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This project aims to develop green chemistry (GC) teaching
syllabus, materials, and programs for advance education system;
in addition, to develop GC education, academic research, and
industrial developmental mechanism cross departments and
institutes; moreover, to cooperate to promote GC in industries,
governmental departments, education, and academics in Taiwan.

The project has proposed a general syllabus for general
education of green chemistry in Taiwan based on international
green chemistry-related online courses, experimental methods, and
programs. And 8 courses materials, including Introduction to 12
principals of green chemistry, Pesticides, Chemical substances
safety, Experiment for identifying plastics, and so on., were
established and revised by the editorial committee, and 6 teaching
demonstrations were performed.

This June, the delegation participated the 22nd Annual Green
Chemistry and Engineering Conference, and interview the 5
international and 5 Taiwanese experts and scholars to learn the
experience to promote the GC general education.

In conjunction with the domestic industries, we visited 30
companies (including chemical substances manufacture, recycling
of recycled materials, paper industries, and electronics
manufacturing) and conducted the questionnaires to explore the
implementation of GC and their needs about labors’ working
ability developed from to date advanced education. Production and
process management is most important background knowledge they
need.

In November, we held 4 GC general education workshops for
college students (n=230) and 2 workshops for GC training for
elementary school teachers (n=54). Interesting lectures, such as
Definition of Green Chemistry and Introduction to Environmental
Susceptibility, Relationship between Chemicals and Environment,
Toxicity and Waste Reduction, Green Chemistry Circular
Economics and so on were presented.

This year, the Toxic and Chemical Substances Bureau
cooperated with the Ministry of Education to hold the green
chemistry creative competition for nationwide colleges and
universities, to provide a platform for college students to join the
GC education activities. The winners for competition were public
awarded in press conference in December 18, 2018.

Two special consultation meetings had been held, and
scholars from industry and academia were invited to discuss the
details of the GC general education syllabus and program,
workshops, and the green chemistry college competition.
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Abstract

This project aims to develop green chemistry (GC) teaching syllabus,
materials, and programs for advance education system; in addition, to
develop GC education, academic research, and industrial developmental
mechanism cross departments and institutes; moreover, to cooperate to
promote GC in industries, governmental departments, education, and

academics in Taiwan.

The project has proposed a general syllabus for general education of
green chemistry in Taiwan based on international green chemistry-related
online courses, experimental methods, and programs. And 8 courses
materials, including Introduction to 12 principals of green chemistry,
Pesticides, Chemical substances safety, Experiment for identifying plastics,
and so on., were established and revised by the editorial committee, and 6

teaching demonstrations were performed.

This June, the delegation participated the 22nd Annual Green
Chemistry and Engineering Conference, and interview the 5 international
and 5 Taiwanese experts and scholars to learn the experience to promote the

GC general education.

In conjunction with the domestic industries, we visited 30 companies
(including chemical substances manufacture, recycling of recycled materials,
paper industries, and electronics manufacturing) and conducted the
questionnaires to explore the implementation of GC and their needs about
labors’ working ability developed from to date advanced education.
Production and process management is most important background

knowledge they need.
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In November, we held 4 GC general education workshops for college
students (n=230) and 2 workshops for GC training for elementary school
teachers (n=54). Interesting lectures, such as Definition of Green Chemistry
and Introduction to Environmental Susceptibility, Relationship between
Chemicals and Environment, Toxicity and Waste Reduction, Green

Chemistry Circular Economics and so on were presented.

This year, the Toxic and Chemical Substances Bureau cooperated with
the Ministry of Education to hold the green chemistry creative competition
for nationwide colleges and universities, to provide a platform for college
students to join the GC education activities. The winners for competition

were public awarded in press conference in December 18", 2018.

