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Sustainable Development

“safeguarding human health and environment to allow for future
generations to maintain the necessary resources to sustain life”
[AREER  THABRORE R BT HRERAAKELEGHLETR - ]

2

government

A

public mdustry

The challenges to

Cchemists>




Nature vs Industrial Society

Nature Industrial Society
a cycle the natural cycle disrupted
5? N fh
VY _ 4 _
Resources Consumption Resources Consumption
N
A
WastE}P— - = Waste’

Human are depleting resources and making wastes much
faster than nature can take the wastes and convert them
back into resources









Waste and the Chemical Industry

* Where dose it come from?

Industry Seament JONNAGE RATIO Kg Bypr odncts /
Kg Product
O1l Refiing 10° - 10° <0.1
Bulk Chenucals 100 - 10° 1-5
Fine Chenncals 10¢- 107 5-50
Fhamaceuticals 10 - 10° 25 - 100+

« Areas traditionally thought of as being durty (o1l refining & bulk chemical production)
are relatively clean - they need to be since margins per K g are low.

» Newer industries with higher profit margins and employing more complex chemistry
produce much more waste relatively.

Chemtech 1994, 24, 38-47



Environmental impact of manufacturing processes
of active pharmaceutical Ingredients

A 2007 study showed the median amount of materials
used to make 1 kg of APl was 46 kg, in whizh 56% 01
the mass used was solvent. That is, 22 kg of solva i1
are needed to make 1 kg of API. E=45

Solvents 56%

Water 32%

Other 5%
Reactants 7%

Green Chem. 2011, 13, 854,
Org. Process Res. Dev. 2011, 15, 912,
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Table 1.4  Some solvent applications.

Application

Description

Sulvenl ealraclivn

Analvtical chemistry and

clecirochemisiry

Organic chemistry

Polvmer amnd materials
chemisiry

Household and others

In hydremetallurgy W recover melals [Tom ores

In nuclear Muel reprocessing

In waste waler treatment

To recover natural products from plants or from fermen-
tation liquors

In organic synthesis and analytical chemistry

As a degreaser and cleamng agent

Eluant in analytical and preparative chromatography, and
in other scparation technigques

[Mssolving the electrolyte to permit current to flow between
the electrodes, without being oxidized or reduced itself

As an oxidant or a reductant

As a reaction medium and diluent

In separations and purification

As a dehydrator (also in materials chemistry)

As a dispersant

As a plasticizer

As a blowing agent to create porosity

As a hinder to achieve cohesiveness in composite materials

Production of powders, coatngs, films, ete.

As a developer in photoresist materials

Fuels and lubricants

Paints. varnishes, adhesives, dves, eic.

Antifreeze

Cleaning {luids

As g humectant (hydrating matenal) and in emulsions
within cosmetics and pharmaceuticals

Kerton, F. M. Alternative Solvents for Green Chemistry, RSC, 2009.



Chemical’s EHS file

* An Environmental Health and Safety (EHS) tool
has been developed to assess the direct
environmental risks of a chemical compound.
The EHS profile is calculated by considering for
the environmental persistency, air hazard, and
water hazard; for safety: release potential,
fire/explosion risk, and irritation. Any
compound is given a score for each of these
factors, which are then summed to give an
overall EHS profile.




Life Cycle Assessment (LCA)

* The gold standard for the quantification of

greeness is the full LCA.

* The LCA seeks to assess the environmental
impact of the production and use of a chemical

product encompassing a
the sourcing of its ingrec

| stages of its life from
ients through its

production, with the inc

substances used therein,

usion of all auxiliary
to its transportation and

use, and finally its eventual destination in the

environment.



Full life-cycle assessments
m Chemists often do not know how the chemicals they use are made
m Chemists often do not know how their chemistry affects the biosphere

Altemative fesdstocks——( Fre-Manufacturing —— Waste Minimisation
Catalysts —__ M " . J— Solvent Substitution
Intensive Proceasing ~—| Manufacluning |~ ~ Alternative Routes
Product Delivery [~ Degradable
Packaging
Environmantally ;
Benign Chemicals Product Use | Safer Chemicals

] I

Recyclable Products End-af-lifa B ?IZ%T:;h -

Fig. 3 Green chemistry applied from the cradle to the grave.

“Green Chemistry: Today (and Tomormow)", J. H. Clark, Green Chem. 2006, 8, 17-21.



Long aliphatic chains degrade more
readily than branched

3

o
SOH SO,H

Low degradation rate High degradation rate

Scheme 2.7 Structure/degradation relationship for alkylbenzene sulfonates

From: Lancaster, M. “Green Chemistry: An Introductory Text”, RSC, 2002, Chapter 2, p. 46.



Safety of Chemicals- NFPA 704
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Definition of Green Chemistry

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

Fathers of Green Chemistry : Paul Anastas and John C. Warner

C&E News QOctober 4, 2010

Warner's talk at the Berkeley Green Chemistry Center
http://www.youtube.com/watch ?NR=1&v=mrSy6RKOge8




Spirit of Green Chemistry

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

* Prevention!

* Reduction!

* Increase efficiency
* Holistic thinking

* Smart chemistry!!



Reduction of What?

Environ-
mental

Qmpant
o

Non-
renewabl

%

Hazard

\and risk




Spirit of Green Chemistry

Risk = f(hazard x exposure)

L 4
Before

Now
Minimize risk by minimizing hazard




2020 Sustianability 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 bioclogical 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)



How to realize the goals?



12 Principles of Green Chemistry

. Prevent waste

. Maximize atom economy

. Design less hazardous chemical syntheses
. Design safer chemicals and products

. Use safer solvents and reaction conditions
. Increase energy efficiency

. Use renewable feedstocks

. Avoid chemical derivatives

. Use catalysts, not stoichiometric reagents
10. Design chemicals and products that degrade after use
11. Analyze in real time to prevent pollution
12. Minimize the potential for accidents

O oo NOOU B WNERE

Green Chemistry: Theory and Practice, Oxford University Press: New York, 1998.



Condensed Principles of Green Chemistry

P - Prevent wastes

R - Renewable materials

O - Omit derivatization steps

D - Degradable chemical products

U - Use safe synthetic methods

C - Catalytic reagents

T - Temperature, Pressure ambient
I - In-Process Monitoring

V - Very few auxiliary substances

E - E-factor, maximise feed in product
L - Low toxicity of chemical products
Y - Yes, it is safe

S. L. Y. Tang, R. L. Smith, and M. Poliakoff, Principles of green chemustry: PRODUCTIVELY,
Green Chem., 2003, 7, 761-762.



Green Chemistry is Cost Efficient

Atom
Economy

Conver-
gency

Reagent
Optimi-
zation

Solvent

Reduction
]

=t

/W

Minimal by-product
formation

AARIR I & 15

increased process
efficiency

oﬁ"i‘lﬁlfﬁiﬁ% %

Catalytic, low
stoichiometry, recyclable
reagents minimize usage,

BB A 1

Less solvent waste,

RABF A 1

& B 8 a4

More from less —
Incorporate total value
of materials

[ 29593

Higher efficiency —
fewer operations

[ 29593

Higher efficiency -
higher selectivities

A& R A

Higher throughput, less
enerqy,

%18 R A



Green Chemistry is Cost Efficient

RBLE M 8B %
Energy from power generation, reflects increased
Reduction fransport, and use efficiency, shorter process,
mild conditions
BRI R 1 {5 R A
In-situ Reduced possibility for Real-time data increases
Analysis  exposure or release to throughput and process
the environment efficiency, fewer reworks
[ ZE
Safety Non-hazardous Worker safety and reduced

materials reduce risk  down time, Reduced time
of exposure, release, on special control
explosions and fires measures.

% 1 R A

y |
Y-y

Organic Process Research & Development, 2006, 10, 315.

he



12 Principles of Green Engineering

. Inherent Rather Than Circumstantial
. Prevention Instead of Treatment
. Design for Separation
. Maximize Efficiency
. Output-Pulled Versus Input-Pushed
. Conserve Complexity
. Durability Rather Than Immortality
. Meet Need, Minimize Excess

. Minimize Material Diversity
10. Integrate Material and Energy Flows
11. Design for Commercial “Afterlife”
12. Renewable Rather Than Depleting

OO0 ~NOOULLE WNPR

Env. Sci. and Tech. 2003, 37(5). 94A.



Principles of Green Engineering

Inherently non-hazardous and safe
Minimize material diversity

Prevention instead of treatment
Renewable material and energy inputs
Output-led design

Very simple

Efficient use of mass, energy, space & time
Meet the need

Easy to separate by design

Networks for exchange of local mass & energy
Test the life cycle of the design
Sustainability throughout product life cycle

S. Tang, R. Bourne, R. Smith and M. Poliakoff, The 24 Prineciples of Green Engineening and
Green Chemustry: “IMPROVEMENTS PRODUCTIVELY™, Green Chem., 2008, 10, 268-269.



The Twelve Principles of Green Engineering {52 T 51215 5 H]

w2
Anastas, PT., and Zimmerman, J.B., "Design through the Twelve Principles of Green
Engineering”, Env. Sci. and Tech., 37, 5, 94A-101A, 2003.
Inherent Rather Than Circumstantial FREF AT
Designers need to strive to ensure that all materials and energy inputs and outputs are as
inherently nonhazardous as possible.

Prevention Instead of Treatment TR B =%
It is better to prevent waste than to treat or clean up waste after it is formed.
Design for Separation iR

Separation and purification operations should be designed to minimize energy consumption and
materials use.

Maximize Efficiency Y)(aFEsE KRR EHA

Products, processes, and systems should be designed to maximize mass, energy, space, and time
efficiency.

Output-Pulled Versus Input-Pushed EE“finp=

Products, processes, and systems should be "output pulled” rather than "input pushed" through
the use of energy and materials.



Conserve Complexity BN MER,

Embedded entropy and complexity must be viewed as an investment when making design
choices on recycle, reuse, or beneficial disposition.

Durability Rather Than Immortality [ FH{EF 15

Targeted durability, not immortality, should be a design goal.

Meet Need, Minimize Excess BEE

Design for unnecessary capacity or capability (e.g., "one size fits all") solutions should be
considered a design flaw.

Minimize Material Diversity AgE TEER A AES 4

Material diversity in multicomponent products should be minimized to promote disassembly
and value retention.

Integrate Material and Energy Flows A EEFE[AE

Design of products, processes, and systems must include integration and interconnectivity with
available energy and materials flows.

Design for Commercial “Afterlife” REBMOEFR

Products, processes, and systems should be designed for performance in a commercial
"afterlife.”

Renewable Rather Than Depleting HEERES
Material and energy inputs should be renewable rather than depleting.



o,V (46 i Al) R (L6 5 A) R e B R E
R T EFIRAR: B AR, AR

Rt 2 ¥ ik
& £ (yield): BAEEH 0 E Tl $ LR X FHZARAHEHEETZ L
EEY)= AHZTEE(AEE)/ LR IGTHFZFE(RETRE)
T4 % (atom economy): & F{EFCF R MRS THRA—B TR ECHARV BEEDAER
B L B FRFZ LA BREES TR T ELEHPE GG E.
RT4EF(AE) = Edha T/ RIS TFEZA
J&F # & (atom efficiency): £ F i # B T L= 58694 452
BT F(AF) =AEx Y
A A H ¥ & #(effective mass yield): BARZ WA A RM T HENH I EZTRAEHTBRT R
HE A B A & E W b L AS BT A S-S 89 W Aw S
AAHEEFEMY) = B0 E(0T)/ATREHGETE(LR)
B F 3 # (carbon efficiency): &35 24 W 38 s8R T AW EX FTAHRBR T4 —1@
BEPERTHECRENTZHR T ERHA LR PR T ERAZ b,
BRTHECE) =AM THRTREZ/FABNTHRRETHER
B HE T ¥ 3 # (reaction mass efficiency): & #1408 £ ik 67 R4 & & 2 b,
F & #2 % (RME) = & 4 & & /R FIE 2 5 4 dL Ao
ESHN- VY L 53 VY TES EOTE N
3 5 B T (environmental factor): B % & o B o BT A Bedh 2 bb it th L35 T &) & 4 LA,
TEAGH], A B & <
RELET(E) = B e () /24 EE(2T)




Atom Economy = _molecular weight of desired product

; X 100%
molecular weight of all reactants

Diels-Alder Reaction

0 0
( N ﬁk @J\ 100% Atom economy

Wittig Reaction

32% Atom economy




2. Atom economy: Synthetic methods should be designed to maximize the incorporation of all
materials used in the process into the final product.

BARRKORTER: RITGREFLBEDNSARRIFTAREREH. A 1B
REART.PEREEMR D,

;ﬁ:]'.' .ﬁa‘ (ﬁ) {£Ff_—_%}"?§|5ﬁi%] x 100% B. M.Trost, Science, 254, 1471, 1997; Acc. Chem. Res. 33, 695, 2002,
O  +CH;MgBr - + MgBrOH
A =74.1/(74.1+123.2) 100% = 37.9% _{:}—?_%:MJDH 123.2

|& 47 % (atom economy) = 100%

B FE: B: KNSR 4 EE S K ALER ER A 2H,0 + 0, =2 2H,0,
EHAH T IE: : FFE 8% (hydride shift). (b5 B R
CH,CH(CH,)CH=CH, = CH,;CH=CHCH,CH,

JH 4578 < 100%

HU R E: 5 e SR ERE £ 8/EH . CH, + Cl, = CH,Cl + HCl
EFIHEEYE § = (12+3x1)+35.5 = 50.5; [ZEYHYAEE 8 = (12+4x1)+2x(35.5) = 87
[EH FE% 7% (%) = 100% x 50.5/87 = 58%

Srie ks E: 51: Ca(OH), = CaO + H,0

AR EIHYEEYI(CaO) B B = 40.1+16 = 56.1: [ZFEY)AARET fE = 40.1+2x(16+1) = 74.1
[ F-4% 7% (%) = 100% X 56.1/74.1 = 76%

HEREMN{LZiE S aA+bB 2 cC+dD

SRR EYE G EY - —. B EYAYETE o] HE £/ N 100%.



B R (RACH, JE1R4% 7 %)

FAedE¥e BE 5 (FME R EARA-200 CH&H#4280" C)
3 (B2 EO--20° CH160-280° Q)

2 (FEREO - 10" C&90-160° C)

L (

O (

BUEBE10 - 207 C530-90° C)
B ERE20-30 C)
J& 71
(f;+|1-Pressure(atm)|) *time (hrs) *Weight *Heat Capacity (Jgm-°K)

Wt Desired Product

Step EE (Energy Efficiency) =

HEIE 5 K AR (T o 69 5 2 o ):
5 (AR 4 (UK 3); 3(AB3); 2(X A 3H); 1(R4E3H)

U.S. EPABIOWIN program Expert Survey Biodegradation model

B RE BF FLAS BRaeBA. ABHEER)




# L 3 (Carbon footprint)

B R_IFiE 4 3 2 carbon footprint £ 3% f 4. #9 8 & &7 AL 4% Ao [
BEFIFABGEHELRE RO AT S NARBETRE
A ERARLELFRAMER T LA D LRET /AT A = 84,
Pl LR AAREEHEA AL EL LT RT AN ST % M
VAR RSk A BALBR M E SR TTIRIAA, RE, #E, BR
ABME, LER, TRFABLEFIEEZ = FACH (R) &3
i,
T 72 3 58 &5E & £ — o )T = ALk
EES BB R

£ FE2 R

WRAET NG 32 ) i (Zh 5260 F3).

] H#16 2~ .
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A2 2 4 H



Alternative organic synthetlc methnds 'fﬂi’_ xﬁi Mlcrowa
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Mechanochemistry
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ectrochemistry
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~{Photochemistry
St /  chromophore

Microm as e | lermso g

>
— _ Microflow » : S. K. Sharma, A. Chaudhary,
Reactants Product and R. V. Singh, “GRAY
Jres CHEMISTRY VERSES

CHALLENGES AND
OPPORTUNITIES, RASAYAN
JOURNAL OF CHEMISTRY
(RJC), (2008), 1, 68-92

‘ T‘f‘ GREEN CHEMISTRY:

mechnochemistry Electrochemistry



Advantages:

e Control of temperature and pressure

ePerform reactions impossible by conventional heating

eDramatic reduction in reaction time (from days and hours to minutes).
O

conventional heating:1h 90 %
—
. I NP : | ch microwave heating: 10 min 99 %

20% H,S0,
=

of ield Gedye, R.; Smith, F.; Westaway, K.; Ali, H.; Baldisera, L.; Laberge, L. and Rousell,
NCrease Yields | tetrahedron Letters, (1986) 27, 279-282.

OH
O O 1. 0.5 mol % L-proline h
+ M+ Ar—NH, DMSO, microwave _ ‘xH _Ar
o 2. NaBH,
up to 98% ee

Mannich reactions: Synthesization of f-amino ketones via three-component condensation
B. Rodnguez and C. Bolm, J. Org. Chem. 2006, 71, 2888-2891

eReducation of side reactions
e|mprove reproducibility




Mg, THF SiMe,
- W\gﬁ

1)), 45 °C, 1 h

Mg , THF

SiMes X..
WT a8 ik

Scheme 55 Ultrasound-assisted synthesis of vinyl GR.







