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The Major Challenges to Sustainability
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A § (Sustainability)?

Nature (g 2% )

Resources Are we using resources and
Q creating waste faster that the earth
@ SYhsumption €an take our wastes and convert
C_U > them back into resources?
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ResOUrCes Are we exceeding the carrying

Consumption capacity of the earth?
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A sustainable state (<&l 1)




Sustainable (Green) Chemistry(:X i+ &)

Green chemistry iIs the invention, design and

application of chemical products and processes to
reduce or to eliminate the use and generation of
hazardous substances.

(OECD Workshop on Sustainable Chemistry, 1998)
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Five recommendations for promoting
1. Research and development in sustainable chemistry
ARG BEanr 7 B E
2. Awards and recognition &£ % 3 ARG B2 A3k
3. Exchange of technical information 5 B 33t 2 2/

4. Guidance on activities and tools to support sustainable

/

chemistry programs 31 g7 £ B Aphd A 1V B2 & g8

5. Sustainable chemistry education < i* £z &7

(ITUPAC-OECD joint meeting on “Sustainable chemistry project,” 1999)
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Three broad categories of sustainable
products or processes

1. Use of renewable or recycled feedstocks.
A AR R

2. Increasing energy efficiency, or using less energy
for the same or greater output.

Hiciv 8227 » AR B AR A S

3. Avoidance of persistent, bioaccumulative and toxic
substances.
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(OECD Workshop on Sustainable Chemistry, Tokyo, Oct. 2000)
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« Chemistry Is the creative science that creates many
new substances and brings them into the world

(Some of them are useful and many of them are
hazardous. We chemists have the responsibility to
do something about it.)

e % ipe ,,—,’q-?— ix
« Chemistry is an enabling science that will allow

economic progress and environmental progress to
proceed in harmony

(It is an opportunity for us)

e % ipe r{—;#}g g
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“*Green (sustainable) Chemistry”
represents the pillars that hold up our
sustainable future. It is imperative to
teach the value of green chemistry to

tomorrow’s chemists.

(D. H. Busch, Chem. Eng. News 2000, 78 (28), 49)

It has become an imperative that
chemists lead in developing the
technological dimension of a
sustainable civilization

(T. Collins, Science 2001, 298, 48 )
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ARFECE oL - R
(Anastas and Warner, 1998)
. FHEMSR R (Prevent waste)
’5%{[!5}”1@?(’_}%'9 )VAEFEE (Atom economy or atom efficiency )
(& el [ F A 91# (Less hazardous synthetic methodologies)
. %*z{‘_ﬁl:@ = PV | 3“’@& ( Designing safer chemical products)
LFI F'JE@“ 1Jlf’! (Avoid using auxiliaries if possible)
EJ}'“'??]JE'JHKE{ ( Design for energy efficiency)
e 8 {£FUR] (Use of renewable feedstock)
. %ﬁ%ﬂiﬁ"ﬁ{i’ﬁ“@@ 2 P2 (Reduce derivatization)
. FREERS R TE (Catalysis)
10. F%?fﬁ LN -y FF'[E' ( Design degradable products)
11. |EEFEFD 55 (Analysis for in-processing monitoring )

1
2.
3.
4
5.3
6.
7.
8
9

1288 A8 = V=8 ,[h (Accident prevention in a chemical process)
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Prevent wastes

Renewable materials

Omit the derivatization steps
Degradable chemical products
Use the safe synthetic methods
Catalytic reagents

Temperature, pressure ambident
In-process monitoring

Very few auxiliary substances
E-factor, maximize feed in product
Low toxicity of chemical products
Yes, It Is safe

(Green Chem., 2005, 7, 761)



E Twelve more principles of green
chemistry (2001)

 Twelve principles of green engineering
(2003)

 Twelve principles of green science
and technology (2005)

 Ten commandments of sustainability
(2005)
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A F -+ #&(Ten Commandments)
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CHEMISTRY (THE CHINESE CHEM. SOC., TAIPEI) Dec., 1996 Vol. 54, No. 4, pp. 63~ 66
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CHEMISTRY (The Chinese Chemical Society, Taipei) December 2007, