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What is 
nanotechnology?

And why should I care about it?
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On a typical day... Anywhere in 
the world….
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Intelligent Credit Card
Integrated Circuits

GMR Read Head
Magnetic
Multilayers

LED Display
Photonic Materials

Exact Time via satellite
Semiconductíng devices
Micro-Batteries

Artificial Lens
Biocompatible
Polymers

Digital Camera
CCD Chip

Glasses and Coatings
Optical Materials
UV Filter

Artificial Hips
Biocompatible
Materials

Mobile Phone
SAW Structures

Bike Frame
Carbon Fibres
Composite Materials

Cosmetics
TiO2 NanoparticleAir Bag

Accelaration Sensors
MEMS

GPS Navigation
Functional Materials

Pace Maker
Li-Batteries
New Materials for Energy

Taylored Materials at Work ….

Catalyzer
Nanoparticles



• Point of Care and Laboratory 
Testing

• At-home tests
• PPE 
• Oxygen generators
• Sensors
• Antimicrobial Coatings

Nano’s contribution to fighting COVID-19

• Antibody testing
• Vaccine development
• Vaccine delivery systems 
• Medical research (virus 

understanding)
• EVERYWHERE you can 

think of



Rapid COVID-19 Test

UMSOM 

5-29-20

Gold np’s enabling rapid COVID testing



CEO & co-founder 
of GaDia SA

Rapid SARS‐CoV‐2 
IgM‐IgG combined 

antibody test

Gold np-enabled COVID antibody test

http://gadia.net/


Vaccines:  WHAT IS MESSENGER RNA (mRNA) AND WHY IS IT SO IMPORTANT



The creation of functional materials, 
devices, and systems through control 
of matter at the scale of  1 to 100 
nanometers , and the exploitation of 
novel properties and phenomena at 
the same scale.

What is nanotechnology?



How Small is a Nanometer?
Size & scale



One nanometer is a 
billionth of a meter. 

How small is a nanometer?



Source: https://www.ngccoin.com/

Source: https://www.labmanager.com/

If we measured in nanometers…

https://www.ngccoin.com/
https://www.labmanager.com/


How small is a nanometer?
And if the Earth were one meter in diameter, a nanometer would be…



Source: https://imgur.com/gallery/iMrJ7dF

How long ago was 1 million 
seconds?

How long ago was 1 billion 
seconds?

Jan 11th 2021

1989May 16th

One billionth…

https://imgur.com/gallery/iMrJ7dF




How small is small?



How small is small?

Where did you get stuck? Why?



How small is small?



How small is small?



What’s so special about the nanoscale?
Properties



Scale, Proportion and Quantity - Crosscutting Concept, NGSS

“The large idea is that the way in which things work may change with 
scale. Different aspects of nature change at different rates with 
changes in scale, and so the relationships among them change, too.” 

Source: A framework for K-12 science education: Practices, crosscutting concepts, and core ideas, p. 89

What’s so special about the nanoscale?



Property changes with scale
Objects behave differently…

• Light-matter interactions change
• Gravity becomes insignificant, intermolecular forces dominate
• Surface effects become important due to large surface area
• Motion becomes complicated
• Quantum effects dominate

Nanoengineering is about understanding these characteristics and 
using them to manipulate matter at the nanoscale. 



Property changes with scale



Property changes with scale



Source: https://www.researchgate.net/figure/Two-dimensional-ZOO-a-Simplified-periodic-table-highlighting-the-elements-which-form_fig1_317161382

Property changes with scale

https://www.researchgate.net/figure/Two-dimensional-ZOO-a-Simplified-periodic-table-highlighting-the-elements-which-form_fig1_317161382


Nanoscale Gold
Material properties change with     
the size of the gold nanoparticle.

- reactivity
- melting point
- optical absorption 
- conduction

Macroscale Gold

Light-matter interactions at the nanoscale



Light-matter interactions at the nanoscale



Surface effects at the nanoscale



Quantum effects at the nanoscale



Q:How did we get here? 

A: Things just kept getting smaller and smaller
Fabrication 



Modern 
Electronics

http://consumerist.com/2014/01/17/the-smartphone-has-
effectively-replaced-all-the-technology-offered-in-this-1991-
radio-shack-ad/

(circa 1991)



One Example of the Impact of 
Nanotechnology:    Cell Phones

1993
2004

2016



What fits in a cell phone?



Nanotechnology and Computers

Toshiba T1100
CPU 80C86 -- 7.16 MHz
640K RAM 
2 - 5 ¼ “ Floppies
9 lbs

1986 2019

Lenovo ThinkPad X1 Laptop - 14”
Intel Core i5 8250U --- 1.60 GHz
8 GB RAM
256 GB SSD
2.5 lbs

First IBM-compatible Laptop 



Micro to Nano- electronics

• 100’s of transistors on a chip in the 
1960’s  

• 10-30 micron gate length

• 1988
• 1 micron gate length

• To millions in the 1990’s

• To > 10 billion in 2019 
• 7 nanometer gate length 

• 2020
• 5 nanometer gate length (predicted)



Breaking News:   

5 nm gate length - >>    16 billion transistors per 
chip

Packed with an astonishing 16 billion transistors, the new M1 chip integrates the 
CPU, GPU, Neural Engine, I/O, and so much more onto a single tiny chip. 

