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The project has been proceeded to collect domestic college
green chemistry department related curriculum, high school
basic chemistry class summary, and foreign green chemistry
related curriculum, textbook, competition and activities.

Five workshops were held to invite ten lecturers.
Professional representatives are Shang-Lien Lo Distinguished
Professor, Chiung-Fen Chang Professor, Pen-Chi Chiang
Distinguished Professor and Hong-Ping Lin Professor. Industry
representatives are Minnesota Mining & Manufacturing Company,
Da Ai Technology Company, Plastics Industry Development
Center, AU Optronics Corp and Chung Tai Resource Technology
Corp and China Steel Corporation. The lesson data are agreed by
some lecturers to public on the website of Chemistry Bureau and
YouTube.

To work with industrial analysis report,the project was
investigate and visit five manufacturers. The visited
manufacturers are Chung Tai Resource Technology Corp, Da Ai
Technology Company, Everlight Chemical Industrial Corporation,
O’right and AU Optronics Corp.

To review and collect current college related department
components and to select one department of domestic chemistry,
semi-chemistry, none-chemistry professional as demonstration,
the green chemistry related curriculum are analyzed to provide
suggested curriculum summary.

Two professional meeting were held. The invited members
are Shang-Lien Lo Distinguished Professor, Chao, Ito Research
Fellow, Ya-Hsuan Liou Professor, CHANG, Tzuchau Professor,
Chia-Ming Chang Professor and Trai-shar Kao Professor. The
first meeting is to define the project scope and the second
meeting is to discuss the suggested curriculum summary.

The project convulsion is based on policy guiding principles
of Chemistry Bureau to provide environmental caring, chemistry
& environment connection and chemistry impact decrease for
literacy class to plan and implement green chemistry education.
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The project has been proceeded to collect domestic college green
chemistry department related curriculum, high school basic
chemistry class summary, and foreign green chemistry related
curriculum, textbook, competition and activities.

Five workshops were held to invite ten lecturers. Professional
representatives are Shang-Lien Lo Distinguished Professor,
Chiung-Fen Chang Professor, Pen-Chi Chiang Distinguished Professor
and Hong-Ping Lin Professor. Industry representatives are Minnesota
Mining & Manufacturing Company, Da Ai Technology Company, Plastics
Industry Development Center, AU Optronics Corp and Chung Ta1 Resource
Technology Corp and China Steel Corporation. The lesson data are
agreed by some lecturers to public on the website of Chemistry Bureau
and YouTube.

To work with industrial analysis report, the project was
investigate and visit five manufacturers. The visited manufacturers
are Chung Tai Resource Technology Corp, Da Ai Technology Company,
Everlight Chemical Industrial Corporation, 0' right and AU Optronics
Corp.

To review and collect current college related department
components and to select one department of domestic chemistry,
semi-chemistry, none-chemistry professional as demonstration, the
green chemistry related curriculum are analyzed to provide suggested
curriculum summary.

Two professional meeting were held. The invited members are
Shang-Lien Lo Distinguished Professor, Chao, Ito Research Fellow,
Ya-Hsuan Liou Professor, CHANG, Tzuchau Professor, Chia-Ming Chang
Professor and Trai—-shar Kao Professor. The first meeting is to define
the project scope and the second meeting is to discuss the suggested
curriculum summary.

The project convulsion is based on policy guiding principles of
Chemistry Bureau to provide environmental caring, chemistry &
environment connection and chemistry impact decrease for literacy



class to plan and implement green chemistry education.
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University Press, USA,
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Wei Zhang, Berkeley Cue
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Published by Wiley, 2012
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Published by
Wiley-Blackwell, 2002
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Green Chemistry: Theory and Practice

Anastas, P. T.; Warner, J. C.

Green Chemistry: Theory and Practice, Print 1998; pp 1-135.

Bringing State-of-the-Art, Applied, Novel,
Green Chemistry to the Classroom by
Employing the Presidential Green Chemistry
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Cann, M. C. J. Chem. Educ.

Print 1999, 76, pp 1639-1641.

Real-World Cases in Green Chemistry
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E.

Real-World Cases in Green Chemistry, Print 2000; pp 1-74.

Design and Application of Surfactants for
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Narsavage-Heald, D.
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generalchemistry/ generalmodule.html (accessed June 2011).
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Print Ryan, M., Tinnesand,
M., Eds.;

American Chemical Society: Washington, DC, 2002.
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Wellman, W. E.; Noble, M.
E. J. Chem. Educ.

Print 2003, 80, pp 537-540.
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Print Parent, K., Kirchhoff,
M., Eds.

