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20th century nanotechnology: Atom-by-atom manufacturing 
Feynman’s scheme (fancy, dream) (California Institute – Cal Tech) (Dec1959) 
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Nobel prize winner Richard 
Feynman is often linked to the 
'birth of nanotechnology'  

Fifty six years ago, Feynman 
gave an imaginative talk 
outlining a nano vision, where 
atoms can be arranged one 
by one  

 

Agent 

Pasadena 

Stanford 
Oak Ridge 

MIT/Cambridge 

Atom-by-Atom 



Observing / detecting 100 atoms 
in gas using lasers – Stanford (1974) 

1)  1) Laser induced  absorption by Stationary  
hydrogen atoms (Stanford & Moscow) 1000 H atoms 

1)  Laser induced fluorescence (Stanford)  
(photon) (1974-1975) 100 Na atoms 
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Interaction 

Pasadena 

Stanford 
Oak Ridge 

MIT/Cambridge 

Atom-by-Atom 
Moscow 



Observing / detecting single atoms  
in gas using lasers –  Oak Ridge (1974-1977) 

2) Laser induced ionization (Oak Ridge)  

(electron + ion) (1977) – single cesium atom 
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Pasadena 

Stanford 
Oak Ridge 

MIT/Cambridge 

Atom-by-Atom 
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Single atom in the news 
Oak Ridge National Laboratoy  

Nayfeh and Hurst 



Observing & manipulating individual atoms on surfaces –  
Scanning tunneling microscope (1982) 
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•  Extremely Sharp metal tip (as sharp as an individual atom 
•  No external electrons emanate from tip 
•  Electrons (current) comes out of the tip only when it is very 

close to a surface (distance of one atom diameter) 
•  Electrons emitted due to quantum mechanical wave nature 

The number of electrons depends very sensitively on the distance 
(exponential dependence) between the tip and surface --- hence the 

tremendous resolution observation of individual atoms 

Electron-based imaging instrument, very 
different from electron microscopy 

Gerd Binnig and Heinrich Rohrer, IBM, Zurich 

Zurich 

Tokyo Illinois 
Basel 

Stanford 
IBM 

Tip of microscope 



Single atoms/
molecules 

 on surfaces 
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Xe atoms on very cold nickel  
(IBM) Si atoms removed 

Cold / room temperature 
(Hitachi) 

U of Illinois 

Single molecule  
on graphite 

Finest line  
on Si 

Room Temperature 
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The smallest Graffiti in the world March 1992 

Nanotechnology Rules  
Moving and organizing atoms  

Writing with atoms – March 1992 
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Nano in my body 

How Big is a Nano?   
–  Nano = 1 billionth;100,000 x’s 

smaller than the diameter of a 
human hair.  

Example of Nanoscale 
1 inch = 25,400,000 nanometers 
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Nano in my laboratory: Material ST at the limit of size 

  
19,000 km 

20 cm 

1 nm 

1 A 
How Big is a Nano?   

–  Nano = 1 billionth of a meter; 
–  100,000 x’s smaller than the 

diameter of a human hair.  

Seen by 
scattering light  

Seen by 
scattering light  

Seen by 
light luminesce 

Very bright 



21 Century 
nanotechnology 

NanoSi 
12 

Dispersion   
Nanoparticles  
 

C 
Si Metal 

or 
oxides 

soft 
bio 

Novel new properties 
Thermal, mechanical 
Optical, chemical, electric, bio 

1-100 nm 

Coating 
Making smart 

H, O, C  
OH, COOH, SH 
Polymer 

H 

HOOC 
O 

solid 

Particle-by-Particle 

Texas 
C-particles 

Illinois 
Si-particles Boston 

Metal 



Why is nanotechnology innovative? 

