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Lr/KSRMCE/ (Department of Humanities & Sciences)/2021-22

Date: 17.09.2021
To

The Principal,
K.S.R.M. College of Engineering,
Kadapa.

o

Dr. R. Joyce Stella,

Assistant Professor,

Dept. of H&S,

K.S.R.M. College of Engineering
Kadapa.

Respected Sir,

Sub: KSRMCE - (Department of H&S) - Permission to conduct Certification Course on Nanotechnology &
Industrial Applications - Requested - Reg.

I would like to bring to your kind notice that, the Department of H&S is planning to organise
Certification Course on “Nanoscience & Technology and Applications” for B.Tech students from 21°
September to 3" October 2021 in online mode. In this regard [ kindly request you to grant permission to
conduct this course; I will be obliged for act of your kindness in this regard.

Thanking you sir,

" /(Oo ‘ ‘%{ours I*‘althfltl;l)ll'ij |

W J‘M oyce Stella,
?fv“:ﬁL- Coordmator,
% Asst. professor,
Da,//bt g Dept. of H&S,

K.S.R.M.C.E
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@/ksm‘nce.ac.\in Follow Us: Ed® % /ksrmceofficial
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Cr./KSRMCE/(Dept. of Humanities & Sciences)/2021-22 Date:17-9-2021

Circular

All B.Tech students are here by informed that Department of H&S is going to organize Certificate
course on “Nanotechnology and Industrial Applications” from 21% September to 3™ October 2021.
Interested candidates may register their names by using the following link. Last date 19-09-2021.

Registration Link: https://forms.gle/51 1 EMeRrZmBXJtBR8

For any queries Contact,

Dr. R. Joyce Stella,

Coordinator,

Asst. Professor,

Dept. Of H&S,

K.S.R.M. College of Engineering.
Mobile No. 7997154714,

Mail Id: joycestella@ksrmee.ac.in

Dr. I. SRE NI m.se, Ph.p,

Head of Humanities & Sciences

BYA

VoD T 0 ~ . .
KSRM College of Engineering
KADAPA-516 005

Cc to:

The Management / Director /Deans/HoDs/IQAC for information

@/ksrmce.ac.in Follow Us: Ei1 @& % /ksrmceofficial :



10/11/21, 2:21 PM Registration Form for Certification Course on Nanotechnology & Industrial Application

$) Registration Form for Certification
Course on Nanotechnology & Industrial
Application

Coordinator
Dr. R. Joyce Stella, Department of H&S, K.S.R.M. College of Engineering, Kadapa.

Make sure to join the what's app group by using the Link which is provided after
submission of your registration form.

* Required

'. 1. Email *

Certification Course on Nanotechnology & Industrial Application

K.S.R.M. COLLEGE OF ENGINEERING

(UGC - Autonomous) i
Kadapa, Andhra Pracesh, India— 516 003 KSNR
Approved by AICTE, New Delhi & AfTiliated to INTUA, Ananthapuramu. i)

Department of H&S

2. Enter your college mail id only *

https://docs.google.com/forms/d/1a3p2vYrMLhdWTpt87ZHQwvKOyvANcgzgSWqgiouaVEU/edit 112



10/11/21, 2:21 PM Registration Form for Certification Course on Nanotechnology & Industrial Application

3. Student Name *

4. Year and Semesters *

5. Branch

6. Permanent Roll Number (Ex. 209Y1A0130) *

Please Enter your correct register Number which is essential

7. Mobile Number (Preferably What's app Number) *

This content is neither created nor endorsed by Google.

o~
!

Google Forms

https://docs.google.com/forms/d/1a3p2vYrMLhdWTpt87ZHQwvKOyvANcgzgSWaqgiouaVEU/edit
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Certification Course on “Nanotechnology & Industrial Applications”
Registred Students List
Permanent Roll Mobile Number
Timestamp Email Address Student Name Year and Semesters Branch Number (Ex. (Preferably What's
i 209Y1A0130) app Number)

9-19-2021 21:15:48]199y1a0133@ksrmce.ac.in P.Venkata Siva 2021 & 5th Semester Civil 199Y1A0133 6281744419
9-19-2021 21:24:45[199y1a0136@ksrmce.ac.in Phatan Arfathulla Khan 3rd year and 1st sem CE 199Y1A0136 9618566075
9-18-2021 15:25:45|209y1a0127@ksrmee.ac.in KANDULA VIJAY KUMAR 1year 2 sem Civil branch 209A1A0127 9398302073
9-19-2021 21:11:32|mahendrasai762@gmail.com B.sai Mahendra reddy 1& 2 clvil 209Y1A0110 7995921612
9-19-2021 20:20:54|209y1a0114@ksrmce.ac.in Chavan sharaf Revanth sai A&l Civil, 209y1a0114 9381822597
0-18-2021 16:33:19|cherasalaudaykiran@gmail.com Cherasalaudaykiran |1year /2nd sem Civil-A 209Y1A0116 8187067196
9-19-2021 13:37:46]209y1a0117@ksrmce.ac.in Amarnath 2| Civil-A 209y1a0117 6303099189
9-19-2021 20:51:39 209Y1A01§@ksrmce.ac.in J. Ganesh : 2021 second sem Civil-A 209Y1A0122 6302453127
0-18-2021 16:27:37|209y1a0131@ksrmce.ac.in K. Praveenkumarreddy 1 Year 2 sem Ce-a 209y1a0131 9642909043
9-18-2021 19:02:20 209y1ao,132@55rmce.ac.ln K.Rakesh Khahna | year Il sem Civil A/'S 209y1a0132 6304469710
9-18-2021 14:00:14|209y1a0133@ksrmee.ac.in Koppala venkatasampath 1year 2sem Civil A 209y1a0133 6305797210
9-20-2021 13:57:37|209y1a0140@ksrmce.ac.in M.Vamsi Kumar 1st year 2nd sem Civil engineering 209y1a0140 7780557613
9-18-2021 15:57:10]209y1a0149@ksrmce.ac.in MUDE NARENDRA NAIK 1St year 2nd sem CIVIL-A 209Y1A0149 9642926513
9-18-2021 14:06:57 |nandyalasai75@gmail.com NANDYALA NAGA SIVA SAI 2nd Civil B 209Y1A0153 8688417093
0-18-2021 14:25:44]209y1a0171@ksrmce.ac.in S.vamsi krishna 1 year / 2 sem Civil 209y1a0171 8688581603
0-18-2021 13:39:00|syedmdzaheer.2002@gmail.com Syed Mohammed Zaheer Ahamed [1st year 2nd sem Civil 209Y1A0184 8106047725
9-21-2021 7:26:19[209y1a0227 @ksrmce.ac.in M. Mahalakshmi 1 and 2nd sem EEE 209y1a0227 7659941608
0-10-2021 21:27:46/209y1a0238@ksrmce.ac.in |Saggam Sreekanth 1st year 2nd semester EEE 209y1a0238 9390593534
0-19-2021 21:20:29]209y1a0246@ksrmce.ac.in S. Sudharshan 1 st year, 2 nd semester |EEE 209y1a0246 7095914634
9-19-2021 20:28:07|deepaakula2003@gmail.com A.Thulasi Deepa 11&2 Mechanical 209y1a0301 9100954809
9-21-2021 16:05:40|gladyjoy204@gmail.com C.Vandana Evangeline 182 Mechanical 209y1a0310 8790490198
9-21-2021 15:04:34|209y1a0315@ksrmce.ac.in__ ETUKURI GIRIDHAR KUMAR 1st year and 2nd semeste{Mechanical engineering 209Y1A0315 8639086933
9-19-2021 21:08:01[209Y1A0322@KSRMCE.AC.IN Jammalamadugu yuvaraju 1st year and 2nd semeste{Mechanical 209Y1A0322 6301708531
9-21-2021 15:04:44|209y1a0361@ksrmce.ac.in Syed waseem 1st year 2nd sem |Mechanical 209y1a0361 6303370297
9-19-2021 20:25:15/209y1a0364@ksrmce.ac.in |VELLATUR AKHIL KUMAR 1st year 2nd sem MECHANICAL ENGINEE{209y1a0364 9705638915
9-19-2021 21:08:46[209y120415@ksrmce.ac.in B.Deepthi 182 Ece 209y1a0415 9014585886
9-20-2021 8:06:17|209y1a0448@ksrmce.ac.in Galaganta Raghu 1st year 2nd semester ECE 209Y1A0448 6309483767
9-20-2021 7:47:30[209y1a0450@ksrmce.ac.in G Nithin kumar reddy 182 ECE 209Y1A0450 9346915203
9-19-2021 21:07:29|209y1a0455@ksrmee.ac.in G.DADA VALI 2021&2nd ECE 209Y1A0455 7993626020
9-10-2021 21:22:55|209Y1A0461@ksrmce.ac.in g.harikrishna 1St year 2nd semester [ECE/B/S 209Y1A0461 8790196027
9-10-2021 21:24:19/209y1a0464 @ksrmce.ac.in Jalla Ganesh |stYear & 2nd semester |ECE 209Y1A0464 8247040443
9-19-2021 21:41:57|209y1a04a0@ksrmce.ac NANAYALA SUBBARAYUDU 1,2 ECE 209Y1A04A0 6281133787
9-20-2021 13:13:58|209Y 1A04A4@ksrmce.ac.in Q. Praveen kumar 1-2 ECE-B 209Y1A04A4 9347088041
9-20-2021 15:49:41]209y1a04e2@ksrmce.ac.in TATICHARLA VENKATA SAl 1st year and second sem |ECE 209Y1A04E2 7993862302
9-19-2021 23:13:41|209Y 1A0542@KSRMCE.AC.IN C.Jagadeeswar reddy 1&Il CSE 209Y1A0542 9553584470
9-19-2021 21:33:07|singamsettyrishitha2912@gmail.com S.Rishitha 1st,2nd Cse 209Y1A05G2 7702017076
9-10-2021 22:16:36/209Y 1A0519@ksrmce.ac.in Yelugoti Jeshnavi 1st year and 2nd sem Cse-c 209Y1A0519 6305872486

Dr. I. SRERVAN] M.Se, Ph.D

Head of Human:ti
anities & Scienceg
KS R ¥

M College of Engineering



Certification Course
Nanoscience & Technology and Applications

SYLLABUS

Course Objectives:

To enable the students to understand the concepts of the nanotechnology such as
different parameters, properties and preparation techniques also improve their knowledge
regarding this technology and make them familiarize the importance of this technology in

various fields.