Two special consultation meeting had been held, and scholars from
industry and academia were invited to discuss the details of the GC general
education syllabus and program, workshops, and the green chemistry college

creative competition.
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1. crit. — f& Jz (critical)

2. eff. — & (efficiency)

3. haz. mat. — & [EH EY)'E (hazardous materials)

4, metr. — fE & (metrics)

5. prod. — 47 (production)

6. solv. — 5% (solvent)

7. ADME — IF7Ug (absorption) ~ 434f (distribution) ~ {{3#f (metabolism) ~ HEitt

(excretion)
8. HTS - 58
9. (Q)SAR —

Hoh Rl i
FEEYIR (R 1.5-1) ¢
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= Rran

FEfTmfE (high throughput screening)

E E4ERE E MR (% [(quantitative) structure — activity relationship.]
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ffE®liE (Additive manufacturing)
BEEEYIE B JER (Waste as feedstock)

IEER2%%% (Circular economy)
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A 251
Il FE BRI SRR
1. —#&nE (one-pot synthesis)
2. FERF#ELE (Integrated processes)
I 1 3. (Self-separation)
4. T-H2HZE (Molecular self-assembly)(s)
2 5. f2RF581L (Process intensification)
( Prevention) 6.
7.
8.
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(Less 6. AEWVE{KFE KL E (On-demand production of hazardous
Hazardous materials )(s)
Chemical 7. EEMEREFEE (Hazard and risk metrics)
Syntheses) 8. HMHRIRCEISEE (Material efficiency metrics)
9. BEXFEFE (Energy efficiency metrics)

10. #pEaERk R TEE (Green synthesis evaluation metrics)
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Rl 12 R RI
SR AT
1. RdZ8 (Read across)(s)
2. SAR/QSAR(S) JE &= 45 1 /& ME B 1% [(quantitative) structure—
activity relationship.]
I 4 3. [KJE£:#5 (Reactivity parameters)(s)
4. 2DI/3D J&M: (2D/3D properties)(s)
s 5. {X&f (Metabolism)(s)
B LR 6. %ET+5rg (Design guideline)(s)
(Designing | 5 ADME) 0% g (absorption) ~ 43 7 (distribution) « £
Safer (metabolism) ~ Hfftt (excretion)
Chemicals) | o i15/in vivofin vitro) =i EEik (high throughput screening)
9. [HFEZE! (Enzymatic models)
10. FHMAER=L (Modes of toxic action)
11, RN E&EE 771K (Adverse outcome pathways)
1. 7K (Water)
I 5 2. HERTEIRY (Solventless)
3. EETRAE (lonic liquids)
EREHIE 4. SobESFRAIREEE SR AS (Sub- and supercritical fluids)
FRFIEA 5. AJEARYA7 (Switchable solvents)
(Safer |6 e ne i (Gas-expanded liquids)
Solvents and 7. AWARERYA (Bio-sourced solvents)
Auxiliaries) 8. &Rt EMT (Greener surfactants)
9. AmEESE T E (Solvent selection tools)
I 6 1. (Self-separation)
2. & EEE (Mechanochemistry)
REJRERR 3. E{LEZ (Sonochemistry)
aT(Design for 4.  FOREEST (Microwave irradiation)
Energy 5. Yt b (Photocatalysis)
Efficiency) 6. EEfE L (Electrocatalysis)

12
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m
<«

alls

&rea bR 12

- FE BRI S A SR
1. 2% (Fermentation)
I 7 2. [EZEIFE (Enzymatic processes)
3. 4B {tE (Biomass-to-chemical)
TEERR 1y pene Biofuels
R Useof |5 — 41k (o)
Renewable 6. i FEE/EES (New platform chemicals)
Feedstocks) 7. AIEAFZ(EEE (Renewable platform chemicals)
8. EEA'EHHEL (Integrated biorefinery)
1. JR#EMEE (Flow chemistry)
AL 8 2. BLES(LEE (Click chemistry)
WPt |3 E &L (Electrosynthesis)
(Reduce 4. 53 TH2%H%EE (Molecular self-assembly)(s)
Derivatives) |9 73T f{= (Molecular chaperones)
6. JEHAET T4 (Non-covalent derivatives)
1. [EFEEEFIER (Solid acids and bases)
2. Zh4/965 (Clay/zeolithes)
3. [ T#2 (Enzyme engineering)
4. [EEAE (Immobilization)
JREI 9 5. 4yEEAVES (Isolated enzymes)
Ak 6. EY{E{L (Biocatalysis)
(Catalysis) 7.  ZKfE{L (Nanocatalysis)
8. Hit%fE{L (Organocatalysis)
9. #{K&=L (Ultra-low loadings)
10. &E-AHEFELHEL (Metal-organic frameworks)
11. EEr&EEE/ER (Abundant metal catalysis)
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GO LB TTHRERETE

&rea bR 12

I FERR RV FEAI SRR
1. RdZ8 (Read across)(s)
2. SAR/QSAR(s) 1E &= 45 18 /5 M B (% [(quantitative) structure—
activity relationship.]
3. JEZ%5 (Reactivity parameters)(s)
JEH 10 4, 2D/3D &1 (2D/3D properties)(s)
5. {t&# (Metabolism)(s)
s 6. E%ETf5rg (Design guideline)(s)
(Design for | ;. FEHI T EL (Prediction tools)
Degradation) 8. AWl fE#dEE (Biodegradation databases)
9. ‘4r1filrEEzs (Molecular triggers)
10. w[[FHFEEE&%Y) (Degradable polymers)
11. %ktagE, (Green pharmaceuticals)
12. BMEACEHEDY) (Benign metabolites)
A 11
EhTEnyy | L EEREM (Continuous flow and analysis)
gty |20 BEHIES (Sensors)
(Real-time |3 CUErHEZ% (Chromatography)
analysis for | 4 JCaEEE (Spectroscopy)
Pollution 5. SEf7E1E (Computational advances)
Prevention)
JRAN 12
BEEEZE
geEpFg |1 BESAEYE A (On-site production of hazardous materials)
FhEE 2. BOERAAEZSYE (Reduced use of hazardous materials)
(Inherently | 3. FaEEYE (Replace hazardous materials)(s)
Safer 4, HEYEMRFE R4 E (On-demand production of hazardous
Chemistry materials )(s)
for Accident
Prevention)
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&Rt b2 12 o
X b2
I FE BRI S A SR
1. ADME - g Uy (absorption) ~ 43 Afi (distribution) ~ 1% 5
S (metabolism) ~ HEftt (excretion)
%Zﬁ,\% 2. HTs- = EEmfg (high throughput screening)
3. (Q)SAR- JE =45 f# E M F 1% [(quantitative) structure—activity
relationship.]
4. (s) - oM EIE LRI o S AR ST S

1.6 K@ E(LBNE

SREALER P TRTEAVEER DS > DT RFE8 M , RIFEA - HFea el /e
A HHVER e th e o AR IR R BETR - I A EVVERIRERL - k(LR E1E
S MR RCRZ R B > FRAERE R - SRS EREFIR(E - fEIRBARR
FEVIHVERE TR VBRI [ RIS A s E B H A2 -

SROALBEAFERIRETSANH > BN RET/TRIVEREHE - EEAMMHEE
IBEI RO 7R 2B bR D AR e N IR R R R REERET A e RV IER ~ ABAA
FlfELEBRETHER - FRFCEEE A ELAEENVEIEY) - BEYHEL
Rt &k B ER R B e RHERBTAAF A (esk OB EE AR E M A E
WJTH > —ERE L TR EORE ) REARANIHHCR R - RO
BAEERTSE > B RUEBRSHY © NI BU R PR A T B T A AR e

L [EFRR e E R BT

2. BRI EREMNLETE

3. PRAAamMRHE A

4. fEEFR - SEIRAUKEVRER » fEREE N MR E AR -
ST H AT ERIER ~ BRORDURAETR = AR ARk LR P

1 RIS © chOLE (LR B N 7 BN R (b gy ST -
2. IRORERES (OB EIHPRITH > MUKRERIREEE -

3. MU s S EA RIS - SO ERIR - T kSR -

15
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FEHEA 21 HECZ BT > B — BB SPRs R B bR RIS - H &+

E Ry 1998 47 » SEERER Anastas B Warner {5 R LIk DEOM R BE S A H
=2 R T E LR R 12 &5 HI (twelve principles of green chemistry) {F f[
SRR EE M TGS » ZEULEFEZNESR » W TR

=

10.

11.

12.

WM REEYIESL - LEEBFN I REEYEL - A REEYEH -

A s - R EYE R e EY)

B/NEENLEAK - HEMHERR BRI CEEENYE -
seat E e b i M | SGETA I EMES e E A EN -

{5 FH S A VA B S S FEIRR R - e op (i BRI i L2 AR > WIFR
(FHES LR B e b8 -

RERERRCE  FZEAERRCE © A RE = RIS T TR E -

(EFH AT AR IR © S rTREEH AT A AR JERE - A2 rHFEIRE » Al 4 TR}
HAT BT A e P T e B LA 2 e Y B R ) mE R R AR 2 S 2 A L bkt
(o RIAREER ) BERIEIEE -

[ LEITAY) © BREE AN DNENLTAEY) -

EHAELE - A B2 ERVE © BB KPR R /D g
=Y o LRIV EAR I H A DUET S RIE - EfENEERT E5UF
A HERE B T —RJE -

(BB B R e T R (R S e R EYE PR - (LB E L iR
g - (EEAREEEAERE -

BIRE 3 #r ARG 5SS © BiEEROATEF » BIRFEHANZES] » i/ MEECH BRE
EEVIRIIZ Y ©

BRI DB TTREN:  EAARNE L2 > DIEE R MBS Y5
ATTRENE  ERIRIE - KK -

2003 FEFHZEH Anastas Bl Zimmerman g H T4k T2 12 JHEA] (12

Design Principles of Green Engineering) {F k& T2 I 5l S5 ERsfit = (L 22 HUFE B LAY
fad » HFEA NAR[7]

1.

R PR 2 W R AR AR R © 3R BT R i AR R 2 730
PR R TR B ATRH -
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1
I
i

2. ARSI B R R
3. HRETSYME R LA TR D AR -

4. FRARABRCR ¢ BkETE AL ~ B R ARSIFAERETR ~ PRt ~ ZERIAIR 2S8R

5 EtEMm ~ P E R GHFERAER MYk 2 TR HUE (output pulled) [fi3E
i AHEB] (input-pushed) ; ZRE{ERL -

6. EXETEEFER A o HEH (B0 AR i B R e RS R L T B AE R
(embedded entropy and complexity)

7. DAifFA (durability) figE R (immortality) B3 2 S - .
8. TR WREE  UREHATEE o AEBEREEET -

9. MIMEPIELZ RN © ZRloT e BB DT 2 b M DAOR T B 4 B A
EE - .

10. EEVIRILESTRIGRE © SEHES - R ARSI - EQERAER - 7
IR B S EL I <

1L WAL IR | BT ES  RTHAGE - SR ACE (after-
lfe) FIIFF -

12. gEfEimIRress © EA AR IE H B rhE A RE TR S0kt -

EREOMER > ZEEZRER k@S sustainable chemistry | —3d » 487K
EFERRAMOECD)FHERR " K2 BRSNS SESEHHE
IRE R e NBEHMEE E MRS AR BRER - AL mES ~ &~ &
R BB LA RUAE 2 5et ~ BUEHA{H] | ("Sustainable chemistry is a scientific
concept that seeks to improve the efficiency with which natural resources are used to meet
human needs for chemical products and services. Sustainable chemistry encompasses the
design, manufacture and use of efficient, effective, safe and more environmentally benign
chemical products and processes."[8]) - 1% [ It F5 I % & (the German Federal
Environment Agency,UBA) i€ T 7k & LZAEAE[9] ¢

