNT and MWNT

Table 1- Comparison between SWST and MWNT

Br. Mo, SWNT MWAT
I Single liyer of graphese Whullphe layer of gespheme
3 Caialyst is reqaired for synihesis. Cam be prodeaced withowt caialysi,

3. Bk symhesss o difficult aq it requires Bulk synibesis i casy.
freoper contred ver growth and

amosphene cadaion
4. Panty is poar. Purity is high
5 A chance of defect is more during A chance of defect & less bud once
Hunetinalization. occurred it's difficalt o imgeose
6 Less accunsdanca m body. Whore accumalarion in by,
T Characterization and cvaluation is gasy. It bas very camples sinacture

8. Mcan be eusily vwisted s are mare
plasble. 1t com maot b easily rwisied

@ IF PODREED

As I told you earlier single wall is single layer of graphing and multi wall is multiple layer of
graphing and for synthesis it need catalyst and here we can but it without the catalyst also and
here the bulk syntheses is difficult but here bulk syntheses is easy and the purity is poor here and
purity is high so the main important point is less accumulation of the body single wall nano tubes

it will accumulation less in the body and multi wall nano tubes it accumulate more in the body.

So depends on your application you have to select weather you need single wall nano wall tube
or multi wall nano tubes because in some cases we need less circulation and in some cases we

need more accumulation.
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CNT properties

+ The strongest and most flexible molecular matenal because
of C-C covalent bonding and hexagonal netwaork architecture

* Strenuth to weight ratio 500 times greater than Al steel,
fitanium

* Maximum strain ~10%; much hugher than any material
* Very high current carrying capacity

* Other chemical groups can be attached to the tip or sidewall
(called “functionalization’)
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And let us see some of the properties of carbon nano tubes so this is a strongest and most flexible
material because of CC covalent bonding okay and it is 500 times greater than the AL, steel and
the maximum strain it can with stand is more than 10% which is higher than any material and it
is having very high current carrying capacity and also we can adds any kind of functional group

that is called as functionalization adding of functional group is called as functionalization.

(Refer Slide Time: 03:49)



.y
CNT properties

= “CNTis 100 times stronger than stamless steel but six imes hghter, ™

* “CNT 1s as hard as diamond and its thermal capacity 18 twice that of pure
diamond..”

*+ “CNT's current-carrying capacity 15 1000 fimes higher than that of capper..”

* “CNT s thermally stable up to 4000 K..*

* “CNT can be metallic or semiconducting, depending on their diameter and atomic

b
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And it is 100 times stronger than stainless steel but it is six times lighter than the stainless steel
and it is hard than the diamond okay and it is having high current carrying capacity and high
thermal stability and depths on the arrangement of the atoms it can be metallic or

semiconducting.
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Carbon nanotube synthesis methods

I Arc discharge method
2.Chemical vapour deposition (CVD)

3.Laser ablation

So let us see how to synthesis this carbon nano tube so these are 3 approaches available to make
the carbon nano tubes that is arc discharge chemical vapour disposition and third one is laser

ablation.
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L Are diseharge method S:;;:'f:: position Laser ablation (vaporization)
Ebbesen and Ajayan, NEC, Japan Endo,  Shinshu  University] Smalley, Rice, 19057
Wi 1 8
1992 Pagana, Japan
Connect two graphite rods o3 Place subsirale in oven, heal 1 Blast graphite with intense laser)
power supply, place them a few] 600 “C, and slowly add a pulses; use the laser pulses rather
millimetnes apart, and throw the)  carbon-bearing  gas such  as than eleciricity ©  genera)
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- of 1-3 nm and outer diameter of  ranging from 10-240 nm technigue, as il is oo expensive,
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Con random  sizes and  directions]  often riddled with defects requires  expensive  lasers  and

I||_eH' power fequinement, but s
improving

often needs a lotof punticaton

So let us see how we can use this 3 methods ands make the carbon nano tube first one is arc
discharge method and here you will connect two graphite rods to a power supply and place then a
few millimeters apart okay so that will make the carbon nano tubes here the yield will be like 30
to 90% and you will get short tubes with diameter of 1.4 nano meter and the advantages are like
it can easily produce single wall nano tubes and single wall nano tubes have few structural

defects.