Unit I: Introduction to Nanoscale materials
Introduction — scientific revolutions — Nanoscale — Surface area to volume ratio and Size
effect — Special properties of Nanomaterials — electrical, magnetic and mechanical

properties.

Unit II: Nanostructured Materials
Definition of a nano system — classification based on nanomaterials- nanopowders,
nanoporous materials, nanodust, nanowires and nanotube — Classification based on

dimensions -0D, 1D, 2D and 3D.

Unit III: Fabrication Methods
Synthesis of nanomaterials Top-down: Ball Milling — principle — construction and working
and applications — Bottom-up: Chemical Vapour Deposition — Sol-Gel method and Self

Assembly — principle —construction and working.

Unit IV: Applications of Nanotechnology

Industrial Applications: Need of the nanotechnology in Industries — Energy — pollution

control — data storage — Cosmetics and pigments — Sensors.

Biomedical Applications: Need of the nanotechnology in biomedical field — Nano cosmetics
— Drug delivery and gene delivery by nanorobots — cell manipulation. Case studies:

Nanorobots.

Unit V: Carbon Nano Tubes
Carbon nano tubes — properties — thermal, electrical and mechanical properties — preparation by

Carbon Arc method — Electrical, molecular devices and biomedical applications of CNTs.




Course Outcomes: Students will be able to

Illustrate the concepts of the nanotechnology and nano science and electrical,
magnetic and mechanical properties of the nanomaterials.

Classify the different types of the nanostructure materials also based on the
dimensions. |

Demonstrate the different preparation techniques such as Top-down and Bottom-up
approaches.

Apply the ideas of this new and efficient technology in different fields like industrial
and biomedical fields

Explain the different concept of carbon nano tubes their peculiar properties,

preparation and applications.

Text Books:

1

Text book of Nanoscience and Nanotechnology, B S Maruty, P. Shankar, Baldev Raj, B B
Rath & James Murday by University Press (India) Private Limited (2012).
Nanoscience and Nanotechnology in Engineering, Vijay K Varadan by worlds Scientific
publications (2010).

Reference Books:

1. Introduction to Nanoscience and Nanotechnology, K K Chattopadhyay and A N Benarjee
by PHI Learning Prv. Ltd. (2014).

2. Nanotechnology, Gregory Timp by Springer (2005)

3. Introduction to Nanotechnology, Charles p Poole Jr, Frank J Owens by A Wiley
Interscience Publications (2003).

4. “Nanotribiology” Critical Assessment and Research Needs, Stephen M. Hsu and Z.
Charles Ying by Springer (2006)

Ur. 1. SREEVANL m.se, Po.x
Head of Humanities & Sciences
K.S.R.M. College of Engineeriag

KADAPA-5I1 yelc =
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Department of Humanities and Sciences

Certification Course on Nanoscience & Technology and Sciences

Schedule

Date Course Instructor Topic to be covered Timing

Introduction to Nano Science and

21-09-2021 Dr. R. Joyce Stella T :
scientific revolutions

4.00 pm-6.00pm

. Nanoscale — Surface area to

-09-2021 i . -0.
22-09-202 Dr. R. Joyce Stella vioHiaie st Atd B ot 4.00 pm-6.00pm

Special properties of 4.00 pm-6.00pm
Nanomaterials — electrical,
magnetic and mechanical
properties.

23-09-2021 Dr. R. Joyce Stella

Definition of a nano system, 4.00 pm-6.00pm
Classification based on
nanomaterials- nanopowders,
nanoporous materials,

24-09-2021 Dr. R. Joyce Stella

Nanodust, nanowires and 4.00 pm-6.00pm
25-09-2021 Dr. R. Joyce Stella nanotube, Classification based on
dimensions -0D, 1D, 2D and 3D.

Synthesis of nanomaterials Top- | 4.00 pm-6.00pm
down: Ball Milling — principle —
construction and working and
applications

26-09-2021 Dr. R. Joyce Stella

Bottom-up: Chemical Vapour 4.00 pm-6.00pm
27-09-2021 Dr. R. Joyce Stella Deposition principle —
construction and working

Sol-Gel method principle — 4.00 pm-6.00pm

28-09-2021 Dr. R. Joyce Stella . :
construction and working

Self Assembly principle — 4.00 pm-6.00pm

29-09-2021 Dr. R. Joyce Stella : :
construction and working




29-09-2021

Dr. B. Ajitha

Industrial Applications: Need of
the nanotechnology in Industries —
Energy

4.00 pm-6.00pm

30-09-2021

Dr. R. Joyce Stella

Biomedical Applications: Need of
the nanotechnology in biomedical
field — Nano cosmetics

4.00 pm-6.00pm

30-09-2021

Dr. B. Ajitha

Pollution control — data storage —
Cosmetics and pigments —
Sensors.

4.00 pm-6.00pm

01-10-2021

Dr. B. Ajitha

Carbon nano tubes — properties —
thermal, electrical and mechanical
properties

4.00 pm-6.00pm

02-10-2021

Dr. R. Joyce Stella

Drug delivery and gene delivery
by nanorobots — cell
manipulation. Case studies:

Nanorobots.

4.00 pm-6.00pm

02-10-2021

Dr. B. Ajitha

Preparation by Carbon Arc
method — Electrical, molecular
devices and biomedical
applications of CNTs

4.00 pm-6.00pm

N celaby‘”

oordinator

H S

DLOLTUVADN
Dr. [. SREEVANI m.se, Ph.0.
Head of Humanities & Sciences
KSR M College of Engineering
KapDaPa =R NNE
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Date: 11-10-2021

Name of the Event: Certiﬁcation Course on Nanoscience & Technology
and Applications

Venue : Google meet

List of Partiéigants

: Roll. Number Name Depart | Contact No Email Id

0 ment

1. | 199Y1AO0133 | P.Venkata Siva CE 6281744419 | 199y1a0133@ksrmce.ac.in
2. | 199Y1A0136 | Phatan Arfathulla Khan | CE 9618566075 | 199y1a0136@ksrmce.ac.in
3. | 209y1A0127 | Kandula Vijay Kumar CE 9398302073 | 209y1a0127@ksrmce.ac.in
4. | 209Y1A0110 | B.Sai Mahendra Reddy | CE 7995921612 | mahendrasai762@gmail.com
5. | 209y1a0114 | Ch. Sharaf Revanth Sai | CE 9381822597 | 209y1a0114@ksrmce.ac.in
6. | 209Y1A0116 | Cherasalaudaykiran CE 8187067196 | cherasalaudaykiran@gmail.com

i 209Y1A0122 | J. Ganesh CE 6302453127 | 209Y1A0122@ksrmce.ac.in
8. | 209y1a0131 | K. Praveenkumarreddy | CE 9642909043 | 209y1a0131@ksrmce.ac.in
9. | 209y1a0132 | K.Rakesh Khanna CE 6304469710 | 209y1a0132@ksrmce.ac.in
10. | 209y1a0140 | M.Vamsi Kumar CE 7780557613 | 209y1a0140@ksrmce.ac.in
11. | 209Y1A0149 | Mude Narendra Naik CE 9642926513 | 209y1a0149@ksrmce.ac.in
12. | 209y1a0171 | S.Vamsi Krishna CE 8688581603 | 209y1a0171@ksrmce.ac.in
13. | 209y1a0238 | Saggam Sreekanth EEE 9390593534 | 209y1a0238@ksrmce.ac.in
14. | 209y1a0301 | A.Thulasi Deepa ME 9100954809 | deepaakula2003@gmail.com
&> /ksrmce.ac.in  Follow Us: 1@ ¥ /ksrmceofficial :




15. | 209Y1A0315 | Etukuri Giridhar Kumar | ME 8639086933 | 209y1a0315@ksrmce.ac.in
16. | 209Y1A0322 | J. Yuvaraju ME 6301708531 | 209Y1A0322@ ksrmce.ac.in
17. | 209y1a0364 | Vellatur Akhil Kumar ME 9705638915 | 209y1a0364@ksrmce.ac.in
18. | 209Y1A0450 | G Nithin Kumar Reddy | ECE 9346915203 | 209y1a0450@ksrmce.ac.in
19. | 209Y1A04A0 | Nanayala Subbarayudu | ECE 6281133787 | 209yla04a0@ksrmce.ac
20. | 209Y1A04E2 | Taticharla Venkata Sai | ECE 7993862302 | 209y1a04e2@ksrmce.ac.in
21. | 209Y1A0542 | C.Jagadeeswar Reddy CSE 9553584470 | 209Y1A0542@ ksrmce.ac.in
22. | 209Y1A05I9 | Yelugoti Jeshnavi CSE 6305872486 | 209Y1A0519@ksrmce.ac.in
R. 7o &Q%’gdh :
Co-ordinator
Dr. L. SREEVAN! wm.sc, pno,
Head of Humanities & Sciences
KSR M College of Engineering
KADAPA 5160085

@/ksrmce.ac.in

Follow Us: K1 @& %% /ksrmceofficial :




K.S.R.M. COLLEGE OF ENGINEERING
(UGC-AUTONOMOUS)

ME

209Y1A0322

Jamnulamadugu yuvaraju

VELLATUR AKHIL KUMA!

