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1980-1984

Professor J.-P. Anselme N

"N-Nitrosamines from the Reaction of N-Chlorodialkylamines with Sodium Nitrite.” Nakajima, M.; Warner, J. C.;
Anselme, J.-P. J. Chem. Soc., Chem. Commun., 1984, 451.

"N-Nitrosamines via the Phase-Transfer mediated Nitrosation of Secondary Amines with Sodium Nitrite and N-Haloamides."
Nakajima, M.; Warner, J. C.; Anselme, J.-P. Tetrahedron Lett., 1984, 25, 2619.

"N-Nitrosamines from the Reaction of Sulfamoyl Chlorides with Sodium Nitrite.” Warner, J. C.; Nakajima, M.;
Anselme, J.-P. Bull. Soc. Chim. Belges, 1984, 93, 919.

"The Wittig Reaction in the Undergraduate Organic Laboratory.” Warner, J. C.; Anastas, P. T.; Anselme, J.-P.
J. Chem. Ed., 1985, 62, 346.

"Benzoyl Phenyl 1-Methylpyrazoles. Synthesis, Characterization, and Spectra.” Kano, K.; Scarpetti, D.; Warner, J. C.;
Anselme, J.-P.; Springer, J. P.; Arison, B. H. Can. J. Chem., 1986, 64, 2211.
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1984-1988  Princeton University

"Diels-Alder Reactions of Bicyclic 1,2,4-Triazines: The Conversion of Pyrimido[4,5-e]-1,2,4-
triazines to Pyrido[2,3-d]pyrimidines.” Taylor, E. C.; McDaniel, K. F.; Warner, J. C.
Tetrahedron Lett., 1987, 28, 1977.

"Synthesis and Structural Confirmation of 5,6-Cyclopenteno-5-deazapterin.” Taylor, E. C.;
Warner, J. C., Heterocycles, 1987, 26, 2673.

"Heterodienophilic Intramolecular Diels-Alder Reactions of 1,2,4-Triazines. Synthesis of
Novel Polycyclic Condensed Pyrazines and Lumazines.” Taylor, E. C.; Pont, J. L.;
Warner, J. C., Tetrahedron.; 1987, 43, 5159, 1988, 44, 1825.

"Intramolecular Diels-Alder Reactions of 6-Azalumazines and 6-Azapterins. A Facile Route
to 6,7-Annulated-5-deazapteridines.” Taylor, E. C.; Warner, J. C.; Pont, J. L., J. Org. Chem.,
1988, 53, 800.

"Diels-Alder Reactions of 7-Azalumazines. Synthesis of Condensed Lumazines and
8-Deazalumazines” Taylor, E. C.; Warner, J. C.; Pont, J. L., J. Org. Chem., 1988, 53, 3568.

Professor E. C. Taylor

"Diels-Alder Reactions of 6-Azapterins. An Alternate Strategy for the Synthesis of 5,10 Dideaza-5,6,7,8-
tetrahydrofolic Acid (DDATHF)." Taylor, E. C.; Harrington, P. M.; Warner, J. C., Heterocycles, 1988, 27, 1925.

"Aromatic-Aromatic Interactions in Molecular Recognition: A Family of Artificial Receptors for Thymine that
Shows Both Face-To-Face and Edge-To-Face Orientations.” Muehldorf, A. V.; Van Engen, D.; Warner, J. C,;
Hamilton, A. D., J. Am. Chem. Soc., 1988, 110, 6561.

"Synthesis of 6,7-Dihydrothieno[3,2-g]-5-deazapterin.” Taylor, E. C.; Pont, J. L.; Warner, J. C., J. Het. Chem.,
1988, 25, 1733.

"Competitive Intramolecular Diels-Alder Reaction and Intramolecular Coplanar Cycloamination of 3-(3-Butynylthio)-
1,2,4-triazin-5-ones.” Taylor, E. C.; Pont, J. L.; Van Engen, D.; Warner, J. C., J. Org. Chem., 1988, 53, 5093.

O
"Synthesis and Competitive Thermal Reactions of 3-[2'-(2-Propynylthio)- phenylamino]-1,2,4-triazines.” Taylor, E. C.; HN o)
Pont, J. L.; Warner, J. C., J. Org. Chem., 1989, 54, 1456.