So that is good for functionalization and here we can make multi wall nano tubes without any
catalysis okay and it is not a expensive method so the next method is chemical vapour
disposition so place a substrate oven and heat to 600° C and slowly add carbon bearing gas such
as methane as gas decomposes it is produce carbon nano tubes okay and here the yield will be

like 20 to 100%

So here we can get the long tubes with the diameter of 10 to 240 nano meter and it is the easiest
to scale up the industrial production and here the purity will be high and the next method is laser
ablation so here we will be applying the laser light on the graphite and it will produce a carbon
nano tubes here the yield will be lie 70% and the advantages are like primarily it is used for
single wall nano tubes and it is a pure material so the reaction product is pure so we can used it

for biological application but the problem is this is little bit costly technique.
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Nanotube growth method

ARC Discharge Laser Ablation

Carbon nanokide Ratary Feedirough unit
He gas almosphene

So when this arc discharge they will be having this graphite and cathode and anode will be

connected and power will be applied and the all the carbon hands will be deposited in this, okay.
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Manufacturing

Schematic dravangs of a laser ablanon apparatus

And in this laser ablation so we will be applying the laser light to the graphite target, okay. And
this is kept in the furnace, the furnace is at 1200° Celsius and in presence of argon gas so this
laser light will vaporize to the graphite target and it will produce the carbon nano tubes so that

will be collected in a water cooled collector.
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Chemical Vapor Deposition (CVD)

1. Gas enters chamber at room temperature (cooler
than the reaction temperature)

2 Giass heated as 1t approaches the substrate \\ 1 #
»

L
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Gases then react with the substrate or undergo »

chemical reaction in the “Reaction Zone™ before ﬁ
reacting with the substrate forming the deposited / H Jj é u\ fr Jj H a u\
material

4. Gaseous products are then removed from the

reaction chamber

So next one is CVD that is chemical vapor deposition so here the gas enters the chamber at room
temperature that means it is cooler than the reaction temperature and gas is heated as it
approaches this substrate and gas then react with the substrate or undergo chemical reaction in
the reaction zone, before reacting with the substrate forming the deposited material, here the gas

is products are then removed from the reaction chamber, okay.
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Nanotube synthesis by CVD process
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So this is a nano tune synthesis by CVD process set up okay. So you will get this kind of

powered form of CNT.
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CVD apparatus
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And this is the bend stop CVD apparatus.
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Nanotube synthesis by CVD process

k

* Source of carbon atoms usually comes from an organic compound

* Mixed with a metal catalyst and inert gas

*+ Atomized and sprayed into reactor with temperatures ranging from 600°C to
[200°C

+ Pyrolysis of organic compound deposits carbon (as soot) and carbon nanotubes

on reactor wall {usually a tube constructed from quartz)

So here the source of carbon atoms usually comes from an organic compound, okay. So mix with
a metal catalyst and inert gas and here it will be atomized and sprayed into reactor with
temperatures ranging from 600 = 1200°C. Here the pyrolysis of organic compound deposits

carbon and carbon nano tubes on the reactor wall.
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Sources of carbon

+  Typical Orgamic/Catalyst Mixtures
+  Xylene/ferrocene
+  Toluene, benzene, xylene, mesitylene, and n-hexane/ferrocene
*  Ethylene and ethanol/Fe, Co, and Mo alloys (K. Mizuno et al )
*  Typical Carner Gases
*  Argon

. Hydmgjen

So these are the typical carbon sources Xylene or ferrocene and these are the typical carrier gases

like argon and hydrogen can be used for making this CNT using CVD method.
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Limitations of CNTs

* Difficulty of mass production for industrial purposes.
+ Secondly 15 the solubility of CNTs in the water

+ The production of structurally and chemically reproducible batches of CNTs with

identical characterstics.

+ Difficulty in maintaning high quality and minimal impunties.

So the limitation of CNT, the first thing is difficulty for the mass production and second thing is
the solubility of CNT in the water okay and also it is very difficult to produce the CNT uniform
CNT batch wise, okay. And the fourth one is like difficulty in maintaining high quality and

minimal impurities.
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Why functionalisation of CNTs?

