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A little about me …



Outline

➢  What is nanotechnology?

➢  What is its current impact?

➢  What is its future impact?

➢  Nanotechnology in Africa



What is Nanotechnology?

107 meters 10-1 meters 10-9 meters

➢  Exploring and exploiting unique phenomena occurring at the 
atomic, molecular, and supra-molecular scale to create materials, 
devices, and systems with new and useful properties and function.

➢  Scale ➔ 1 – 100 nm
➢  Highly interdisciplinary
➢  Potentially disruptive technology



National Nanoscale Initiative, Department of Energy , Office of Science



A Little More on the Scale of Things

➢ A sheet of paper is ~ 100,000 nm thick;
➢ A human hair is ~ 80,000 – 100,000 nm 

wide;
➢ Hemoglobin, which carries oxygen 

through the bloodstream is 5 nm in 
diameter; 

➢ A strand of human DNA is ~ 2.5 nm in 
diameter;

➢ A single gold atom is ~ 1/3 nm;
➢ 1 nm is approximately as long as your 

fingernail grows in 1s.

National Nanotechnology Initiative
http://www.nano.gov/nanotech-101/what/nano-size



Poh, T.Y., Particle and Fibre Toxicology 15 (1), 2018



Pre-modern Examples of Nanotechnology

Maya warrior, The Cleveland 

Museum of Art, 250 – 900 AD

Stained glass window in 

a church in Europe in 

the 11th century

The Lycurgus cup (Rome) at the British Museum, 4th century Polychrome lustreware bowl (Iraq) at 
the British Museum, 9th Century

(A)Egyptians produced dye for hair, ACS (2006); 
(B) Egyptians produced Egyptian blue, 
ACS(2013)



The New York Times; Images courtesy of the Stained Glass Museum, Britain



Where it all started: "There's plenty of room at the 
bottom."

"There's Plenty of Room at the Bottom" was a lecture 

given by physicist Richarc Feynman at an American 

Physical Society (APS) meeting at Caltech on 

December 29, 1959 This talk inspired the conceptual 

beginnings of the field decades later.

Norio Taniguchi first termed the word “Nanotechnology” in 

1974, in his paper on ion sputtering: N. Taniguchi, Proc. Intl. 

Conf. Prod. Eng. Tokyo Part II, Japan Society of Precision 

Engineering, 1974, pp 18-23.



The Beginning: at Bell Labs in 1947

the first transistor made of Germanium

0.5”

AT&T Archives

In 1956, Schockley, Bardeen, and Brattain were awarded the Nobel Prize in Physics, "for their 
researches on semiconductors and their discovery of the transistor effect"



today’s wafers-12”

Intel 4004 - 2”

Three 14-pin (DIP14) 
plastic dual in-line 
packages containing IC 
chips packaged chip

modern pc

Integrated circuits: The heart of the computer

Wikipedia.org

Intel.com



Visualization? : Nobel Prize in Physics 1986

"for his fundamental work in 
electron optics, and for the 
design of the first electron 
microscope"

"for their design of the scanning
 tunneling microscope"

Ernst Ruska Gerd Binnig Heinrich Rohrer 

NobelPrize.org

Their work helped visualize individual atoms through the probing of surfaces



Surface

Vacuum
Junction 

Bias

Tip

Tunnel 

Current 

Scanning Tunneling Microscopy: A Revolution 
for Tunneling

Eigler,D., Nature 344, 524 (1990)

Imaging

Atomic manipulation

~ 10 nm

STM tip



STM observing surfaces

Nickel

3 Angstroms = 0.3 nm

Silicon

STM of Si(111) 7 x7 reconstruction



Pick and Place

Write …
STM assisted nanofabrication

Eigler,D., Nature 344, 524 (1990)

Atomic manipulation

~ 10 nm

Nanofabrication: Writing Devices



IBM, 2012

The World’s Smallest Map

22 μm × 11 μm 3D map written on a polymer



➢ Top-Down: Starting from larger structures and breaking them down into 
smaller components

➢ Bottom-Up: Building from individual atoms and molecules to create functional 
systems

Approaches

Syduzzaman, M. et al., ChemNanoMat 2023, 9, e202300205



Nanotechnology – Tools & Technology 

➢  There are several important modern developments

▪  Atomic Force Microscopy (AFM)

▪  Scanning Tunneling Microscopy (STM)

➢Advances in nanolithography

▪  X-ray lithography

▪  Dip-pen nanolithography

▪ Electron beam lithography (inkjet printer)

➢Advances in deposition techniques

▪ PVD, ALD, ALE, ASD, CVD, PLD



Nano ➔ New Shapes and New Properties = Good

Evident Technologies

➢  Optical properties
➢  Magnetic properties
➢  Mechanical properties
➢  Surface reactivity
➢  Melting point
➢  Specific heat
➢  Conductivity 
➢  Biocompatibility 

Maya warrior, The Cleveland 

Museum of Art, 250 – 900 AD

Stained glass window in 

a church



Nanotechnology Growth

1998



Predicted Global Market Growth



Nanotechnology ➔ Multidisciplinary

Physics

Materials Science

Biology

Medicine

Chemistry

Electrical 
engineering

Chemical 
engineering

Forestry

Mathematics

Industrial 
engineering

Food Science
Mechanical 
Engineering



Nanotechnology ➔ Multidisciplinary



Materials in Use

Identity of nanomaterials claimed to be 

used in different product categories

Hansen, S., et al., Environ. Sci. Nano, 2016, 3, 169-180

Silver is a powerful anti-microbial agent and more 

than 300 products use nanoscale silver to make 

anti-bacterial surfaces, cosmetics, and clothing. 



Examples of the Use of NanoSilver: 

Almost Everywhere …

Rai, M., et al., Nano. Rev. 3 (2014) 3



Some Uses of Nanotechnology

1. Organic light emitting diodes (OLEDs) for displays;
2. Photovoltaic film that converts light into electricity;
3. Scratch proof coated windows that clean themselves with UV;
4. Fabrics coated to resist stains and control temperature;
5. Intelligent clothing measures pulse and respiration;
6. Bucky-tubeframe is light, but very strong;
7. Hipjoint made from biocompatible materials;
8. Nano-particle paint to prevent corrosion; 
9. Thermo-chromic glass to regulate light;
10.Magnetic layers for compact data memory;
11.Carbon nanotube fuel cells to power electronics and vehicles;
12.Nano-engineered cochlear implant.

http://news.bbc.co.uk/2/hi/science/nature/3920685.stm



Consumer Products

➢  Nanoelectronics ➔ XBOX One by Microsoft; Intel hard drives.

➢  Nano air filters ➔ NanoBreeze Car Air Purifier by NanoTwin 
Technologies Inc.

➢  Cosmetics ➔ TiO2 or ZnO nanoparticles are used in sunscreens. 

➢  Clothing ➔ Swimsuits, rain jackets, body armor, stain-repellant 
fabric.

➢  Nanochocolate ➔ Nanoceuticals Slim Shake Chocolate by RBC 
Life Sciences, Inc.

➢  Nanocomposites ➔ BMC Racing Fourstroke FS01 (BMC Cycling); 
light tennis rackets; artificial muscles.

➢  Targeted imaging probes ➔ CellTracks [Immunicon Corporation].



History of semiconductors : Hitachi High-Tech Corporation (hitachi-hightech.com)

https://www.hitachi-hightech.com/global/en/knowledge/semiconductor/room/about/history.html


Nanotechnology in Medicine …

Applications of Nanotechnology in Medicine

Prevention and 
Control of Cancer

Early Detection 
and Proteomics

Imaging 
Diagnostics

Multifunctional 
Therapeutics

Interdisciplinary 
Training



Growth of Nanomedicine

Grand View Research, Market Research Report (2017)

U.S. Nanomedicine market by products 2013 – 2025 ($Billions)  



Global Nanomedicine Market

Yahoo Finance (2022)



Globenewswire.com

Global Nanotechnology Drug Delivery Market



Example of Medical Application: Molecular Imaging and 
Therapy

Wikipedia



Nanotechnology in Textiles

A. Avila et al., Nature Nanotechnology 3, 458 (2008)

Yetisen, A.K., ACS Nano (2016) 10, 3, 3042

Lotus Effect

http://www.nanoprotect.co.nz/



In Essence, Nanotechnology in Textiles …



Lumalive textile from 
Philips features flexible 
arrays of colored LED 
fully integrated to the 
clothes

S. Coyle et al. MRS Bulletin 32, 434 (2007)

Toyota Center, home of the NBA  
Houston Rockets, nanotechnology-

treated upholstery for stain-
resistance and easy cleaning

M. Gurian, Upholstery Journal Feb/Mar(2009)

The intelligent knee sleeve is a 
bio-feedback device 
monitoring the knee joint



Nanotechnology in Sports

Tennis / 
Badminton

Golf

Kayaking

Cycling

Skiing

Archery

Fly-fishing

Carbon 
nanotubes

Silica 
nanoparticles

Fullerenes

Carbon 
nanofibers

Nano clay

Enhance stiffness 
and durability

Reduce the 
vibration impact

Reduce weight

Improve crack 
resistance

Better vibration 
control in arrows

Enhance hoop & 
strength

AP photo 1 July 2024

Increase 
bouncing of balls

Improve 
flexibility



Nanotechnology in Cosmetics

Beneath the skin, The Rose Foundation 



Nanotechnology in Cosmetics

Nanotechnology 
in Cosmetics

Sun 
protection

Anti-aging

Tissue 
regeneration

Skin 
hydration

Smoothness

Deeper skin 
penetration



Nanotechnology in the Oil Industry



Use of Nanomaterials in the Oil & Petroleum Industry

Roy, A., et al Nano Ex. 4, 022002 (2023) 

Boul, P.J., et al., Energy Tech, 8, 1, (2019)



Nanotechnology in Agriculture

Nanotechnology 
in agriculture

Delivery of 
fertilizers

Insect pest 
management

Micronutrient 
supply

Nanofungicides

Nanoherbicides

Nanosensors



Nano-Foods



Nanotechnology – Enhancing Food Packaging Solutions

de Sousa,M. Coatings 2023, 13(8), 1411

Bio-based 
packaging : 

Food protection from 
surrounding

Enhanced packaging

Smart packaging : 
Detect food spoliage

Real time monitoring of food 
freshness

Active packaging : 
To increase shelf life
Use of antimicrobial 

Improved 
packaging : 

improve mechanical & 
physical properties



Medlej, A., ITU J. on Future and Evolving Technologies Vol. 2, Issue 7 - Terahertz communications (2021)

Nanotechnology in Construction



Self-healing 
concrete

Improved 
durability

Energy 
efficient 

buildings

Smart 
windows

Structural 
health 

monitoring

Fire resistance

Seismic & 
tsunami proof 

Lightweight 
materials

Nano-fiber 
reinforced 
concrete

Nanotechnology in Construction

Air 
purification



The Jubilee Church in Rome, 
quartiermagazin.com/quartier08/ der-weise-riese

A nanotruss structure fabricated by Caltech Prof. Julia 
Greer

MIT Scientists Create Smart Window that Can 

Shut Out Light (futurism.com)

Manuel Gea Gonzalez Hospital using conventional 
TiO2—CNN

Inside Ethiopian airlines flight – Boeing 

https://futurism.com/mit-scientists-create-smart-window-that-can-shut-out-light
https://futurism.com/mit-scientists-create-smart-window-that-can-shut-out-light


NanoProducts

Where is it used?

Future use?

A user’s guide to Nanotechnology

http://www.theguardian.com/nanotechnology-world/a-user-s-guide-to-nanotechnology

How do you 

dispose of it?



Risks: Toxicity, Assessment, Exposure

Exposure 
routes in 
humans?