OH

"New Synthetic Studies on Deazafolates.” Taylor, E. C.; Chang, Z. Y.; Harrington, P. M.; Hamby, J. M.; Papadopoulou, M.; o
Warner, J. C.; Wong, G. S. K;; Yoon, C. M.; Shih, C., Chem. Biol. Pteridines, 1989 Proc. Int. Symp. Pteridines Folic Acid Deriv., oH
9th, Meeting Date 1989, 987. Ed. by: Curtius, H.-C.; Ghisla, S.; Blau, N. de Gruyter: Berlin, Fed. Rep. Ger. 1990.
"Pyridopyrimidines." Warner, John C. in "Miscellaneous Fused Pyrimidines" T. Delia, Ed. Part IV, vol. 24, pp 1-460 John Wiley, “AI i mta”
New York 1992.
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John Warner “knocking
‘'em dead” at Princeton grad school

It's e af the macesl SCCies
academin--the former stodend returnmng
1o wisht hig mentor. This happened the

“ other day when John Warner, 22, of

uiney reported back o Chemistry
professor 1P Anseline on his progress in
gracdunie school ot Prmceton Limversity,

“He's knocking "em dead,” said
Prodessor Anselme, using the wernacilar,

He is, ingdeed, Warner, who had o 1.4
ACAACIIG RYETAES IS SENMWOF YEAT af the
Fartar Campas, legged three As and an
A+ in the Fall Term, the last grade
achieved in Heterocvelic Chemistry under
world-famed Dir. BOC, Taylos, b

“'marudying with a large nomber of
Ivy League groduaies, and [ gucss Lm
holding mv own, ™" said Warner,
enodesily .

Warner, a praciuate of Chancy High
School, is one of three sons of Tohn, an
electrician and Matabie, He was president
of the school band wed seemed beaded
{or a carcer i musie —undil he discovensd
i chemasiTy

YResearch is my strome point, 1 like
the Lobsorarosy, " said Warner, "1 fownd
it @ place for the creatity and
imaginarion | used 1o devote to music,”

A hgh poant o Warner s promising
CRresr was fos jumior year selection 1o
wpeak &l a Washingoon, D O mecting ol
the American Chemisiry Associabiion. Hais
wubpect: heterocwelic chemicals, dealt with

ol

Jihin W armer

a seres of comgounds important 1o
rharmacenisils,

Currently, Warner is in the runming
(or a lellowshep Tram the Marional
Srience Fowndation

Thie mice gart 1= that he remembers
where masch of il staried,
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1988-1997 Lioyd Taylor

"Thermographic Recording Film." Dombrowski, Edward J.; Guarrera, Donna J.; Jones, Robert
L.; Mischke, Mark R.; Warner, John C.; Yang, Jiyue, US Patent 5,750,464. May 12, 1998.
"Thermographic Recording Films." Dombrowski, Edward J.; Jones, Robert L.; Warner, John
C.; Yang, Jiyue, US Patent 5,750,463. May 12, 1998.

“Process for Fixing an Image, and Medium for Use Therin.” Marshall, John L.; Shon Baker,
Rita S.; Takiff, Larry C.; Telfer, Stephen J.; Warner, John C., US Patent 5,741,630. April 21,
1998.

"Copolymers Having Pendant Functional Thymine Groups." Grasshoff, J. Michael; Taylor,
Lloyd D.; Warner, John C., US Patent 5,708,106. January 13, 1998.

“Photographic Development” Guarrera, Donna J.; Mattucci, Neil C.; Mehta, Avinash C.; Donna Guarrera
Taylor, Lloyd D.; Warner, John C. US Patent 5,705,312. January 6, 1998.

“Photographic System” Guarrera, Donna J.; Mattucci, Neil C.; Mehta, Avinash C.; Taylor,
Lloyd D.; Warner, John C. PCT Int. Appl. WO 9,729,405. August 14, 1997.

“Method of Imaging Using a Polymeric Photoresist Having Pendant Vinylbenzyl Thymine
Groups” Grasshoff, J. Michael; Taylor, Lloyd D.; Warner, John C., US Patent 5,616,451. April
1, 1997.

“Process for Fixing an Image, and Medium for Use Therin.” Marshall, John L.; Shon Baker,
Rita S.; Takiff, Larry C.; Telfer, Stephen J.; Warner, John C., US Patent 5,582,956. December
10, 1996.

“Low-Volatility, Substituted 2-Phenyl-4,6-bis[Halomethyl]-1,3,5-triazine for Lithographic
Printing Plates.” Fitzgerald, Maurice J.; Kearney, Frederick R.; Liang, Rong-Chang;
Schwarzel, William C.; Guarrera, Donna, J.; Hardin, John M.; Warner, John C., US Patent
5,561,029. October 1, 1996.

