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‘What is green chemistry? + & 8 % ¢ i+ £79

-Green chemistry is the design of chemical products and
processes that reduce or eliminate the use and generation of
hazardous substances.

c B R ERE 2 QUG ERTNHE A AL G T
g R¥ .?w;ff_,_,\ ¥ VB dNR&IFVUAFEY, ﬂ‘n;ff_\ LRI E,

‘Discovery and application of new chemistry/technology leading to
prevention/reduction of environmental, health and safety impacts
at source

T FEERIRFRBAPLE/FORBR S R E X 2R 2L RS
AR Y

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




%d v B L - IE Rp
Paul Anastas and John Warner in Green Chemistry: Theory and Practice
(Oxford University Press: New York, 1998)

John C. Warner Paul T. Anastas Robert Peoples




1. Prevent waste: Design chemical syntheses to prevent waste,
leaving no waste to treat or clean up.

sﬁf%l’%ﬂ” KL EEARBZ LN, AL T IT N




E*-Factor (Environmental factor) =
(sum of waste)(severity factor)/(Wt. of product)(1-diluents)

Hazardous Waste to Land Disposal/Containment

Hazardous Waste to Incineration
Non-Hazardous Waste to Landfill
Waste Water (to Treatment Plant)

E: 0 (ideal), 0.4 (low), 6 (moderate), 50 (large), >200 (maximum)

Roger A. Sheldon, Chem & Ind., 7-Dec-1992, pg. 903
Roger A. Sheldon, Chem. Commun., 2008, 3352-3365
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[T ¥V B [l (E-Factors across the chemical industry)

FREI(E) BN 5 ()

100-10% 7+ 0.1 10°-107

10%-10¢ <1-5 10%-5x10°

10%-10% 5-50 5x10%-10°
10-10° 25-100 2.5x10%-10°

R. A. Sheldon, Chem. Commun., 2008, 3352-3365.
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'2.Design safer chemicals and products: Design chemical
products to be fully effective, yet have little or no toxicity.
RPRZ2DCFRfrd S R 2F %xm F LR MEE7 B
ENER - %3

Natular™-E Clarke 2> @ 7% J Rdx & %4 B 2 & Hp 3% &)
%R el pa st fois 3 -k PEG (polyethylene glycol) 4e
spinosadi® & @ fv\ d T T’F?’f “%@1 )’ — ﬁfﬁf@’ G %f**’180% :

NatularT'V' zé’ ﬁ ) i lf]ﬁ * *’M’]ﬁp
E%fé- Tt e ﬁb%"“«’i&»z AR
H32010 33 5e%k d P EPeBEE A

Clarke ** Z
T#ﬂbk’?& l[ T‘T HF

Presidential Green Chemlstry Challenge Award: http://www.epa.gov/gcc/pubs/pgcc/presgec.htm

)



http://www.clarke.com/
http://www.bioeng.ttu.edu.tw/issues/issuesindex.html
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'ff"ljégign less hazardous chemical syntheses: Design syntheses
to use and generate substances with little or no toxicity to humans
and the environment.

KT PREAFEES: R PESE T A FRR OS2
AR EFHF P 22 FHRIFIMEERELTEZ Had &




1996 Designing Greener Chemicals Award

Rohm and-Haas Company ———
‘Innovation and Benefits:

Rohm and Haas developed Sea-Nine™, a novel antifoulant (f# i3
4= &) to control the growth of plants and animals on the hulls of
ships. In 1995, fouling (A 2 /5 4 ) cost the shipping industry
approximately $3 billion a year in increased fuel consumption.
Sea-Nine™ replaces environmentally persistent and toxic tin-
containing antifoulants.
(BBMEERBEFGFLIARIL(BLFH)- T Ldpie
EUenA e, FU R oar AR, S e R anl 4 PR
be = &V pRengtic,)

&3 4 & . tributyltin oxide

—_—

= 7R ASFF 1 ) Increased fuel consumption, $3 billion/year
LR <3607 Increased thng iR Dry-doek, $2.7 billion/year

SR B E S o -
Risk Quotient = predicted environmgél con%@tration / predicted

no-effect environmental concentration = 15-430




Rohm and Haas <> & & #& 1.140 7 1“ & 2097, 35 3 14,5- d;ghjroro -2-n-

octyl-3- 1soth1azohn -3-one (Sea—Nme antifoulant). Sea-Nine§r
Z  cl

TBTO- #h ¥tz ixh2 3 & .