Solvent-free Reactions
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“Recent Advances in Solventiess Organic Reactions: Towards Benign Synthesis with Remarkable Versatility”
G. W.V. Cave, C. L. Raston and J. L. Scotta, Chem. Commun., 2001, 21, 2158-2169.
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Scheme 11.16 Formation of a novel fullerene dimer under solvent-free ball milling conditions.






US Presidential Green Chemistry Challenge Awards

Summary of hot key words In the past five years

« Catalysts 15
« Biomass and related 10
« Polymers

Commodity chemicals

Organic solvent & VOCs reduction
+ Fuels

» Drugs and pesticides

« Paints

Water

Analysis

PPN BEREERE OO



Supercritical carbon dioxide fluid, critical pressure (31.1 atm), temperature (73.8 C)
non-toxic, non-flammable, inexpensive, environmentally benign
solvating power similar to hexane and CCls. extraction decaffeinated coffee.

Replace perchloroethylene (perc) in dry clean

NoDryClean

(http://www.nodryclean.com/carbon dioxide

cleaning.htm)

Examples of catalytic reactions 1n supercnitical Huids

Type of Reaction Catalyst Reaction conditions Eftect
reachon
Alkylation [sobutane + H-Y (dealumunated) Solvent; isobutane, Increase activity, mcrease lifetine
1sobutene T = 50-140°C,
P =3-5MPa
Esterification Oleicacid + lon=exchange resins Solvent: COs;, Increase activity
methanaol T =40-604C,
P =0.2-1.3MPa
Hyvdrogenation Fats and o1l Supported Pd Solvent: propane. Increase activity, incrense selectivity
T =350-100°C,
P =7-12MPa
lzomernization 1-Hexene Supported Pt Solvent: T0y; Increase activity, selectivity and lifetune
(cosolvent: pentane),
T =250°C,
P = 18MPa
Oxidation Toluene to Co/alumina Solvent: CO;, Increase selectivity
benzaldehyde T =100-200°C,
P = 8MPa

A. Baiker, Chem. Rev. 99 (1989) 453.

Extracted d-limonene from orange peel. L.C. MacKenzie, et al., Green Chem., 2004, 6, 355-358.



lonic liquid

Cations Anions
l "“] — 0.0
b ~NZ (s ) FiC-§=N=5=CF;
R "GHs r:l M. O .;f;.
R R™ "CH, bis{rifluaromethylsufomd jimide
1-alkyl-3-mathylimidazolium T-alkylpyndimiwm 1-alkyl-1-mathylpyrrolidinwum [NTE,]
NC. - JCM
RaM™ R4P* R;S" M
tetraalkylammaonium tetraalkylphosphanium trialkytsulionium n';g?g:;mlm
* air stable

* no measurable vapor pressure (non volatile)
+ lack of flammability
+ high conductivity

0
FiC-8=0

0
trifluoromethanesulfonate
triftate, [OTH

'

Fe.p. F
FehiE

haxafludraphasphalia
[PFsl

RS0,
alkylsulfale
[CaS0aT

F

tetrafluoroborate
[BF4r

* high thermal and chemical stability for wide temperature range by fine tuning the

variation of cations or anions

* recycling of ionic liquids for re-use was possible without decrease in yield--

environmentally friendly
hitp-ffithermo. bouldernist. gow L Thermof




Targets with high impact

« Fuels

« Polymers

« Paints

« Papers

« Drugs

« Pesticides With high demands worldwide
« Commodity chemicals



Biocatalysis

Advantages:
Highly efficient
Aqueous phase
Enantioselective
Regioselective
Chemoselective
Mild conditions
ow pH
ow temperature
oW pressure
Fewer byproducts
Simplified processing

Thayer, A. M. C&EN 2012, 90, 13



2010 Academic Award

i R

Prof. J. C. Liao

2PGA —>PEP— Pyruvate
(UCLA and Easel % \A)L
Biotechnologies) RuBP ~~—3PGA
Biochemical recycling of Calvin cycle oSS
CQO, to higher alcohols
’ Ao

Valine bicsynihesfs |
aline biosynthesis |-, oo 4, INC

Nature Biotech. 2009, 27, 1177 ) ,

2,3- dihydroxy-isovalerate
genetically engineered /Iu?‘fm
Synechococcus VIvD

L-valine  2- ketoisovalerate
elongatus PCC7942 )\(ﬁ"” WE J\m/ﬂm
60 billion gal higher alcohols = l Kdc

