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Short course:

Introduction to 

Nanotechnology
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• Appreciate dimensions at the nano-scale.

• Understand how current technologies are 

improved through nanotechnology.

• Develop awareness about nanotechnology in 

the Kingdom of Saudi Arabia.

• Handle a scanning probe microscope.

Course Outcomes:
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Topic # of  hours

What is Nanotechnology: definition, fields of 

science, special characteristics, 

misconceptions, relevance to science and 

technology 

4

Synthesis and Characterization of 

Nanomaterials

3

Nanotechnology at KFUPM and in the 

Kingdom

2

Hands on: atomic force microscopy 1

Course Content:
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What is this course about, and the learning outcomes?

What is nanotechnology

Imagining the small size in some pictures

What is special about NT?

How NT is interdisciplinary

Has NT entered the market?

NT materials

Some issues we will address
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NT devices

NT misconceptions

Physics at the nano-scale

Synthesizing nanomaterials

Characterizing nanomaterials

Nanotechnology and microscopy

SPM in class

Some questions we will address
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NT in NSTIP

NT at KFUPM [CENT and otherwise]

Some questions we will address
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What is Nanotechnology: 

definition, fields of science, 

special characteristics, 

misconceptions, relevance to 

science and technology 
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Introduction to Nanotechnology:
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Nano: a prefix which means 1/1000,000,000

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

= 1/1000,000 of a millimeter

= 1/1000 of a micrometer

Nanometer, Nanogram, Nanonewton, Nanojoule, Nano..



Introduction to Nanotechnology:
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Scanning Electron Microscope images
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Nanotechnology definition:
Nanotechnology is the understanding and control of 

matter at dimensions between approximately 1 and 100 

nanometers, where unique 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/whatIsNano.html

Introduction to Nanotechnology:
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http://www.nano.gov/html/facts/whatIsNano.html


What is the photo 

on the left about?
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misc/LYRA FEG PPP.pdf
misc/LYRA FEG PPP.pdf


Exercise

How many atoms are there in a cube that 

is 10 nm x 10 nm x 10 nm large? [or 

should I say “small” ]
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http://en.wikipedia.org/wiki/File:Silicon-unit-cell-3D-balls.png
http://en.wikipedia.org/wiki/File:Silicon-unit-cell-3D-balls.png


Density of silicon ~ 2.33 gm/cm3

Atomic number: 14

Atomic mass: 28.1 a.m.u.

cubic lattice 5.43 angstrom

FCC structure with a two-

atom basis (8 atoms per cube)

http://www.chemicalelements.com/elements/si.html

Exercise

What is the distance between atoms?
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http://en.wikipedia.org/wiki/File:Silicon-unit-cell-3D-balls.png
http://en.wikipedia.org/wiki/File:Silicon-unit-cell-3D-balls.png
http://www.chemicalelements.com/elements/si.html


What is Nanotechnology: 

definition, fields of science, 

special characteristics, 

misconceptions, relevance to 

science and technology 
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What should you specialize in 

if you like to be a 

nanotechnologist??

Is it a good thing to be a 

“nanotechnologist”??

20



What is Nanotechnology: 

definition, fields of science, 

special characteristics, 

misconceptions, relevance to 

science and technology 
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How is nanotechnology 'special'?

Discussion



Classical Physics or 

Quantum Physics

لا للفيزياء التقليدية

R

x

الأحجام الكبيرة تتصرف اعتياديا

أما على الأبعاد 

شبه الذرية، فإنه 

 weird” things happen in the“تظهر الآثار الكمية

quantum world.. like??!
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E&M interaction might get modified

Bulk Gold = Yellow Nanogold = Red

Sample 2 Sample 3

How do we fabricate nanogold?

How can we control its size and properties??
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misc/video/PICT3081.AVI


E&M interaction might get modified

المواصفات الضوئية

http://www.chemicool.com/elements/silicon.html

Silicon vs. n-Si (or porous silicon)
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http://www.chemicool.com/elements/silicon.html


1.67 nm 2.15 nm 2.9 nm1 nmSizes

Z. Yamani and M.  Nayfeh

Small  and  Luminescent
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Mechanical properties of CNT

DNA delivery

Nanoscale 
“vacuum tube”

Seidel et al Nano-letters- Vol. 5, 1, (2005) 147

http://www.lbl.gov/Science-Articles/Research-Review/Magazine/2001/Fall/features/02Nanotubes.html

Ijima (1991)
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Huge specific area

For what applications is this important??
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Exercise

Compare the specific area of ‘normal’ 

material and nanomaterials.