Lxg -]
CJ eSS

—-

1214

Sea-Nine # 4 "% f2:£ 5

O

CsH17NHC(O)CH2COOH

!

CsH17NHC(O)COOH <«— CsH17NHC(O)CH2CHs

CsH1i7/NHCOOH <«—
Risk Quotient = 0.024-0.36 vs. TBTO 15-430

D. K. Larsen, I. Wagner, K. Gustavson, V. E. Forbes, T. Lund, Long-term effect of Sea-Nine on natural coastal phytoplankton

communities assessed by pollution induced community tolerance, Aquatic Toxicology 62 (2003) 35/44
Presidential Green Chemistry Challenge Award: http://www.epa.gov/gcc/pubs/pgcc/presgec.html




4. Use renewable feedstocks: Use raw materials and feedstocks
that are renewable rather than depleting. Renewable feedstocks
are often made from agricultural products or are the wastes of
other processes; depleting feedstocks are made from fossil fuels
(petroleum, natural gas, or coal) or are mined.

A 2L 4L, R e R ot
R UE A=) 3 S ST e
B d BRFHpa E.
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UL (3-8) 1~ 11 (higher alcohols).

Synechococcus elongatus PCC7942 O OH
- / — >
photosynthesis
isobutyraldehyde isobutanol

= 5;&[ E&fc_g}‘ F’%ﬁ[;pp N git 7@ £l ? T [ﬂﬂ» p%ﬁ ﬁ'w?vpf’%d[jé' E[@
PR T 2= L o = S =

J‘FMQ[ PJ "Hlﬁ (7L ﬁ;m ijf{ i35 zﬂ‘;ﬁgw ag’g: i pJg‘g‘:ijFuf;

E'(B i J\[\:ch% \ 7&7@ EI&IEE(T bIYS R S ) ETIRE U %
O|E[—qu(ﬂ\’4|ﬁ25% VI IER I FRS00F 1 [I"E = ’Ef%,lﬂglﬂ

AAEHC S |- F T '“FKFH’VE 7 8.3%.

201 Ol et [~ _“—’ﬁf"*ﬁ_%ﬂﬁ\([“l) — A = James C. Liao7>#%

Nature Biotechnology 27, 1177 - 1180 (2009)

R R (SR BT . ( )
Presidential Green Chemistry Challenge Award: http://www.epa.gov/gcc/pubs/pgcc/presgec.html



http://www.bioeng.ttu.edu.tw/issues/issuesindex.html

5U§é catalysts, not stoichiometric reagents: Minimize waste by using catalytic
reactions. Catalysts are used in small amounts and can carry out a single
reaction many times. They are preferable to stoichiometric reagents, which are
used in excess and work only once.

TR ¢ £
iy

Catalyst Mole % = 100 * (moles of catalyst)/(moles of limiting reagent upon which it acts)

C. M.: >0 (minimun), 1 (low), 10 (moderate), 50 (large), 100 (maximum)




6. Avoid chemical derivatives: Avoid using blocking or protecting
groups or any temporary modifications if possible. Derivatives use
additional reagents and generate waste.

R LS. gﬂ*ﬁiéﬁﬁﬁ‘ﬂﬁﬁﬁﬁf
AR, FRAPER L 5 enERG E A A R,

7. Maximize atom economy: Design syntheses so that the final
product contains the maximum proportion of the starting materials.
There should be few, if any, wasted atoms.

