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What is Nanotechnology?What is Nanotechnology?

Iron atoms on a copper 
surface 

Atomic-level 
manipulation

Size-dependent 
properties

Different sizes of cadmium 
selenide nanoparticles

Materials 1-100nm

- Don  Eigler, et al  IBM

Fullerene



ASTM definition of nanotechnology  E 2456 – 06

Nanotechnology is 
-the understanding and control of matter 
-at dimensions of roughly 1 to 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.

National Nanotechnology Initiative definition  www.nano.gov

nanotechnology, n—A term referring to a wide range of technologies that 
measure, manipulate, or incorporate materials and/or features with at least 
one dimension between approximately 1 and 100 nanometers (nm). Such 
applications exploit the properties, distinct from bulk/macroscopic systems, of 
nanoscale components.



1 nm = 10-9 m         

How Big is it?How Big is it?

NANOTECHNOLOGY INVOLVES

MATERIALS HAVING A DIMENSION BETWEEN 1 
AND 100 NM

Microbial 
cells

Pollen 
grain

Atoms

10 nm

H20 0.2nm

10-100um

Atoms of silicon
spacing ~tenths of nm

DNA
~2 nm wide

Red blood cells
with white cell

~ 2-5 um

Fly ash
~ 10-20 um

1 Angstrom = 0.1 nm

Pt Nanoparticles

1 um

(Xe on NI)



- Courtesy of Prof. Z.L. 
Wang, Georgia Tech

What’s different? All Zinc Oxide



It’s all about properties.



Nano Nobels



Extent of nano

Emerging nanotechnology was incorporated into $30B in manufactured 
goods in 2005—over double that in 2004.  Lux predicts $2.6T in global 
manufactured goods incorporating nanotech by 2014, about 15% of total 
output.

Governments, corporations and venture capitalists spent $9.6B on
nano R&D worldwide in 2005, up 10% from 2004

Governments worldwide spent $4.6B on nano in ’05, up 3% from ’04. 
Government funding has slowed as expenditure shifts from constructing new 
nano research facilities to operating ones already built.

N. America (almost all US)   $1.7B
Asia (dominated by Japan)     1.7B
W. Europe (mainly Germany) 1.1B
Rest of world                            0.1B

Lux research, 2006



Nanotech-enabled—

Semiconductor technologies (Organic Semiconductors, CMOS Sensors )

Memory and storage technologies (Magnetic Heads, Optical Pickup, AFM-

based Memory, CNT-based Memory, Molecular Memory )
Display technologies (Photonic FED, Organic Electrolumenescence, Electronic 
Paper)
Optic/photonic technologies (Photonic Crystal Fiber, Optical Waveguides, 

Optoelectronic IC) 
Energy technologies (Fuel Cells, Li-Ion Batteries, Electric Double-Layer Capacitor,  

Microcrystalline Thin Films, Solar Cells, Dye-sensitized Solar Cells) 
Bio/health technologies (Drug Delivery Systems, Immunochromatography, 
Regenerative Medicine, Biosensors, Nanobubble Generators, Nano-cosmetics, Nano-textiles)

Nano’s fast moving sectors

Research and Markets, 2007
New materials; New environmental risks?

Extent of nano



Roco

Timeline for Nanotechnology



Nano permeates common products

Over 500 self-identified nano consumer products
See www.nanotechproject.org



Nanotechnology does not include just a single material or class of materials

Nanotechnology does not include just a single industry or industrial sector

Nanotechnology converges with other technologies: biotechnology, information technology

Keep in mind

Quantum dots, fullerenes, nanotubes, metals, dendrimers, metal oxides, 
nanoclays, ceramics, nanocomposites



Nanotechnology is not much of a technology

Nanotechnology mainly is science

Nanomaterials are central in the present “nanotechnology”



We are in the midst of a Kuhnsian Paradigm Shift
…and have the opportunity to do it right

An anomaly undermines the basic tenets of current scientific practice
…and leads to a scientific revolution

The sun rotates around the earth
Diseases are carried into the body from birth

Classical mechanics explain wave/particle dualism

Materials’ properties are consistent regardless of size

Working at the nanoscale has led to a scientific revolution with a
new worldview where properties of matter are tunable

Evolution Plate techtonics

This scientific revolution enables nanotechnology.



What’s different this time?

We have encountered new technologies before…



Is it harmful?  Can it be made without pollution?
How will it affect society? Do we have an adequate 

Infrastructure to handle it? Can we use it to clean up 
the environment?  What are the risks? Is it green?

Is it sustainable?

We have evolved in our thinking

Stone Age to Copper

20th Century Technologies to Nanotechnologies



Newsworthy

Boring

Got my attention!

Maybe next month

Help for my hangover

No comment

Why not proactive?



Proactive is not sexy!

Long term is not immediate!

Prevention is not valued!

The future is not now!