ME

209y1a0364

ECE

209Y 1AD450

G Nithin kumar reddy

=3

Db,

209Y1A04A0 [NANAYALA SUBBARAYUIJECE

200V1AN4E2 |TATICHARLA VENKATA S|ECE A—-
2007140542 _|C Jagadecswar reddy csE P P
!;wmnsw Yelugoti Jeshnavi Cse-c P /&(

‘bﬁybbﬁkbﬁ}1}>

ProP P | PR PP F D

FrIPP [P oo g

Kadapa, Andhra Pradesh, India— 516 003 Thoes on.
Certification Course on “Nanotechnology & Industrial Applications”
Attendance Sheet

Roll Number _|Student Name Branch | 21-09-2021 22-09-2021 -09-2021 24-09-2021 25-09-2021 26-09-2021 27-09-2021 28-09-2021 29-09-2021 29-09-2021 30-09-2021 30-09-2020 | 01-10-2021 | 02-10-2021 [ 02-10-2021
199Y1A0133_{I". Venkata Siva ce g P A p p & P A P\ A P & A A A’
199Y1A0136  [Phatan Arfathulla Khan CE A A A- A A A A' . A A— P p p P
200y1A0127_|[KANDULA VIJAY KUMAR |CE ? P P P F P 19 P A—' & bﬁ" : JD P
209Y1A0110 | B.sai Mahendra reddy civil P p k .A— A A A A A e p‘ D P P
ZDQ!IaUI 14 |Chavan sharaf Revanth sai Civil p P) P P ‘P A A P ﬁ' A_ ‘D A_ A_
209VIAD116_|Cherasalaudaykiran Civil-A P p p P F A © A p D A’ P ?
209Y1A0122 [). Ganesh Civil-A A‘ 3 A P A P P ﬁ .A' PV p P
209140131 |K. Praveenkumarreddy Cc-a A ? P‘ P‘ p ﬁ P A’ A A’ A- A_
2099120132 |K Rakesh Khanna Civil A/S P A P P ‘A'-i P A" ﬁ) p P 'P
209y 100140 |M.Vamsi Kumar CE p A A A A 'A Pf. p P P P
200¥1A0149 |MUDE NARENDRA NAIK_|CIVIL-A A P P P P A 4 e P p A ‘A
2099120171 __|S.vamsi krishna Civil p P P P .0 P P f) A -A: 'P P
2009120238 __[Saggam Sreckanth EEE A A A ‘P\ A P A ,A' ; P P P P
2099130301 [A. Thulasi Deepa ME P Jp F P \0 P WP p p P P
209Y1A0315_|ETUKURI GIRIDHAR KUMAME .A 9 1q & & A A A— P P 'p

A A g Pl 0% A

Ac 4 A P 4 £ A A gl a A

A A A ¢ A | A A A R AR

A A A e SR L 7 T

£ A o A A LA A A po) P

9 4 [ [ p P A | A p P

£ A A P P P £ £ £

Rpyepl~

Coordinator

KS.R.M College of Engineering

Dr. I. SREEVANT m.sc. ph.o

Head of Humanities & Sciences

KADAPA-516 005




€0 Aiitha 226 is presenting

®

122-JANAGANA GA..

REG -133 P. : 301-ME-O1 AKULAT...

ca rbon Manotu
Injection

C-65-519- YELUGOTI. = 131 PRAVEENKUMAR... |

Reaferanco
Eloctrode

" Electrotyto
542 CHENNURU JAG..

\W&‘;A‘. A '
Tumor Destruction
- . & Survival
322-ME-22 JAMMALAMADUGU YUVARAJU has left the meeting  >ation and We Can a|50

ave i rui wiv serieing and for therapeutic N Activete Wi

Go to PCsetting

®

fsvppgdwbb




-sddtauthuser=3 l . e 5 e e e

Shortened Science., (5 Google | | Imported From {E %2 Settings | Other bookmarks

AAO-NANDYALA SUBBARAYUDU 1 A » 122-JANAGANA GANESH

238-SAGGAM SREEKANTH You

&) Activate Windaws

{E N (5(.:1& PC :-@rlg:bgét'lé‘@' WinSows:




132~ RAKESH KHANNA Ajitha &3¢ 122-JANAGANA GANESH

S

542 CHENNURU JAGADEESWAR REDDY 238-SAGGAM SREEKANTH 4A0-NANDYALA SUBBARAYUDU

. 1
o
171-SETTE VAMSIKRISHNA . REG_136 PHATAN ARFATHULLA KHAN | C-65-519- YELUGOTI JESHNAVI @) Yod\Ctivate Windows
(o to PCsettings to activate Windows
ey
Certification Course on Nanoscience &Technology ... (SR O = R ad % @ & E




K.S.R.M. COLLEGE OF ENGINEERING {

(UGC - Autonomous)
Kadapa, Andhra Pradesh, India— 516 003 KSNR
Approved by AICTE, New Delhi & Affiliated to INTUA, Ananthapuramu. vy

Department of H&S

SRI K. MADAN MOHAN REDDY SRI. K. RAJA MOHAN REDDY

(Vica- chalrman) (Chairman)
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(Managomant Membar)

HOD & Convener (Principal) (Ditactor)
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ACTIVITY REPORT
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On
“Nanoscience & Technology and Applications”
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Target Group : Students
Details of Participants : 22 Students
Co-ordinator : Dr. R. Joyce Stella
Asst. Prof, Dept. of H&S
Organizing Department : Department of Humanities & Sciences
Venue : Online mode (Google meet)
Description : Certification course on Nanoscience & Technology and Applications

was organized by Dept. of H&S from 21 September 2021 to 2" October 2021 in online
mode. The Course instructors are Dr. R. Joyce Stella & Dr. B. Ajitha. The main aim of the
course is to create awareness among students about the new and awesome technology that is
the science of Nano. By using this technology one can prepare the very advanced materials
with tremendous applications. This course covered preparation techniques of the advanced
materials and how corresponding course is applied in various fields like medical and

industrial. Course is completed and certificates are provided for the participants.
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Course Completion Certificate

reddy
- bearing Roll number 209Y1A0542 has successfully
completed his certification course on Nanoscience &
technology and Applications organized by Department
of H&S, K.S.R.M.C.E.. Kadapa. A P from 21/09/2021

to 2/10/2021. ;
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Course Completion Certificate

. This is to certify that Mr. P. Venkata Siva bearing |
~ Roll number 199Y1A0133 has successfully completed
 his certification course on Nanoscience & technology
~and Applications organized by Department of H&S,
.~ KSRM.CE., Kadapa, AP from 21/09/2021 to|
& 12/10/2021.
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Course Completion Certificate

o This is to certify that Mr. J. Ganesh bearing Roll
~ number 209Y1A0122 has successfully completed his
~ certification course on Nanoscience & technology and

~ Applications organized by Department of H&S,
. KSRM.C.E., Kadapa, AP from 21/09/2021 to
2/10/2021.
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Course Completion Certificate

_ This is to certify that Mr. C. Jagadeeswar Reddy .
~ bearing Roll number 209Y1A0542 has successfully
~ completed his certification course on Nanoscience &
~ technology and Applications organized by Department
 of H&S, K.S.R.M.C.E., Kadapa, A.P from 21/09/2021 to
B 2/10/2021.
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— Certification Course on Nanoscience &Technology and A...
Bt B Teoh

Stream Classwork People Grades

CF &8 &

Customize

Certification Course on Nanoscience &Tech...

B. Tech

Class code 47fiudv [}
Subject Nanoscience &Technology and Applications
Certification Course on Nanoscience &Technology and Applications

Announce something to your class

Dr. R. Joyce Stella
Oct 2

Dr. R. Joyce Stella
Oct 2

Certification Course on Nanoscience &Technology and Applications
Saturday, 2 October - 10:30 am

Google Meet joining info

Video call link: https:/meet.google.com/mpi-rxty-sdd

Dear students this is today's class link. join to the class by 10:30 am.

©)

https://classroom.google.com/u/3/c/Mzk5NTk1MTg50TU1

o»
= 1class comment

[
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® Feedback form of Certification course
on Nanoscience & Technology and
Applications

By

Dr. R. Joyce Stella
Assistant Professor
H & S Department
KSRMCE, Kadapa

The respondent's email (null) was recorded on submission of this form.