American Chemical Society: Washington, DC, 2004.
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Song, Y.; Wang, Y.; Geng,
Z.J. Chem. Educ.

Print 2004, 81, pp 691-692.
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Wasilewski, J.
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Cann, M. C.
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D. K. Chemistry for Changing Times, Print 2007; pp 81-83.
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(accessed June 2011).
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Fisher Science Education, ;
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ScienceEducation/ pdf/ green_IntroGreenChem.pdf (accessed
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Fisher Science Education, ;
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Tyler, D. R.
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chemistry into Chemistry in Context

C., Keller, S., Anderson, K.,
Bentley, A., Cann, M., Ellis,
J., Eds.; McGraw-Hill

Chemistry in Context, 7th, Print Middlecamp, 2012.

The Chemistry All Around Us: A Final
Project Outline for Chemistry

Wise, A.

Chemistry, UC Berkeley, 2012
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Experiments in Green
and Sustainable
Chemistry

Herbert W. Roesky;,
Dietmar Kennepohl,
Foreword by
Jean-Marie Lehn

Laboratory Manual, 307 pages,
Published by Wiley, 2009

Green Organic
Chemistry in Lecture
and Laboratory

Andres Dicks

Laboratory Manual, 299 pages,
Published by CRC Press, 2011

Green Organic
Chemistry: Strategies,
Tools, and Laboratory
Experiments

Kenneth Doxsee and
James Hutchison

Laboratory Manual, 256 pages,
Published by Cengage Learning,
2003

Greener Approaches to
Undergraduate
Chemistry Experiments

Mary Kirchhoff and
Mary Ann Ryan

Laboratory Manual, 49 pages,
Published by the American
Chemical Society Educational
Division, 2002
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"New" Compounds from Old Plastics: Recycling
PET Plastics via Depolymerization

Kaufman, D.; Wright, G,;
Kroemer, R.; Engel, J. J. Chem.
Educ.,

Print 1999, 76, pp 1525-1526.

Organic-Solvent-Free Phase-Transfer Oxidation
of Alcohols Using Hydrogen Peroxide

Hulce, M.; Marks, D. W. J.
Chem. Educ.,

Print2001, 78, pp 66-67.

Synthesis and Spectroscopic Analysis of a
Cyclic Acetal: a Dehydration Performed in
Aqueous Solution

Collard, D. M.; Jones, A. G;
Kriegel, R. M. J. Chem. Educ.,

Print 2001, 78, pp 70-72.

Aqueous-Phase Palladium-Catalyzed Coupling:
A Green Chemistry Laboratory Experiment

Harper, B. A.; Rainwater, J. C.;
Birdwhistell, K.; Knight, D. A. J.
Chem. Educ.,

Print 2002, 79, pp 729-730.

Chiral Compounds and Green Chemistry in
Undergraduate Organic Laboratories: Reduction
of a Ketone by Sodium Borohydride and Baker's
Yeast

Pohl, N.; Clague, A.; Schwarz,
K. J. Chem. Educ.,

Print 2002, 79, pp 727-728.

Electrophilic Aromatic lodination of
4'-Hydroxyacetophenone

Gilbertson, R.; Parent, K. E.;
McKenzie, L. C.; Hutchison, J.
E.

Print Kirchhoff, M., Ryan, M., Eds.; American
Chemical Society: Washington D.C., 2002; pp 1-3.

Green Chemistry in the Organic Teaching
Laboratory: An Environmentally Benign
Synthesis of Adipic Acid

Reed, S. M.; Hutchison, J. E. J.
Chem. Educ.,

Print 2002, 77, pp 1627-1629.
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Greener Approaches to Undergraduate
Chemistry Experiments

Washington, DC,

Print Kirchhoff, M., Ryan, M., Eds.; American
Chemical Society: 2002.

Metallation of Tetraphenylporphyrin

Warner, M.; Hutchison, J. E.

Print Kirchhoff, M., Ryan, M., Eds.;American
Chemical Society: Washington D.C., 2002; pp
32-34.

Microwave Synthesis of Tetraphenylporphyrin

Warner, M.; Succaw, G.; Doxsee,
K. M.; Hutchison, J. E.

Print Kirchhoff, M., Ryan, M., Eds.; American
Chemical Society: Washington D.C., 2002; pp
27-31.

Palladium-Catalyzed Alkyne
Coupling/Intramolecular Alkyne Addition:
Synthesis of a Benzofuran Product

Gilbertson, R.; Doxsee, K. M.;
Succaw, G.; Huffman, L. M.;
Hutchison, J. E.