Bottom line on the above



What We Have Learned

1. Nanoscale materials can be used to improve the environment

For example, zeolite catalysts, nano-scaled metal oxides, zero valent iron

2. There could be harmful effects for humans from manufactured nanoscale materials

For example, pulmonary effects in rats and mice, skin penetration of nanomaterials

5. There may be ways to design out toxic effects and prevent pollution 

3. There could be toxic effects for organisms in the environment

For example, daphnia response, plant root response

Green nano!

4. The full life cycle must be considered

For example, automobiles, electronic equipment



Green 
Nanotechnology

Producing nanomaterials and products without 
harming the environment or human health

Green Nano

Producing nanoproducts that provide solutions to  
environmental challenges.  

5



A Framework for Green Nanotechnology
1. Production

Pollution Prevention Emphasis

Making NanoX “greenly”

Using NanoX to “green” production

2. Products
Direct Environmental Applications e.g., environmental remediation, sensors

Indirect Environmental Applications

of nano help the environment

of nanomaterials and products does not harm the environment

e.g., Green chemistry, Green engineering, DfE, Smart business 
practices

NEXT STEPS:  Policies that offer incentives for developing 
green nanoproducts and manufacturing techniques

e.g., Nanomembranes, nanoscaled catalysts

e.g., saved energy, reduced waste,

Addressing a full systems approach to nanomaterials and nanoproducts

5



1. Prevention - It is better to prevent waste than to treat or clean up waste after it has been created.

2. Atom Economy - Synthetic methods should be designed to maximize the incorporation of all materials 
used in the process into the final product.

3. Less Hazardous Chemical Syntheses - Wherever practicable, synthetic methods should be designed 
to use and generate substances that possess little or no toxicity to human health and the environment.

4. Designing Safer Chemicals - Chemical products should be designed to effect their desired function 
while minimizing their toxicity.

5. Safer Solvents and Auxiliaries - The use of auxiliary substances (e.g., solvents, separation agents, 
etc.) should be made unnecessary wherever possible and innocuous when used.

6. Design for Energy Efficiency - Energy requirements of chemical processes should be recognized for 
their environmental and economic impacts and should be minimized. If possible, synthetic methods should 
be conducted at ambient temperature and pressure.

7. Use of Renewable Feedstocks - A raw material or feedstock should be renewable rather than 
depleting whenever technically and economically practicable.

8. Reduce Derivatives - Unnecessary derivatization (use of blocking groups, protection/ deprotection, 
temporary modification of physical/chemical processes) should be minimized or avoided if possible, 
because such steps require additional reagents and can generate waste.

9. Catalysis - Catalytic reagents (as selective as possible) are superior to stoichiometric reagents.

10. Design for Degradation - Chemical products should be designed so that at the end of their function 
they break down into innocuous degradation products and do not persist in the environment.

11. Real-time analysis for Pollution Prevention - Analytical methodologies need to be further developed 
to allow for real-time, in-process monitoring and control prior to the formation of hazardous substances.

12. Inherently Safer Chemistry for Accident Prevention - Substances and the form of a substance 
used in a chemical process should be chosen to minimize the potential for chemical accidents, including 
releases, explosions, and fires.

12 Principles of Green Chemistry

5



DNA 2nm diameter

Ribosome 20-30nm diameter

Cell 30-50 μm 

Nucleus 10 μm

A New Direction

μμ

5



Nanotech is both top down 
and bottom up—like Nature

A.  Uses “natural” ingredients-simple atoms 
B.  at room temperature, 
C.  With small machines for assembling,
D.  in non-toxic solvents,
E. With complex feedback loops, smart 

controls,redundancy for safety
F. And the end of life disposal is accounted 

for

The Cell is a Nano Factory

Breaking no laws of chemistry, physics, biology

This is definitely green nano!

5



If nature, working at the nanoscale, can accomplish a 
sustainable world, then surely humans can minimize 
their risks and help accomplish sustainability through 
this new scientific approach, nanotechnology



The branch of philosophy that deals with morality. Ethics is concerned with 
distinguishing between good and evil in the world, between right and wrong human 
actions, and between virtuous and nonvirtuous characteristics of people.

American Heritage New Dictionary of Cultural Literacy, Third Edition

The rules or standards governing the conduct of a person or the conduct of the 
members of a profession.

The American Heritage® Stedman's Medical Dictionary

The principles of conduct governing an individual or a group 
Merriam-Webster's Medical Dictionary, © 2002 Merriam-Webster, Inc.

The principles of conduct governing an individual or a profession
Merriam-Webster's Dictionary of Law

The moral principles governing or influencing conduct.  
The branch of knowledge concerned with moral principles.

Compact Oxford English Dictionary

ETHICS



Social and ethical issues in nanotechnology (SEIN) 

Ethical, Legal, Societal Implications (ELSI)

Nanoethics

Responsible Nanotechnology

Nano ethical, environmental, economic, legal and social issues (NE3LS)

Nanoethics
"concerns ethical and social issues associated with developments in nanotechnology"

Wikipedia, accessed 1-29-08



Nanoethics…takes as its subject a science still 
aborning; many of the ethical and social ills it seeks to 
address are mere speculations about the hypothetical 
ramifications of theoretical technologies that may 
prove technically impossible.  It is fair to say that no 
scientific field or technological innovation has ever 
faced such intense scrutiny so prematurely.