FEEBE S ORFEHR K EFRE ’J‘%Iaﬁ# ZF B IA R
beF k. A g A ARG RS TG4 AR,




Atom Economy (i = g iR) =
-m.w. of product x 100%) [ 2 (m. w. of reagent)

1,278 5% (propylene oxide)

e “Y

IR,

A.E. = 58x100%/(42+56+32) = 45%

\/ N H,0, \<‘ + H,0
@)
A.E. = 58x100%/(42+34) = 76%

il E J{r%l U2010 b e N R Y vjﬁé‘? Y= EE
=S8 BYPYH. I:
Pre5|dent|al Green Chemlstry Challenge Award: http://www.epa. gov/gcc/pubs/pgcc/presgcc html



http://www.bioeng.ttu.edu.tw/issues/issuesindex.html

8. Use safer solvents and reaction conditions: Avoid using
solvents, separation agents, or other auxiliary chemicals. If these
chemicals are necessary, use innocuous chemicals.

RF T 2B AR BiEE BAR T BAL A RRD L v e

B ek R FERE T EEER




Conceptual basis for preferable solvent selection
GE#ZH2ZTE)

e

5 e fhiof RO B R %),
SV P G B T .

RLA SRR * PR 2 POSERURS SR

Green Chemistry Metrics, p.22 (Blackwell, 2009)




Pfizer - &

B e
water
acetone
cthanol
2-propanol
1-propanol
cthyl acetate

1soprophyl acetate
methanol

methyl ethyl ketone
1-butanol

t-butanol

i
cyclohexane

heptane

toluene
methylcyclohexane
methyl t-butyl ether
1so-octane
2-methyltetrahydrofuran
tetrahydrofuran

xylenes

dimethyl sulfoxide
acetic acid

ethylene glycol

K. Alfonsi, et al., Green Chem. 2008, 10, 31-36

V3

pentane

hexane

di-1sopropyl ether
diethyl ether
dichloromethane
dichloroethane
chloroform
dimethyl formamide
N-methylpyrrolidinone
pyridine
dimethylacetamide
dioxane
dimethoxyethane
benzene
carbontetrachloride




Table 2 Solvent replacement table

Undesirable solvents

Alternative

Pentane

Hexane(s)

Di-1sopropyl ether or diethyl ether

Dioxane or dimethoxyethane

Chloroform, dichloroethane or carbon tetrachloride

Dimethyl formamide, dimethyl acetamide or N-methylpyrrolidinone
Pyridine

Dichloromethane (extractions)

Dichloromethane (chromatography)
Benzene

Heptane

Heptane

2-MeTHF or tert-butyl methyl ether
2-MeTHEF or tert-butyl methyl ether
Dichloromethane

Acetonitrile

Et;N (if pyridine used as base)
EtOAc. MTBE, toluene, 2-MeTHF
EtOAc/heptane

Toluene

K. Alfonsi, et al., Green Chem. 2008, 10, 31-36
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Searching for benign solvents (F %.& 2 i3 #)

Water (-k)

_ Non-volatile solvents (ionic)
Volatile organic I AR ()
and Replaced by

hazardous ) Supercritical solvents

solvents Tt 3 4D
(#Ex ey 3 3 A)

Other benign solvents

(H )

Solventless

(37 )
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‘9. Increase energy efficiency: Run chemical reactions at ambient
temperature and pressure whenever possible.

W 4eay B RV A ,__#m_#ff_ﬂs‘f efFi EF .
TR YR RHBE SRR U AT EE A RTE Rk

E.

Temperature Ranges ('C) Temperature Factor (f;)
<-20 S

-20 to O (technical cooling)

0 to 10 (ice cooling)

10 to 20 (water cooling)

20 to 30 (room temperature)

30 to 90 (hot water heating)

90 to 160 (steam heating)

160 to 280 (hot oll or electrical heating)

> 280 5

frt11-Pressu relatm III“‘::':;*.'E (hrs) *Peight*Heat Capacity (Fgm-°K)

Step EE (Energy Efficiency) = Wt Des

sived Product




Alternative energy source (H © & k)

* Photochemical reactions (& i & £ )