1. EMERHZ (Qualitative development) : {HHEEEYIE - s EA AJEEAVIEIL T
{58 I NSRRI R R V) - DU LA &R S R &SdnE

=
oo °©
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JEEBA (Quantitative development) : Ji/V B AEIRHHFE - S nTRERIFEEHT -
it o0 B B D HF R L2 B 5 )5 | ABRER - I SR A B e R
DZNE

sEEEaiEEAEEE (Comprehensive life cycle assessment) : 4347 {EE S 1 EESE
FEmmHYEM R AR - BE  IIT  (ERFRE - DU EIEARETRA N -
#EEHERYE -

EREATENIM A /2 S FE (Action instead of reaction) @ B4R FA 55 P B A= S P
B A o wEoe LB AR H A e E i F IR A SRR - AR S A RS
VE R SRR T 008 D R A A £ ZE A R 457 I B DA R [ 2 R A Y R
/NI

&L AT (Economic innovation) * AIRFE(LER ML > EEALNIEETNAMM T M
MNHBEER AT FEEE L - EMmEABRFHES -

EEFE ISR RE T T k@2 TR (Guide on Sustainable Chemicals) | HRH

(10 ZEAER] -

1.

2.

mEHHAMEAHEREEFE EZ2YE -

H—E (RGPS ) A EABAVEEE T TRRS - HHR
FOKEREMEN - AEBEEHERS—WE > MEHEE L E -

TR e ARG S AR - TR MR  FROTRE
2 Py -

PTEBHE b BB EEE - IR RS A G (LA
B -

S 1 TP B TR 3 S LR AR AR PR -

BERAREEHYE - DUKEEFERIKRELLURAE R D B BUSE I F AERE
hZ A FE -

A S LB BRI AL O TR 5 s e A
B 5 P )

aF(h BERE R 2 O & ORI L G AR - BRI E 5 f8 2 (e sy i
FOEAT Ry i AT R S8 R ARG -

{2 (L P a2 R AT IR O i R B (L EYE R - JEEC R & JRATAE
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JROMAE BB A RAYIE - DUREANUR = RASHEN - & ATgE T B C TR

FEnn L KB
10. ¥MESanEf TEREDNIERE R r AL - IRt AR S B8R - AR -

BT R O(LERATE 8 T H S ISR S Anastas /1 Warner FTf2H 2 E % -
EZERP R AR REIRBEE RN - P EEERER O L2 - SR
RIS EBEEEARLD - FIEELIZRE R Green EITHER 4k, BHE
FHEEMEEL - BEAER - FFUUE - WEFRA T okERE ) By " green
esm P A s B A T AR SR (E ROk BT KM DA B — R N JEIS IEHERR
fife -

L7 K@k EERREITH

SrebEE T EF N B E L ERE PGS - T DL SRR S
43 P L L DURTHY B VBRI A A Rl - nI AE AR E B2 HEY  59NEH
JEEORT (Economy) f2AERE (Ecology) NZREA » DIMACEZRE] ~ PSR T
EEHEEMES » BEHERN 2 S LAY K SR - R B SR S AR

"' ZH#0 6E (economy, energy, efficiency, emissions, ecology and ergonomics) ~ FEC 4.

MY ASRESE ) BYRRI—2L -

SROLE IR N EUEE VA I R MR 0 A BB T > [RARUTHI SO
TR ARG SRR E S Sk LA BT S > ISR R HAY
H sk LE SR T R et

L ¥ LS e AENTSE
2. [ bEEtRRak O LEENUE
3. AEIRTHYERE LR
4. BIRFLBER A F RO

NEtsk RN 2 R A ERER > AR BB ENERGOEMt & -
Sk BERA RS T M B RS BRI B -

19



KBGO LR Z T A T

1.8 EF B EE{LEPELIE (The Presidential Green
Chemistry Challenge Awards) S4&5F 1142

EE B RO L2 PkER D% (Presidential Green Chemistry Challenge Award) &1k
SRR EERAVIIAY — » HEEIREREE (BPA) - EEIRE - BIRFE
B~ ZELEY - EEOEERERIL - DIEEE " ae(bE ) MEEEE
BAEVELA ~ BEIRGAIZHSS - 23507 5y © SREa &% (Greener Synthetic Pathways)
&0 K7 FESR(4-0% (Greener Reaction Conditions) ~ &k EEE % E110% (The Design of
Greener Chemicals) ~ /NPZEd% (Small Business) ~ E2{ijd% (Academic) Iz RS
#% (Specific Environmental Benefit: Climate Change) 25 6 JH o A1 -4H Wi {[E ELER
A RNREEE ] -

18.1 HRESERRIFES

Fa G2 ZE R 2 (Dow AgroSciences) 15 i A 42 ¥ 177 4E W) 7% &2 B (Spinosyn
Insecticides) i © Spinosad (1999 #5:4% ) ~ Spinetoram &k fgEafs (2008 15:4% ) o
Spinosyn AT EMERUINTR (Saccharopolyspora spinosa) HYRIAEHYIE » FE#%
axMIVER L - HEASREEN - REAEYEE - (REREFEEERRNER
i - TEA S SR EENAE S T EZ(E A - Spinosyn Ry—fH(LEEYE 2
Mt o fER L% » W3Rk (Spinosad) & Spinosyn A Bl D £z 1997 FFHEH - JE
MRtz s ENa F o HIbZ 1% - RERVEmEHED - TEREEER T EY)RE
Gh o R B A B EENY) - &2 EE&EIE - e RS SRR 2
B o ATARAEAL R4S LAV IR - B EUfNE Y Spinosyn L Bl J - &%
Spinetoram » EA T 7 a0 » [FERZE A& [10] -

%< 1.8-1 Spinosad F1 Spinetoram #ZE7 1144

s, - TSy Spinosad Spinetoram¥E& kA% &2l
v BAE SRR ER > 0] | v OrEFSpinosad A ERIR &
DUHIRITERT ~ Bt - BEfE ~ & ERVEME o WEVE A %

R 2 M P e B fscaR A ©
v EERIERS Z B v WP AN Ik

BEEER || smsnmmaesseE . | BE - S7EE EYE

v REGBEIRAVRR MR B -
AT -
v IR T EISASE -
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18.2 SREBSHERERIE

HEEF /N H] (Albemarle Corporation) F1Z fiIEH&ERAHFE /A =] CB&I ( R i ld
EHRE P\ E] (McDermott International, Inc.) i) &1F2$8H > AlkyClean » f—
TR ERE B (alkylate » —FHRERAEAUMERL) BOERE LI - #alk
TEMAERS TR -

H AR A TR B R ALY R T Be AR IS A B S - SRR & T
BB ARG AR 75 2 (8 B ET Y SR R el - Bt e iR (BRI A A
HIGeEM: - S TRAVERIE N B K E RV N2 2 g - 5 R AR 2
& - BOVHEBEAESGETREHE - FEMEHINIRE B E LRI MY RO,

FEFA AlkyClean HYHEFE T - Albemarle HYBTZE AN B30 T —fl 2 $AE(LEmH
o BEEBACAY SRR RE - m] DUB RV A B s e Be (B Y = H B e - 38
TEEALHIE SR B > BlEmE RS/ - CB&I B TAZANEE I E S 1 R
R AL B RV R BUR S B RS 24 HerP BT LUEFT TAE OISRk -
GeEAb) ML (JIE) HITEER - (e BN UCE RE S R AT T A
A AR RIS A 2 -

AlkyClean 7255 — (il F i p SE R A AE Y I AG I (R (L - FEET /4] (Albemarle
Corporation) 1 CB&I ( E 42 ra @ B 7N 5] (McDermott International, Inc.) ff
i) WIZZAEIEAN - ERGITEAE 2015 FE5 tP B LIRS M8 A5 4 b TR RL
g (& 1.8-1) [11] -