Combined with the new macOS Big Sur, M1 delivers category-smashing speed, 
mind-bending graphics, and power efficiency and battery life that defy belief.



Nano Fabrication 
• On 2-19-21 

• Ter will be sharing an overview of different manufacturing approaches 
on the nanoscale.  This topic will define and give examples of top down 
and bottom-up manufacturing.

• Microelectronics via top-down methods 
• Nanoscale drugs via bottom-up techniques



How do we see what we cannot see?
Characterization



Nano: Enabling Technologies

Atomic Force Microscope
(AFM)

Veeco Model CP-II

Depiction of AFM 
probe tip

I B M spelled out 
with Xenon Atoms 

on a Nickel 
Surface by an 

STM-based tool



Nano: Enabling Technologies

• Using nano-scale materials and understanding them are 
two different things!

Zeiss Ultra 60

Modern tools:

• Help us to see and manipulate
matter at the nano-scale

• Allow us to understand how (and 
why) the small structures work

Scanning Electron Microscope (SEM)



Let’s look at an example of how our 
understanding of the nano-scale can 

change our lives……



Lotus Effect

10/28/2021

Video link: https://youtu.be/MFHcSrNRU5E

https://youtu.be/MFHcSrNRU5E


Hmmm   ??????

• The surface of a  lotus leaf is hydrophobic ---- which means it fears 
water?

• Why does this leaf exhibit those properties?



What does the lotus leaf look like?

10/28/2021



What does the lotus leaf look like?
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What does the lotus leaf look like?
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What does the lotus leaf look like?
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What does the lotus leaf look like?
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What does the lotus leaf look like?

10/28/2021



Lotus Effect

10/28/2021 NSF DUE - 1700630

Video link: https://youtu.be/MFHcSrNRU5E

https://youtu.be/MFHcSrNRU5E


Nano Characterization 
• On 2-12-21 

• Of the many nanoscale characterization tools - Wes and Ozgur will be 
sharing an overview of two very important characterization techniques 

• SEM or Scanning Electron Microscopy  and
• SPM or Scanning Probe Microscopy

• They will also introduce you to RAIN   



Nice, but what can you do with it?
Applications



Coated Bowls Demo:
Mya 2.5

10/28/2021



Bob’s Car Shopping 
Story





Nanotechnology
is 

Ubiquitous



Diverse Applications

Cancer: 
Detection/
Treatment

Movie

Household

Copying Nature
(Biomimetics)

Textiles

Clean Water

Energy

Sports

https://www.youtube.com/watch?v=Ds3sA1vqx1w
https://www.youtube.com/watch?v=Ds3sA1vqx1w
http://www.flickr.com/photos/rubbermaid/7170383630/
http://www.flickr.com/photos/rubbermaid/7170383630/
http://www.youtube.com/watch?v=OG7dMUE0rII
https://www.youtube.com/watch?v=50UlSSy7PFE
https://www.youtube.com/watch?v=50UlSSy7PFE
http://www.youtube.com/watch?v=7is6r6zXFDc&feature=related
http://www.youtube.com/watch?v=7is6r6zXFDc&feature=related
http://www.prweb.com/releases/OKOfilteredwaterbottle/01/prweb9100258.htm
http://www.prweb.com/releases/OKOfilteredwaterbottle/01/prweb9100258.htm
http://www.youtube.com/watch?v=1GFst2IQBEM
http://www.youtube.com/watch?v=1GFst2IQBEM
https://www.youtube.com/watch?v=uRfmDoOc60c
https://www.youtube.com/watch?v=uRfmDoOc60c
http://www.youtube.com/watch?v=apFyWc-fxO0
http://www.youtube.com/watch?v=apFyWc-fxO0
https://www.youtube.com/watch?v=BvTkefJHfC0
https://www.youtube.com/watch?v=BvTkefJHfC0
https://www.youtube.com/watch?v=5AnMsyIT26A
https://www.youtube.com/watch?v=5AnMsyIT26A
https://www.youtube.com/watch?v=9VDeJ7rLUYU
https://www.youtube.com/watch?v=9VDeJ7rLUYU
https://www.youtube.com/watch?v=lZ_D2nqqmZQ
https://www.youtube.com/watch?v=lZ_D2nqqmZQ
https://www.ornl.gov/news/nano-spike-catalysts-convert-carbon-dioxide-directly-ethanol
https://www.ornl.gov/news/nano-spike-catalysts-convert-carbon-dioxide-directly-ethanol
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• Cancer Detection and Treatment
• https://youtu.be/OG7dMUE0rII