“Process for Fixing an Image, and Medium for Use Therin.” Marshall, John L.; Shon Baker,
Rita S.; Takiff, Larry C.; Telfer, Stephen J.; Warner, John C., PCT Int. Appl. WO 9,529,067.
Nov 2, 1995.

“Vinylbenzyl Thymine Monomers and Their Use in Photoresists.” Grasshoff, J. Michael,
Taylor, Lloyd D.; Warner, John C., US Patent 5,455,349. October 3, 1995.

“Imaging Medium and Process.” Fehervari, Agota F.; Gaudiana, Russell A.; Kolb, Eric S;
Mehta, Parag G.; Taylor, Lloyd D.; Warner, John C., US Patent 5,424,268. June 13, 1995.
“Thermally-Processable Image Recording Materials Including Substituted Purine
Compounds.”Ford, M.; Guarrera, D. J.; Mischke, M.; Pai, R.; Warner, John C., US Patent
5,411,929. May 2, 1995.

"Copolymeric Mordants and Photographic Products and Processes Containing Same."
Grasshoff, J. Michael; Taylor, Lloyd D.; Warner, John C., US Patent 5,395,731. March 7,
1995.

"Process and Composition for Use in Photographic Materials Containing Hydroquinones.
Continuation in Part." Taylor, Lloyd D.; Warner, John. C., US Patent 5,338,644. August 16,
1994.

"Process and Composition for Use in Photographic Materials Containing Hydroquinones."
Taylor, Lloyd D.; Warner, John. C., US Patent 5,177,262. January 5, 1993.
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EPA Approval

Low Volume Exemption
PreManufacturing Notification

A
Small particles?

Molecular Complexes?



http://www.epa.gov/
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University of Massachusetts Boston
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Old Technology New Technology

Several Solvents Agueous Conditions
High Energies Low Energies
Hazardous Reagents Non-hazardous Reagents

...



“Reinventing Government”
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More environmentally
benign than alternatives

More economical
than alternatives

Perform better
than alternatives



Safety

Green
Chemistry

Performance Cost
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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.

FAR L S




The Twelve Principles of Green Chemistry

1. Prevention. lItis 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.
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“I1s wubject is so important and its story so powerful that it
deserves 1o be read by the widest possible andience.”
—MNew York Times Book Review

FOREWORD BY YICE PRESIDENT AL GORE

ARE WE THREATENING OUR FERTILITY,

INTELLIGENCE, AND SURVIYAL?

A SCIENTIFIC DETECTIVE STORY



| have synthesized over 2500 compounds!

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

| have synthesized over 2500 compounds!

| HAVE NO IDEA WHAT
MAKES A CHEMICAL TOXIC!
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Spinal Cord

Brainstem

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
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Women's Health Information

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



“Hs subject is so important and its story so powerfal that it
deserves 1o be read by the widest possible audience.”
—MNew York Times Book Review

FOREWORD BY YICE PRESIDENT AL GORE

ARE WE THREATENING OUR FERTILITY,

INTELLIGENCE, AND SURYIVAL?

A SCIENTIFIC DETECTIVE STORY

Olsson, H. and L. Brandt (1981). “Supradiaphragmatic
presentation of non-Hodgkin's lymphoma in men
occupationally exposed to organic solvents.” Acta Med
Scand 210(5): 415-8.

Walrath, J., F. P. Li, et al. (1985). “Causes of death among
female chemists.” Am J Public Health 75(8): 883-5.

Christie, D., K. Robinson, et al. (1991). “A prospective study
in the Australian petroleum industry. Il. Incidence of
cancer.” BrJInd Med 48(8): 511-4.

Persson, B., M. Fredriksson, et al. (1993). “Some
occupational exposures as risk factors for malignant
lymphomas.” Cancer 72(5): 1773-8.

Berlin, K., C. Edling, et al. (1995). “Cancer incidence and
mortality of patients with suspected solvent- related
disorders.” Scand J Work Environ Health 21(5): 362-7.

Persson, B. (1996). “Occupational exposure and malignant
lymphoma.” Int J Occup Med Environ Health 9(4): 309-21.

Lynge, E., A. Anttila, et al. (1997). “Organic solvents and
cancer (review).” Cancer Causes Control 8(3): 406-19.



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.

GREEN CHEMISTRY |

EDUCATION

EARNS A PH.D.