Print Kirchhoff, M., Ryan, M., Eds.; American
Chemical Society: Washington D.C., 2002; pp 4-7.

Micelle-Mediated Extraction of Heavy Metals
from Environmental Samples: An
Environmental Green Chemistry Laboratory
Experiment

Giokas, D. L.; Paleologos, E. K;
Karayannis, M. I. J. Chem.
Educ.,

Print 2003, 80, pp 61-64.

A greener bromination of stilbene

Doxsee, K. M.; Hutchison, J. E.

Green Organic Chemistry - Strategies, Tools, and
Laboratory Experiments, Print 2004; pp 125-128.

Alkene Isomerization Using a Solid Acid as
Activator and Support for a Homogeneous
Catalyst

Seen, A. J. J. Chem. Educ.,

Print 2004, 81, pp 383-384.

An Asymptotic Approach to the Development of
a Green Organic Chemistry Laboratory

Goodwin, T. E. J. Chem. Educ.,

Print 2004, 81, pp 1187-1190.
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Bromination of an Alkene: Preparation of
Stilbene Dibromide

Doxsee, K. M.; Hutchison, J. E.

Green Organic Chemistry - Strategies, Tools, and
Laboratory Experiments, Print 2004; pp 120-124.

Carbonyl Chemistry: Thiamine-Mediated
Benzoin Condensation of Furfural

Doxsee, K. M.; Hutchison, J.
E. Green Organic Chemistry -
Strategies,

Tools, and Laboratory Experiments, Print 2004; pp
201-205.

Combinatorial Chemistry: Antibiotic Drug
Discovery

Doxsee, K. M.; Hutchison, J. E.

Green Organic Chemistry - Strategies, Tools, and
Laboratory Experiments, Print 2004; pp 231-238.

Gas-Phase Synthesis, Column Chromatography
and Visible Spectroscopy of
5,10,15,20-Tetraphenylporphyrin

Doxsee, K. M.; Hutchison, J. E.

Green Organic Chemistry - Strategies, Tools, and
Laboratory Experiments, Print 2004; pp 152-158.

Liquid CO2 Extraction of D-limonene from
Orange Peel

McKenzie, L. C.; Thompson, J.
E.: Sullivan, R.; Hutchison, J.
E. Green Chem.,

Print 2004, 6, pp 355-358.

Molecular Mechanics Modeling

Doxsee, K. M.; Hutchison, J. E.

Green Organic Chemistry - Strategies, Tools, and
Laboratory Experiments, Print 2004; pp 174-181.

One-Pot Synthesis of
7-Hydroxy-3-carboxycoumarin in Water

Fringuelli, F.; Piermatti, O.;
Pizzo, F. J. Chem. Educ.,

Print 2004, 81, pp 874-876.

Oxidative Coupling of Alkynes: The
Glaser-Eglinton-Hay Coupling

Doxsee, K. M.; Hutchison, J. E.

Green Organic Chemistry - Strategies, Tools, and
Laboratory Experiments, Print 2004; pp 142-151.
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Patterning Self-Assembled Monolayers on Gold.

Green Materials Chemistry in the Teaching
Laboratory

McKenzie, L. C.; Huffman, L.
M.; Parent, K. E.; Hutchison, J.
E.; Thompson, J. E. J. Chem.
Educ.,

Print 2004, 81, pp 545-548.

Preparation and Distillation of Cyclohexene

Doxsee, K. M.; Hutchison, J. E.

Green Organic Chemistry - Strategies, Tools, and

Laboratory Experiments, Print 2004; pp 129-134.

Resin-Based Oxidation Chemistry

Doxsee, K. M.; Hutchison, J. E.

Green Organic Chemistry - Strategies, Tools, and

Laboratory Experiments, Print 2004; pp 197-200.

Solid-Phase Photochemistry

Doxsee, K. M.; Hutchison, J. E.

Green Organic Chemistry - Strategies, Tools, and

Laboratory Experiments, Print 2004; pp 206-210.

Solvent-Free Synthesis of Chalcones

Palleros, D. R. J. Chem. Educ.,

Print 2004, 81, pp 1345-1347.

Solvent-Free Wittig Reaction: A Green Organic
Chemistry Laboratory Experiment

Leung, S. H.; Angel, S. A. J.
Chem. Educ.,

Print2004, 81, pp 1492-1493.

Solventless Reactions: the Aldol Reaction

Doxsee, K. M.; Hutchison, J. E.