» Specific bond targeted

» Low reaction temperature/higher selectivity
 Microwave-assisted reactions (#&git # 2 * &)

» Fast heating rate by rotation friction (10 °C per second)

» Target molecules with dipole
« Sonochemistry (&2 ¢ & i* §)

» Generate local high pressure and temperature
 Electrochemical synthesis (& i* & & =)

» Often water-based

» Usually mild operating conditions

» Atom efficient — replacement of reagents by electrons




10. Design chemicals and products to degrade after use: Design
‘chemical products to break down to innocuous substances after
use so that they do not accumulate in the environment.
E e R R A *h’lzbﬁé’ff"ﬁ"‘ffﬁﬁ ‘:,Q L * S f2sed
et B RS IR TP g =B REBAAZ R,
Biodegradation Half-Life Ultimate Biodeg.
Hours 5.0

Hours — Days (% biodegradation > 50% in 28 days) 4.5

Days 4.0
Days - Weeks 3.5
Weeks (% biodegradation ~ 20-30% 1n 28 days) 3.0
Weeks - Months 2.5
Months (slow to very slow biodegradation) 2.0
Longer (biodegradation issue — toxic, persistent) 1.0

Expected range: 1 (Minimum), 2 (Low), 3.5 (Moderate), 5 (Large & Maximum)

U.S. EPA BIOWIN program Expert Survey Biodegradation model
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11. Analyze in real time to prevent pollution: Include in-process
real-time monitoring and control during syntheses to minimize or
eliminate the formation of byproducts.

BREAPT e A4 nE R S rBEE Efrindl B RA S
FIBHEET AL,
BB ER R IETER R TS FTFL 2w

Questions
1.Does the potential exist in this process for the formation of hazardous

side-products? (30 pts)

2.Are adequate monitoring and control apparatus 1n place to quickly
detect excursions in reactors and storage vessels? (0 to 50 pts)

3.Is the process common practice and/or in the scale-up or
commercialization stages of production? (20 pts)




12. Minimize the potential for-accidents: Design chemicals” and
‘their forms (solid, liquid, or gas) to minimize the potential for
chemical accidents including explosions, fires, and releases to the
environment.
R4 AT P EMR: R LEF 2 TPk E(FE. R
VR FEOURE A VBT I AR, AR AL @)
2 R HRA.

BBR'%TR? S5 Frd A Ao € XD E T TR v ME R

(/‘7 it BR, 4 4 ?‘)
£xehpg 3
K (PiEgPERE LB S BRHF T EE: R s P RADTF)ZoRFE T - B 2
k)R (X REFFRF R AR F )
BAGAET RAFLFFT
Gt sy

L ETERIE2 FRITEI a2 % 2 RITRE
ST EN | |
T/F'/;’}‘—_ A ﬁ ’:‘FJ"‘f@ﬁ
2 A O
fa Ry
1 iekg 2wk

(= P A T g, - ZRFBREEF)
Designing and operating safe chemical reaction processes




Evaluation: —_— I
eAreany extreme conditions (pressure > 10 atm., temperature > 200° C. or <
-78° C.) used in the process? (20 pts)

eDoes the potential exist for a runaway exotherm under the process or upset
conditions (including violent polymerization)? (20 pts)

Do any of the process materials or mixtures present an explosion hazard
(contact, dust and/or peroxide-forming)? (20 pts)

eAre there any process materials present initially or formed during this
process that might restrict or exclude its use in the intended production
facility (other high hazards than mentioned above, strong odor, etc.)? (20
pts)

e|ls pressure between 1.0 and 10 atm or less than 20 mm of Hg used in this
process? (10 pts)

eAre temperatures between 150° C. and 200° C. or between -50° C. and -78°
C. used in this process? (10 pts)

e|ls the reaction mixture flammable? (10 pts)

eAre any of the process mixtures pyrophoric? (10 pts)

Do any of the process mixtures react violently with water? (5 pts)

e|ls a gas generated in any part of this process? (5 pts)

eAre any of the process mixtures corrosive (pH < 2 or >12)? (5 pts)

eAre any of the process mixtures irritants or lachrymators? (5 pts)

