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The design of products and processes that
reduce or eliminate the use and generation
of hazardous substances

s FENHELITF T2 042

s ¥ €A “Reduction” % 4
(materials, waste, energy, cost, hazard and
risk, non-renewables, environmental impact)

s A EHRECE
o 3R F AT R
= & 2% “Design”
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Risk = f(hazard x exposure)
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“...meeting the needs of the present
without compromising the ability of future
generations to meet their own needs”

= 1990-’&3:-@5];31@ rFABAEER, T E
: /ﬁtﬁﬁwﬂﬁﬁ\“i M3 42 I?E]?\Lﬁt%i d Tk
Bi%EER D | Green Chemistry | — 3 o

n__'F'éM’*'}"—‘F % l??]?\l% #* [ Sustainable
Chemistry ;| o
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2020 Sustainability Goals

Zero Waste: eliminate the concept of waste in
product, process, materials and energy

Zero Toxic Substances: eliminate
substances known or suspected to be harmful
to human health or the health of biological systems

100% Closed Loop Processes: take 100%

responsibility for our products at all stages of our
product and process lifecycle

Sustainable Growth and Profitability:
create an economy the planet is capable
of sustaining indefinitely

(Zero Waste Alliance, 2001)
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= 'Green chemistry' movement sprouts in
Colleg es, Com panies The New York Times March 25, 2009

= The University of Oregon began an outreach
program nine years ago that teaches professors
nationwide about integrating green chemistry into a
curriculum.

= ...balancing environmental, social and economic
decisions. Many universities are responding by
creating a green-chemistry curriculum. Their
efforts require addressing a fundamental problem
In chemistry education: a lack of toxicology
training.

http://www.nytimes.com/gwire/2009/03/25/25greenwire-green-chemistry-movement-sprouts-in-colleges-c-10287.htmi
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= 'Green chemistry' movement sprouts in
colleges, companies The New York Times March 25, 2009

= ...get the market working properly, ...demand for
trained chemists who understand green chemistry
and toxicology will ramp up. Universities will respond,
as will research.

= Green chemistry applications make up 1 percent of
the total chemical market share. ...the field has
tremendous potential for growth.

» BREfFAR UCBerkeleysh® 4 p 7% 3

#A2. Green Chemistry and Sustainable Design
http://sites.google.com/site/berkeleygreenchemistry/Home
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= University of Oregon, University of Massachusetts,
University of Scranton, Hendrix College, St. Olaf
College...

= University of York (UK), Monash University
(Australia), Carnegie Mellon, University of lllinois,
Urbana-Champaign...

= Center for Green Chemistry & Green Engineering
at Yale (2007; First Director: Paul Anastas)

= MIT Green Alternatives Wizard

= The Berkeley Center for Green Chemistry (2009)

A collaboration among the College of Chemistry, Haas
School of Business, School of Law, College of Natural
Resources, and School of Public Health.
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= Presidential Green Chemistry Challenge Awards
(USA EPA 1996)

= Greener Synthetic Pathways Award
= Greener Reaction Conditions Award
= Designing Greener Chemicals Award
= Small Business Award

= Academic Award

= The European Sustainable Chemistry Award
(EuCheMS 2010)

= Alternative Synthetic Pathways
= Alternative Feedstocks
= Alternative Reactor Design and Reaction Condition

= Design and Use of Less Hazardous Chemicals and Chemical
Products
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= Presidential Green Chemistry Challenge
Awards

= C&EN 2008, 86(33), 59-68: The 67 winners have
collectively made 1.1 billion Ib of progress in
eliminating hazardous chemicals and emissions
over the 13 years of the program. It's the result of
"cleaner, cheaper, and smarter chemistry," C&EN
2008, 86(33), 59-68.

http://pubs.acs.org/cen/coverstory/86/8633cover3.html

= [UPAC Green Chemistry Directory # %32 7
Hu et g (4o B~ %R~ P

j‘) http://www.incaweb.org/transit/iupacgcdir/awards.htm



http://pubs.acs.org/cen/coverstory/86/8633cover3.html
http://www.incaweb.org/transit/iupacgcdir/awards.htm
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= Joseph Breen Memorial Fellowship

= Sponsors a young international green chemistry
scholar to participate in an international green
chemistry technical meeting, conference, or
training program.

= “Young” international scholar is defined as
undergraduate students, graduate students, post-
docs, and above, but below the level of Assistant
Professor and within the first seven years of a
professional career.

= ACS Summer School on Green Chemistry
and Sustainable Energy

= Graduate students and postdoctoral scholars
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= ACS course: Toxicology for Chemists

= Free video course: Carnegie Mellon Univ.

The Institute for Green Science (Under
construction).

= Introduction to Green Chemistry
= Toxicology for Green Chemists
= Endocrine Disruption for Green Chemists
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s ACS Green Chemistry Institute (%)
= ACS GCI Industrial Roundtables
ACS GCI Pharmaceutical Roundtable
ACS GCI Formulator’'s Roundtable
ACS GCI Suppliers Roundtable under
development
= Green Chemistry Network (=)
« Very informative Newsletter
=« Great education materials

s SUsChem %)
» Strategic Research Agenda # 1 £]373 =
= Brokerage Database # &4-& T &



http://portal.acs.org/portal/PublicWebSite/greenchemistry/industriainnovation/roundtable/index.htm
http://portal.acs.org/portal/PublicWebSite/greenchemistry/industriainnovation/WPCP_012598
http://portal.acs.org/portal/PublicWebSite/greenchemistry/industriainnovation/index.htm

Pharmaceutical Roundtable

‘v » Roundtablez_ ¢ ¥33:#% 1T 2 5 p
%%’t% TR RE, o T ﬂjﬁc‘}\pi‘;‘l-%

= Amide formation = Asymmetric hydrogenation
= OH activation = Green fluorination methods
= Amide reduction = N-centered chemistry
= Green Mitsunobu

reactions Outside the reaction theme
= Oxidation/Epoxidations . gglvent-less reactor
= C-H activation of cleaning

aromatics = Green alternatives to dipolar
= Chiral amine synthesis aprotic solvents

AstraZeneca, Boehringer-Ingelheim, Codexis, Dr. Reddy’s, DSM Pharmaceutical Products, Eli Lilly &
Company, GlaxoSmithKline, Johnson & Johnson, Merck & Co., Inc., Novartis, Pfizer, Inc., and Roche
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= Journals

= Green Chemistry (RSC)

» 2008 impact factor: 4.542; 40% increase in 4 years
= Green Chemistry Letters and Reviews (Taylor & Francis)
s ChemSusChem (Wiley)

CREBATA WY NS AT

CHEMSUSCHEM

Since 1999 Since 2007 Since 2008
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s Alternative feedstocks

= Move from petroleum to renewable or biologically derived
sources

= Petroleum chemistry => need oxidation chemistry
= Sugar => need reduction chemistry

= CO, => need new catalysts

= Alternative solvents
= No solvent (neat solution; grinding)
= Supercritical CO,, ionic liquid

= Alternative synthetic pathways
= New catalysts
= Move to biocatalysts (no toxic metals; intrinsically safer)
= Research into reuse and recycling catalysts still in infancy

http://www.sciencemag.org/cgi/content/full/297/5582/807
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= Education: 2 & B3 ft ~ 2R (UNESCO) < %2005-
2014 5 [A 8§ % E & 7 010+ [(Decade of Education in
Sustainable Development) » £ A 53 E & & 4p B eniv
= RN/ THE O

» 1991 & 3 Hd LB - @0 K /k‘éﬁft?r’ﬁﬁ_:&
MaHF %o & *+AE2006&8IUPACH % - =t B %
it < ¢ ? ACS National Meeting 201042& ﬂ 7

3 4g = “Chemistry for a Sustainable World"z_ # ¢ ?
s LHARR G S L EEENERTA S 9
s R d VB AR P9
s deimp B9
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= Lack of toxicology training

= Address the problems of waste, toxicity,
energy consumption altogether, rather than

individually.

= When to use what metrics



Key References

Beach, E. S.; Cui, Z.; Anastas, P. T. “Green Chemistry: A
Design Framework for Sustainability” Energy Environ. Sci. 2009,
2, 1038-1049.

Tundo, P.; Arico F. “Green Chemistry on the Rise: Thoughts on
the Short History of the Field” Chemistry International 2007,
29(5)

Anastas, P. T.; Kirchhoff, M. M. “Origins, Current Status, and
Future Challenges of Green Chemistry” Acc. Chem. Res. 2002,
35, 686-694.

Poliakoff, M.; Fitzpatrick, J. M.; Farren, T. R.; Anastas, P. T.
“Green Chemistry: Science and Politics of Change” Science
2002, 297, 807-810.

Constable. D. J. C.; Dunn, P. J. ; Hayler, J. D.; Humphrey, G. R;;
Leazer, J. L. Jr. ; Linderman, R. J. ; Lorenz, K. ; Manley, J.;
Pearlman, B. A. ; Wells, A. ; Zaks, A. ; Zhang, T. Y. “Key Green
Chemistry Research Areas—A Perspective from
Pharmaceutical Manufacturers” Green Chem. 2007, 9, 411-420.



Good Starting Points

Internet

= Green Chemistry Network
= ACS Green Chemistry Institute
x SusChem

s B/ ARELERBRTREL R
Book

= Green Chemistry : An Introductory Text
by Mike Lancaster

Course materials

o AHE R AT B
oo < 5 ER LR E P ktliu@ntu.edu.tw
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