29



Nanomaterials can reach where no 

one has ever reached before 

No pass required: good or 

bad??
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Can we step back.. and 

contemplate??
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What is Nanotechnology: 

definition, fields of science, 

special characteristics, 

misconceptions, relevance to 

science and technology 

32



Misconceptions related to 

Nanotechnology

How much smaller is 

a nanometer than the 

width of the atom?
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Misconceptions related to 

Nanotechnology
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Nanotechnology is for physicists [only]

Misconceptions related to 

Nanotechnology
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ثانويةلا نانوية 

Misconceptions related to 

Nanotechnology

متناهية الصغر؟.. تقنية النانو

نانوية لا نووية
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Nanotechnology is all good!!

Misconceptions related to 

Nanotechnology
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Nano is it!

Misconceptions related to 

Nanotechnology

Can you read in Greek? 
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What is Nanotechnology: 

definition, fields of science, 

special characteristics, 

misconceptions, relevance to 

science and technology 
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ENIAC, 1945

1800 vacuum tubes

27,000 kg; 140kW
2005

~ 350 Million Transistor Chip

Larger number of 

smaller devices 

that consume 

less energy
Nanoscale 

“vacuum tube”

Seidel et al Nano-letters-

Vol. 5, 1, (2005) 147

Nanotechnology in 

Electronics:
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Nanotechnology in diagnostic 

and therapeutic medicine

41



DNA delivery

Energy/ photovoltaics

Membranes/ water 

purification

Porous material/ 

hydrogen storage

Nano-engineered catalysis

Petrochemicals/ fuel cells
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../../../data/Lectures/nanotechnology public lecture/nanotechnology  present and future/Nano_Textile.wmv
../../../data/Lectures/nanotechnology public lecture/nanotechnology  present and future/Nano_Textile.wmv


Nayfeh Nanotechnology:

43Nayfeh and 

Yamani; patent

29 Silicon (yellow)

24 Hydrogen (white)

1.03 nanometer



Nanotechnology is about the fabrication of nanometer-sized materials and 

devices exploiting their unique physical, chemical and biological properties. 
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The path to 

nanotechnology
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Synthesis and 

Characterization of 

Nanomaterials



Synthesis and 

Characterization of 

Nanomaterials

Autoclave

Potentiostat/galvanostat

Automatic Sputter coater 

Microwave reactor

Ultra Sonicator

Planetary Ball Mill Machine
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Pulsed Laser Deposition 
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The quartet in nanopowder metallurgy lab

Spark Plasma Sintering

Cold  Isostatic press

Hot Isostatic Press

µ-wave sintering
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Microwave sintering

Brabendor

Hot Press

Furnace

Tube Furnace



Synthesis and 

Characterization of 

Nanomaterials
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Microscopy

Focused Ion Beam Stations

AFM

(Nanopolis)

STM for Nobel prize (1986)



Moving 

atoms 

around!!
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Analytical 

Characterization

Ultra Performance LC
TGA-DSC-MS

Contact Angle Measuring DeviceDLS

GC

Surface area analyzer

../../Dynamic Light Scattering (DLS)/DLS presentation.pptx
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Optical 

Characterization

Spectrofluorometer with combined 

steady state and lifetime capabilities

Raman spectroscopy

UV-Vis

(Nanopolis)

FTIR

(Nanopolis)

../../Raman Scattering/in situ Raman spectroscopy.pptx
../../Raman Scattering/in situ Raman spectroscopy.pptx


Nanotechnology at KFUPM 

and in the Kingdom
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Nanotechnology at KFUPM 

and in the Kingdom
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Center of Excellence 

in Nanotechnology

CENT is a KFUPM unit founded in 

November 2007, based on a Royal 

Fund donation in Nov. 2006

A KFUPM research center committed 

to developing nanomaterials for 

applications in petroleum and 

petrochemicals

What is CENT, and what are its 

research activities?
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CENT: Vision and Mission

CENT shall be an internationally recognized leading research

center that develops innovative research and produces cutting

edge knowledge in the field of Nanoscience and

Nanotechnology.

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.

VISION

MISSION
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CENT: Objectives

1. To build up world-class human resources research capacity including highly

qualified research scientists, staff and trained graduate students in the field of

nanomaterials synthesis, their characterization and relevant applications.