Risk rank: 5 mild, 10 moderate, 20 high

Safer Chemistry Score = 100 - Total Points




Condensed Principles of Green Chemistry
(B3 gL RAEXFR)

P — Prevent wastes (7 1+ &)
R — Renewable materials (* ¥ £ ] * £ )
O — Omit derivatzation steps (4 2 72 ¥ # 3%)
D — Degradable chemical products (i* E 3 ¥ p {7 4 f#)
U — Use safe synthetic methods (% * & > & =2 )
C — Catalytic reagents (4] #* it )
T — Temperature, Pressure ambient (&% 8 - ¥F & T & =)
| — In-Process Monitoring (if iz & = iE 42 )
V — Very few auxiliary substances (> * #f 84 4= )
E — E-factor, maximize feed in product ( ¥ #-E-7%]3 By 283%39)
L — Low toxicity of chemical products (F * & i B )
Y —Yes, itis safe (¥, # 4 & % >)
Twelve principles of green chemistry written in the form of a
mnemonic: PRODUCTIVELY (12k plenx = F g &4 K87 &=
PRODUCTIVELY=% = % 3 )

S.L.Y. Tang, R. L. Smith, M. Poliakoff, Green Chem., 2005, 7, 761-762




12 Princ_i__p__l_es of Green Englne__e_ﬂng_ ,,f

1. Ensure that all materials and energy inputs and outputs are inherently non-hazardous.
2. Prevent waste rather than treat/clean up waste.

3. Separation and purification operations designed to minimize energy & materials use.
4. Products, processes, and systems designed to maximize mass, energy, space, and
time efficiency.

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

6. Recycle.

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

8. Design for unnecessary capacity or capability solutions should be considered a
design flaw.

9. Material diversity in multi component products should by minimized to promote
disassembly and value retention.

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

11. Products, processes & systems by designed for performance in commercial
“afterlife”.

12. Material and energy inputs should be renewable rather than depleting.

P. T. Anastas and J. B. Zimmerman, Design through the 12 principles of green engineering.
Environ Sci Technol. 2003 Mar 1;37(5):94A-101A.




~ The chemical industry in the 215t century

QI e H/HtFI1E2 P F R F)

*Meeting social, environmental and economic
responsibilities

(AL g ~ B2 ERIFTARE)

*Maintaining a supply of mnovative and viable chemical
technology

(i BHEME P TR 37 #H F R24)

*Environmentally and socially responsible chemical
manufacturing

(FEQUSBHALEZRBE F)

*Teaching environmental awareness throughout the
education process

(JJVB\.)% ?;[';‘; | BE AE < R R R R "Lﬁg&’ﬁ”)
5 Bl g
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S. E. Manahan, Green Chemistry and The Ten Commandments of Sustainability, ChemChar
Research, Inc. (2005)
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—Paul Anastas and John Warner in Green Chemistry: Theory and Practice (Oxford University Press: New York, 1998).

1. Prevent waste: Design chemical syntheses to prevent waste,

leaving no waste to treat or clean up.
LR R E LA WAAE, A2 T EAFEA ‘m}%#_,_

2. Design safer chemicals and products: Design chemical products
to be fully effective, yet have little or no toxicity.

RPFRZ2DCFRGrd 25 X2 2enFBRHET £S5

[Lenis F & .

the environment.
R p UM F LS R ng & L0 ekl il (g

SRR e A2 FHREEERMAST ES P*m"‘%\#
=)
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4. Use renewable feedstocks: Use raw materials and feedstocks
‘that are renewable rather than depleting. Renewable feedstocks
are often made from agricultural products or are the wastes of
other processes; depleting feedstocks are made from fossil fuels
(petroleum, natural gas, or coal) or are mined.

@7 T GREL R T IS, 6 A ORGP
A AERPEE Y kp R iF S H v W ITERSRRE. AR RE
BRIk p 2SR (FD. X RF&F)Ed KFA 7.