——

1.8-1 JEE LR E TR

21



KBGO LR Z T A T

19 ERTHAREAEEIMTZARREEER

AEEANNCBOTENT  BE5SE A RLE TS -
#£1.9-1 ERAFMEBEHFRAERSTEE

B2 2 Bh B %

ERSENEEZEBTEYE
$E R 4 BEZ) n
E - HE KEE
COER S BEETEAR TR
. BRSO LR AR R B
M 54
. I REIBEE TAZ |3, B2 BEEHE & RodE =
SFETRA | EEM | o
B2 ¥ T FEER T
. BN
. BRI K B Bk A L EL Al
EoENEY
. RBhERE e R R
Zitmr kB E L |20 BN KBRS B
EETEREAN | MTEL | j N
TR 22 2 R E% JRE e i
. R E g EH
. B TR R AR
ZLT I REIRE =
HEFFA |[BEE |HEHEFRTOH |20 BNGEEEREHEE KRG
£ SLERE
. SR LB AR BT
N o . TR R E RSN
S RN -
HEFHFA | BREE CAKiI}

. ETER R EER AR SRR
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F |
et

EE o SEEE - BEERE I
(4) FY107 4 7 A B R fe 8 s iR AR R D
BEABE V4] - FEBR2/N
BF > A6 ARG 3 i i ai i R » 270 ep e
[E[UZ100f53 B3 M4 -
(5) REHEFET2VE—EL Ll E
. o o | THEHERE I ——
FIRERZEN » WZEEE/b—2F
K HIERTE > HMBEERSE > W
i B PR T ek (AR AR SR SR IR | gppespipes S
PRIZ ] K (2 BES -

2BTIER| (1) BRETEH3MNE > sk e /24 F

b B2 K B |HfEEE KSHUENESE (S KRER| THEEE ]

HBE PSR REEET) o R E
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E 1020 |ZHkED—EHERSHERE
F 1020 |EHSKE/D2HEIEE R SHEINEEE
G 6/30 SB[ & @ © 22nd Annual Green Chemistry & Engineering Conference » HE# B @ £ » K#Ef : 10K
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FoE AFRITEHEE R

FLE AEETEEERRRESHGEN

REEFHETENER

1 REEPNEAGE (LB G  RENASREER S R
B 2 LB RS BT R -

KRITAFTHEEEE 106 FRERNIMEELEMAERMEBI &R - TR 4R E
st SrEAEL 1 PIRERTEEE - B2 T8 - R4 - EEEHEEER -
HATC R LR SRR AR 2 REE R » HPEELEEE HRKE
el 2 J LR SR R AR S T — PN B B EAY(LERERIE © Chemistry in Context -
FEHEE A DR AR A TS IR A L2 R AR R SR - DARSERE]
Z B vE R EE A EE (University of Scranton) 5% 17 2 4R/ EEEZ S 4G1L » Michael.Cann
B HBEER AR ERET 2 LR BRI - IRV LR 2 254 A
FTRZHRIE - INARERARERZHEER L BT EUEREAETE LT
AR ER=EEEE 2 HE - EE AR - sERRCE - ATHAER
EHRE M A LR H M R AERE N 2 S - (ERE S L2 4
U5 (NOP-Sustainability In The Organic Chemistry Lab Course) f{&E [ #fT A2 S
ARSI LR ERE - Hphas - (LR e - BnE L
a4 SRR~ B ~ BlES ~ sV - (R~ A~ fERTIR i Z AR ) ~
BhpEREt -

GrEEE - EZAMHRBE BN R AR A B NS B L2208 2 HRIEE
FRELGEALE 12 JFR R E A4 TSR RS R T o S H RIS Bait 2 S bR
THEAE R R 582 - FREBEERYN - WA TR GERIIBEEEI 2 FEM - 18
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311 =E

1. &R LEAEHEIE

REEEERFER A EER L > WA E R R S A B
HAHIER S S A LB AH B RE R A - BRI R AR Z BRI E - 25 ENHRE
LZEBMEEIR - DURMRHE 2 800 KRR E R - SR ERE &