Green Organic Chemistry - Strategies, Tools, and
Laboratory Experiments, Print 2004; pp 115-119.

The Friedel-Crafts Reaction: Acetylation of
Ferrocene

Doxsee, K. M.; Hutchison, J. E.

Green Organic Chemistry - Strategies, Tools, and

Laboratory Experiments, Print 2004; pp 225-230.

A Green Polymerization of Aspartic Acid for the
Undergraduate Organic Laboratory

Bennett, G. D. J. Chem. Educ.,

Print 2005, 82, pp 1380-1381.

A Greener Approach for the Measuring of
Colligative Properties

McCarthy, S. M.; Gordon-Wylie,
S. W. J. Chem. Educ.,

Print 2005, 82, pp 116-119.
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A Solvent-Free Baeyer-Villiger Lactonization
for the Undergraduate Organic Laboratory:
Synthesis of y-t-Butyl-e-caprolactone

Esteb, J. J.; Hohman, J. N.;
Schlamadinger, D. E.; Wilson,
A. M. J. Chem. Educ.,

Print 2005, 82, pp 1837-1838.

Aqueous Horner-Wadsworth-Emmons
Preparation Of A Sunscreen Analog

Cheung, L.; Lin, R. J.; Mclntee,
J. W.; Dicks, A. P.Chem.

Educator [Online], Online 2005, 10, pp 300-302.

Comparative Methylation of
1,8-Dihydroxy-9,10-anthraquinone:
Chemoselectivity in the Organic Chemistry
Laboratory

Sereda, G. A. J. Chem. Educ.,

Print 2005, 82, pp 1839-1840.

Green Chemistry Laboratory: Benign Synthesis
of 4,6-Diphenyl[2,2']bipyridine via Sequential
Solventless Aldol and Michael Addition
Reactions

Cave, G. W.: Raston, C. L. J.
Chem. Educ.,

Print2005, 82, pp 468-469.

Biodiesel Synthesis

Thompson, J. E.

Biodiesel Synthesis, Science Division, Lane
Community College, 2006

Biosynthesis of Ethanol from Molasses

J.E.

Thompson, Biosynthesis of Ethanol from Molasses,
Science Division, Lane Community College, 2006

Determination of the Heat of Combustion of
Biodiesel Using Bomb Calorimetry

Akers, S. M.; Conkle, J. L.;
Thomas, S. N.; Rider, K. B. J.
Chem. Educ.,

Print 2006, 83, pp 260-262.
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Diels-Alder Reaction in Water

McKenzie, L. C.; Huffman, L.
M.; Hutchison, J. E.

Diels-Alder reaction in water, Department of
Chemistry, University of Oregon, manuscript in
preparation, 2006

Enantioselective Reduction by Crude Plant
Parts: Reduction of Benzofuran-2-yl Methyl
Ketone with Carrot (Daucus carota) Bits

Ravia, S.; Gamenara, D.;
Schapiro, V.; Bellomo, A.;
Adum, J.; Seoane, G.; Gonzalez,
D. J. Chem. Educ.,

Print 2006, 83, pp 1049-1051.

Environmentally Responsible Redox Chemistry:
An Example of Convenient Oxidation
Methodology without Chromium Waste

Crumbie, R. L. J. Chem. Educ.,

Print 2006, 83, pp 268-269.

Mannich Reactions in Room Temperature lonic
Liquids (RTILs): An Advanced Undergraduate
Project of Green Chemistry and Structural
Elucidation

Mak, K. K.; Siu, J.; Lai, Y. M.;
Chan, P. J. Chem. Educ.,

Print 2006, 83, pp 943-946.

Microwave-Assisted Heterocyclic Chemistry for
Undergraduate Organic Laboratory

Musiol, R.; Tyman-Szram, B.;
Polanski, J. J. Chem. Educ.,

Print 2006, 83, pp 632-633.

Reductive Amination: A Remarkable
Experiment for the Organic Laboratory

Touchette, K. M. J. Chem.
Educ.,

Print 2006, 83, pp 929-930.

A Microscale Heck Reaction In Water

Cheung, L.; Aktoudianakis, E.;
Chan, E.; Edward, A. R.; Jarosz,
l.; Lee, V.; Mui, L.; Thatipamala,
S. S.; Dicks, A. P.

Chem. Educator [Online], Online2007, 12, pp
77-79.
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Greening Wittig Reactions: Solvent-Free
Synthesis of Ethyl trans-Cinnamate and
trans-3-(9-Anthryl)-2-Propenoic Acid Ethyl
Ester

Nguyen, K.; Weizman, H. J.
Chem. Educ.,

Print2007, 84, pp 119-121.