+ For biolouical and biomedical applications, the lack of solubility of carbon
nanotubes 1 aqueous media has been a major technical barmer,

+ To overcome this problem the modification of the surface of CNT ie
functionalisation is done

+ With different molecules 1t 15 achieved by adsorption, electrostatic mteraction or
covalent bonding of different molecules and chemistries that render them more
hydrophilic.

* Through such modifications, the water solubility of CNT 18 improved and their
biocompatinlity profile 1s completely transformed.

* Moreover, the aggregation of ndividual tubes through vander Waals forees are
also reduced by the functionalisation of their surface.

So to overcome those difficulties we have to functionalize this CNT, okay. For biological
application biomedical applications so the lack of solubility of carbon atoms in of course media
has been imagined technical barrier because this carbon atoms aggregate through Vander Wall
forces, so we can overcome this aggregation by doing functionalisation and also it will increase

the water solubility of CNT and it will also improve the bio comparability of your CNT.
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Functionalization of carbon nanotubes

A Covalent defect-group
functionalization
i B. Covalent sidewall
functionalization
(. Noncovalent with surfactants

D. Noncovalent exchedral

polymers

E. Endohedral functionalization

So how to functionalize the carbon nano tubes so these are the various approaches for making the
carbon atoms functionless carbon atoms, the first one is covalent defect group and next one is
covalent side wall, third one is non covalent with surfactants and fourth one is non covalent

exohedral polymers and this one is endohedral functionalisation, so let us see one by one.
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Chemical functionalization methods

* Endohedral Functionalization
Modification of CNT by putting nanoparticles mside the tube,

* Change the hydrophobic structure to hydrophilic and make them as solvents.

+ Filling nanotubes with nanoparticles to add the characteristics of the Nanoparticles
inside the Carbon Nanotubes to fantastic phenomenal of CNT,

* Putting CNT inside the suspension containing nanoparticles so that it can penetrate
the tube internal site and stay Wnside the CNT

+ Depends on surface energy (surface tension ) of the liqud.
* Experiments show that if surface tension of the liquid 1s more than 200 mNfm, liquid

can fill the nanotubes

So let us see endohedral functionalisation, so here modification CNT by putting nano particles
inside the tube, okay. So we have to incubate the CNT inside this suspension of solution which
containing nano particles so that it can penetrate the tube internal side and stay inside the tube,
okay. And here the endohedral functionalisation depends on this surface tension of the liquid and

if the surface tension off the liquid is more than 200 the liquid can fill the nano tubes.
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Exohedral functionalization

Exohedral Functionalization 1s modification of external pat of CNTs like side walls |

This method itself is subcateonzed into three mam mathods -

=g

I, Covalent Exohedral funcionahzation-Defects

defect in CNT = best place for funcrionalization

2, Covalent Exohedral functionalization -Functional groups

* Side wall functionalization & to attach more functionalized group.

And again this exohedral functionalisation is sub categories into three main methods the first one
is covalent exohedral functionalisation that means when you make the carbon atoms there will be
some defects, so this defect in this CNT’s is the best place for functionalisation, next one is
covalent exohedral functionalisation so here we can add the functional group to the side walls of

the carbon nano tubes.
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Exohedral functionalization

3. Noncovalent exohedral functionalization-

Polymer wrapping
* wrapping CNT in polymer, surfactants and peptides (smaller amino acids in Tength).
* By wrapping the polymer around the CNT there 1s a phenomena called P1 stacking.

* Pistacking is when the P orbitals of CNT and functionalized proup interact with each
other and cause less stability.

In this type of functionalization electrical and optical properties of CNT are not damaged
and pertutbed but because of poor interaction of p orbitals, stability 15 quite low .