2. To develop research infrastructure including state of the art facilities that enables

the Center to achieve its goals.

3. To create innovative nanotechnology-based solutions in strategic areas in

petroleum and petrochemical industries relevant to the Kingdom.

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. 60



CENT Research Focus Areas

1. Nano-engineered Catalytic and Photo-catalytic 

Materials

2. Nano-structured Materials for Sensing 

Applications

3. CNT Production and Applications

4. Nanopowder Engineering

Focus on the petroleum and petrochemical industries
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Upstream: exploration, drilling fluids 

and bits, production

Downstream: transportation, refining, 

environment, carbon management, sub-

quality ‘natural’ gas treatment, corrosion.

Nanotechnology applications in the 

Petroleum Industry



S. Aramco (2008) shock!!

Robots 7000 ft below ground in 

complete darkness, wandering 

‘inside’ rocks.
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Sensing in Oil Reservoirs (Nanoagents)



2 years later:

Novel Hybrid Reservoir Nano-Agents for 

Enhanced Oil Recovery

Proposal submitted by Z. Yamani et. al. 

(with American collaborators) for S. 

Aramco EXPEC ARC funding!!

Goal: smart tracing, sensing, and 

sniffing devices for on-line 

implementation in oil fields!!!

64

Sensing in Oil Reservoirs (Nanoagents)



Challenging problem:

- “Right” size,

- Dispersibility,

- Functionalization,

- Harsh environment,

- Choice of markers/ sensitive detection 

(chemical, optical, electrical, magnetic)
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Sensing in Oil Reservoirs (Nanoagents)



66

Sensing in Oil Reservoirs (Nanoagents)



Nor

mal 

ligh

t 

UV  

light 
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Silica encapsulated ZnO QD; right size (~ 45 nm) properly fluorescing; well dispersed

Sensing in Oil Reservoirs (Nanoagents)



Core-shell systems after functionalization for Oil Sniffing

We are not there yet!

• Better markers (fluorescent or otherwise)

• Harsh environment (salinity and temperature)

• Core flooding results

• Modeling for ideal (oil sniffing) partition 

functions 68

Sensing in Oil Reservoirs (Nanoagents)



Objectives:

Fast, in-situ and online detection and metering of various pollutants in

Chemical, petrochemical & petroleum industries in Saudi Arabia.

[HCs, SOx, NOx and H2S (room temp. – high temp.)]

Key Features:

• High selectivity, enhanced sensitivity, stability and

short response time (S4).

• Small grain size, large surface area, and,

open/connected porosity are targeted, since the

sensing mechanism and catalytic activity are largely

microstructure-dominated.

µSystem for Environmental Monitoring

University of Michigan

Multi-layer 

stacked 

sensors, 

circuits, and 

battery, 

volume 

<0.2cc

Chemical Gas Sensing in the Ambient
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TiO2 nanorods TiO2 nanotubes

Pt/TiO

Mesoporous SiO2

Porous WO3

Cu oxalate

10 nm 5 nm

Hierarchical Bi2WO6

Nanoporous Bi2WO6

H2 generation, CO2 reduction, Water 

purification, Selective organic functional 

group transformation

Electro-Photo-Catalysis for 

Hydrogen Production



Pt/TiO2

M. Qamar et. al., Langmuir, Nanotechnology, RSC Advances, Catalysis Today, Catalysis 

Communications, J. Molecular Catalysis A, Solid State, Sciences, J. Hazardous Materials etc.

10 nm 5 nm

Bi2WO6
Nanoporous Bi2WO6

Nanoparticle, 

Nanorods, nanotubes

Hierarchical and 

mesoporous

Generation of

interface
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Electro-Photo-Catalysis for 

Hydrogen Production
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Development of Nanoporous Hierarchical Pt/Bi2WO6 for Selective and Highly Efficient Oxidation of Alcohols under Visible Light
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Electro-Photo-Catalysis for 

Hydrogen Production
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Hydrogen Production



Development of W-Ni-C Nanocomposite (as an alternative to Pt) for Efficient H2 Evolution from Water

76

Electro-Photo-Catalysis for 

Hydrogen Production
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Development of Porous Nanostructured Materials for H2 Generation, CO2 and O2 Reduction Reaction Using 

Photo/Electrochemical Cells 

Pure TiO2

Bilayers of

WO3/TiO2
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Nanostructured Zeolites for 

Hydrocarbon Conversion

Funding sources:

NSTIP/KACST: 4 projects (approx. 8 Million SAR)

Saudi Aramco: 6.5 Million SAR

Objectives: 

To develop nano structured silico-

aluminates having high surface area 

for commercially important 

processes such as catalytic cracking, 

methanol-to-propylene, heavy oil 

upgrading, natural gas valorization 

and CO2 dry reforming.

