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C E N T What is “nano”
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Nano: a prefix which means 1/1000,000,000

Nanometer = 1/1000,000,000 of a meter

= 1/1000,1000 of a millimeter
= 1/1000 of a micrometer

&S

A million nanometers

Less than a nanometer Nanometer Thousa'nds of nanometers
Individual atoms are up Ten shoulder-to-shoul- Blological cells, like these The pinhead sized patch
to a few angstroms, or der hydrogen atoms red blgodhcells. havef dLarr»- of this thumb (cdrcled in
up to a few tenths of a (blue balls) span 1 SRes 11 I e o ol black) is a million
nanometer, in diameter. nanometer. DNA mole- sands of nanometers. nanometers across.
cules are about 2.5 Billions of
nanometers
A two meter tall male
is two billion

nanometers wide.
nanometers tall.
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Nanotechnology is the understanding and control of
matter at dimensions between approximately 1 and 100
nanometers, where unigue phenomena enable novel
applications.

Encompassing nanoscale science, engineering, and
technology, nanotechnology involves imaging,
measuring, modeling, and manipulating matter at this
length scale.

http://www.nano.gov/html/facts/whatlsNano.html

Nanometer, Nanogram, Nanonewton,
Nanojoule, Nano..


http://www.nano.gov/html/facts/whatIsNano.html
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PURDUE
' | On Size and Scale !

100um Top-down

J>—"' Plant and Animal Cells
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E 2-0 CMOS platform
2 100nm NASA Institute of
g Na noelel::trnqics
L and Computing

AT E 3 Min Feat
} Virus g of MOS.T

| 2 in 2004
10nm | - % ( )
I * Proteins ;

~—* One Helical Turn of DNA

_ ?nanh'ﬁiﬁi'ﬁ’ms are
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1nm = Gate Insulz

cro, Micro,
: o ot re in acube (l)f
I‘““’“ e | 1cdn with side 10 nm
Bottoms-Up

Not one atom, but many
(many) atoms
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How 1s nanotechnology 'special'?



e e N (U P VI gl

Center of Excellence in NanoTechnology

Optical qualities Q L PSP

Bulk Gold = Yellow Nanogold = Red

(- Ajlk scaling

Quantum effects - 7 X

atomic



C E N T Small and Luminescent
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1.67 nm 2.15 nm 2.9 nm

Sizes

Si<4.3 nm,
Ge<11.5 nm,
GaAs<12.4 nm




C E N T Silicon Nanoparticles
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Si 4 Pt —

Meniscus

H>0,:HF:MeOH

Z. Yamani, H. Thompson, L. AbuHassan, and M. H. Nayfeh , Appl. Phys. Lett. 70, 3404-3406 (1997)

M. Nayfeh, J. Therrien, and Z. Yamani: Method for producing silicon nanoparticles, US 6,585,947 with a publication date of July 1, 2003.
M. Nayfeh, J. Therrien, and Z. Yamani: "Silicon Nanoparticle and Method for Producing the Same" 6,846,474; January 25, 2005.

Silicon nano-crystallite synthesis, characterization,
functionalization, applications, computation
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Table |
The relation between the total number of atoms in full shell clusiers and the percentage of surface atoms (reprinted from [5]
with permission from John Wiley & Sons)

Full shell clusters Total number of aloms Surface atoms (%)

One MILQ 13 92
Two shells @ 55 76
0999
5
)

. »
Thiee shells QAL

Extremely important for catalysis,
sensors, purification and the like.

Four shells

Five shells 561 45

Specific surface

Seven shells 1415 35

dQaauaau
daQdaau
dQQadaaQ
daQaaQQ
200000000200
200033233203
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Larger number of smaller devices that
consume less energy

* 35 nm gate length
* 1.2 nm gate oxide

« NiSi for low resistance

= 2ND generation strained
silicon for enhanced
performance




CENT!