Adam Keiper, 2007



1. Define the issues: What are the problems in nano that 
raise ethical questions and need ethical answers

Rigor of unfettered imagination

Analysis, consistency, logic, adapted to the subject matter
Concern for thinking, attitudes, and behavior
A passion for the good

2. Develop methodological strategies: Is there a 
systematic way to think about and through these moral 
issues

3. Form procedures for decision making: How can ethics help 
scientists and engineers make the right decisions

Adapted from Daniel Callahan, 1973

Using Ethics in Nanotechnology:



Beware the hazards of pushing difficult questions on people 
who would prefer not to think of them—low tolerance for 
philosophy

Look out for philosophical overkill – accelerating questions, 
reaching the meaning of life and existence 

Good luck convincing the innocent scientist who 
thinks there is a "value-free" methodology

These issues need resolution:
What ethically needs to be decided
Who should be allowed to decide

Caveats to Ethicists

Adapted from Daniel Callahan, 1973



“…it is not clear that the issues (in nanoethics) will be new 
in any interesting sense” J. Wechert, editor of Nanoethics

http://corporate.basf.com/en/innovationen/forschungsbilder/?id=V00-d6aY7BoTHbcp44d



Ethical issues of nanotechnology

Health, Safety - life cycle issues, worker protection, risk 
management, military uses, privacy, toxicity, exposure

Social concerns - who benefits, north-south, rich-poor
Economic displacements - ”rust” belts, education of 
workforce, patent benefits, infrastructure, transportation

Governance - the role of the public, laws/regulations, non-
government organizations, think tanks, academia, research 
funding, bringing up a new technology wisely

Legal - intellectual property, regulations/laws for e.g. environment, 
drugs, food, consumer products

Environment – Pollution, sustainability, green nano, energy

Transhumanists - changing human nature itself



Some Nanoethics Activities

ELSI, NBIC, etc. conferences

Nanoethics Journal Numerous journal articles

Organizations – ETC, Foresight, Nanoethics

Web sites / blogs

Book, book chapters-e.g. Nanoethics: The Ethical and Social 
Implications of Nanotechnology 

University centers – e.g.,UC Santa Barbara, University of Arizona

International activities—UN, Meridian, Dialogue on 
Responsible Nanotechnology

Declarations, Principles



Principles—encompassing values, ideology, morality, ethics

Principles for Nanotechnologies and Nanomaterials Oversight 
Released September, 2007

Precautionary Principle

Mandatory Nano-specific Regulations

Health and safety of the public and workers

Environmental sustainability

Transparency

Public Participation

Inclusion of broader impacts

Manufacturer liability

46 signatories as of October-07

International Center for Technology Assessment 

Nanotechnologies Industry Association



Nanoscale science is not without ethical issues

Is there a moral issue in using resources?

Indium, for example



Elements with Nanomaterials in the Commercial Market
Essentially the whole chart

4

Elements with Nanomaterials
in the Commercial Market



Indium

Mainly in zinc ores

Flat panel display applications for indium 
tin oxide: Liquid crystal displays; Plasma 
display panels; Electrochromic displays; 
Field emission displays; LEDs, 
photovoltaics

Mobile telephones, Computer monitors, 
Televisions, Watches and calculators, 
Digital video and still cameras

Primary Indium: 
Supply vs. Demand

• 2004: 509mt
• 2005: 630mt
• 2006: 750mt

0
100
200
300
400
500
600
700
800

2003 2004 2005 2006

Demand Supply Capacity Used as Indium tin oxide (ITO)
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Canada (45T)

France (65T)

Peru (5T)

Russia (15T)Belgium (40T)

Japan (60T)
China (85T)

Other (20T)
Indium production Stand 2002

Indium Production

New Issues:
Distribution of materials-who gets them?
Lack of natural metabolism-will they be toxic?
Limited resources-how should they be used?
Environmental impact of extraction-can the land be protected?

4

Ethics??



Where does the public stand in this?

50% have not heard of nanotechnology

30% have heard and know very little

Concerns about nano
then Grey goo  -- molecular manufacturing

Privacy issues – nano spies
Now EHS issues

Non-worries: Sequoia Pacific, Prey, NanoMagic

Stay tuned



How should scientists and engineers behave?

With Consciousness, Conscientiousness, and Conscience

Consciousness (awareness) of the values incorporated into their research

Conscientiousness in what and how they communicate regarding nano

Conscience to do no harm



Only a change in Human values and behavior
can lead to true sustainability

The benefits of nanotechnology can merely buy us time by 
slowing down our rate of non-sustainable practices

We are developing tools and principles to approach 
nanotechnology ethically

However…



What if…?

Roz Chast New Yorker 11/23/07



Barbara Karn
Karn.Barbara@epa.gov

"It is not who is right, but what is right that is of importance."  
T. Huxley

Questions
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