Microwave-Assisted Organic Synthesis in the
Organic Lab: A Simple, Greener Wittig Reaction

Mertin, E.; Kellen-Yuen, C. J.
Chem. Educ.,

Print2007, 84, pp 2004-2006.

Oxidation of Aromatic Aldehydes using Oxone

Gandhari, R.; Maddukuri, P. P;
Vinod, T. K. J. Chem. Educ.,

Print 2007, 84, pp 852-854.

Simple Distillation: Purification and Reuse of
Acetone

Lecher, C. S. Simple
Distillation:

Purification and Reuse of Acetone, Chemistry,
Marian College,2007

Sodium Borohydride Reduction of Vanillin: A
Low Solvent Synthesis of Vanillyl Alcohol

Lecher, C. S.

Chemistry, Marian College, 2007

Zeolite-Catalyzed Multicomponent Reaction:
Preparation of a p—Acetamido Ketone

Wetter, E.; Levy, I. J.; Kay, R.

Zeolite-Catalyzed Multicomponent Reaction:
Preparation of a p—Acetamido Ketone, Chemistry,
Gordon College,2007

"Greening Up" the Suzuki Reaction

Aktoudianakis, E.; Chan, E.;
Edward, A. R.; Jarosz, |.; Lee,
V.; Mui, L.; Thatipamala, S. S.;
Dicks, A. P. J. Chem. Educ.,

Print 2008, 85, pp 555-557.

A Green, Guided-Inquiry Based Electrophilic
Aromatic Substitution for the Organic Chemistry
Laboratory

Eby, E.; Deal, S. T. J. Chem.
Educ.,

Print 2008,85, pp 1426-1428.
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A Greener Synthesis of Creatine

Lecher, C. S. A Greener
Synthesis of Creatine, School of

Mathematics and Sciences, Marian College, 2008

Cocrystal Controlled Solid-State Synthesis: A
Green Chemistry Experiment for Undergraduate
Organic Chemistry

Cheney, M. L.; Zaworotko, M.
J.; Beaton, S.; Singer, R. D. J.
Chem. Educ.,

Print 2008, 85, pp 1649-1651.

Determination of the Formula of a Hydrate: A
Greener Alternative

Klingshirn, M. A.; Wyatt, A. F.;
Hanson, R. M.; Spessard, G.
0. J. Chem. Educ.,

Print 2008, 85, pp 819-821.

Developing and Disseminating NOP: An Online,
Open-Access, Organic Chemistry Teaching
Resource To Integrate Sustainability Concepts in
the Laboratory

Ranke, J.; Bahadir, M.; Eissen,
M.; Konig, B. J. Chem. Educ.,

Print 2008, 85, pp 1000-1005.

Greener Alternative to Qualitative Analysis for
Cations without H2S and Other
Sulfur-Containing Compounds

Sidhwani, I.; Chowdhury, S. J.
Chem. Educ.,

Print2008, 85, pp 1099-1101.

Hydrolysis of Post-Consumer Polylactic Acid
Waste

Gurney, R.

Hydrolysis of Post-Consumer Polylactic Acid Waste,
Chemistry, Simmons College, 2008

Melting Point Study of a Solventless Reaction

Thompson, J. E.

Melting Point Study of a Solventless Reaction,
Science Division, Lane Community College, 2008

Synthesis of N-Benzyl-2-azanorbornene via
Agueous Hetero Diels-Alder Reaction

Sauvage, X.; Delaude, L. J.
Chem. Educ.,

Print2008, 85, pp 1538-1540.
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The Discovery-Oriented Approach to Organic
Chemistry. 7. Rearrangement of trans-Stilbene
Oxide with Bismuth Trifluoromethanesulfonate
and Other Metal Triflates

Christensen, J. E.; Huddle, M.
G.; Rogers, J. L.; Yung, H.;
Mohan, R. S. J. Chem. Educ.,

Print2008, 85, pp 1274-1275.

The dose makes the poison: Measuring
ecotoxicity using a lettuce seed assay

Kwon, S. Y,; Levy, L. J.; Levy,

M. R.; Sargent, D. V.; Tshudy, D.

J.; Weaver, M. A.

The dose makes the poison: Measuring ecotoxicity
using a lettuce seed assay, Chemistry, Gordon
College, 2008

A Greener Chemiluminescence Demonstration

Jilani, O.; Donahue, T.; Mitchell,
M. O.

A Greener Chemiluminescence Demonstration, J.
Chem. Educ,, Print 2011, 88, pp 786-787.