. * Required

1. Email *

2. EmaillD*

3. Name*

4. Roll Number *

5. Branch & Section *

6. Phone Number *

https://docs.google.com/forms/d/1 3MUZnDjTEbYIlud9vLijRVtuTo9UaFaTu3myiVvveTuE/edit 1/4
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7. Address*

8. How well the Course met your expectation *

Mark only one oval.

3

excellent

9. How well the concepts are presented *

Mark only one oval.

Excelent

10. How well the all the sessions helped us to increasing your knowledge *

Mark only one oval.

Q excellent
() good
() average
) poor

https://docs.google.com/forms/d/13MUZnDjTEbYludSvLiRVtuToSUaFaTu3myiVvvB TuE/edit

2/4
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13.

14.

https://docs.google.com/forms/d/13MUZnDJTEbYlud9vLiRVtuTo9UaFaTu3myiVvveTuE/edit

Feedback form of Certification course on Nanoscience & Technology and Applications

How well the sessions is for interaction *

Mark only one oval.

excellent

How well Guest Presented the concepts *

Mark only one oval.

() Excellent

o ey
{___) Good

== |
{: __ Average

{ D poor

Do you want to participate like this courses in future *

Mark only one oval.

Any suggestions *

This content is neither created nor endorsed by Google.

3/4
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K.S.R.M. COLLEGE OF ENGINEERING

(UGC-AUTONOMOUS) ; pret
Kadapa, Andhra Pradesh, India— 516 003
Feedback Form Responses Sheet for certification course on Nanoscience & technology and Applications
T 1 N Roll Number |Branch & SectionlPhone Number |Address burse met y{concepts dHow well the all kessions is {How well Guest|Do you want Any suggestions
Email Address Timestamp i To know Many Things in this
i -21-. -06:58 |PAGIDI VENKATA SIVA 199Y1A00131Civil & AIS 6281744419|36/800-1-1 , Chinna Ch 4 4 excellent 4 Excellent Yes course...
199y1a0133@ksrmee.acin | 10-21-2021 11:06:5! No suggestion to this coarse
because it reached my
' o Als 9618566075/9/185-22-4-1 4 4 excellent 4 Excellent Yes expectations
199y1a0136@ksrmce.ac.in 10-2-2021 12:20:23 |Phatan Adfathulla Khan 199Y1A0136 CE_and
239!160110@ksmce.ac.{n 10-21-2021 11:14:25|B.SAl MAHENDRA REDDY 209Y1A0110|Civil-A 7995921612 Kad_apa (D) chapadu (n] 4 4 excellent 4 Excellent Yes Good
200y1a0114@ksrmee.ac.in | 10-21-2021 10:51:00|Chavan sharaf Revanth sai 209y1a0114 |Civil A 9381822597 |Habibullha street 4 4 excellent 4 Excellent Yes No ;
200y120116@ksrmee.acin | 10-21-2021 10:23:50|Cherasalaudaykiran 209Y1A0116|CIVIL-A 8187067196 |Kadapa 4 4__|excellent 4 |Excellent Maybe No suggestions
209y1a()122@ksrmce.ac~in 10-2-2021 11:58:36|J Ganesh 209y1a0122 [Civil A 6302453127 [7-62 .Edulapalli .Mudig 4 4 excellent 4 Excellent Yes Very well teaching mam
209;1ao12?@ksrmce-ac.in 10-2-2021 11:50:49|KANDULA VIJAY KUMAR 209Y1A0127 [Civil-A sec 9398302073|3/160,shivalayam Stree 4 4 excellent 4 Excellent Yes No suggestions mam
209y1a0131@ksrmce.ac.in 10-21-2021 10:48:12|K.praveenkumarreddy 209y1a0131 [Ce_a 964290904 3|Iti circle kadapa 4 4 excellent 3 Good Yes No ;
209y1aD132@ksm1ce‘ac in 10-2-2021 12:09:29|K.Rakesh Khanna 209y1a0132 [Civil A/S 6304479710|D.no :1/1886 sree ram 3 4 excellent 4 Excellent Yes No suggestions
.ac. RUH < T Yes No suggestions
> . 3:01:02 |M.Vamsi Kumar 209y1a0140 |Civila s 7780557613 |Kadapa 3 3 good 3 Good  sugg
209y1a0140@ksmmee.ac.in 10-2-2021 1 0. e T
209y1a0149@ksrmee.ac.in_| 10-21-2021 12:05:13|MUDE NARENDRA NAIK 209y1a0149 |CIVIL-A 0642926513 |Kadapa 4 4 excellent 4 Excellent Yes all peoples
.59~ i Kri ivi 8688581603 |Kurnoal (d) pattikonda 3 4 excellent 4 Excellent Yes It is very use full to all of them
09y1a0171@ksrmee.ac.in 10-2-2021 11:52:16|S.vamsi krishna 209y1a0171 |Civil /B sec L i
gogv:aOZSB@ksmce ac.in 10-2-2021 12:08:14|Saggam Sreekanth 209y1a0238 |EEE 9393!’9:23384 SEIwenﬁula i 3 3 exce:?len: : .Exce“en: ;es HIC;?‘.COUrse
ac -2-2021 12:07:19]|A Thulasi Deepa 01 Mechanical 910 9|Vijaya Nagar colony ne excellen xcellen es othing
200y1a0301@ksrmce.ac.in_| _10-2-2021 12:07:1 P Great explanation about nano
i -22- :33:32 |Etukuri Giridhar kumar 209y1a0315 |ME 8639086933 Kovvurivandlapalli (villa 4 3 excellent 4 Excellent Maybe technology
209y1a0315@ksrmee.ac.in | 10-22-2021 17:33:32|EW L This course is very useful of
1 -E9- i i 6301708531|3/2-765,(Ammavarishal 4 4 good 2 Excellent Yes my future ,thanks Madam
22@ksrmce.ac.in 10-2-2021 12:52:01|Jammalamadugu Yuvaraju 209Y1A0322 Mechan!cal ‘ s
gggylgggﬁ4gksnﬂce acin | 10-21-2021 14:11:20|Vellatur Akhil Kumar 209y1a0364 [Mechanical 9705638915 |Vellatur 3-46b plendl%;‘% 4 good 4 Good Yes Nothing to say
209y!130450@k5rmce:ac in 10-4-2021 17:17:06]G Nithin Kumar Reddy 209y1a0450 [ECE\A 9346915203 |Alavalapadu_(village ) 4 4 excellent 4 Excellent Yes It's good
209y1a04a0@ksrmce.ac.in 10-2-2021 12:18:31 |NANDYALA SUBBARAYUDU [209Y1A04A0 ECE-B 6281133787 [Ksrm college of engineq 4 4 excellent 3 Excellent Yes No :
209y!1a04e2@k5nn:e:ac.in 10-2-2021 12:07:24| TATICHARLA VENKATA SAl |209Y1AD4E2|ECE C SECTION  7993862302|42/589-3 NGO COLON 3 3 good 3 Good Maybe No suggeslions needed
209y1a0542@ksrmce.ac.in 10-2-2021 11:54:50|C.JAGADEESWAR REDDY _ [209Y1A0542 CAE A 9553584470/ KADAPAAP : 4 4 excellent 4 Excellent Yes Thank you so much mam
209y1a05i9@ksmce.ac.in 10-2-2021 11:51:21|Yelugoti Jeshnavi 209Y1A0519 |CSE -C 6305872486 |Karm college of engine 4 4 excellent 4 Excellent Yes Understand
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NANOTECHNOLOGY AND * INTRODUCTION
IN-DUST!!!AL x Nanoscience
APPLIC ATIONS + Nanoscience is an emerging area of science which involves the study
L of materials on an ultra-small scale and the novel properties that these
materials demonstrate.
x Nanotechnology

+ Nanotechnology is the understanding and control of matter at the
nanoscale, at dimensions between approximately 1 and 100
nanometres, where unique phenomena enable novel applications

WHAT IS NANQ? NANOSCALE:
it hnology is science, engineering. and ¥ atthe (about 1 tc 100 ‘Nanoscale Biomolecules
nanometers) Oligo- ™,
Nano can refer to technologies, materials, particles. objects — we are focusing on nanomateriais &s (DA Antbody oGt
these are already being used in workplaces more widely bvatcr : , ? .@t@ Bactoriz c-:mwu Tennis ball
« Asheet of paper is about 100,000 nanometers thick, a human hair is around 80,000- 100,000 -
nanometers wide. “ 5 e
= Y i s Rl o g | \éﬁ? g @ ; \.m@
&% &% cvet o -

L7 10" r-l— 1ol 1o= ‘l 10°
2 ol ke
T "w 2 o -

TYPES OF NANOMATERIALS

Brief History
- Nanomaterials can... ;
+occur naturally

An carly example of a munmade nanoprocess is stained glass
+ be produced by human activity either as a product of another activity
+ on purpose (engineered)

. Qur focus: engineered nanomaterials as these are designed and

integrated into products because of the specific characteristics of the
nanomaterial

|p S A
V. E
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History, Continued E History, Continued

Nobel Prize 1088

Dr Richurd P, Foynman
1959
One of America’s most notablc physicists, 1965,

+ Why can’t we manipulate & Why can't we wiite
materials atom by atom? F g 3 all of human knowledge
e ; on the head of a pin?

the synthesis of * Why can't we build machines to
individual molecules? accomplish these things?