’&'#:-:-L'JEE!]EM]-’-

Center of Excellence in NanoTechnology

CNT: Very light/ very strong

ljima, 1991
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video

The impact of nanotechnology

Moore’s Law Continues

Transistors doubling every 2 years toward
the billion-transistor microprocessor

Heading toward 1 billion transistors in 2007 —y

]
*
-

Pentiunm® 4 Processor | * 100,000,000

» 1,000,000,000

intium® Il Processor p
&P 10,000,000
Pentiumv® Processof
486™ DX Processor

4 1,000,000
386™ Processor

100,000

10,000

1,000
1980 1990 2000 2010

Intel Labs
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Energy/ photovoltaics

Membranes/ water

purification
e Porous material/
0 hydrogen storage
i/ Add to Cart
Nano-engineered catalysis
Lyphazome

E -3 ' - Petrochemicals/ fuel cells
L= lo= —!
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in medicine.. diagnostic and therapeutic

PURDUE  |ntegrated Systems for Study of
Microorganisms and Cells
On-chip Ab- Micro-scale Nano Cantilevers,
Fluidic Dielectro- based Impedance -probe NanoFETs,
Ports phoresis Capture Spectroscopy Array Nano-pores
— —
| ] 1 ] | | | |
Conc. Selective  Viability Cell Mechi/Elect.
Sorting Capture  Detection Lysing Detection
DNA, protein

“Lab on a Chip” for
Enabled by BioMEMS and
Bionanotechnology

Use the nanolog mandrel to mak

Artificial Bone

self-assembled
bioactive nanofiber

Science, 294, 1684 (2001)

Nanoscale
“vacuum tube”

[PURDUE

Microscope
Objective

Micro-
fluidic —
Tubes

Wire-bond |
(with epoxy)

Petri Dish-on-a-Chip

Edge Connector

BioChip

Micro-
— fluidic
Tubes

~ PC board
w. heater

DNA delivery
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Developing a nanotechnology anti-militant
"bionic hornet™

Israel is using nano technology to try to create a robot no
bigger than a hornet that would be able to chase, photograph
and kill its targets, an Israeli newspaper reported on Friday.

The flying robot, nicknamed the 'bionic hornet’, would be able
to navigate its way down narrow alleyways to target otherwise
unreachable enemies such as rocket launchers, the daily
Yedioth Ahronoth said.
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Sports clothes: mandatory safety!

SMARTSHIRT SYSTEM

Smart Shirt Sensory Architecture

INSTANTANEOUS
READOUT

PLATFORM IMPLEMENTATION

COMBINED =MALL & WIDE AREA
WIRELESS MONITORING AFFLICATION

"HEART RATE: 145"

W
— |4 PDA
DOWNLOAD FOR
LATER ANALYSES
AUTOMATED VOICE: IHTEHHETd—E

DOACHS BASE STATICDN
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i How Nanorobots Will Work How lts Madie Videos
‘||||' by Jonsthan Strickland
Eiprint +#Cite 43 Feedback 50 share [ Recommend |
Inside this Article

1. Introduction to How Powering the Hanorobot i

ol *...1 . Hanorobots Will Work i o
) m‘. Hanorobot Locomotion P|uy Video
T u 2. Take Two Bots and Call ©

Teeny, Tiny Tools
Me in the Morning o, Tiny

Center of Excellence in NanoTechnology 3. Hanorobot Havigation

Mare Science videos »

oo, oA

See more »

Imagine going to the doctor to get treatment for a persistent fever. Instead of giving you a pill or a shot, the
doctor refers you to a special medical team which implants a tiny robot into your bloodstream. The robot
detects the cause of your fever, travels to the appropriate system and provides a dose of medication

Nano-b Ots diractly to the infected area.

Robot Image Gallery

The rohot in this illustration swims through the arteries and veins using a pair of tail

http://electronics.howstuffworks.com/nanorobot.htm

Biomimetics

http://www.spacemart.com/reports/Nano World Water Harvesting Surfaces.html



http://www.spacemart.com/reports/Nano_World_Water_Harvesting_Surfaces.html
http://electronics.howstuffworks.com/nanorobot.htm
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The Future of Nanotechnology

The future of nanotechnology is completely uncharted
territory. It is almost impossible to predict everything
that nanoscience will bring to the world considering
that this is such a young science.