Exton, D. B. General Chemistry in the Laboratory, 2/e,
A Kinetic Study of the Bleaching of Allura Red McGraw-Hill Learning Solutions, ISBN
0-07-804433-5., Print
L ) Douskey, M. Biodiesel Heat of Combustion and Energy
Biodiesel Heat of Combustion and Energy . )
. Efficiency, College of Chemistry, UC
Efficiency
Berkeley, 2012
Tripp, J. Can Waste Oil be Turned into a Fuel? Biodiesel:
Preparation and Properties, Experiment
Can Waste Oil be Turned into a Fuel? Biodiesel: P . . P P
i . #11 Chemistry in Context Laboratory
Preparation and Properties . . .
Manual seventh edition;, Print Eds.; McGraw-Hill:
2012;
Depolymerization of Poly(lactic acid) Cups to Douskey, M. Depolymerization of Poly(lactic acid) Cups to Lactic

Lactic Acid

Acid, College of Chemistry, UC Berkeley, 2012
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Tripp, J. Does Acid Rain Fall in My Neighborhood?
Does Acid Rain Fall in My Neighborhood? Experiment #19 Chemistry in Context Laboratory
Manual, Print Eds.; McGraw-Hill: 2012;
i . i Douskey, M. Dose Makes the Poison: Estimating the Relative
Dose Makes the Poison: Estimating the Relative Ecotoxicity of Various Biofuels. College of
Ecotoxicity of Various Biofuels ChemistryyUC Berkeley, 2012 ’ g
e o i Douskey, M. Equilibrium investigations and the synthesis of a
Equilibrium investigations and the synthesis of a biobased ink, College of Chemistry, UC
biobased ink ’ ’
Berkeley, 2012
i i i Exton, D. General Chemistry in the Laboratory, 2/e,
Galvanized Nails, Quality Control and an McGraw-Hill Learning Solutions, ISBN
Introduction to Green Chemistry 0-07-804433-5.. Print ’
Tripp, J. How Much Sugar is in Soft Drinks and Fruit Juices?
How Much Sugar is in Soft Drinks and Fruit Experiment #28 Chemistry in Context Laboratory
Juices? Manual seventh edition;, Print Eds.;
McGraw-Hill, 2012:
Goll, J. Identifying chemical compounds in solution by

Identifying chemical compounds in solution by
physical and chemical properties

physical and chemical properties, Department of
Chemistry, Geoscience and Physics, Edgewood
College, Madison, Wisconsin, 2012

Lava Lamp Density Demonstration

van Kirk, K.; Kaufman, J. D.

Lava Lamp Density Demonstration,
Biology/Biotechnology, Endicott College, 2012

49




e ({551 &
i i Gron, L. Nitrate and/or Phosphate lons in Surface Water,
Nitrate and/or Phosphate lons in Surface Water ) i
Chemistry, Hendrix College, 2012
. L i Klingshirn, M. Oxidation and Coordination Chemistry Goes
Oxidation and Coordination Chemistry ) . .
"Green", Chemistry, University of Illinois -
Goes Green o
Springfield, 2012
i . Exton, D. B. General Chemistry in the Laboratory, 2nd edition,
Spectrophotometric Determination of a Food . . i
Dve McGraw-Hill Learning Solutions, ISBN
y 0-07-804433-5, Print
) o Douskey, M. Synthesis of Biodiesel, College of Chemistry, UC
Synthesis of Biodiesel
Berkeley, 2012
Tripp, J. What am | Breathing? Preparation and Properties of

What am | Breathing? Preparation and
Properties of O2 and CO 2

02 and CO 2, Experiment #1Chemistry in Context
Laboratory Manual seventh edition;, Print Eds.;
McGraw-Hill, 2012:
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Going Green: Integrating | Mary Laboratory Manual, 49 pages,
Green Chemistry into the | Kirchhoff Published by the American th 2 FI A
Curriculum and Mary Chemical Society —
Ann Ryan Educational Division, 2002
Innovations in Green Paul Anastas | Reference Book , 333 page,
Chemistry and Green and Julie Published by Springer, 2013
Engineering: Selected Zimmerman
Entries from the BT E
Encyclopedia of
Sustainability Science and
Technology
Introduction to Green Mary Ann Booklet, 68 pages, Published
Chemistry: Instructional Ryan and by the American Chemical [S1 SN
Activities for Introductory | Michael Society, 2002 £
Chemistry Tinnesand
Real-World Cases in Michael C. Reference Book, 86 pages,
Green Chemistry, Volume | Cann, Publls_hed by t_he American (b
I Thomas P. Chemical Society, 2011
Umile
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Green Chemistry Hanson, R. M.; Campbell, P. R. Green Chemistry
Assistant Assistant. http://fusion.stolaf.edu/ gca (accessed June 2011).