Man-made: nanos do not exist in nature 
Confinements of electrons change the 

material structure (mass of electron, dielectric 

 constant, conductivity, impurity level, mechanical vibration,  
optical properties, chemical, electronic,  etc) 
 

Surface is large (catalysis on surface ) 
Surface brings adsorbed atoms closer;  
reactions at lower temperatures 
 
Less rigid surface than bulk surface 
Chemically modify surfaces 
 

Sub layering reveals mechanical strength 
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Highly interdisciplinary field 



Gained novel material properties 

•  Dull solids become bright (silicon) 
•  Inert material become catalysts (platinum, gold) 

•  Solids turn into liquids at room temperature (gold) 
•  Nano get hotter/cooler faster than larger  

• Opaque substances become transparent (copper)  
• Insulators become conductors (silicon)  
• Stable materials turn combustible (aluminum)  

From large to nano  



Popular Nanos  

Fullerene carbon family 

Gold nano particles 

Silicon nano 
particles 

Silicon 

Gold 

Carbon 

CdSe quantum dots 
CdS 
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Silicon nano material 
Sweet spots in Si cluster size 

HRH visit to Urbana 
-- A family of magic sizes of  
hydrogenated Si nanoparticles 
-- No magic sizes > 20 atoms for  
non-hydrogenated clusters 
 
 

 
 
 

 

G. Belomoin, J. Therrien, A. Smith, S. Rao, S. Chaieb,  M. H. Nayfeh, Appl. Phys. Lett. 80, 841 (2002) 

    
  

1 nm 
10A 
Blue 

1.67 nm 

Green 

2.15 nm 

Yellow 

2.9 nm 

Red 
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Production of identical Si nanoparticles 

1-10 Ω-cm p-type <100> Si 

H2O2:HF:MeOH etch at 
I>150mA/cm2 

Lateral etch produces 
meniscus 

Slowly lower sample ~1-2 
mm/Hr 

Ultrasound  and filter 

Commercially viable 
amounts 

Easy Delivery from a liquid 



Leapfrogging nanotechnology   
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Bricks build houses  

build  advanced devices 

p-Si substrate 

Al electrode 

Al electrode 

tunnel oxide 
nanoparticles 

top oxide 

+/- 

Brick-by-brick 

Atoms build all things 

Atom-by-atom 
(20th Century) 

Particle-by-particle 

Nano particles: 
Build super material   

Today’s nano technology: 
chemistry- driven nano particles 

(21th Century) 
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Nano Engineered silicon into nanoparticles - Process 
 
 
 
 

1.  Cut a sphere of 1-nm diameter from silicon crystal 
 by chemical etching in hydrogen fluoride  
1.  Terminate with atomic hydrogen using hydrogen fluoride 

 
 

G. Belomoin, E. Rogozhina, J. Therrien, P. V. Braun, L. Abuhassan, M. H. Nayfeh, L. Wagner, and L. Mitas, Phys. Rev. B 65, 193406 (2002)  

Flexible bonds  like Rubber band 

1.  Strip excess hydrogen from Si atoms by 
hydrogen peroxide – (Remove 2 atoms to 
form water: H2O2 + H + H = 2H2O.) 

2.  Atomic forces push stripped atoms  
closer, which then connect to form novel, 
flexible dimer bonds. 

results 
Light emitting  
Si nanoparticle 
Family of Magic Sizes 

Although often it is not 
possible to apply analytical 
continuum theory and 
symmetries;  
 
They can be accounted for 
(treated) by computer-based 
many body formulations and 
simulations, which may 
require a supercomputer 



The nano engineered bonds 

2) Break Centro symmetry (nonlinear effects) 
3) Break cubic symmetry and valley 
degeneracy (spin effects) 
4) Mechanical stress (effective Gp pressure)   
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Large surface/volume 
 

Large Coulomb Blockade  

Softer silicon (less elastic)  
Lower melting point 
Breaks momentum in energy-
momentum conservation 

1)  New bonds 
• Si-Si (optical absorption and emission, and vibrations) 
• Point-like intrinsic defect and trap site for excitons 
• Si-H (H-bonding, connection to functional groups including 
hydroxyl, carboxyl, amine, sulfur); cross linker in polymerization 
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Mixing in material 
(fabric, paint, plastics, 
polymers, phosphors, 
drugs) 
 
Embedded in existing 
devices (memory, 
transistor, displays) 
 
Coatings (lubrication, 
solar cells, filters, light 
effects)   
  
Standalone injection  



Nano technology  
in medicine and surgery  
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1.  Drug Delivery 
2.  Therapy 
3.  Diagnose/Image 
4.  Surgery   
5.  Antimicrobial 
6.  Preventive 



Traditional chemo VS nano delivery & therapeutic 
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� Oral or intravascular 
injection 



Making and tracking  
luminescent capsules 
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With  Hakan Atesh, Gazi University, Ankara, Turkey 
Dmitri Gorin, Saratov State University, Russian Federation 

After HCl treatment 



Heat Sandwich (gold & iron) for killing cancer 
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 � Gold sandwiched between 
two pieces of iron oxide   
 
� Attach to particles antibodies that 
target a molecule found only in 
cancer cells.  
 