Muraza et al., Chem. Eng. J. 226 (2013)

Fuel 135 (2014)

US14/151498 Patent Pending
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Corma et al., Nature Chem. 2012

Novel Zeolites

To contribute to Industry in KingdomTo develop novel nanocatalysts

To train for scientists & engineers

Tsapatsis et al., Science 2012

Novel Morphologies

$20 billion projects

26 manufacturing plants

Valorization of oil in refinery

 Naphtha to propylene

Valorization of natural gas derivatives

 Methanol to propylene

Nanostructured Zeolites for 

Hydrocarbon Conversion
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Muraza, Bakare, Tago, Konno, Taniguchi, Al-Amer, Yamani, Fuel 135 (2014)

Hierarchical MTT zeolites as catalyst for naphtha to propylene

Nanostructured Zeolites for 

Hydrocarbon Conversion
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Selective production of 

propylene from methanol over 

nanosized ZSM-22 zeolites 

Jamil, Muraza, Yoshioka, Al-Amer, Yamani, Yokoi, IECR (2014).

Nanostructured Zeolites for 

Hydrocarbon Conversion
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Gd-Chelate Coated Gold Nanoparticles as 

Super High Relaxivity Bimodal MRI and 

CT Contrast Agent

AuNP

L9

L9Au@GdL
31.7 4880 128158.6 15.8

MRI 

Contrast
CT Contrast

Next: rocks instead of 

tissues
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Catalytic/ electro-catalytic sensing

Cd2+

CAuNP (aq.) Aggregated CAuNP (aq.) 

CAuNP using PA

Carboxylated gold 

nanoparticles.. 

well dispersed
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MOFs for carbon capture or sensing

Spark Plasma Sintering 

for cutting tools

Fluorescence Microscope 

image  of MOF5 
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FESEM



Publications 

and

Patents

Book/Book chapters/Book edited – 06

Published Papers – > 230

Conference Presentations– > 100

Patents Issued – 04

Patents applied for at KFUPM – > 20
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www.kfupm.edu.sa/cent Friends of CENT Mailing list

Visiting professors and students

Outreach efforts

Day Date Title of the Seminar Speaker 

Sunday 26/09/10 CENT Status and Ambitions-2007/2015 Dr. Zain H. 

Yamani 

Tuesday 28/09/10 Thermo Scientific XPS Application and 

System Technology 

Dr. Richard 

White 

Sunday 03/10/10 Introduction to the World of Electron 

Beam Lithography 

Mr. Yasutoshi 

Nakagawa 

Sunday 17/10/10 Self-assembly of (s)-(1-

tetradecylcarbamoyl-2-phyenylethyl)-

dimethylethylammonium bromide 

surfactants studied by molecular dynamics 

simulation 

Dr. Dodi 

Heryadi 

Tuesday 02/11/10 Development of Polymeric Membranes for 

Carbon Dioxide Separation 

Dr. Nedal 

Y. Abu-Thabit 

Sunday 28/11/10 Tailored Thin Films and Nanomaterials Professor K.L. 

Chopra 

Tuesday 28/12/10 Metal-oxide Nanostructured Materials as 

Chemical Sensors

Dr. Ahsanulhaq

Qurashi

Saturday 22/01/11 Novel Attributes  of Graphene Professor. C.N.R 

Rao

Day Date Title of the Seminar Speaker 

Sunday 20/02/11 Pushing Forward with the KFUPM Research 

Initiatives [CENT as an Example]

Dr. Zain H. 