1,600-YEAR-OLD GOBLET SHOWS ROMANSUSED |
NANOTECHNOLOGY

WHY IS NANO

x The Greek word “nano” is derived from the word “dwarf”
meaning reduction in size or small

x usually any material whose size is in the range of 1-100 nm at
least in one of its dimensions is normally considered as a
nanomaterials

x The nanometre (nm) scale is typically defined as one billionth of
a meter (10° m) which usually consists of 10 to 10° atoms.




NANOSCALE

Nanoparticles
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x Nanomaterials act as the bridging materials between
microparticles and atoms.

= Nanomaterials exhibit unique properties compared with bulk
materials owing to quantum effects.

11/5/2021

Nanoparticies

x The size of nanomaterials is in the order of nanometre
dimensions which limit its visibility with human eye.

x Different types of electronic microscopes are normally employed
to see different types of nanomaterials.

x The visibility range of different materials using electron and
optical microscopes, and human eye

e of preces 1 2 L 1900 mikcn
Total surtace &t & mm? 12mm* £500 P
ansa

Materials

No € 1D Coufl 2D Confinement 3D Confinement T i

Bulk Q-well'uttrathin fitw Q-wire Q-dot = e i 2

(30 matenal) (2D materiaf} (1D materialy {21 material) i Nanomaterials

i, i
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x If d is the grain size, then the energy goes up by factor 1/d2

= Nacomazerials (N3} wre chemnenl vobstanses or materials |
that ave of size. a7 least in ous domension. 1 nasoscale 1+
100 um
> Coanct be seen by sinple mucrovcope. or aaked eye
Advanced misroscopic lechuiques sre ised.
> Leags varfove to velume ratio leads 1o Letter porformnece
such as in catalysis. solar veils, pas seuson
 High percentape of woms er molecules o the s face
wizich Teads 1o wmique properives
> Srface forces are very impostut
- n.m memhn-mwn: ug propertics
conductor nasparticles noy exhibis Gonfined oy
um- in the clectronic bund strachure
# Thetr chewical and plocal progeatics s wiqes and
m by vize mad shape
cant be “tuned” by varying the size of the
p-:!a:ir(z g changing the fnocescence colour so = parricle
cma be idemified)
> WM u!nq:k‘lv offers » variety of factions o products
of {par or liguid
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PROPERTIES OF THE NANOMATERIALS

= Since the size of the particle is very less the particles are very close
to each other and hence the inter particle spacing is very less in
nano materials.

x The energy bands in these materials will be very narrow.

= The ionization potential is found to be higher for nano materials.

= In nano materials a large number of atoms will be present at the
surface. These atoms will have less coordination number and hence
posses local magnetic moment with-in themselves.

= Due to large magnetic moment these nano materials exhibits
spontaneous magnetization at smaller sizes.

x Nanomaterials exhibit different unique properties owing to the
existence of quantum effects.

ELECTRICAL PROPERTIES

= The properties conductivity or resistivity are come under category like of
electrical properties.

The change in electrical properties in nanomaterials are:

x Conductivity of a bulk or large material does not depend upon dimensions like
diameter or area of cross section and twist in the conducting wire etc.

x It is also observed that conductivity also changes when some shear force (in
simple terms twist) is given to nanotube.

= The electrical properties of the nanomaterial triggered a response in the
mesenchymal (adult) stem cells, which we sourced from human bone marrow.

x In effect, they became electrified, which made them alter into more cardiac-
like cells

Support and Confinement
Enoct

OPTICAL PROPERTIES

= The size dependence the optical properties of nanoparticles is the result
of two distinct on phenomena:

= Surface Plasmon resonance for metals

= Increased energy level spacing due to the confinement of delocalized
energy states. Most prominent in semiconductors.

= Energy level spacing and quantum confinement:
= As semiconductor particle size is reduced the band gap is increased.

x Absorbance and luminescence spectra are blue shifted with decreasing
particle size Lo Brim Ogen  Oiim i

00000@

"

MAGNETIC PROPERTIES

Nano scale has a big impact on the magnetic properties!

In a normally ferromagnetic material, nano scale reduces the moment, but it can be restored by
applying a magnetic field.

As the i number the moment
small particles are more magnetic than bulk material.
The magnetic moment of Co,, particles of 2 nm exhibited
20% higher value than that of the bulk.

Fe, Co and Ni ferromagnetic particles in bulk , exhibit superparamagnetic behaviour at
nanophase.

Paramagnets like Na, K at bulk exhibit ferromagnetic property at nanoscale.

Nanoparticles of even non magnetic solids are found to be magnetic.

towards the atomic value. ie.,

It has been found as well as i that the is special to small
sizes and disappears in clusters containing more than 80 atoms.

Fi and antifer gneti have been found to exhibit giant magneto-
resistance (GMR)

g
ehustic maadulug, T R TS
sdhosion . oeiin

L5, particle adhetion ond remaval
N post Cletining procids.
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EXAMPLES

x Examples of some materials
with different properties

Bulk Cavities Networks

and pores  and powdars

) &)
= i
Structured
Planar surface Slit surface
Particles Spheroid
" spheraidal Rod Tube
et Shell .

R # / o e
{ P . o

et o Ll

= Nanomaterials can be nanoscale in one dimension{eg surface films),
two dimensions (eg strands of fibres), or three dimensions (eg.
Particles).

= They can exist in single, fused, aggregated or agglomerated forms
with spherical, tubular and irregular shapes.common types of
nanomaterial includes-

* Nanotubes

* Dendrimers

* Quantum dots
= Fullerenes

* composites

 Natural nanomaterials: These include nanomaterials that exist in
biological systems :

e.g. viruses(capsid), substances in our bone matrix, ribosome

machinery, ATPase etc

» Artificial nanomaterials: These are the ones that are fabricated
by different experiments, They can further sub-divided into 4
classes:

+ According to SIEGEL, nanostructured materials are classified as zero
dimensional, one dimensional , two dimensional, three dimensional
nanostructures

spheres and nanofibers, thinfils, platss  bulk nanomaterials

clusters wires and rods

Carbo : These nanomaterials are composed mostly of

carbon, most commonly taking the form of a hollow spheres, ellipsoids,

or tubes. Spherical and ellipsoidal carbon nanomaterials are referred to

as fullerenes, while cylindrical ones are called carbon nanotubes(CNTs).

+ 1n 1985 ; Smalley, Curl and Kroto invented a new form of carbon
made of 60 carbon atoms known as Bucky balls.

» Graphite can be rolled into cylinder with a diameter of about 1 nm.
These strong but light carbon nanotubes are used in sensors,
computers and televisions.
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. : These nanomaterials include quantum dots, nanogold,
nanosilver and metal oxides, such as titanium dioxide. Metal particle
size can be controlled by changing temperature, pressure, 5 . . . b ON Lnut s 3
concentration, pH, ultrasound application. With increase in The three-dimensional dendrimers contain interior cavities into which
temperature there will be decrease in particle size. other molecules could be placed, they may be useful for drug

» Nucleation is required for growth of nanoparticles

* Homogenous nucleation- sites; Compasites combine nanoparticles with other

« Form simultaneously and uniformly throughout the solution nanopartides or with larger, bulk-type materials. The compasites may
* Heterogenous nU_C'EB”DF'- e be any combination of metal based, carbon based or polymer based

. A’ v&'—r Agiise nanomaterials with any form of metal, ceramic, or polymer bulk

G 0a : : 3 materials
These nanomaterials are nanosized polymers built from

branched units. The surface of a dendrimer has numerous chain ends,

which can be tailored to perform specific chemical funcfions:

Thank you
for
lis‘l‘er\ir\g.' :

b 4
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NANOTECHNOLOGY AND

INDUSTRIAL
APPLICATIONS

—— NANOSTRUCTURED MATERIALS
Bulk Cavities Networks
and pores  and powders

.mgm-\r

Structured

Planar surface surface

Sphcrmd

sph-m dal Rod Tube
SMIL

e’ 7 &

TYPES OF NANOMATERIALS-

« Nanomaterizls ¢an be nanoscale in one dimension{eg surface films),
two dimensions {eg strands of fibres), or three dimensions (eg.
Particles).

» They can exist in single, fused, aggregated or agglomerated forms
with spherical, tubularand irregular shapes.common typss of
nanomateriai includes-

= Nanotubes

» Dendrimers

* Quantum dots
* Fullersnes

* composites

» Natural nanomaterials: These include nanomaterials that existin -
biological systems :

2,g viruses|capsid), substances in our bone matrix, ribosome

machinery, ATPase etc

« Artificial nanomaterials: These are the ones that are fabricated
by different experiments, They can further sub-divided into 4
classes:

= According to SIEGEL, nanostructured materials are classified as zero
dimensional, one dimensional , two dimensional, three cumensmnal
nanustrur:h.:res

Larbon Basad: These nanomaterials are composed mostly of - =+ -2
carbon, most commonly taking the form of 2 hollow spheres, ellipsoids, -
or tubes. Spherical and ellipsoidal carbon nanomaterials are referred to -
:25 fullerenes, while cylindrical ones are called carbon nanotubes|CNTs).  °

+1n.1985 ; Smalley,, Curl and Kroto invented a new form of carbon -
~made of 60 carbon stoms known as Bucky balls. ;

+ Graphite can be rolled into cylinder with 3 diameter of about 1 nm.
These strong but lightcarbon nanotubes are used i in sensors,
computersand televisions.