� Cancer cells engulf nano particles.   
 
� Kill cancer cells by near-infrared 
laser  absorbed by the gold. This heats 
cancer cells to get them to die. Carl Batt at Cornell 

Near infrared  
Laser  

Iron oxide improve MRI 
images of cancer tumors.  



Oral delivery- 
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Those alter, destroy, or  
reduce absorption of nearly  
all macro molecules  

Diabetics have to take self administered  
insulin injections daily 

Acidic stomach conditions  
Metabolic liver processes  
Resistance in Intestine 

no Needles 
Large macromolecule drugs 
(peptide, or protein) are 
more effective but have not 
yet been attained via oral  

drug 



Example chemotherapy 
 large drug 
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H 

 Decetaxel is a fairly new large 
anti-breast and anti-ovarian 
cancer chemotherapy drug 

 
 Binds to tubulin protein and 
causes the protein in cancer 
cells to lose its flexibility.  

    This Prevents cancer  
 cells from dividing.  

 Tubulin/micro tublin protein 
makes possible cell division 
and movement of materials 
within 

King Saud University – Women Branch 

Si 



Killing/curing mechanisms 

NanoSi 
28 

 � Drying  
Alumino silicate nano 
particles reduce bleeding 

� Capturing radicals 
Bucky balls trap free 
radicals 

� Heating by lensing:  
Nano shells 
concentrate heat 

�   Zapping with electrons 
Nanoparticles generate 
electrons  when activated 
by x-rays 



Nano surgeons (Nano robot)  
- cellular nano surgery  
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Sent through vascular 
system or at ends of 
catheters.  

--Senses environment:  
temperature, ph.,  
composition, blood flow 
  
--Searches pathology, 
diagnoses,   
corrects lesion.  
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Candidate for single (a few) events  
Nano chemistry/engineering 

Soft chemistry to modify particle’s surface 
 

Amin 
Carboxyl 
Very bright  

can see singles 

Dissolves in blood fluid into useful silicic acid 
Flushes 
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Conjugation to DNA or protein 

R1-NH2 + R2-COOH  
Gives 

 
 
  

R1-N-C-R2     +  H2O 

O 
l 

H 
l 

Si-OH + OH-R 
 

Si-O-R  + H2O 

Very bright  

Illinois (Physics, Material Science, Chemistry, Molecular biology) 
(Ecole Normale Superiure, Paris) 



Personalized genetic-based cancer 
medicine (Preventative) مرض خبيث وذكي 
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Better diagnoses  
earlier intervention  
 
What specific molecule  
drives personal cancer  
 
Personalized efficient  
drug development  
and therapies. 

Diagnostics, therapies and treatment 
specific to the individuals and their genome.   

O
ut

-s
m

ar
tin

g 
ca

nc
er
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From Indirect to direct-like (Emission time dynamics) 

Blue particles: 2.5 ns 
Red Particles: 2.5, 200ns 
 
 
 
 

Time-resolved photoluminescence using near 
infrared two-photon femtosecond excitation. 	

The quantum yield for excitation 
at 254, 310 and 365 nm
0.48, 0.82, and 0.56  (blue 1 nm particles) 
0.22, 0.36, and 0.50  (red 2.85 nm particles)  

The  direct-like  characteristics  are  due  to 
localization on radiative deep molecularlike Si-
Si traps.	