8.3% total CO, emission in US/yr |sobutyraldehyde



wCEPIT TS ER i &4 FE 52 | B2 (isobutylaldehyde)

Synechococcus elongatus PCC7942 O
CO2 > Vi
photosynthesis

isobutyraldehyde

_'-

1sobutanol

OH



Prof. J. C. Liao (UCLA and Easel Biotechnologies)

An integrated electromicrobial process to convert CO, to
higher alcohols

RN

1
ﬂ

=

| Femtemrlrmdam bkt rertemsbactea |

o ——— - —

=

Ceramic Cup \

Science 2012, 335, 1596



2010 Small Business Award

LS9, Inc.
Genetically engineered a variety of microorganisms to act
like refineries

Engineered microorganisms

Fermentable sugars = alkanes, olefins, fatty alcohols, or
fatty esters

 Eliminates benzene, sulfur, and the heavy metals found in
petroleum-based diesel

» 85 percent decrease in greenhouse gas (GHG) emissions

» Competitive price



C&EN

Volume 90 Issue 38 | p. 16 | Concentrates
Issue Date: September 17, 2012 0 (1]

LS9 Starts Up Florida Demonstration Plant K &

Email = Print =
By Melody M. Bomgardner

Department: Business
Keywords: fatty acids, bicbased chemicals, biofuels, LS9

Biobased chemicals and fuels firm LS9 has [+]Enlarge

begun producing fatty alcohols from sugar at

its first scale-up plant, in Okeechobee, Fla.
Polysilicon Dispute Settled The facility will be used to generate large
o commercial samples for testing and
qualification by partners and prospective
customers. The long-carbon-chain alcohols
are used in surfactants for detergents and
LS9 Starts Up Florida other applications. LS9 also plans to
Demonstration Plant demonstrate its ability to produce diesel fuel

and esters at the plant.

Business Concentrates

Eastman To Fund
Academic R&D 4"

L34 makes fatty alcohols at this plant in Florida
BASF Adds l:apa-:il!.r In Cradit: LS9
Ludwinshafen &'



Organocatalysts

2012 Academic Award

Prof. R. M. Waymouth (Stanford), Dr. J. L. Hedrick (IBM)
Discovered metal-free catalysts that are highly active and
able to make a wide variety of plastics

@ﬁ Q__ 90| @y | T -
H Q

N R™OH ]L
QD/E'\/I T (\J\/j

Hﬁowohﬂ w

J. Am. Chem. Soc. 2006, 128, 4556



One-Pot Carbonylative Polymerization

2012 US Presidential Green Chemistry Challenge Awards
Academic Award

Prof. G. W. Coates (Cornell)
Developed catalysts that convert CO, and CO into polymers

Y ORI Op S|

(R)-PO (R)-BBL (R)-P3HB

J. Am. Chem. Soc. 2010, 132, 11412



Carbonylation catalyst

0.05 mol %

O

O [Co(CO),J
Ar

{ 7 Ar=4-Clphenyl

Polymerization catalyst
0.5 mol %

(BDI)Zn

R'=R2='Pr,R3=H, R*=Me



ER:

What is green chemistry?
o A& P

*Green chemistry is the design

of chemical products and processes
that reduce or eliminate the use

and generation of hazardous
substances.

B B2 A LR L HiRBE
AFTRRFELER FHH GCEET
GRAEXRILR. GNEFTTUXKKES.

*Discovery and application of new
chemistry/technology leading to
prevention/reduction of environmental,
health and safety impacts at source
R BAERER AL /D R
R B R 2T 2 R A ML B R B FLALFARE

P. Tundo, P. Anastas, D. Black, J, Breen, T, Collins, S, Memoli, J, Miyamoto, M, Polyakoff, and W, Tumas,

Synthetic pathways and processes in green chemistry. Introductory overview,
Pure and Applied Chemistry, 2000, 72, 1207-1208

520-580 nm




Think!

We do so much to prepare our children for the
future, but are we doing enough to prepare the
future for our children?

(Larry Chalfan, Zero Waste Allance, 2001)
HFMAETEHIORAD TR SEHAEM B2 F FLH
S A RS T IS Y

a4l E2HRAFEFBRGHOAE
Foft B PHMARER?

It is likely that we will have serious problems in

next 20-30 years. Shall we do something now
not only for our children, but also for ourselves?
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(http://gc.chem.sinica.edu.tw)
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