+ Matzi Based: These nanomaterials include quantum dots, n2nogold,
nanosilver and metal oxides, such as titanium dioxide. Metal particle
size can be controlled by changing temperature, pressure,
concentration, pH, ultrasound application. With increase in
temperature there will be decrease in particle size.

« Nucteation is required for growth of nanoparticies

+ Homogenous nucleation-

« Form simultaneously and uniformly throughout the solution

+ Heterogenous nucleation-

LE P

* Dany These nanomaterials are nanosized polymers
branched units. The surface of a dendrimer has numerous chain ends,
which can be tailored to perform spedific chemical funcfions:

11/5/2021

« The three-dimensional dendrimers contain interior cavities into which
other molecules could be placed, they may be useful for drug. -
delivery. % ;

+ Composites: Composites combine nanoparticles with other
nanopartides or with larger, bulk-type materials. The composites may
be any combination of metal based, carbon bsed or polymer based
nanomaterials with any form of metal, ceramic, or polymer bulk
materials

ANY QUERIES 222
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Topics cover through Nanotechnologg are...
>Basics of Nano materials
»Preparation and characterization - CNTs

e
Introduction to Nano Materials

Materials form an integral part of our life. Advancement in our
day today life leads to the discovery of many new engineering materials.

We know all materials are composed of atoms with different sizes
which have movement with one another. There exist special clause of materials in
which the atoms do not move away from each other and its size will be in the order of
1to 100 pano meters. These new materials are called nano-materials and the developed
technology is called mano-technology. Using the highly sophisticated latest technology
the nano-materials can also be formed from metals. ceramics, and polymers and even
from liquids.

Nano particles are the particles with in size ranging from | — 50nm.

Nano materials are the materials having components with in size Inm to 100nm in one
dimension.

Nano technology is the manipulation of mater on molecular scale and study the use of
structures between 1nm to 100nm

»Applications of Nano materials.

Defination
Nanotechnology is the
study of manipulating
matter on an atomic scale.

.

Nanotechnology refers
to the constructing and
engineering of the
functional systems at very
micro level or we can say at
atomic level.

« A Nanometer is one
billionth of a meter, ¢
roughly the width of three
or four atoms. The average
human hair is about
25,000 nanometers wide.

S6 WHAT IS WANG?

« NANO is a GREEK word meaning EXTREMELY SMALL.
+ Nanotechnology deals with sizes from 1-10onm range

« A nanometer is very very small its 10 m.

NANO & TECHNOLOGY

« A Nanometre is a unit of length in the metric
system, equal to one billionth of a metre(109).

« Technology is the making, usage, and
knowledge of tools, machines and techniques, in
order to solve a problem or perform a specific
function.
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"Pr/q;;ties of Nano Particle

i. Since the size of the particle is very less the particles are very close
to each other and hence the inter particle spacing is very less in nano
materials.

ii. The energy bands in these materials will be very narrow.

iii. The ionization potential is found to be higher for nano materials.

iv.In nano materials a large number of atoms will be present at the
surface. These atoms will have less coordination number and hence
posses local magnetic moment with in themselves.

v. Due to large magnetic moment these nano materials exhibits
spontaneous magnetization at smaller sizes.

E ‘Nfﬁo/g:;le

Nano stands for 10, A nano meter (nm) is one billionth or
one thousand millionth of a meter or 10 of a meter. For comparison
the carbon- carbon bond length is the order of 0.12 — 15 nm. A
human hair is 80000 nm wide.

Fabrication of Nano Materials

Nano phase materials can be generally fabricated in any of
the two ways.
Top down approach: - In which bulk materials are broken into nano
sizes as shown.
Bottom up approach: - In which nano materials are made by

building atom by atom.

Nanoparticle Synthesis

There are two approaches for sy is of is and the fabrication of nano
structures.
Top-Down approach Bottom-Up approach
{or self-assembly approach)

TOP-DOWN

g

| Bulkmetal  Powder
|

* Top down aporoach referstoslicng  ~ BOMem up approach refers Lo the build up of
or successive cutting of a bulk material @ Material from the bottom: atom by atom,
to get nano sized partide. molecule by molecule
= Atom by atom deposition leads to formation of
Seif- assembly of atoms/molecules

ot s
b and clusters
_‘ * These clusters come together (o form seif-
e fayers on the surface of
——
== substrate

Top-down MMethods:
hechanical grinding
P *Erosion
Powder

o B 1= oo 1o ]
MNancgariicd
e B 1o I 1o | ; &

]
g.a‘ Clustexs
t Bottem-up Methods:

-
Py : =». A =Sherosot technigues
X «Chemiécal precipitation
Ecttom-up =Self assembly

TOP-DOWN APPROACH

~ These seek to create smaller devices by using larger
ones to direct their assembly.

~ Usually top-down approach is used less then bottom-
up approach

» Solid-state silicon methods.

+ They can create features smaller than 100 nm.

This device tramdens

10 nanocrysials above
thers, causing the
nanocrystals to emit
winible light.

Top down Approach

Approachest -
. Bo‘ttom-ué. :
=
»  Top-down Tp
: Bottom-up:
i > Buiding compiex
structures fom
buldingbiocks
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thece species are quite lightweight, we have to push our experiments to the
d time scale. Fi

Also:l'd'rﬂunml'a@e-ft_"' tistin TEM
0.00034 mg in 8 g of powders, Be patient!

Horizontal section Movement of the
[int mm;ﬂlgn supporting disc
AR
{fcnarie Ciinding! 33
Mill feed arrangemed
e : Centrilugal force

Rotation of the grinding bow|

{Air inlet.
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BOTTOM-UP APPROACH

» Assembling nano materials atom - by - atom or
molecule - by - molecule (self assembling).

» This approach is much cheaper.

»Things become much larger.

> Examples of molecule self assembly are Watson-
Crick basepairing and nano-lithoghraphy.

Bottom up

Various techniques are adopted for the fabrication of nano phase

=
o~ » -

= materials; Using all techniques it is possible to produce nano phase

materials in the form of nano -particles, nano- powders, nano -crystals

nano -films, nano- wires, nano -tubes and nano -dots etc..




,../
Bottom-Up Approach

By
Dr. R. Joyce Stella
Assistance Professor
KSRM College of Engineering, | @
Kadapa. :
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Background

CVD involves the dissociation sud/or chemical
reactions of gaseous reactants in an uctivated theat, light, plasma)

envivonment, followed by the formation of a stable solid product.

The formasion of soof due to mcomplete
oxidation of firewood since prehistoric
tmes is probably the oldest example of
deposition using CVD.

O Patent literature by de Lodyguine in 1893 on the deposition of W onto carbon
lamp filaments through the reduction of WCl, by 11, lead to the industrial
exploitation of CVD. )

What is CVD?

=+ Chemical vapor deposition (CVD) is a process whereby a solid
material is deposited from a vapor by a chemical reaction
occurring on or in the vicinity of a normally heated substrate
surface.

< The solid material is obtained as a coating. a powder, or as single
crystals,

By varying the experimental conditions—substrate material.
substrate temperature, composition of the reaction gas mixture,
total pressure gas flows, elc.—maferials with different properties
can be grown.

<+ CVD is an example for Solid-Vapor Reaction.

ErETR
2. CVD reactors

Hot-wall reaetor:

¥ In this the substrate (wafer) and the walls of the reactor are heated, ie. a
h ous is maintained inside the ion chamber.

Disadvantage of hot-wall reactor

X Contamination

Cold-wall reactor:

¥ This reactors uses heating svstems that minimize the heating up of the reactor
walls while the wafer is being heated up. The temperature is not homogeneous
inside the reaction chamber.

Disadvantage of cold-wall reactor

X 1t is difficult 10 get a uniform layer of the film. & e

Main Components of CVD Equipment

# The role of this component is to generate vapour precursors and

1. Chemical vapour precursor suppiy. system

then deliver to the reactor.

»The design of the CVD reactor depends on whether the starting
material is solid, liquid or gas.

» The sublimation of a solid precursor depends on surface area of the
solid and contact time.

» Liguid sources often use a bubbler to vaporise the reactants. and a
carrier gas (reactive gases such as H, or inert gases such as Ar} to

transport the vaporised reactants into the reactor, [~%F

3. The effluent gas handling system

UThis component consists of a neutralizing part for the exhaust
gases, andfor @ vacuum system (o provide the required reduced
pressure far the CVD process that performs at low pressure or high
vacuum during deposition,

O The unreacted precursors and corrosive by-products such as HCI
are neutralised or trapped using a liquid nitrogen trap.

Qlnflammable gases such as hydrogen are burned off.

O Unreacted expensive precursors may be collected at the outlet and

recycled.
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CVD Equipment
i o
RF Porer *

Surch

* Inatypical CVD process, the substrate is expased to one or more
volatile precursors which react and decompose on the substrate
surface to produce the desired deposit.

* During this process, volatile by-producis are also produced,
which are removed by gas flow through the reaction chamber:....

Steps l;;‘olvéa

Transportof Transport of ; : Chemical
reactants by Teactantshy Admrptloc. o, decomposition
forced ) diffusion from deactanlsin and other
convection te the main gas the substrate S
the deposition stream to the {wafer)
region. substrate surface.
Kk surface.

Transport of
by-products by
forced
convection
away from the
deposition
Tegion.