• Copying Nature (Biomimetics)
• https://youtu.be/7is6r6zXFDc

• Household
• https://youtu.be/50UlSSy7PFE
• https://youtu.be/1nYNOB3K_wg
• https://youtu.be/uRfmDoOc60c

• Clean Water
• https://binged.it/2FWmtKP

• Textiles
• https://youtu.be/apFyWc-fxO0
• https://youtu.be/BvTkefJHfC0

Video links from previous slide

• Energy
• https://youtu.be/1GFst2IQBEM
• https://youtu.be/Ds3sA1vqx1w
• https://youtu.be/5AnMsyIT26A
• https://youtu.be/t7EYQLOlwDM

• Sports
• https://youtu.be/9VDeJ7rLUYU
• https://youtu.be/lZ_D2nqqmZQ

https://youtu.be/OG7dMUE0rII
https://youtu.be/7is6r6zXFDc
https://youtu.be/50UlSSy7PFE
https://youtu.be/1nYNOB3K_wg
https://youtu.be/uRfmDoOc60c
https://binged.it/2FWmtKP
https://youtu.be/apFyWc-fxO0
https://youtu.be/BvTkefJHfC0
https://youtu.be/1GFst2IQBEM
https://youtu.be/Ds3sA1vqx1w
https://youtu.be/5AnMsyIT26A
https://youtu.be/t7EYQLOlwDM
https://youtu.be/9VDeJ7rLUYU
https://youtu.be/lZ_D2nqqmZQ


Nano Applications 

• On 2-5-21 

• Of the incredible number of 
applications of nanotech –
Peter and Jared will be sharing 
some information on a couple 
of them:

• Biomimicry and Nanotechnology  
and 

• Nanotechnology and Medicine



Why your students should know this
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NSFHHS/NIH

DHS

NRC

HHS/FDA

CPSC ITC

DOC/
USPTO

HHS/CDC/ 
NIOSH

DOC/BIS

USDA/FS

DOEd

DODDOE

NASA

DOC/NIST

EPA

DOT

DOTr

DOJ

IC/DNI

DOS

USDA/NIFA 
USDA/ARS

DOI/ 
USGS

OSTP OMB

DOC/EDA

DOL

National Nanotechnology Initiative (2000)
Vision: A future in which the ability to understand and control matter on 

the nanoscale leads to a revolution in technology and industry that 
benefits society.

Goals:

• Advance a world-class nanotechnology research and 
development program.

• Foster the transfer of  new technologies into products for
commercial and public benefit.

• Develop and sustain educational resources, a skilled 
workforce, and a dynamic infrastructure and toolset to 
advance nanotechnology.

• Support responsible development of  nanotechnology.





“By 2020, 70% of all new advanced 
technology products will incorporate 
nanotechnology.”

A Forecast from 2016:

* M. Roco



Market and Jobs Information

● As the market expands, the number of jobs 
needing different skill levels in nanotechnology 
will increase. 

● Thus, it is essential that a sufficient supply of 
qualified workers be developed to fill that need.



Nanotechnology Workforce Video



ASTM Personnel Certificates in Nanotechnology 
The current mission is to create 4 
certificates which cover the ASTM  
Nanotechnology Workforce Education 
Standards that can be attained by 
individuals completing programs and 
passing corresponding tests

ASTM Workforce Certificate 
in Nanotechnology 

Material Properties 
and Effects of Size

ASTM Workforce Certificate in 
Nanotechnology 

Health and Safety

ASTM Workforce Certificate in 
Nanotechnology 

Fabrication & 
Processing

ASTM Workforce Certificate in 
Nanotechnology 

Characterization

back

ASTM E56 Education Standards

ASTM E3089

Standard Guide for Nanotechnology Workforce 
Education in Material Properties and Effects of 

Size

ASTM E2996

Standard Guide for Workforce Education in 
Nanotechnology Health and Safety

ASTM E3034

Standard Guide for Workforce Education in 
Nanotechnology Pattern Generation

ASTM E3071

Standard Guide for Nanotechnology Workforce 
Education in Materials Synthesis and Processing

ASTM E3001

Standard Practice for Workforce Education in 
Nanotechnology Characterization

ASTM E3059

Standard Guide for Workforce Education in 
Nanotechnology Infrastructure

 Suite of 6 standards are now published 
covering basic skill sets for nano workforce
 Can be accessed at 

https://www.astm.org/COMMITTEE/E56.ht
m

International Credentialing

https://www.astm.org/COMMITTEE/E56.htm


The Value of These Nano Workforce Certificates

• Presently working with Industry (across the country) to make them 
aware of these nano-workforce international certificates 

• Attaining certificates will show that a prospective knowledge has retained 
relevant  nanotechnology workforce knowledge 

• They know their stuff!



Nano Opportunities 
• On 2-26-21 

• Bob and Tony will wrap-up the workshop with opportunities in nano 
education as well as in industry.

• An all-presenter panel Q&A panel will wrap up the workshop.



Questions ??
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