Green Chemistry: Weise, E. Green Chemistry: Innovations for a Cleaner World
Innovations for a (VHS), DVD, American Chemical Society: Washington, DC,

Cleaner World 2000.

Green Chemistry: American Chemical Society, Green Chemistry: Meeting Global
Meeting Global Challenges DVD, DVD, 1; American Chemical Society:
Challenges Washington, DC, 2003.

Green Chemistry
Expert System

US Environmental Protection Agency, Green Chemistry Expert
System. http://www.epa.gov/ oppt/ greenchemistry/ pubs/
gcesdownload.html(accessed June 2011).
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Acid catalyzed aldehyde, acetal, | reaction of the carbonyl removal of water by azeotropic distillation, Easy
acetalisation of alcohol, group in aldehydes, heating under reflux with Soxhlet extractor (for
3-nitrobenzaldehyde with | protecting group, | acetalisation 10 mmol preparation), stirring with magnetic stir
ethanediol to the acid catalyst bar, evaporating with rotary evaporator, shaking
correspondent out, extracting, recrystallizing, filtering, heating
1,3-dioxolane with oil bath
Acid catalyzed aldehyde, acetal, | reaction of the carbonyl microwave-assisted reaction, stirring with Medium
acetalisation of alcohol, group in aldehydes, magnetic stir bar, heating under reflux,
3-nitrobenzaldehyde with | protecting group, | acetalisation distillation, introduction of gas, shaking out,
ethanediol to the acid catalyst extracting, evaporating with rotary evaporator,
correspondent filtering, recrystallizing
1,3-dioxolane
Nitration of toluene to nitroaromatics, electrophilic substitution distilling under reduced pressure, adding Difficult
4-nitrotoluene, aromatics of aromatics, nitration of dropwise with an addition funnel, working with
2-nitrotoluene and aromatics wash bottles, extracting, shaking out,
2,4-dinitrotoluene recrystallizing, filtering, evaporating with rotary
evaporator, stirring with magnetic stir bar,
draining of gases, use of a cooling bath, heating
with oil bath
Oxidation of anthracene to | aromatics, oxidation mechanochemical reaction, grinding with a Easy
anthraquinone quinone planet ball mill, filtering, evaporating with rotary
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evaporator

Oxidation of anthracene to | aromatics, oxidation stirring with magnetic stir bar, evaporating with | Easy
anthraquinone quinone rotary evaporator, filtering, recrystallizing
Isolation of trimyristin carboxylic acid isolation of natural extracting with Soxhlet extractor, evaporating Easy
from nutmeg ester, triglyceride, | products with rotary evaporator, recrystallizing, filtering,
natural product heating under reflux, heating with oil bath,
stirring with magnetic stir bar
Isolation of trimyristin carboxylic acid isolation of natural microwave-assisted extraction, recrystallizing, Medium
from nutmeg ester, triglyceride, | products filtering, evaporating with rotary evaporator
natural product
Synthesis of aromatics, electrophilic substitution heating under reflux, stirring with magnetic stir | Easy
p-methoxyacetophenone carboxylic acid of aromatics, bar, filtering, evaporating with rotary evaporator,
from anisole anhydride, acid Friedel-Crafts acylation, distilling under reduced pressure, heating with
catalyst reaction of the carbonyl oil bath
group in carboxylic acid
derivatives
Synthesis of aromatics, electrophilic substitution working with cover gas, adding dropwise with Medium

p-methoxyacetophenone
from anisole

carboxylic acid
anhydride, acid
catalyst

of aromatics,
Friedel-Crafts acylation,
reaction of the carbonyl
group in carboxylic acid
derivatives

an addition funnel, shaking out, extracting,
filtering, distilling under reduced pressure,
evaporating with rotary evaporator, stirring with
magnetic stir bar, heating with oil bath
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2012) » FEROKEZERAFTLERE - EZm i SIAER
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(2) BRMmEEEEROHERA -
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TABLE 1. Course (Module) OQutline for "Green Engineering: Environmentally Conscious Design of Chemical Processes” (13)
Principles®

Part I: A Chemical Engineer's Guide to Environmental Issues and Regulations. This section provides
an overview of major environmental issues, and an introduction to environmental legislation,
risk management and risk assessment.
1. An Introduction to Environmental Issues
2. Risk Concepts
3. Environmental Law and Requlations: From End-of-Pipe to Pollution Prevention 1,2
4. The Roles and Responsibilities of Chemical Engineers

Part Il: Environmental Risk Reduction for Chemical Processes. This section describes a variety of analysis
tools for assessing and improving the environmental performance of chemical processes, The group of
chapters begins at the molecular level, and then proceed to a detailed analysis of process flowsheets.