The University of Massachusetts, Boston, now
offers a Ph.D). track in green chemistry

INCE LAST FALL, THE UNIVEE- |

siry of Massachuserrs, Boston

(UME), has been acocpting su-

dents anto & new program called

rhe green chemnestry PhuU track.
Tr s offered by the department of eoni-
ronmental schences but sdmdnistered by
the deparoment of chemestry

The first of dts Lind in the world, the
program s the bradnchild of s dincctor,
UMB chemdsory professor Johmn €. War-
nec Sudents in the program, be cxplaans,
willl e ermineed msch Tk ootheer Pl D8 chem-
sery students, although their education
will emphasize skilks 1o design materials
and processes that have minimal impact
o hismein health arud the ervironment. Ar
eas of concentration mihsde environmen-
rally benign symthesis covironmerial mon
inarrteyg v deveotion, bindegradation, amd
bricrrensedstion,

Whar makes the program different
from amvthing else svalable so far, War
mer sy, 5 the roquirement of courses in
ronccobogsy, eintrommental ke and police
emvironmental Eate and transport, and in
dustrial chemistry Through these cours-
5, e cxplains, “we broaden the stodents”
uruderitanding of ervironmental realsties -
suwch as what makes 2 mobecule toxic, whar
larws hae been established t govemn syme-
thetic procedures, and whae happens in
the environment —which comvenrional
chenmstry programs don't reach.™

Terrerst ). Collirs, 2 chemistry profes-

sor 3t Carnegie Mellon Universang notes
that “we do not [fve in a sustainable cid

lizati, sustainatslicy meaning thar whar
we cho every day can be carried on o the in-
detinite future without causing clamage.”
Collins was 2 recipient of the [999 Presi-
dential Green Chemistry Challenge Aca-
demic Award The UME program, be tells
CEFM_ is one way to call arcenrion to the
fact that “a sussaimable civilization needs
the intimare engzpement of chemismy”

The UMB program “is timedy, as there
b bewn a ddistinet shifr in frcus in chem-
sty sn laner Soocr, depury director of
the Cemere for Green Chemisery ar Monash
University, in Australia. “Even those who
might not consider themselves 'gnrn
d‘umi.w:'m'l‘:fg'.nmngm Fowruis. con s ol
mﬂaﬁi{}'and'r}rﬁﬂgld h:-.ngppnﬂ-
uCts and proceses tr prEvent pqﬁ,u:u:m an
the souarce. The chemical indastry is begin-
nang o demand a wider knowledge of and
TTETICID f iSRS i.‘rf:l.l.'.m.il’:ﬂjiul_\"

Mary Kirchhoff, assistant director of
the {zreen { :he-mis.rr:.' Insrineme, in Wish-
in@mﬂ. i, RETECS shar the rime & ng!n;
ri:rrapﬁ.-n nr'hnrni;,'rr}-' Ph. I pCyEranm. It
might have been met with skepiscisen 10
years agr, when the tem “groon chesmstry™
firse surfaced, she nells CREN. Wirmer 15
the ideal person 1 lead such a program,
she adds. “Hie's pot the rescarch creden-
tials, the reaching credentials, the com-
mitenent o srudents, and the pasaon.”

INCUBATOR The Unkwersity of
Massachusetts, Boston, houses the first
Ph.D. program in gresn chemistry,

mual green chemisary rrasndng will foroe
chemists oo changes how they think.

“Chne of the things that modecs organic
symehiests so exciting is thar, o you drow 2
medecule, there are probably an tnfinite
eumber of synehetic patbways that you can
fallow e make thar molecube,” Warnes
says. Teaditsomally, the focus has been on
maimizeng vields and stereoselecehaties
Considerations of environmentsl and wox-
icological impact carely come nno play

“IF OHE STEP in a synrhetss seequence re-
cquires a havardous respent thar's repula-
ed by the federal povernment, that sc-
quence could be more expensive than an
alvernarme souse thar eight gve less vickd,”
Warner explains, Repularory and coviean-
mentalreaditics often decide the coomean-
ic vighility of  senchetic route, be adds;

Chemisas |m|all_1- Bearn af sisch comsd-
erarions when they're working for 4 com-
pany, Warner savs, “lndwscey would like
people 1o oo i with soame understand-
ing of rhese ismes, hecase there's eco-
e benedin if processes destgreed in labs.
o pos buave 1o be reworked vo sansiv neg-
oy edquErcments.”