As experiments show there 1s an improved electrical property of the polymer

And third one is non covalent exohedral functionalization here you will be adding the polymer or
surfactants so which will be wrapping this CNT okay, so by wrapping the polymer around this
CNT there is a phenomena called Pi stacking, so what is Pi stacking? It is when the P orbital’s of
CNT and functionalized group interact with each other and cause less stability, okay. So in this
type of functionalization the electrical and the optical properties of CNT’s are not damaged. But

the stability is quite low, okay.
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Chemical functionalisations

There are also several chemical functionalizations -

«  Amidation - Formation of Carbon Nanotube-Acyl Amides
*  Fluorination of Nanotubes

+ Chlonmgtion of Carbon Nanotubes

* Brommation of MWCNTSs

* Hydmwgenation of Carbon Nanotubas

+ Addition of Radicals

* Addition of Nucleophilic Carbenes

+ Sidewall Functionalization through Electrophilic Addition ete.

And these are the saw the other types of chemical functionalization but in this we are going to

discuss only A midation and Fluorination.
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Amidation of CNTs

+ Amide is an organic compound as a functional group that has (R-C=0) attached to a
nitrogen atom

* This kind of functionalization can only be done of the CNTs which are already are
carboxyl-functionalized (-COOH).

* Treat it with Thionyl chloride (SOCL,) to substitute the (-OH)with chlore and then
add octadecylamine as shown n figue yione chloride to substitute the (-OH)

[} . [+
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Octadecylamine St

So amidation means addition of amide group but we cannot add the amide group directly the first
we have to functionalize the carbon atoms with COOH and followed by that we can add the

amide group.
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Fluorination of MWNT

+ This process can be done on already functionalized CNTS by carboxyl group then
they can be functionahized by fluorie, further functionahzation meanmg that we can
remove the fluorine and attach other functional groups.

ke

+ This process can be confinues by removing fluorine and replacing it wath other

functional group

+ By this process there will be no damage imposed to CNT sidewalls and temperature i3
low about 150 °C o 500 °C. Tn this case, maximum fluorination can be achieved using
lodine pentafluoride 1F, which leads to composition of C-F bonds .

Similarly we can also add the fluorine group using Pentafluoride IFsokay.
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Fluorination of MWNT

¢ Expenments show electrical resistance of fluorinated SWCNTs has dramatically
mcreased.

* Fuither functionalization substituting fluoring can be done in the group of -CNT.

|'

So this will also add the fluorine group so when you add the fluorine group so it is increasing the
electrical resistance and also we can substitute the fluorine with some other chemical group and

use if for various application.
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Bio-applications of CNT

So let us see the various applications of carbon nano tube.
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So this carbon nano tubes can be useful for bio imaging and also it could be useful for drug
derive application and we can also use it for bio sensing and for therapeutic or therapist

application so let us see one by one.
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Biological applications: Bio-sensing

Many spherical nano-particles have been fabricated for biological appheations
Nanotubes offer some advantages relative to nanoparticles by the following
aspects:

|, Larger inner volumes — can be filled with chemical or biological species.
2. Open mouths of nanotubes make the inner surface accessible

3. Distinet mner and outer surface can be modified separately.

For biological applications so here the nano tube offer some advantages related to nano particles
by the following aspects, the first thing is larger inner volumes so the larger inner volumes can
be filled with chemical or biological species so it can be loaded with any kind of drug or any
kind of imaging agent, so next one is the open mouths of nano tubes so make the inner surface

accessible. And third one is distinct inner and outer surface so which can be modified separately.
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Biological applications: AFM tips

Carbon n?nufuhes as AFM probe tips;

* Small diameter — maximum reselution

+ Excellent chemical and mechanical robustness
* High aspect ratio

Pl Tig i Frotrudod rvmeal
rarnn

Resolution of ~ 12nm is achieved

So let us see how we can use carbon nano tubes as a AFM probe tips so it is having small
diameter and maximum resolution so it is a excellent chemical and mechanical robustness makes

it suitable for AFM probe tips.
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Biological applications: Functional AFM tips

Molecular-recognition AFM probe tips:
«  Cettan bimolecule 15 attached fo the CNT tip
*  Thus tip Is vsed to study the chemical forces between molecules — Chemical