Reaction with 
the 

environment ?

Primary issues

Detection 
techniques

Solutions



Discussion Points 

➢  What will be the impact of nanotechnology in Africa?

➢  What areas/fields will be impacted?



Nanotechnology in Africa

The African Union recognizes nanotechnology as a compelling imperative and 
identifies nanotechnology as one of six priority areas in its Science, Technology 
and Innovation Strategy for Africa 2024.

Towards an African nanotechnology future, United Nations, Economic Commission for Africa (2020)



Nanotechnology in Africa

Synthesis of nanoparticles

Development of better and 

cheaper solar cells

Nanophase catalysts 

and electro-catalysts

Fuel cell 

development

Synthesis of 

quantum dots

Composites 

development

Synthesis of 

nanotubes

Nanotechnology 
and occupational 

health
Water purification

Human and 

animal health

Nutrition

Nanotechnology 
and occupational 

health



Nanotechnology in Africa

African Newsletter on Occupational Health and Safety, 22, 3 (2012)

All African Nanoscience-Nanotechnology Initiative (2014)

Ethiopia
Water purification, 
nanomaterials, solar 
energy and single-

walled carbon 
nanotubes 

Kenya
Efforts focus in 

medicine, 
agricultural 

productivity, water 
treatment, 

purification

Tanzania
Nanotechnology for 
human and animal 

health and in 
biotechnology

Nigeria
Nanotechnology in 
medicine, nutrition, 
electronics, catalysis

Sudan
Synthesis & 

characterization of 
nanomaterials, and 

drug delivery

South Africa
African country with 

the most patents, 
nanotech emerging 

companies & 
institutions, SANi 

Senegal
Synthesis, 

characterization, & 
application of 
nanomaterials

Egypt
Top nanotechnology 
research country in 

Africa – Big 
collaboration with 
IBM (health, oil, 
photovoltaics,…)

Towards an African nanotechnology future, United Nations, Economic Commission for Africa (2020)

Cameroon
Synthesis & 

characterization of 
nanomaterials, 

water purification 
and treatment



Water purification plant in Tanzania

Heat sensors using innovative 
technology in South Africa

Towards an African nanotechnology future, United Nations, Economic Commission for Africa (2020)

Nanotechnology in Africa: Some Examples

NanoTech in Egypt manufacture custom-
tailored nanomaterials



Nanotechnology Publications in Top 10 African 
Countries



Patent Applications per Selected  African Countries 
(2001 – 2017)



South Africa publications reporting on nano-enabled products relative to BRICS countries, Masara, B., J. of Nanoparticle Res., Vol. 23, 92 (2021)

Number of Publications Nano-related in the BRICS 
(2021)



Jhurry, D., Univ. World News, Africa Edition (2022)

Strategy for Nanotechnology Innovation in Africa



Water Purification

Mining Effects on 

population

wikipedia.

Nanofiltration membranes

Nanocatalysts and 

magnetic nanoparticles

Nanosensors



How Nanotechnology saved a Contaminated Lake in 
Peru

El Cascajo Wetlands in 

Peru were cleaned using 

micro nano bubbling 

system and a biofilter

National Nanotechnology Initiative

http://www.nano.gov/

Marino Morikawa 

http://www.tea-after-twelve.com/all-

issues/issue-02/issue-02-

overview/chapter3/the-nanotechnology-

miracle/#



Agriculture & Forestry

Plant 
treatment

Tracking & 
Conservation

Preservation & 
Prevention



Hibiscus flowers

Callistemom viminalis

Using green chemistry only ➔ no harsh acids / no harsh bases
Pr. Malik Maaza, South Africa

Agathosmal betulinia

Alfalfa 

Natural Extracts

Tamarind



Other Plants?

Lantana Calendula

Moringa oleifera

Eucalyptus



What if I am a Theorist?

Air quality

Lengau - Africa’s fastest computer

TB or malaria 

detection?

Paper battery

Solar energy

Precision farming



Thank you for your 
attention
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