T = = //41 T e T o P T .
" : Mechanism
Main Gas Fln; Main Gas l-‘lg
_ R
> @ GasPhase > @ GasPhase
i 0 e 0
. . Desorption of . . Desorption of
Precursor Precursor
Desorption of Desorption of
Volatile Surface Volatile Surface
Transport to Reaction Products Transport to Reaction Products
Surface Surface

Surface Diffusion Step Growth
Adsorption of Film Precursor Nucleation and Island Grawth * :"

Surface DilTusion Step G_m\\th

. Adsorption of Film Precursor Nucleation and Island Grﬁh—!h‘ SERREF

.g
i e e i T T e e
Types Atmospheric pressure chemical vapour deposition (APCVYD)
Low Pressure CVD

Atmospheric
Pressure CV

Photon (Laser)
Induced CVD

= It works at amospheric pressure,
= It is used to deposit a layer of material typically several

micrometers thick onto a wafer or other type of substrate.

It is also used as a surface finishing process for ilems such as tools

and turbine blades to improve lifetime and performance.

= Since a vacuum system is not required. APCVD systems have a
relatively low operating cost.

= APCVD has inherently poor utilization.

= APCVD is extremely susceptible to oxidation due 10 the greater

gas density and residence times.




Atmospheric pressure chemical vapour de;msllmn (APCVYD)

= It works at aumospheric pressure.

= It is used to deposit a layer of material typically several
micrometers thick onto a wafer or other type of substrate.

= |t is also used as a surface finishing process for items such as tools
and turbine blades to improve lifetime and performance.

= Since a vacuum system is not required, APCVD systems have a
relatively low operating cost.

= APCVD has inherently poor utilization.

= APCVD is extremely susceptible to oxidation due to the greater

gas density and residence times.
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Low pressure chemical vapour deposition (Ll‘(:\ D)

= LPCVD coatings exhibit excellent uniformity, high purity, and

good slep coverage.

It works at sub-atmospheric pressures. Reduced pressures tend
to reduce unwanted gas-phase reactions and improve film

uniformity across the wafer.

The lower pressure increases the precursor diffusion through the
gas and the mass transfer rate of the gaseous reactants becomes
higher than the surface-reaction rate.

= The pressure for LPCVD is usually around 10-1000 Pa while
standard atmospheric pressure is 101,325 Pa.

Melal-orgnmc chemical vapour depusirion {\10(_\’0)

= Metal-organic compounds are used as molecular precursors to
deposit, a wide variety of thin film materials for new industrial
applications.

= The great advantage of MOCVD precursors are their high
volatility at moderate to low temperatures, therefore reaction
temperatures are lower (750 to 1100 K) than conventional CVD.

= The main disadvantages are the precursors tend fo be very
expensive and are very volatile. When reactive liquids are used

they require accurate pressure control and are difficult to purify.

T T L AR A it f;ﬁ
Plasma-cnhanced chemical vapour deposition (P]:.(,\-’D)

= PECVD is used to deposit Si0;, SigN; (Si,N,). Si,ON, and
amorphous Si films.

= Plasma can be used to decompose a molecule that will not
decompose at a reasonable elevated temperature.

* It can be used to decompose a thermally unstable molecule but
at a much lower temperature.

* In plasma CVD substrates that cannot tolerate high
temperatures, such as polymers, can be used, where substrate

temperatures range from 100 to 500°C.

-
e R R R R B S SR AR, . iR T AR e

Laser chemical vapour de;mslimn (LCV‘{H

= LCVD uses a focussed laser beam to heat the substrate.

= It also has the ability to locally heat a part of the substrate while
passing the reactant gas, thereby inducing film deposition by
locally driving the CVD reaction at the surface.

= It is used to deposit microscale solid pattems or three
dimensional structures on the surface of a substrate by a

localized, single step process.

TR ST oA RS A R Bt T ooy T T —

Advantag&s

» CVD films are generally quite conformal. i.c., the ability of a film
t uniformly coat a wpographically complex substrate.

7 Versatile —any element or compound can be deposited.

~ High purity can be cbtained.

# High density ~ nearly 100%: of theoretical value.

» CVD films are harder than similar materials produced using
conventional ceramic {abrication processes.

~ Economical in production, since many parts can be coated at the

. same time. e
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Disadvantages

o Chemical and safety hazards caused by the use of toxic, H
corrosive. flammable and/or explosive precursor. Therefore extra

Applications

¥ Coatings — Coatings for a variety of applications such as wear

steps have to be taken in the handling of the precursors and in R S e gl ine role e

the treatment of the reactor exhaust. |
¥ Semiconductors and related devices — Integrated circuits, sensors

o High deposition temperatures (often greater than 600 °C) are nd Teetaie Aevices!
often unsuitable for structures already fabricated on subsirates.

o Restrictions on the kind of substrates that can be coated.

¥ Fiber optics ~ for telecommunication.

¥ Used in the microelectronics industry to make films serving as

o Tt leads to stresses in films deposited on materials with diff : : : 1k et ;
5 iy i dielectrics, conductors, passivation layers, oxidation barriers, and

thermal expansion coefficients, which can cause mechanical
instabilities in the deposited films, ;*;J\ p

epitaxial layers.
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Unit-‘IV Chapt Ef"'z Though nanoparticles are very small they are the important
’

materials to build the future world. They have so many applications.

i. Since th tr , lighter etc. th ed to make hard metals.
NHNOTECHNOLOGY :1 S:::::-l ;);;;thc ogﬁ;s 1E;rt:erues:d i:y z:'::.:tsn'n (s)e:;: :nd mr:;netsic

separators.

iii.Orderly assembled nanomaterials are used as quantum eclectic
devices and photonic crystals.
iv. Nano materials are used to make CD’S and semi conductor laser.
Dr. R_ IOYCE Stella’ v. They are used in energy storage devices.
vi. They are used in mobiles. Lap tops and computers.
KSRMCE, Kadapa vii. Recently nanotubs were designed which are used to remove the
damaged cancer cells and also to modified the neutron network in
human body

Presented by

: :Ni\N:OTECHNOLOGYhIN MEDICINE
+ Medical use of nanomaterials:

\__‘_/ \__/ \___’/ - Drug delivery
Nlohoowar ) \\ T / /\_—/ « Cancer

APPLICATIONS OF NANOTECHNOLOGY

* Surgery
- — !nnovttl\u =\
ok & o 2 i g
N /‘ Qe ”‘:-.._.—/ - Tissue engineering
Enerse A\ Fame + Visualization

Fig 1. Vartous applications of nanotechnology

» Enable drugs to be delivered to precisely the right

location in body. NANOTECHNOLOGY IN MEDICINE

> Drug is attached to a nanosized carrier. » ANTI ~MICROBIAL TECHNIQUES
= Side-effects can be lowered significantly.

- Nanoparticle cream
> Reduces cost and human suffering.

+ Nanocapsules
» Cancer treatment with iron nanoparticles or gold
shells.

» Current treatment is throught radiationtherapy or
chemotherapy.

« Cell repairs using nanorobots
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-~ NANOTECHNOLOGY g
ELECTRONICS

» WAYS OF IMPROVEMENT:
= Allowing more transistors to be packed into a single chip.
+ Allows a higher electron mobility .

* A higher dielectric constant (faster frequency).

» Single electron transistors.

+ Using electrodes made from nanowires.

« Using nanosized magnetic rings.

= NANO - NK OLoGY! N’

= Computer processors are more powerful.

# Ultra high density memories.

* Silcon transistors are replaced by transistors based on
carbon nanotubes.

¢ Size of the microprocessors are reduced to greater
extend

* Memristor -material as a future replacement of Flash
memory.

ENERGY

¢ Creating devices smaller than 100 nanometers gives us
new ways to capture, store, and transfer energy.

@ Increased efficiency of lighting and heating

* Increased electrical storage capacity

* A decrease in the amount of pollution from the use of
energy.

SPORTS

* Reducing the rate which air leaks from tennis balls so
they keep their bounce longer.
* Golf balls to fly straighter.

+ Bowling balls become more durable and have a harder
surface.