Yamani 

Tuesday 1/03/11 Magnetism of Nanowires Dr. Del Atkinson

Tuesday 08/03/11 Introduction Nano-Catalysts for Natural 

Gas Conversion to Aromatics

Dr. Syed 

Hussain

Tajammul

Tuesday 22/03/11 Hydrogen Fuel Cells as Green Energy 

Sources: Dream or Reality

Dr. Bel3abass

Tuesday Zeolite petroleum catalysis Majnoni

Sunday With physics department Dr. Ayman

Tuesday Asep Bayu

Tuesday Al-Somali

More at CENT...
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Bi-weekly CENT Seminars

http://www.kfupm.edu.sa/cent


 Recruit (a limited number of) young and ambitious undergraduates

 Identify their interest and affiliate them to a research group

 Train them on several nanotechnology related techniques

We familiarize them with essential laboratory instruments

The student is expected to have the ability to eventually run  some equipment

He is also anticipated to participate in conducting research work

Finally, he gives a short talk on what he has learnt at the end of the semester

Student Mentorship program

The idea is for CENT to catch you young, and get you obsessed 

with research before Career Day!! 
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Scitech Festival, Al-Khobar 8th to 10th May, 2012 Desert picnic

CENT Fliers Banners/Posters

CENT Bulletin Board
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CENT Researchers

academic affiliates, 

RAs, collaborators.. 

and expanding
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CENT Affiliates
Sl. No. Affiliate Name Department Email Address Phone

1. Dr. Abdullah Al-Sultan PETE sultanas@kfupm.edu.sa 3888

2. Dr. Abdullah Al-Sunaidi Physics asunaidi@kfupm.edu.sa 3752

3. Dr. Abdul-Nasir Kawde Chemistry akawde@kfupm.edu.sa 2145

4. Dr. Amjad Khalil Physics amjadb@kfupm.edu.sa 7152

5. Dr. Anwar-ul-Hamid CER anwar@kfupm.edu.sa 2017

6. Dr. Basheer Chanbasha Chemistry cbasheer@kfupm.edu.sa 7344

7. Dr. Bassam Tawabini Earth Sciences bassamst@kfupm.edu.sa 7643

8. Dr. Isam Al-Jundi CHE aljundi@kfupm.edu.sa 2219

9. Dr. Khalid Al-Hooshani Chemistry hooshani@kfupm.edu.sa 3065

10. Dr. Mamdouh Al-Harthi Chem. Eng. mamdouh@kfupm.edu.sa 1089

11. Dr. Mazen Khaled Chemistry mkhaled@kfupm.edu.sa 2454

12. Dr. Mohamed Faiz Physics mmfaiz@kfupm.edu.sa 2284

13. Dr. Mohammad Ashraf Gondal Physics magondal@kfupm.edu.sa 3274

14. Dr. Mohammed Hassan Zahir Chemistry hzahir@kfupm.edu.sa 3863

15. Dr. Mozahar Hussain CHE mhossain@kfupm.edu.sa 1478

16. Dr. Muhammad Baseer Haider Physics mhaider@kfupm.edu.sa 2371

17. Dr. Nabil Maalej Physics maalej@kfupm.edu.sa 1340

18. Dr. Nahidh Siddiqui Chemistry mnahid@kfupm.edu.sa 2529

19. Dr. Nasser Al-Aqeeli Mech. Eng. naqeeli@kfupm.edu.sa 3200

20. Dr. Nisarullah Chemistry nullah@kfupm.edu.sa 7527

21. Dr. Saheb Nouari Mech. Eng. nouari@kfupm.edu.sa 7529

22. Dr. Saleh Al-Quraishi Physics salehq@kfupm.edu.sa 2860

23. Dr. Shakeel Ahmed CRP shakeel@kfupm.edu.sa 3428

24. Dr. Syed Ahmed Ali CRP ahmedali@kfupm.edu.sa 3083

25. Dr. Tahar Laoui Mech. Eng. tlaoui@kfupm.edu.sa 1379

26. Dr. Zain H. Yamani Physics/CENT zhyamani@kfupm.edu.sa 4364

27. Dr. Zuhair Malibari CHE zuhairom@kfupm.edu.sa 1530 90
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Nanotechnology at KFUPM 

and in the Kingdom
http://www.kacst.edu.sa/en/research/Pages/nanotechnology.aspx

91

http://www.kacst.edu.sa/en/research/Pages/nanotechnology.aspx


Hands on: atomic force 

microscopy (AFM)

at CENT Labs
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We need to conduct an exam!!
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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/

The Future of Nanotechnology:
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Thank you for your attention

I hope we were able to actualize the learning outcomes of this short 

course.

In closing..

CENT is committed to Developing Nanotechnology at KFUPM, 

especially related to petroleum and petrochemical applications.

Do not hesitate to contact CENT if you like to get involved.

zhyamani@kfupm.edu.sa

www.kfupm.edu.sa/cent 95
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