. N S——
force microscopy Yy - W

\Tl" .ﬂ...u-.lld.v. -\ln". T T
l: E.':‘n'} A ] 1 [ [ L

(R o

So let us see how to make functional AFM tips certain bio molecules can be attached to the CNT

tip okay, so this tip is use to study the chemical forces between the molecules, so it is also called

as chemical force microscopy6. So here you can see here that tip is having this some COH

functional group suppose your sample is having NH2 so it can react and we can measure the

force, so this is called as chemical force microscopy.
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Microelectrode for sensors

* Nanoscale electrodes create a dramatie 1mprovement i signal detection aver
traditional electrodes, i »
¢+ Seale difference between macro-
. /micro- electrodes and molecules Is
Traditional Macro- or
Flectrode  Micro- Electrode tremendous
*» ]
# + Backgrommd noise on  electrodz

surface is therefore sighificant

+ Significant  amount  of  target

molesules requured

Let us say the comparison between the microelectrode and nano electrode for sensor application,
in micro electrode the scale difference is very high because the molecules is in the range of nano
scale and your electrode is in the range of micro scale, so the background noise will be very high

and here we need more amount of target molecules for sensing the target molecule.
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Nanoelectrode for sensors

+ (NTtips are at the scale close to molecules

Nanoelectrode
Array

PO

+ Dramatically reduced background noise

Multiple electrodes results 1 magnified

' Ry o o
stgnal for statistical reliability.

Insulator

MNana-
Electrode ¢ (an be combined with other electro catalytic

mechanism for magnified signals.

So but when we use CNT tips for making a nano electrode for sensing application it will reduce
the background noise because the nano tubes is very, very small scale and it can match externally

with your target molecule because that is also the range of nano scale okay, so based on that here

the nano tips will be having high sensitivity.
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Hybridization experiments
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So let us see how we can use it hybridization experiments to make the CNT sensors, so here we
will adding single sensor DNS to your cover and will take the target single sensor DNA, from
your patients serum and when you put into this sensor this will combine in form this kind of
bond that is your hybridization okay. So if the patients DNA is forming a bond with the probe

DNA that means that person is having the particular disease.
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So you will be having a probe single standard DNA and another one is target DNA, for example
so this DNA where taking from some patients serum so when it come and form a bond with this
probe DNA by hybridization okay, so the electrical connectivity property of this CNT will be

changed, so based on that we can detect the disease.

(Refer Slide Time: 14:30)



CNT based biosensors

+ Probe molecules for a gven tareet can be attached to
CNT tips for biosensor development

High specificity

* Direct, fast response

+ High sensitivity

* Single molecule and cell signal
capture and detection

So as I told you earlier so this pro molecule for a given target can be attached to the CNT tips or

making bio sensor just it has high specificity and it is very fast and direct response and it has

high sensitivity even a single molecule can be also detected.
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Fabrication of genechip

Potential apphications:
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(4)Environmental momlonng oo’ 2 300 pm
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(5)Pathogen detection

30 dyes on a 47 8i waker

And based on that we can make a genechip or lab on a chip, so the lab on a chip is also the same

principle for example.
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If a person is having some kind of cancer so you can make all the DNA probes for example the
first box is for a lung cancer and this is for breast cancer so this is for pancreatic cancer okay and
this can be for your brain tumor so we can have all the single standard DNA probe in the micro
wave chips okay, and when you take the patient serum so we can take the DNA from the patient
serum and you can harry to this and minute forms hybridization with the only lung cancer probe

that means the person is affected by lung cancer okay.

So instead of going through all the reactions we can have all the things in a simple lab on a chip
concept, so all the DNA will be here, so based on that we can easily identify what kind of cancer
that particular patient is having and we can also increase the sensitivity and we can save lot of
time okay so which will be useful for a Ellice cancer detection and also for various infection

disease detection.
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Single-walled carbon nanotubes for chemical sensors

* Every atom in a single-walled nanombe is on
the surface and exposed to environment.

