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Aqueous Conditions

Low Energies
Non-hazardous Reagents

Old Technology
Several Solvents

High Energies
Hazardous Reagents
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More environmentally
benign than alternatives

Perform better
than alternatives

More economical
than alternatives
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Green Chemistry is the design of chemical products and processes that reduce or 
eliminate the use and/or generation of hazardous substances.



1. Prevention. It is better to prevent waste than to treat or clean up waste after it is formed.

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 Synthesis. Whenever practicable, synthetic methodologies 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 preserve efficacy of the function while reducing 
toxicity.

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

6. Design for Energy Efficiency.  Energy requirements should be recognized for their environmental and economic 
impacts and should be minimized.  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 practical. 

8. Reduce Derivatives. Unnecessary derivatization (blocking group, protection/deprotection, temporary modification of 
physical/chemical processes) should be avoided whenever possible .

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 do not persist 
in the environment and instead break down into innocuous degradation products.

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. Substance and the form of a substance used in a chemical 
process should be chosen so as to minimize the potential for chemical accidents, including releases, explosions, and fires.

The Twelve Principles of Green Chemistry
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I have synthesized over 2500 compounds!

I have never been taught what makes a chemical toxic!
I have no idea what makes a chemical an environmental hazard!

I have synthesized over 2500 compounds!

I HAVE NO IDEA WHAT 
MAKES A CHEMICAL TOXIC!



What causes brain tumors?
The majority of brain tumors have abnormalities of genes involved in cell cycle control, causing 
uncontrolled cell growth. These abnormalities are caused by alterations directly in the genes, or by 
chromosome rearrangements which change the function of a gene.
Patients with certain genetic conditions (i.e., neurofibromatosis, von Hippel-Lindau disease, Li-
Fraumeni syndrome, and retinoblastoma) also have an increased risk to develop tumors of the 
central nervous system. There have also been some reports of people in the same family 
developing brain tumors who do not have any of these genetic syndromes. 
Research has been investigating parents of children with brain tumors and their past exposure to 
certain chemicals. Some chemicals may change the structure of a gene that protects the body from 
diseases and cancer. Workers in oil refining, rubber manufacturing, and chemists have a 
higher incidence of certain types of tumors. Which, if any, chemical toxin is related to this 
increase in tumors is unknown at this time. 

http://cancer.stanfordhospital.com/healthInfo/cancerTypes/brain/default



Recent scientific research has clearly demonstrated an association between 
organochlorines and breast cancer. An analysis of chemical plant workers in 
Hamburg, Germany discovered a two-fold increase in breast cancer among 
the women workers who had been exposed to dioxin contamination. 
Significantly higher levels of breast cancer have been found in separate 
studies of women living near organochlorine chemical plants in Minnesota and 
Long Island. Other studies have revealed elevated breast cancer mortality 
among professional chemists.

http://www.fwhc.org/health/xeno.htm
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In 2004:

10,155 Undergraduate Degrees in Chemists

1,840 Masters Degrees in Chemistry

1,963 Doctoral Degrees in Chemistry

50.9 % Women Undergraduate Degrees
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To get a PhD in Chemistry…

No universities in the United States require
any demonstration of knowledge regarding

toxicity or environmental impact!



Undergraduates in Chemistry often do not learn about environment issues.

There are many classes for “non-science” majors that attract them
by talking about environmental issues.

The American Chemical Society “Accredits” chemistry programs…

It requires Calculus, Biochemistry, Instrumentation, Independent work…

But there is NO requirement for Environmental Issues…

Ironically, India’s ministry of education has mandated that all chemistry
undergraduates must take 1 year of Green Chemistry.

China has opened a number of Green Chemistry Research Institutes



Chemical and Engineering News,
April 22, 2002.



How does all this 
relate to different 

Businesses?



Of all the products and processes…

Maybe 10% are benign…



Of all the products and processes…

Maybe 10% are benign…

Maybe 25% more are 
relatively easy to do…



Of all the products and processes…

Maybe 10% are benign…

Maybe 25% more are 
relatively easy to do…

Who is going to invent
the other 65%?



Of all the products and processes…

Maybe 10% are benign…

Maybe 25% more are 
relatively easy to do…

Who is going to invent
the other 65%?



Where do products come from?

“The Environment”
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x HazardRisk = Exposure



The cost of using hazardous materials:

Storage
Transportation
Treatment 
Disposal
Regulatory Costs
Liability
Worker Health and Safety
Corporate Reputation
Community Relations
New Employee Recruitment
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Environmental Regulations
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Traditional Processes

Carbon-Carbon Bonds
Oxidations
Reductions
Hydroxylations
Polymer Syntheses



Green AlternativesTraditional Processes



Green Chemistry Research and Development Act of 2006





I don’t get it, this seems
obvious, why haven’t we

always done this?



Everyday Hazards

http://www.goodtimestove.com/htm/charmcraw.html


Unrelated Hazards



Green Chemistry
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NonCovalent Derivatization

Bioinspired Polymers

Ambient Metal Oxide 
Semiconductors

Medicinal Chemistry

Educational Research

Reaction Design



John_warner@uml.edu
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COSMETICS / PERSONAL CARE

Hair Curling

Fingernail Polish

Alternative Colorants

Formulation Design

Cellulose Based Technologies

FINE CHEMICALS and POLYMERS

Novel Synthetic Methodologies

Enzymatically Processed Polymers

Textile and Fiber Shape Control

Biodegradable Plastics and Packaging
Antibacterial Coatings

Drug Delivery
PHARMACEUTICALS

Focused Bioavailability

Anticancer Drugs

Photoresists

Conductive Polymers

Water Purification

Solar Cell Semiconductors

PHOTONICS/ELECTRONICS

Fuel Cell Membranes

Chemical Sensors

Low VOC Expanded Polystyrene Used Pharmaceuticals Destruction



J. Environmental Impact Assessment, 
2004 24 775-799. 

J. Chem. Health and Safety
2005, 12(2), 9-13. 



J. Chem. Health and Safety 2005, 12(2), 9-13.
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Physical properties of a material

•State of Matter
•Color
•Melting Point
•Boiling Point
•Solubility
•Electrical Conductivity
•Toxicity
•Impact on the environment
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New Journal!
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Thank You !
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