* Nanotechnology is having an impact from how food is
grown to how it is packed

¢ Companies are developing nanomaterials that will
make a difference not only in taste of food,but also in
safety

= Zinc oxide nanoparticles can be incorporated into
plastic packing to block UV rays and provide anti
bacterial protection

¢« Improved strength and stability of plastic packing
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e Need of the Nanotechnology in Industries P
* Nanotechnology has established itself as a key enabling technology for & wide range of applications, thus
becoming a top priority for science and technology policy development, being already used in hundreds
of products amang the Industrial sector, namely, ek nic, chemical,
and energy.
= Nanomaterials can be used in various industrial applications includes chemical industry, biotechnology
related industry, energy related industry, food industries, etc.
Some of the specific applications of Nanomaterials:
= Zinc Oxide: cosmetics, electronics, and pigments
* Copper oxide: catalysis, and
+ Magnetite ( Iron (11) oxide): magnetic applications, coatings, cosmetics and pigments
= Stannic oxide (tin (V) axide: batteries, catalysis, electronics, and sensors
+ Anatase | TIO,): cosmetics, pigments, coatings and photocatalytic applications
* Nano platinum metal supported on activated carbon: electrocatalyst for fuel cells and metal air batteries
* Nano silver metal supported on activated carbon: electrocatalyst for fuel cells and metal air batteries,
water medical and
T Z
Energy e i
o Solee oells: DSSC, parcvskie soler cobs » Nano dusts could be any number of things, like particles of tungsten silicon or
Quantum dot solar cells photoresist material used in manufacturing process
= Fuel celis: supercapacitors, U-lon batterles, + The biggest advantage of the material it has is the low cost.
i + 0il, is the most important fuel and is known to the world that this resource is limited.
* Hydrogen and storage by water splitting
m. o * Metal such as iron, aluminum and boron, have tremendous promise.
+ Photocatalytic activity « In nanodust form, the mixture of these metals are highly reactive.
* superconductivity « With modified engine and a tank full of metal nanodusts, an average of saloon car could
* Nanolubicants, smart windows, travel three times as far as the equivalent petrol powered vehicle.
onokigtracts « Metal nanofuel is completely nonp g of no carbon oxide, no soot and no
+ Thermoelectric and piezoelectric materials for . e e
nitrogen oxides roduced.
energy generation 8 P
) 3
Pollution control popleds Data storage i

« Iron nanodusts are highly reactive, and th
can readily bine with poll: hemicall
and break them down.
They could reduce the levels of toxic
fals at sites. L Y
and field tests have shown that they can
break down most common pollutants in
several hours, such as trichloroethene,
carbon tetrachloride, and dioxins.
They could break down number of pollutants
such as pesticides, organic dyes and
chiorinated benzenes, albeit relatively
slowly.
Under the right conditions, the metal breaks
down water to produce hydrogen, as well as
reacting with oxygen to form iron oxide,
* sst.

* Nanomaterials, which have  unique
mechanical, el ic and optical properti
owing to the strong confinement of
electrons, photons and phonons at the

le, are g the d of
disruptive methods for optical data storage
with ultra-high capacity, ultra-long lifetime
and ultra-low energy consumption.

S =
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k Is one of the most promising nancstorage approaches, which
has the potential to replace current semiconductor based information devices

Nanoelectronics - Nanoparticles, with sub-5 nm dimension, are believed to be one of the
most promising materials for ultrahigh densily memory davices. For example, nancparticles

for i in ile flash

covered with insulating layers have been ii

memory devices [168] and electrostatic data storage The principle of the memory devicae is
to inject a number of charges into a single or bundle of ! in

(i.e., WRITE), store the injected charges (STORAGE), and later to sense the stored charges
(i.e., READ). The data erasing is realized by removing the stored charges using eithar

reversed electrical field and/or o}ﬁuH urnination, \\\
i w N

/

- The adv of has a close relationship to the field of
bioelectronics. Because one main object of bioelectronics is to find effective ways to
develop novel nanoscale devices, building blocks, principles, and technologies for
ultrahigh density, low-cost and intelligent information storage systems.

The basic concept of hloelectrank: is to address (electrically,

nptically and/for ically) a single b ial immobilized on substrate. The
may include pi 15, DNA, and enzy which can be treated as either
an organic or The bly of these ials can be realized

using covalent bond (e.g. Au-thnl), affinity Int:ra:trnn (e.g. charge transfer), and
hydrophilic/ hydraphobic i

Cosmetics and pigments

Gl

R
or. s

* Nanomaterials-based cosmetics show some

unique advantages compared to micro-scale
cosmetics.

= The use of nanomaterials (NMs) by the

cosmetic industry aims for long-lasting effects

and increased stability.

The high surface area of nanomaterials allows

for more efficient transport of the ingredients

through the skin.

- Some of the main targets of using
nanomaterials in cosmetics could be the
efficient penetration into the skin for the
improved delivery of the ingredients of the
product, new color elements (e.g., in lipsticks,
and nall polishes), transparency (eg., in
sunscreens), and long-lasting effects (e.g., In
makeup).

aki
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Nmonmdu
Mnmel;dmphuolﬂpﬂ;ﬁﬂdunuﬁdll body temperature and stabilized by surfactants. They
can protect the d ingredients from used for the delivery of cosmetic
agents over a prolonged period of time and have been found to improve the penetration of active
‘compounds into the stratum corneum. In vivo studies have shown that an SLN-containing formulation is
more efficient in skin hydration than a placebo. They have also been found to show UV-resistant
which were enh when a ‘was incorporated and tested. Enhanced
UV blocking by 3,4,5-trimethexybenzoylchitin (s good UV absorber]) was seen when incorporated into
SLNs.

Dendrimers.

. micellar around 20 nm in size, with a well-
defined, nnulldf branched symmetrical structure and s high density of functional end groups at their
periphery. They contain large number of external groups suitable for multifunctionalization.

Hydrogels

* They are 3D hydrophilic polymer networks that swell in water or biological fluids without dissolving as &
result of chemical or physical cross-links. They can predict future changes and change their property
accordingly to prevent the damage.

* Titanium Dioxide is used as an inorganic white pigment for paper,
paints, plastics, and whitening agents.

* TiO2 nanoparticles are used as UV blocking pigments in sunscreens,
cosmetics, varnishes, and fabrics.

* Zinc Oxide has opaque and antifungal properties.

* Used as UV blocking pigments in sunscreens, cosmetics, varnishes,
and fabrics
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 Sensors e [y

L s are chemical or
mechanical sensors that can be
used to detect the presence of
chemical species and
nanoparticles, or monitor
physical parameters such as

Nanosensors include:

.

Carbon Nanotube-Based Fluorescent

Nanosensors

Q Dot-Based F

Nanosensors

DNA-Based Fluorescent Nanosensors

Peptide-Based Fluorescent Nanosensors
1| d

temperature, on the le.”

lasi Counling—8:

They find use in dical
diagnostic applications, food and
water quality sensing, and other
chemicals.”

« Sensors operating on the scale of

atoms and molecules

Smaller size, lower weight, modest

power requirements

= Datastorage ms

.

Pl ic Enhancing-/Quenching-Based
Nanosensors
Magnetic Resonance Imaging-Based
Nanosensors
Ph ic-Based

with multipk dalities to
overcome individual challenges)

.

.

Physical Sensors - World’s smallest
balance

Chemical sensors - lonization
de sensor
Biosensors - Detection of complex
molecules

Deployable Nanosensors - SnifferSTAR
a light- weight portable chemical
detection system

Nanonose

Nanothermometer

NanoParticles spy on molecular
binding

Gas sensors

Detection of heavy metal ions with a
nanocontact sensor
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Pty What is a Carbon Nanotube? o
Carbon Nanotubes (CNT) * CNTis a tubular form of carbon with diameter as small as Inm.
= Length: few nm to microns.
= CNT is configurationally equivalent to a two dir ional graph
* sheet rolled into a tube.
* ACNT is characterized by its Chiral Vector: C, =n 4, + m §,,
+ @ — Chiral Angle with respect to the zigzag axis.
1 Fl 2
Why do Carbon Nanotubes form? gl Types of CNTs A

Carbon —_ Graphite (Ambient conditions)

=

sp? hybridization: planar
Diamond (High temperature and pressure) %
3 iditation: cubk
sp® hybridization cuh:c_?“,‘r
atis

Nanotube/Fullerene (certain growth conditions)

sp? + sp* character: cylindrical Caa firllcrene

Finite size of graphene layer has dangling bonds. These dangling
bonds correspond to high energy states.

* Single Wall CNT (SWCNT)
* Multiple Wall CNT (MWCNT)

« Can be metallic or semiconducting depending on their

geometry.

Eliminates dangling bonds
Nanotube formation { + —— Total Energy
Increases Strain Energy decreases
3 [y
Carbon Nanotubes Properties . Ave Biomedical Applications .

CNTs have high thermal conductivity

CNTs have high electrical conductivity

CNTs aspect ratio

CNTs are very elastic ~18% elongation to failure

.

CNTs have very high tensile strength

.

CNTs are highly flexible — can be bent considerably

without damage

CNTs have a low thermal expansion coefficient

CNTs are good electron field emitters

* CNT is used in bio-medicine, specifically
bio-sensing, diagnostics, and therapy. This
was facilitated by the excellent ability of
CNTs to act as carriers of molecules of
different origin, including proteins,
DNA/RNA, enzymes, and drugs.

+ CNTs are capable of effectively by-passing
the blood-tissue barrier and penetrating
cells.

+ The huge surface area and excellent

ability to penetrate the cell membrane
make CNTs a perfect platform for delivery
pharmacological and genetic compounds

iinto the cells in cancer treatment




Electrical, Molecular device applications

PHVI701

Or, Ajtha
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Dr. Ajiha

PHYI701

Carbon nanotubes have unique properties that make
them a most promising system on which to base

molecular electronics.
* Field-Effect Transistors

* Ambipolar and n-Type Carbon Nanotube

Transistors
= Carbon Nanotube Transistor Arrays
= Carbon Nanotube Integrated Circuits: Logic Gates

« In any electronic circuit, but specifically when dimensions reduce in size to
the nanoscale, the interconnections between switches and other active
devices become more and more essential. Their ability to be precisely
derived, electrical conductivity, and geometry make CNTs the most
suitable candidates for the connections in molecular electronics.

The exact properties that make CNTs desirable as conductive fillers for

use in ESD materials, electromagnetic shielding, and so on make them
suitable for interconnection applications and electronics packaging,
including coaxial cables, potting compounds, and adhesives and other
types of connectors.

CNTs can carry an amazingly high current density, probably as high as
10" A/em2. CNTs are the best known field emitters of any material, with
regard to their high electrical conductivity.