5. Evaluating Environmental Fate: Approaches Based on Chemical Structure 1

6. Evaluating Exposures

7. Green Chemistry

8. Evaluating Environmental Performance During Process Synthesis

9. Unit Operations and Pollution Prevention

10. Flowsheet Analysis for Pollution Prevention

11. Evaluating the Environmental Performance of a Flowsheet

12. Environmental Costs Accounting

Part lll: Moving Beyond the Plant Boundary. This section describes tools for improving product

stewardship and improving the level of integration between chemical processes and other

material processing operations.
13. Life Cycle Concepts, Product Stewardship and Green Engineering 1.4,12
14. Industrial Ecology 10

[ N e ]
S

Additional Course Materials:
Case Studies
Glossary

4 By Anastas and Zimmerman (7).

[ 9 Shonnard % (2003)#7 HFRTZER AR /L2 12 TH R RIS FERA (4

EF TR 7582 &2 (Accreditation Board for Engineering and Technology)
IMEHAH B E] - g BIERENREES
(1) demonstrate an understanding of the impacts of engineering solutions in a global

and societal context,

T LT R R REU T E B
(2) have a knowledge of contemporary issues,

B & IR R
(3) understand professional and ethical responsibility.

T RECE B mE BT

S REER B Rt EE - [EZ e REEHEEHI—H 7 - Shonnard %
(2003)5R R IR EEALEHTRI R4 > HERE TR ([BEE) AVZERTRES » FEHN
RITZE (CHONPS)H st ER A ALIBERFALG » T MR A RHIIBER /o ATRHY B o T AEEIR
JE&l ~ FESEIERINY N R TAZ 28 B H AR RE S YA A 5222 (Shonnard, Allen et al.
2003) - LLEALHY T 2R AR A W ESYIE - s V- Edfig i U7 25 - (One possible
approach to developing technological literacy would be to teach students the general
concepts of mass and energy balances, applying these concepts in the analysis of
coupled engineered and natural systems at local, regional, and global scales.)

Juntunen B Aksela (2014)3% fs&t & L2 H B B /K E R LS & = (#iEm
(Juntunen and Aksela 2014) >
(1) F—H#h eI - gk E S RS SR e A5 (experiences and knowledge in an

environment or place towards sustainable development)
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SR LB B A &

(2) IRk GE3EERITL gE Ak (skills and knowledge about environmental
chemistry and sustainable development)

(3) WA LA K S A R A T BN (B {E 25 (value education, how to act for
sustainable development also by using chemistry)
1T Juntunen B2 Aksela JTVRH L2 BRI RE AR YR [E & % T DLy I T 228 10-

A B AT E A RCE AR B LA -

Effects on Heavy metals, organically bound metals,
hydro-, geo-, radioactive substances, morganic gases (CO,,
atmo- and SO,.. NO,, N,O, HFC, PFC. SF¢). asbestos,
biospheres algae,  toxics,  photochemically  active

hydrocarbons,  halogenated  hydrocarbons
(PCB, CEC, PFC...), methane, PAH, dioxins,
turans. pesticides, fuel leaks, small particles in
the air (VOC, PM, NMVOC), additives 1n
plastics (PBA. phthalates), sewage, cleaning
agents, medicines, tastes, smells, colours,

noise. ..
Types of Point stress (industries, cities), scattered stress
pollution (tields, livestock). fallout (burning processes),

and natural wash (in acidic conditions, e.g.,
dilution of aluminium and heavy metals)

Effects on Eutrophication (N, P...), changes m pH,
ecosystems diversity loss (living creatures are sensitive to
changes i pH because of pesticides or SO,
NO,, NH;, for example), salting, oxygen loss
(H,S). accumulation of bioaccumulative
substances 1 the food chain and trash

(plastics)
Health effects Acute or chronic, at the level of the individual,
species or population
Effects are Death, growth, breeding., hormones, genomes.
related to metabolism of organs, tumours, diseases.

harmless  carrying of  bioaccumulative
substances and changes 1n biodiversity or
behaviour

10 Juntunen B2 Aksela (2014)#2 tH{LEE BRI E 4 VA FIE 82
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