There is the possibility that the future of
nanotechnology is very bright, that this will be the one
science of the future that no other science can live
without. There is also a chance that this is the science
that will make the world highly uncomfortable with
the potential power to transform the world.

http://nanogloss.com/nanotechnology/the-future-of-nanotechnology/



http://nanogloss.com/nanotechnology/the-future-of-nanotechnology/
http://nanogloss.com/nanotechnology/the-future-of-nanotechnology/
http://nanogloss.com/nanotechnology/the-future-of-nanotechnology/
http://nanogloss.com/nanotechnology/the-future-of-nanotechnology/
http://nanogloss.com/nanotechnology/the-future-of-nanotechnology/
http://nanogloss.com/nanotechnology/the-future-of-nanotechnology/
http://nanogloss.com/nanotechnology/the-future-of-nanotechnology/

The Future of Nanotechnology

DDT cured malaria > Toxic to animals
Pesticides improved Cropy ields > Human carcinogens
Refrigerants made houses cool » Leadtoozonehole

Nanotechnologg > 999
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Nanotechnology R&D iIn the Kingdom

KAIN KAUST

KACST/ CENA n universities

CENT NSTP
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Universities
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anagemer

Saudi
Industries



CENT

nn S KFUPM =

Center of Excellence in NanoTechnology

NNC Laboratory Layout
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AFM/SPM E-beam evaporator
Photo resist coater/developer bench
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ECV Doping profiling




Center of Excellence in NanoTechnology

Where are we?

CENT I1s here!!ll
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CENT - Center of Research Excellence in Nanotechnology - Windows Internet Explorer D@
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File Edit View Favorites Tools Help
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Center of Excellence in NanoTechnology

Home | Contact Us

Home
bout et NanoRobots
Personnel
Educational Programs
Research
Publications

Seminars & Workshops

For Registrati Deeply inspired
Click into the lungs

Welcome to CENT
< May 2009

* 26 - 27 May: Workshop: Welcome to the Center of Research Excellence in Nanotechnology. CENT will |Sat Sun Mon Tue Wed Thu
Carbon Nanotubes be the platform through which KFUPM shall develop a Nanotechnology |55 5 27 28 29 30
Program that enables its scientists and faculty members to carry out world-
class Nanoscience and Nanotechnology based research in areas of strategic 5 6 7
importance for the Kingdom, and support the same through teaching at 12 13 14
KFUPM. [17] 19 20 21

26 27 28

» Related Links

KFUPM

Check our website

o KFUPM Research Institute

www.kfupm.edu.sa/cent
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Center of Excellence in NanoTechnology

Vision:
CENT shall be an internationally recognized leading research center that

develops innovative research and cutting edge knowledge in the field of
Nanoscience and Nanotechnology

Mission:

CENT will be the platform through which KFUPM shall develop a
Nanotechnology Program that enables its scientists and faculty members to
carry out world-class Nanoscience and Nanotechnology based research in

areas of strategic importance for the Kingdom, and support the same through
teaching at KFUPM.



CENT

RS N CFUP M CENT: O bj ectives

Center of Excellence in NanoTechnology

1. To build up a world class human resources research capacity including highly
qualified scientists and staff and trained graduate students in the field of
nanomaterials synthesis and their characterization & applications.

2. To develop a research infrastructure including state of the art facilities that
enables the Center to achieve its goals.

3. To develop innovative nanotechnology-based solutions in strategic areas for the
Kingdom related mainly to petroleum and petrochemical industries.

4. To establish Industrial Partnerships with relevant companies and
entrepreneurships as a step toward commercialization, in coordination with DTV.

5. To contribute to the development of teaching graduate programs and training
students in the field of nanotechnology.

6. To promote public awareness regarding the benefits and the risks of
nanotechnology.
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Center Director

(Z.H. Yamani)
Assistant for Technical Affairs Outreach
(Khalid Al-Hooshani) (CENT Staff)
: |
Synthesis Characterization Applications
(Nasser Ageeli) (Taher Laoui) (Nabeel Maalej)
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Analytical Fluidics Membranes
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focusing on the petroleum and petrochemical industries.