+ Charge teansfer or small changes in the charge-
environment of & nanotube can cause drastic
changes to its electrcal properties

+ Momtorng the change m conductivity forms
the basis for sensing

Applications

¢ Industial Toxic Chemicals. Safity

+  Leak Detection 32-channel sensor chip

So let us see how we can use single wall carbon nanotubes for chemical sensor here every atom
in a single wall nanotube is on the surface and exposed to environment okay, so charge transfer
or small changes in the charge environment of a nanotube it can cause drastic changes to these
electrical properties, so based on that we can make a chemical sensor which will be useful for

lead direction and other application.
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Detecting biomolecular interactions using molecular
nanomechanics

L] " Target
. #+ Molecule
¢ Probe Molecule

Cantilever
Beam

Target Binding

¥
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So let us see how we can use that cover nanotube base sensor for detecting the various diseases
so we can have this kind of chip and it is a cantilever beam if the patient serum have more
amount of particular antigen and if it is comes and bind depress the number of antigen there will

be deflection, so we can measure the deflection and we can easily identify the disease.
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Nanocantilever array

¢ The biomarker protemns are aflity-bound o
the cantilevers and causa them to deflact.

* The deflections can be directly observed with
lasers.

* Alterngtively, the shifl in resonant frequencies =
caused by the binding can be eleciromcally
detected

* As for nanowire sensors, the breakthrongh
potential in nanocantilever fechnology i the
ability to sense a large number of different
proteins at the same nme, i real time
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So with the patient serum having more amount of antigen there will be more amount of
deflection so based on that we can make a nano cantilever based array for bio sensing

application.
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CNTs for targeted drug delivery

Anti-cancer drugs may be deliversd more efficaciously and with fewer systemic
side-effects using a "smart' nanotechnology platform than by conventional
tethods, Small-diameter semiconducting SWNT: tepresent one such promising
platform, due to their strong absorbance m the so-called therapeutic infrared
window (between 7001100 nm, depending on body nssue type)

contrast agent  therapeutic antibud};

S functional
group

And we can also use cover nanotube for targeted drug delivery so here you can see here this
carbon nanotube is loaded with contrast region, so this contrast region is for imaging application
and therapeutic is for your it can be any antics drug for therapeutic application and antibodies for
targeting your carbon anti body only to the cancers and we can also add functional group which
will give the bio comparably to your carbon nanotubes and it will increase the circulation time so
this is called as multi function nano particle or also called as theranostic nano particle because it

is having both contrast stage and as well as the therapeutic agent.
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CNT biosensors for cancer detection
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So let us see how to make CNT biosensors for cancer direction.
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So some of cells will express receptor for folic acid, the some of the cancer cells like breast
cancer it will express folic acid receptor so when you make the carbon atoms with the folic acid
so this cells can come and bind to the folic acid, so it is not the single carbon atoms it will be a
array of carbon nano tubes okay, so it is having folic acid and your cancer cell is having receptor

for folic acid so your cancer cells can easily come and bind to the folic acid.

So based on that we can make a sensor for cancer detection so here you can see here this carbon
atoms are coated with the folic acid so these are folic acid functionalized polydopamine coated
carbon nano tubes and which could be useful for electrochemical detection of breast cancer cells
or Hela cells okay, which we are expressing the floate receptor and we can also study the same

sample under the fluorescent microscope and we can confirm it.
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CNTs for biomaterials

For application to spine interbody
tusion material, a
polyetheretherketone  (PLEK)
composite ~ with ~ MWCNTs
possessing excellent mechanical
characteristics and bone
compatibility has been developed.

So next one is we can also use the carbon atoms for biomaterial applications, so for application
to spine interbody fusion material a material call PEEK that is polytheretherketone so along with
multi wall carbon atoms it is possessing excellent mechanical property as well as bone
compatibility so which is useful for making a various bio compatibility materials for bone

designing also.

(Refer Slide Time: 20:06)



T
Nanopore ion conductance

Helps researchers detect erors in the penetic matenal that may lead 1o cancer.

» Funngls TNA through, one strand at @ time, resulting - mare efficient DNA
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« Monitor shape and 2lecmical propermes of each hase as rthev pass through the
[aAncgors

» Properiss, which are uigue 1w fhe bases, allow the mnopore (o lelp decipher
information encaded in the TNA.

So let us see how we can use this nano pore ion conductance for DNA sequencing, so it will help

the researchers to detect the errors in the genetic material that my lead to cancer.