5. Use catalysts, not stoichiometric reagents: Minimize waste by
using catalytic reactions. Catalysts are used in small amounts and
can carry out a single reaction many times. They are preferable to
stoichiometric reagents, which are used in excess and work only
once.

@ % ka0 £ 4R AR {17 AF R AR RS
ﬁg&;’ﬁﬁ“*oﬁf FEHRSE-FRB.AAEVCEELER 5B

g’%_'_"]éf; FZHEE. P EART - =,




6. Avoid-chemical derlvatlves‘Avmd using blockmgﬂr’ﬁfcfectmg
“groups or any temporary modifications if possible. Derivatives use
additional reagents and generate waste.

WHIVETS P E—j Ao A @ F FEIEE REF R P D
B AF, AR PR F {5 hERIG T A4 B

/. Maximize atom economy: Design syntheses so that the final
product contains the maximum proportion of the starting materials.
There should be few, if any, wasted atoms.

FEE A DRI L KPP EFRE &fﬁé_%%‘*p&—’t%é}ﬁﬂ}ﬁ
W F . By ARRFSRF.WLG - KR,

8. Use safer solvents and reaction conditions: Avoid using
solvents, separation agents, or other auxiliary chemicals. If these
chemicals are necessary, use innocuous chemicals

i®F RE DA Aok }@:u— R R MR AR - & | ﬂ”ﬁ’#’
BB ek F LR R BT it BB =)
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9. Increase energy efficiency: Run chemical reactions at ambient temperature
and pressure whenever possible

igfﬁﬁ?‘)fl’:‘i-’?f: %? T EFTRTREFLEF R,
10. Design chemicals and products to degrade after use: Design chemical
products to break down to innocuous substances after use so that they do not
accumulate in the environment.

R UR LR EERIcA Y RPRYP N LR ATI PN ER P
IR T A g R RBRBEAR .
11. Analyze in real time to prevent pollution: Include in-process real-time
monitoring and control during syntheses to minimize or eliminate the formation
of byproducts.

BELAITC AR 2~ EEY e BEE o4l R B A P E D A
A2,
12. Minimize the potential for accidents: Design chemicals and their forms
(solid, liquid, or gas) to minimize the potential for chemical accidents including
explosions, fires, and releases to the environment.
BEARZPNTREINEN: RPN LEF 2o PARE(AL.RGE, & F )i
E ek 5. HET R FERECK, AR ARV E R R R
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12 Principles by
ISUSTAIN™ Green Chemistry Index v2.0

https://www.isustain.com/

1. It is better to prevent waste then to treat or clean up waste after it is formed.

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

2. Whenever practicable, synthetic methodologies should be designed to use and generate substances that possess little
or no toxicity to human health and the environment.

3. Chemical products should be designed to preserve efficacy of the function while reducing toxicity.

4. The use of auxiliary substances (solvents, separation agents, etc.) should be minimized whenever possible and, when
used, be innocuous.

5. Energy requirements should be recognized for their environmental and economic impacts and should be minimized. 6.
6.Synthetic methods should be conducted at ambient temperature and pressure.

7. A raw material or feedstock should be renewable rather than depleting whenever technically and economically practical.
8. Unnecessary derivatization (blocking group, protection/deprotection, temporary modification of physical/chemical
processes) should be avoided whenever possible.

9. Catalytic reagents (as selective as possible) are superior to stoichiometric reagents.

10. 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.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.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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The Presidential Green Chemistry Challenge Awards Program
(EPA and GCI, USA)

IS an opportunity for individuals, groups, and organizations to
compete for annual awards in recognition of innovations in cleaner,
cheaper, smarter chemistry.

*Focus Area 1: An industry sponsor for a technology that
uses greener synthetic pathways.

*Focus Area 2: An industry sponsor for a technology that
uses greener reaction conditions.

*Focus Area 3: An industry sponsor for a technology that
Includes the design of greener chemicals.

Small Business: A small business for a green chemistry
technology in any of the three focus areas.