1. Nano-engineered Catalytic Materials

2. Nano-structured Materials for Sensing
Applications

3. CNT Applications
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Synthesis, characterization and
applications of nanostructured materials

We use different synthesis methods: CVD, laser
ablation, sputtering, flame pyrolysis, [laser pyrolysis],
microwave combustion, sol-gel, chemical dispersion
and functionalization

Laser and Nanotechnology




N. Tabet et. al (Physics & CENT)

L : ,
N i Zinc Oxide Nanowires/ Nanodots

Center of Excellence in NanoTerhnalaov

1x10°

1x10° 500 ppm

. 1000 ppm '. 1500 ppm
Dynamic and fast o’ : :
response of MW ZnO : : { !

nanowires to H, gas at = i
'3

\ 7
Lzakl XS, ase

different temperatures ~ " \..
8x10° \I i
7x10° \;
6x10°

260 ' 460 I 660
Time in (Sec.)
Operating temp. 200°C temp.
Measured by Dr Ahsan,
Tokayama, Japan, Oct. 2008.
Unpublished e o8 s onen
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Flame Pyrolysis and

Microwave Combustion
Saleh Al-Quraishi/ N. Tabet
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Research Unit (CNRU)

PhD and MSc Students working under CNRU
Issam Amr ( PhD. Student)
Zahid Koker ( PhD. Student)
Omar Bakather ( MSc. Student)
Osama Bin Dahman ( MSc. Student)
Mahmoud Ghassan Halim ( MSc. Student)
Salaman Al-Khaldi ( MSc. Student)
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On-going CENT projects (2008-2010)

# Title Focus Pl e-address
Area
1 Biocide properties of novel polyelectrolytes Nano-Bio Mazen mkhaled@kfupm.edu.sa
nanofilms Khaled
2 Production of Carbon Nanotubes (CNTs) by CNT Mo’taz Ali motazali@kfupm.edu.sa
using Gas/Solid Atomizer Chemical Vapor
Deposition (GSA-CVD) for Nanocomposite
Application
3 Study of the Structural Properties and Catalysis Zain zhyamani@kfupm.edu.sa
Hydrodesulfurization Activity of MoS, and Yamani
Co/MoS, Catalysts Prepared by Laser
Pyrolysis
4 Development of High Performance CNTs and CNT/ Saheb nouari@kfupm.edu.sa
SiC Reinforced Metal Matrix Corrosion Nouari

Nanocomposites for Pistons Applications
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- Strengthening Collaborations

- Hosting seminars and organizing

- Visitir
Zerko

- Partici

Professor lan Bruce (Kent University)

e g| ©  Dr. Paulo Morais is the head of the Brazilian Nanobiomagnetism
*  Kick-Off Network (BNN) through S. Aramco/ Naizak
° DLS .| * Dr. Mark Geoghegan (Sheffield University)
© Veeco "] «  Professor Edward Cupoli (CNSE NanoEconomics Constellation

1 Head) through Arba7 Capital

. « Gregory Lance (Hystiron) through Naizak

Computational G|«  Jim Tour (Rice University)

« Stephan Podzimek (Wyatt Technology, USA)

« Mohammad Rab’ah (KFUPM)

 Ahsanul-Haqq (Material Engineering Toyama University Japan)
 Zain Yamani (CENT)

« Many more.. [check web-site]




C E N T Other Activities/Programs

A RSN 1 Maintained by CENT
Bi-weekly seminars: Developing CENT labs on campus
-Al-Somali, Bani-Yaseen,
Ahmad Omar, ...etc. Increasing Capacity

Workshops under preparation:
- CNT Applications

PUb“Shmg pap_ers - X-ray Characterization Techniques
Patent Applications:
MK, SQ, NT, MA, ... Graduate Program

Visiting professors: More inter-Centers collaborations

- Syed Qadri (NRL,USA)
- Collaborators/ Consultants Collaborations potentially with:

DuPont, Dow Chemicals, S. Aramco, SABIC
CENT Affiliates Meetings  KAUST, KACST, KSU, Taibah, KFU,...etc
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We’d be happy to add you to Friend’s of
CENT (e-)mailing list.

Just sent us a note: cent@kfupm.edu.sa

Thank you for your attention
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