Pollution Prevention Via Green Chemistry

The key to green chemistry is that companies do it not
because the government forces them to, but "because

it's more profitable, cheaper and customers like it,"

-Paul Anastas, Director of the Green Chemistry Institute at the
American Chemical Society.
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Welcome to our presentation about opportunities to reduce pollution and
increase profitability through the utilization of green chemistry principles.
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Prevent waste: Design chemical syntheses to prevent waste, leaving no waste to treat or clean up.
Design safer chemicals and products: Design chemical products to be fully effective, yet have little or no toxicity.
Design less hazardous chemical syntheses: Design syntheses to use and generate substances with little or no toxicity to
humans and the environment
4. Use renewable feedstocks: Use raw materials and feedstocks that are renewable rather than depleting. Renewable feedstocks
are often made from agricultural products or are the wastes of other processes; depleting feedstocks are made from fossil fuels
(petroleum, natural gas, or coal) or are mined
5. Use catalysts, not stoichiometric reagents: Minimize waste by using catalytic reactions. Catalysts are used in small
amounts and can carry out a single reaction many times. They are preferable to stoichiometric reagents, which are used in
excess and work only once.
6. Avoid chemical derivatives: Avoid using blocking or protecting groups or any temporary modifications if possible. Dervatives
use additional reagents and generate waste.
7. Maximize atom economy: Design syntheses so that the final product contains the maximum proportion of the starting
materials. There should be few, if any, wasted atoms.
8. Use safer solvents and reaction conditions: Avoid using solvents, separation agents, or other auxiliary chemicals. If these
chemicals are necessary, use innocuous chemicals.
9. Increase energy efficiency: Run chemical reactions at ambient temperature and pressure whenever possible.
10. Design chemicals and products to degrade after use: Design chemical products to break down to innocuous substances
after use so that they do not accumulate in the environment
11, Analyze in real time to prevent pollution: Include in-process realtime monitoring and control during syntheses to minimize
or eliminate the formation of byproducts.
12, Minimize the potential for accidents: Design chemicals and their farms (solid, liguid, or gas) to minimize the potential for
chemical accidents including explosions, fires, and releases to the environment.
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http://www.epa.qgov/greenchemistry/pubs/principles.html

Green chemistry can be largely summarized by the first 2 of the above
principles, with the following 10 being separate areas of emphasis. Generally
speaking designing efficient, effective, and environmentally benign chemicals
and chemical processes largely captures the concept of green chemistry. The
above principles were developed by Paul Anastas and J. C. Warner in Green
Chemistry: Theory and Practice, Oxford University Press: New York, 1998,
p.30.



The Twelve Principles of Green Chemistry
from Green Chemistry: Theory and Practice by Paul Anastas and John Warner (Oxford University Press, 1998)

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

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.

1. 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. http://www.epa.gov/greenchemistry/pubs/principles.html

Green chemistry can be largely summarized by the first 2 of the above
principles, with the following 10 being separate areas of emphasis. Generally
speaking designing efficient, effective, and environmentally benign chemicals
and chemical processes largely captures the concept of green chemistry. The
above principles were developed by Paul Anastas and J. C. Warner in Green
Chemistry: Theory and Practice, Oxford University Press: New York, 1998,
p.30.



Dynamic Field

In 2005 Ryoji Noyori* identified three key developments in
green chemistry:

+ use of supercritical carbon dioxide as a green solvent,

+ aqueous hydrogen peroxide for clean oxidations and

+ The use of hydrogen in asymmetric synthesis

Examples of applied green chemistry are supercritical water
oxidation, on water reactions and dry media reactions.

* Bioengineering is also seen as a promising technique for
achieving green chemistry goals. A number of important
process chemicals can be synthesized in engineered
organisms, such as shikimate, a Tamiflu precursor which is
fermented by Roche in bacteria.

*Ryoji Noyori- The Nobel Prize in Chemistry 2001
http://nobelprize.org/nobel prizes/chemistry/laureates/2001/noyori-autobio.html

Unlike some reduction concepts that have been around for quite some time
green chemistry is a rapidly expanding field with almost limitless possibilities
for continuously improving chemicals and chemical processes.



Supramolecular Chemistry

Research is currently ongoing in the area of supramolecular chemistry to develop reactions which can proceed in the solid state without
use of salvents. The cycloaddition of trans-1,2-bis(4-pyridyljethylene is directed by resorcinol in the solid state. This solid-state reaction
proceeds in the presence of UV light in 100% yield.
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Cycloaddtion of trans-1 2-bis(4-pyricyl)ethylene

Concepts such as supramolecular chemistry achieve reactions in a solid state
without the use of any solvents and achieve up to 100% vyields.

Supramolecular chemistry and saffsembly processes in particular have been
applied to the development of new materials. Large structures can be readily
accessed using botteap synthesis as they are composed of small molecules
requiring fewer steps to synthesize. Thus most of the batfpapproaches to
nanotechnology are based on supramolecular chemistry.

Supramolecular chemistry is often pursued to develop new functions that
cannot appear from a single molecule. These functions include magnetic
properties, light responsiveness, catalytic activity-lsetling polymers,

chemical sensors, etc. Supramolecular research has been applied to develop
high-tech sensors, processes to treat radioactive waste, compact information
storage devices for computers, higgrformance catalysts for industrial
processes, and contrast agents for CAT scans.

Supramolecular chemistry is also important to the development of new
pharmaceutical therapies by understanding the interactions at a drug binding
site. In addition, supramolecular systems have been designed to disrupt
proteinprotein interactions that are important to cellular function.



The Nobel Prize for Chemistry in 2005 was awarded based on advances in
green chemistry, to reduce solvent use and produce more efficient processes
with higher yields and less hazardous waste/intermediate materials.