A green chemdsery PhUD, wonsld bee a big
plus for chemises mrerestod m process de-
velopment, sotes Berkeley Cue, vice prose
dent of pharmaceutscal scicners ot Plieer
(ilohal Research & Development, Groton,
Conp, " VWhat we try 1o sooeporate o the
desipn of marmifsctaring processes —ssch
s saafiery; effcpen use of rinw mateals, frin-
irnad s of sodvenes, and onduoe snadyas —an:
aligned oo the concepes thar Wirner and
peaple Bk bam ane veachang” he oaplaios.
e pust dhidey call it proen dhemisery We
walled i proces doveloprsent.”

Amy Cannon is the firse sendent en-
rolled i UMES preen chemisery FhoI
program, Slhe's working on constrecting
solar ¢reng deviors in 2 more coviron-
mientalby bergn mamoes. Carrenthy she ex-
plasns, producing solar oells corrmemes o
much coerey that a solar paned has o op-
ettt foryears be fore it generates as much
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help save the word by doing what 1 can
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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%7?




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%7?




Where do products come from?

r “The Environment”

Basic Research Applied Research
Development :
Manufacturing

Performance
Economics

Social Implications



Chemicals Policy

r “The Environment”

Green Chemistry O
Green Engineering






Risk = Exposure x Hazard




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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Carbon-Carbon Bonds
Oxidations

< Reductions
Hydroxylations
Polymer Syntheses

Traditional Processes



Traditional Processes Green Alternatives



Green Chemistry Research and Development Act of 2006
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Eramm o Merican
JEFIMIFER M. GRAMEOLEA CFFICE OF THE GOVERMOR JON O CHEARAY, JR

e R L | LT. GOAYERRDM

EXECUTIVE IMRECTIVE
Mo, 20006 - 6

PROMOTION OF GREEN CHEMISTRY FOR SUSTAINABLE ECONOMIC
DEVELOPMENT AND PROTECTION OF PUBLIC HEAI JTH

WHEREAS, Section 1 of Article V of the Michigan Constitution of 1963 vests
the executive power of the State of Michigan in the Governor;

WHEREAS, under Section 8 of Article V of the Michigan Enn&ii—:il,utjﬂn of 1963
each principal department of state government iz under the supervision of the

Governor unless otherwise provided by the Constitution;

WHFREAS. Section 52 of Article IV of the Michigan Constitution of 1963
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| 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




Center for Green Chemistry . .~

ular Recog
Green Chemistry and

NonCovalent Derivatization

Ambient Metal Oxide
Semiconductors







COSMETICS / PERSONAL CARE PHOTONICS/ELECTRONICS

Hair Curling Solar Cell Semiconductors
Fingernail Polish Fuel Cell Membranes

Alternative Colorants Conductive Polymers

_ _ Photoresists
Formulation Design

Water Purification

FINE CHEMICALS and POLYMERS Chemical Sensors

Cellulose Based Technologies

PHARMACEUTICALS
Drug Delivery

Novel Synthetic Methodologies

Enzymatically Processed Polymers Focused Bioavailability

Textile and Fiber Shape Control Antibacterial Coatings

Biodegradable Plastics and Packaging Anticancer Drugs

Low VOC Expanded Polystyrene

Used Pharmaceuticals Destruction
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The incorporation of hazard

reduction as a chemical design
criterion in green chemistry

By Nicholas Dv. Anastas,
Jobn C. Wamer
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The bigger picture.




Physical properties of a material

«State of Matter

*Color

*Melting Point

*Boiling Point
«Solubility

*Electrical Conductivity




Physical properties of a material

«State of Matter

*Color

*Melting Point

*Boiling Point
«Solubility

*Electrical Conductivity
*Toxicity

eImpact on the environment




Outreach and Community
Education



K-12 Education:




Welcome to
Green Chemistry Day
with UMass Lowell

Exhibit Halls
are open today

Please join us!

Blue Wing, [ ower Level
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Community Outreach:

Green C hemistry

Camnle LeBlanc, Editor, Tiescs Use Reduction Instimpe, Tass Lowell, Lowell, MA 01254

Lowell's Industrial Evolution

Earth Day, April 22, 2006
The UML Center for Green Chemistry
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Thank You !