Energy Storage - Supercapacitors ─ Flexible Capacitor 
Sheets 
Q. Liu, M. Nayfeh and S.-T. Yau, Journal of Power Sources 

Mix Nano-PANI conducting polymer  
composite material  
Paint material on both sides of  
  solid electrolyte 
Charging/discharging shows  
nano adds conductivity to material 
Use stack of three sheets to  
  drive LEDs  
Replace battery 
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ELECTROLYTE 

ACTIVE MATERIAL 
Cleveland State, U of Illinois, SHTP, Vietnam 
Institute of Physics, Kazakhstan 



Super Capacitor Thread 
 
Wearable electronics 
Designed 
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1 
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36 

Targeted Sun light 

Solid state LED white lighting -bulbs 
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Nano memory on a super chip 
With MIT 

Metal-oxide-silicon 
(MOS)  
 
Capacitor memory  
 
Contain uniform 1 nm 
silicon nano particles 

p-Si substrate 

Al electrode 

Al electrode 

tunnel oxide 

nanoparticles 
top oxide 

+/- 

Osama Nayfeh,  Dimitri Antoniadis, Kevin Mantey, and Munir Nayfeh Appl. Phys. Lett 90, 153105 (2007) 



UV applications 
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NanoSi-based UV applications include:  
1. Deep space exploration  
2. High temperature propulsion  
3. Solar photovoltaics  
4. Particle detection in high energy 
accelerators 	

Nano silicon is emerging as an active element for UV 
applications due to 
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Photo conductor (detectors)       

Photo induced electricity  
Sensitive detector of ultraviolet light  

  

(Osama Nayfeh,  Satish Rao, and Munir Nayfeh PTL 16, 1927 (2004) 

Oxide grown over a silicon substrate 
Drill a hole (pattern of holes) 

Fill with Si nanoparticles 
Deposit a layer of metal 

Metal contacts 
Measure electric current (Shine UV light)  

أجهزة نانوية 



Prospect for elementary Particle detection: Cherenkov and 
Scintillation radiation 

NOvA neutrino oscillation experiment   
Develop a calorimeter made of clear, dense crystals  
Detecting both scintillation and Cherenkov light  from showering particles   
 
Cement between crystals: Introduce as little inactive material as possible --  best 

possible energy resolution.   (material between crystals as thin as possible)     
 
Crystal Size: several square cm per face  
Wavelength responses of detectors: blind to the other's response  
 

UV photo sensors for muon experiments 
  
Detection of 300 nm light in dark matter 

experiments  

With Argonne and Fermi Labs 



Delivery of nanoparticles 
Mechanical based: 
Dispense evaporation 
Spin coating 
Atomizer 
 
Electric Based 
Electric deposition 
Electric spray 
 
Assembly 
Incubation 
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Substrate 
Conducting  

Non-conducting 
Flexible 
Folded 

Three dimensional 
Patterning  



Delivery of nanoparticles—Thin films 

We subject a mixture of Si nanoparticle  
grains to ionization environment in a 

conducting nozzle  
When the nozzle is biased above a critical 

electric field, the medium is propelled to 
counter electrode, with excess positive or 
negative charge according to field direction 

 

•  Nano particles remain luminescent  
 indicating structural stability  
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Electro deposition of composit films of metal 
and Si nanoparticles 

Films of nanoparticles on 
•  Silicon  
•  Metals 
•  Metal foils 
•  Conducting polymer 

Composites of particles /
metal 

Patterning Oxide mask to 
select deposition area 

 

The 60th birthday of Ted Hansch 

A Smith, G. Belomoin, M. H. Nayfeh, and T. Nayfeh, Chemical Physics Letters 372, 415-418 (2003)  



Atomizer spray: Spray-coating of nanoparticles  

  

The target substrate and the 
mist were heated gently by 
a heat lamp 

 
Volatile solvent evaporated in 

flight.  
 
When the nanoparticles hit 

the target, residual alcohol 
evaporate right away, 
leaving the nanoparticles 
pinned 

Fig.3. Spray-coating of nanoparticles – the 
target substrate was heated by a heat lamp, so 
when the nanoparticles in alcohol hit the target, 
only the alcohol evaporated right away, leaving 
nanoparticles. 