*Academic: An academic investigator for a technology in any
of the three focus areas.




Presidential Green Chemistry Challenge Awards

Since the program's inception in 1995, it has recognized 67
groundbreaking developments out of hundreds of applications.
According to EPA statistics, these technologies combined will

eliminate an estimated 193 million |b of hazardous chemicals and
solvents, 21 billion gal of water, and 57 million Ib of carbon dioxide
from Industrial processing in the U.S. this year *.

*till 2008.
Chem. & Eng. News (Sustainability special issue), August 18, 2008
http://pubs.acs.org/cen/coverstory/86/8633cover3.html

2001 Academic Award Professor Chao-Jun Li ,Tulane University

2000 Academic Award Professor Chi-Huey Wong, The Scripps Research Institute
2010 Academic Award Professor James C. Liao, UCLA
http://www.epa.gov/greenchemistry/pubs/pgcc/presgcc.htmi



http://www.epa.gov/epahome/exitepa.htm

DE &ﬁﬁ
L—ﬁi%‘? T S d K E &
; ‘ e FIPN, & 2020-570 7 s F’E #ﬁ

i?ﬁﬁ¢&ﬁ LR R %
,‘23?3.1714—&(' ﬁ‘iiﬁ%%‘
”Lﬁké”ﬁ; %;J—

ﬁmé‘n;fn

'%%EB e, fiC
T, 1B g

% ;ﬁit. Patrickp (= *
TR - a‘fﬁ?f‘:ﬁ%ﬁé" :

o e Nt

Jc‘ sk 'l“z\~ ﬁ:r %z%,ﬂ‘ﬁ: R &
Drucala % 5:1

é’i > 2

‘ *\ :\\‘ “’L‘ﬁé‘%ﬁ PF» %ﬁi 5
s %ﬁ-i *k 18 en g
T }%— ¢ } EPR

~—

__\\‘r:\: \E“

4 /;f\_ g.!{ e ¥



A ﬁé_glgt o e &dw %\&m z 447 Es, *—“1","1’9/
TR, s E R, AL
%ﬁ‘*ﬁi—ﬁ}&, B H a lebya ha m]_&]fjgz"‘?\—-
REE. A EERGLY R TR
el x g AR, EERRE
B Hig2 A5 R A
AAT R a i A, @
SR OP A, e 5 A
A ggend 13, 3 F T

ﬂﬁ’ A § G 1990& i r]

Zu( )\)\ 7‘ =

4-?“\0&

F]Eﬁ "]4*

/’E’ G
\¥P FF‘ él? L I_’? ’ Eﬁ“




Green color wave Leaves

length 520-570
nanometres

St. Patrick Day Libya flag



http://en.wikipedia.org/wiki/File:%C3%89meraude_(Colombie).jpg




	copyright
	投影片編號 1

	LSKanPrincipleFinal
	copyright
	投影片編號 1

	LSKanPrincipleFinal
	投影片編號 1
	投影片編號 2
	投影片編號 3
	投影片編號 4
	投影片編號 5
	投影片編號 6
	投影片編號 7
	投影片編號 8
	投影片編號 9
	投影片編號 10
	投影片編號 11
	投影片編號 12
	投影片編號 13
	投影片編號 14
	投影片編號 15
	投影片編號 16
	投影片編號 17
	投影片編號 18
	投影片編號 19
	   Conceptual basis for preferable solvent selection�    (選擇溶劑之考量)
	投影片編號 21
	投影片編號 22
	投影片編號 23
	投影片編號 24
	投影片編號 25
	投影片編號 26
	投影片編號 27
	投影片編號 28
	投影片編號 29
	投影片編號 30
	投影片編號 31
	投影片編號 32
	投影片編號 33
	投影片編號 34
	投影片編號 35
	投影片編號 36
	投影片編號 37
	投影片編號 38
	投影片編號 39
	投影片編號 40
	投影片編號 41
	投影片編號 42
	投影片編號 43
	投影片編號 44
	投影片編號 45
	投影片編號 46