UMASS Lowell
College of Engineering

School of Health and the Environment



Green Chemistry Research Group

Graduate Students:

Undergraduate Students:

Seun Adewumi [BS 2001] Eileen Lintz [BS 2006]

Mariya Andreyeva [BS 2002] Jacqui Moore [BS 200X] Jie Bai [MS 1998] Nick Anastas [2004] (ECOS)
Kim Bonner [BS 200X] Meybel Morales [BS 2001] MaryJo Bent [MS 2001] Taylor Balin [2007]

Khai Bui [BS 1999] Minh Ngoc Nguyen [BS 2000] Amy Cannon [MS 2002] Jason Bianchini [2007]
Elizabeth Brown [Unmat] James Norman [BS 2001] Guimy Cesar [MS 2002] Benjamin Bowers [2008]
Jonathan Casciano [Unmat] lyore Otabor [BS 2000] Donna DeVincent [MS 200X] Timothy Cain [2008]

Guimy Cesar [BS 1999] Reshma Pal [BS 2003] Rami El-Hayek [MS2004] Amy Cannon [2004]

Mavis Cleve (RCC) Tiffany Palmer [BS 1999] Can Eristi [MS 1998 (Biology)] Vineet Dua [2008]

Danielle Dower [Unmat] Joshua Pezet [BS 2004] Majdi Haddad [PhD 200X] Rami El-Hayek [2007]
Tessa de la Vega [Unmat] Megan Pesch [BS 2006] Tim Haney [MS 200X] Majdi Haddad [PhD 2008]
Shana Dew [BS 2000 (Biology)] Truc Pham [BS 2000] Dong Lee [MS 2004] Abby Johnson [2007]

Felix Epie [BS 2000] Clyde Poindexter [BS 2002] Nicole Lee [MS 2004] Ted Mendum [2005]

Brian Ferla [BS 2000] Sergei Poletayev [BS 2001] Wen-Feng Lo [MS 2002] Steve Mullin [2004] (Biology)
Marie Flores (BHCC) Nan Pochanard [BS 2004] Jian Lu [MS 200X] Reshma Pal [2007]

Hope Foudoulakis [BS 1998] Vitaliy Poylin [BS 1998] Lisa Lloyd-Kindstrand [MS 2002] John Pyers [2007]

Ryan Giantassa [BS 2006] Whitney Pressler [Unma] Steve Mullin (MS 2001 (Biology)] Raina Siladi [2008]

Alison Goddard [BS 2004] Michelle Priego [BS 1998] Minh Nguyen [MS 2001] Justin Whitfied [2007]
Michael Haverty [BS 1998] John Pyers [BS 2002] Brendan Nye [MS 200X] Cecelia Kiarie [2007]

Maria Hoffbauer [BS 2004] Jennifer Raudys [BS 2002] Reshma Pal [200X]

Jessica Jarvis [BS 2000 (Prin)]  Joshua Roth [BS 2000] John Pyers [PhD 200X] Post Docs:

Mirna Jeganathan [BS 2001] Alyssa Short [BS 2000] Carlos Tassa [MS 1999]

Nirahnjan Jeganathan [BS 2001] Jjoshua Steinberg [BS 2001] Dalena Tran [MS 200X] Alessandra Morelli [1997-2000]
Brian Jones [BS 2001] Micahel Tauber [BS 2001] Michelle Turner [MS 200X] Samira Najah [1998-2000]
Jibrin Kama [BS 2003] Christine Taylor [BS 1999(Bio)] Tianying Jian [MS 1999] Usha Sharma [2003]

Khadir Kakal [BS 2001] Jude Telfort [BS 2001] Hong Jin [MS 2000] Sofia Trahktenberg [2002 - ]
Kavitha Kanagarayer [BS 2003] Dalena Tran [BS 2001] Jun Wang [MS 2000]

Christopher Katz [BS 1999] Arundhati Unduhrti [BS 2003] Cara Weisman [MS 200X] Visiting Scientists:

Man Ching Ku [BS 1999] Allison Williams [BS 2000] Satenig Yildirim [MS 2000]

Hong Le [BS 2002] Dolma Yarchim [BS 2001] Feng Zhou [MS 1999] Yelda Hangun-Balkir [2002 -2004]
Nicole Lee [BS 2001] Nasrin Zaman [BS 2004] Radouane Zouaoui [MS 200X] Kevin Dye [2002 - ]

Tal Levy [Unmat] Tom Flanagan [2002 - ]

Deborah Martino [2002 - 2003 ]



	01_Warner.pdf
	Introduction to Green Chemistry
	Environmental Regulations
	Environmental Regulations
	Outreach and Community Education