(Refer Slide Time: 20:16)



DNA sequencing with nanopores:The concept
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So here you will passing the DNA through this small pores and it will be like your DNA
sequencing only and we can use the protein call a-hemolysin but the drawback is like it is toxic

protein.
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Status of nanopore based DNA sequencing

Present Future

So we can use the carbon atoms for such kind of application so here you can sue the carbon
atoms for the same application so when you pass the single standard DNA through the carbon
atom there will be a decay in the current, this is the present scenario but in future researchers are
trying to develop very specific sensor when the G pass through this carbon atoms it will have a
different kind of current decay, and A and C. So we can easily sequence the DNA and it can be a

like low cost DNA sequencing device.

(Refer Slide Time: 21:02)
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Real “Nanomotors™
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And we can also make carbon nano tube based nano motors you can see here it is like a nano
scale motor and this is made up of like gold attached to carbon atom and due to electrical current

it is spinning in this direction.
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Cellular internalization of carbon nanotubes via “nanoneedle”
mechanism vs endocvtotic pathway
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So let us see how this carbon atoms can be taken up by the cell, the one is nano needle
mechanism the other is endocytotic pathway, so in this nano needle mechanism it will directly
inject the cells and it will release the drug and the other one endocytotic pathway so here the
CNT will be attached to the cell and endocytotics will happen and your CNT will be in
endosome and this endosome will combine with the lysosome and it form the lysosome and it

will degrade and it will release the drug molecules into the cytoplasm.
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Pencil and paper to create strain and chemical sensors

o Siycents fom Noctlwesters Universite mumped (o use pencils and mepula pape

tn creatz funchonal sznsor devicas.

* They creatad two types of sensnrs - st sensoeg and chemical vapor sensors

* The students had o discussion about the conductive properties of sraphene. They

reahzed thar when vou draw & lne on a piece of paper with & pencil, the pencil's

praphite sheds numercus graphene sheets.

So let us see how to create a simple strain and chemical sensor using pencil and paper, so
students from Northwestern University, so they used pencil and paper to create functional sensor
devices. So the graphicness very good conductive property so when you draw a line on a piece of

paper with the pencil, the pencil shades numerous grapheme sheets, okay.

(Refer Slide Time: 22:23)
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Pencil and paper to create strain and chemical sensors

+ They started exploring what these graphene sheets can be used for, and the
first thing they tned 18 making a hasic electrode

+ The stdents tound aut that it yom curl the paper in ane direction, 1t incraazes
the conduetivity | becanse the graphans paricles are compressed) while corling
in the ofher direetion deereased the conductivity, So this 15 1 faet 2 simple
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Pangil anid paper st sensoe

So based on that we can make a strain or chemical sensor, so if we make this kind of line on the
paper and if you curl the paper in one direction it increases the conductivity, because the
grapheme particles are compressed, okay. So while curling in the other direction it decrease the

conductivity, so this is a simple strain sensor.

(Refer Slide Time: 22:46)



Pencil-drawn chemiresistor

o Tn a second experiment, they used bendable toy pencils i

whigh the praphitg 12 mixed with g polymer bingder {instaad of

—

the normally used clay)

+ When they creatsd an electiode witl fhis pencil, ey found
out that the conductivity was affected bv the presence of
volutile chemical vapors {because the polymer binder absorbs

the vapors and expands, whigh decreases condugiivity), such

as thesz from toxic indnstial solvents. %o this can be made

it sanple chemical vapon ssson
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So in the second experiment they have shown that how we can use that bendable type pencil for
making chemical sensor, so here they use bendable type pencil in which the graphite is mixed
with a polymer binder okay, so when they create an electrode with this pencil they found out that
conductivity was affected by the presence of volatile chemical vapours, because the polymer

binder observe the vapour and expands and which decreases the conductivity, okay.

So we can use the simple paper and pencil for making chemical sensor as well as the strain
sensor, so as a summary of this lecture so we have learnt what is carbon atoms and how to
synthesis carbon atoms by various methods and also we have leant how to functionalized the
carbon atoms and also various bio applications of this carbon atoms. So I will end my lecture

here thank you all for listening, I will see you in another interesting lecture.
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