FEER A B S ARG B b2 2 B -

FR R O LBHEERSGTAERE RS /T 1ERE B
g2 | 5 A\ B s tHAse K =PIt oE - DA sasi A (bEEaRie a1 - Hrp
Ze BRI LEMIRES: - RIS TR - S T 2 7 ke b2y
ZEPILL Rkt B2 12 THIFRIRAHR L OB S - REULEREE thaes T4k
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A BRI B g (18 3.1-1 ~ [8 3.1-2) » aJLAE S TS
SR R IR 2 B E R[]

Green Chemistry A New Kind of Chemistry
Everyone’s Doing It! |

Green Chemistry is based on a set of principles
that when used in the design, development and
A framework for designing or improving implementation of chemical products and

materials, products, processes and systems. processes, enables scientists to protect and
benefit the economy, people and the planet.

The 12 Principles of Green Chemistry

. Prevent Waste
Green Chemistry uses renewable, biodegradable

o)

. Atom Economy

3. Less Hazardous Synthesis materials which do not persist in the

4. Design Benign Chemicals e&‘;"m"me"t

5. Ben!gn Solvents & Agx]IIarles Green Chemistry is using catalysis and

6. Design for Energy Efficiency biocatalysis to improve efficiency and conduct

7. Use of Renewable Feedstocks reactions at low or ambient temperatures.

8. Reduce Derivatives s g 1

9. Catalysis (vs. Stoichiometric) n Chemistry is a proven systems approagh.
10. Design for Degradation een Chemistry reduces the use and ‘
11. Real-Time Analysis for Pollution i | neration of hazardous substances.

Prevention ! . .

12 n Chemistry offers a strategic path way

. Inherently Benign Chemistry

p . a sustainable futur:
for Accident Prevention ‘

A

*Anastas, P. T.; Warner, J. C. Green Chemistry: Theory and

Practice, Oxford University Press: New York, 1998, p.30. © 2014 ACS Green Chemistry Institute®

By permission of Oxford University Press.

www.acs.org/greenchemistry

B 3.1-1 SEER&kELER 12 JRRIRYO4%ER

To catalyze and enable the implementation of green chemistry
and engineering throughout the global chemical enterprise
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Green Chemistry

A New Kind of Chemistry

Everyone’s Doing It!

Green Chemistry — Sustainable * Green Chemistry emulates nature by
Chemistry in Sync With Nature using renewable materials that
biodegrade easily in the environment.

The design of chemical products and
processes that reduce or eliminate the use

. . i ri
or generation of hazardous substances. RS Chemisty uses materials agre

efficiently with less energy.

* Smarter %

=\

Safer ‘W

More Efficient e
Saves Money .
Conserves Energy b’ - )
Prevents Pollution —
Designed for Reuse or Recycle
Polishes Chem’s Public Image

“The best way to predict the future is to invent it.”
- Alan Kay

¢+ Green Chemistry respects the
\environment, preventing pollution
before it can happen.

reen Chemistry helps build a
sustainable future.

areen Chemistry fosters innovation,
reates jobs and inspires the next
eration of chemists.

W &,

© 2014 ACS Green Chemistry Institute®

To catalyze and enable the implementation of green chemistry

Green chemistry can create a better future,

www.acs.org/greenchemistry
and engineering throughout the globol chemicol enterprise

M 3.1-2 EBFESTck e LR 4 ER

2. Wizt
H RS =B L 222 & R & MR EEAMH R A B < sRAZ B - HsEREE
B B KRB 2 IR F R 3T — P AN BRI EM L EERE -
Chemistry in Context » T ZEHEEEA: D RLERRYE A 0 A RIRE R iy b
B R AR R R - BRI A 2B EEEM R} o DL SRR Z B sd R
B (Scranton University) ELa% 174/ EEZE40E » Michael Cann #5712
BEF AR HEGT 2 sk B LRI - fRE A B BTSSP A B/
KZERIE » HRAEME P ABSRIEAR S L N IFRsER I (% 3.1-1)
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% 3.1-1 HieMiRARR A LR BRI
e Eo e
S5 B AR A
1990 554 874
R B REOR
SRRV IR AL
Gk 0/ L ER AN ] s R T SR L AR RH I
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