 



Stakeholders: From Lab to consumer 

NanoSi 
45 

Industry (life sciences)  

Manufacturers 
Developers of new tools 
and materials for nano 
medicine  
Healthcare personnel in 
emerging technologies  

Physicians, scientists and non-scientists (with 
background in pharmacology, biology, physics, chemistry, biophysics, 
medicine materials science and engineering). 
Targeted medicine and delivery  
community 

venture companies 
(developments and novel  
products in nano and  
knowledge-based medicine)  
Regulatory authority 

Policymakers  

Government 
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Twenty Three US Patent 
Applications   
• 23 US issued 
• 04 US pending 
• 2 Foreign issued 
 
 

 

Intellectual Property Rights 

23 
03 

1 patent (pending) with Dr. Laila Abuhassan, Jordan 
1 patent (pending) with Dr. Hanan Malkawi, Jordan 

3 patents (issued) with Zain Yamani, KFUPM, Saudi Arabia 
2 patents (pending) with Dr. Olayan, Ghamdi, Rokayan; Dwayyan & Salhi, KSU, S Arabia 
1 patent issued with Drs. M. Alsalhi and T. AlSaud, S. Arabia 

1 Patent with US Army and  
Dow Chemical 

1 Patent with PolyBrite Lighting 



Leapfrog funding: (Clinton – USA) (1999) 
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Bush signed the 21st 
Century Nanotechnology RD 
Act, allocating $3.7b for 
molecular-scale R&D.          

Dec 3, 2003 

The NNI is a US program for 
nanoscale projects.  
 
The initiative was approved in 
1999 by the Clinton administration.  
 
Clinton advocated and provided 
$200 million for nanotechnology d 

Accelerated growth  



2015 Obama’s White House 2nd initiative 
commercialization 

 1st  initiative (science)  
    in 1999 ignited nano  
    science and technology 
 
      
 

  
 2nd initiative 
(commercialization) in 2015  
 is to ignite advanced 
nanotech products 
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•  Meeting of  companies, 
government agencies, 
colleges, universities, 
and non-profits  

  
•  Accelerate 

commercialization of 
nanotechnology and 
expand workforce  



Education in nano 
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(i)   Many doctors are  
unaware of nano technology 
(ii) Science/tech students must take 
more biology 
(iii) Simplify & bring  
nano S&T to children, 
 youth & public  
(introduce in curricula, short stories, etc)	

Nanotechnology 
offers exciting 
possibilities 
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أينما حلّ منير نايفة حلت فلسطين وحلّ العلم .. جمع 
بين العلم والوطن في شخص واحد!! 
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There is room at the top 
 
 

The risk is high and Challenges 
are not yet solved fully 

 
Payoff is Astronomical 



Center of Excellence in Nanotechnology in 
Palestine (CENTP) 
 Vision, Mission and Focus 

The outmost goal of the proposed center is to help position 
Palestine as a World-class player in the emerging area of nano 
science and technology and advanced material, while taking 
note of the needs of local industry and society and compliments 
the national development strategies by achieving a 
knowledge-based economy. 

  
Focus: The strategy focuses on development of new methods of 

synthesis, characterization, fabrication; innovative applications 
of nano and advanced materials; and advanced device 
applications. It would drive research and development; 
innovation; education, training and curriculum development; 
human capital development, innovative entrepreneurship and 
commercialization. 
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What is needed of Palestine? 
•  A decree for the establishment of the center of 

excellence in nanotechnology in Palestine (CENTP); 
an appropriate legal framework to facilitate 
successful execution 

•  A National Nanotechnology Initiative  
of Palestine (NNIP) 
 
A site for the center (place of operation) 
Seed funding for the phase 1 of the project 
 

National/International advisory (academia, industry, 
school system, mass media, and government) 
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كتب حرف ”أي“ في مختبري بالذرات 



3-sentences of why I am excited 
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Captures the imagination of young & old  
Solutions to contemporary problems 
facing the human race  

Attracted billions of 
dollars and thousands of 
scientists & engineers 
as a technology of the 
21st century 

Beyond nature 
& challenging 
the limits of 
engineering  

Nano 
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fencing  
blocking  
filtering 
hooking  



Dissolving egg shell (calcium carbonate) 
by vinegar (5% acidity)  
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Laith Lia Zaid 



The Holy Grail  
nano technology and medicine  
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(iv) interdisciplinary       
 (medicine, clinical oncology, 
 biology, artificial intelligence  

(v) Computer intensive gene 
 sequencing   

(vi) IP rights, patient privacy, 
 confidentiality, reg. oversight 

(vii) Integrated stakeholder 
 plans 

(i) identical size/shape, 
precision, control ,  
repeatability  
( i i ) i n d u e t i m e , 
competitive cost, large 
enough volume   
(iii) satisfy consumer 
demand, meet safety 
requirement 


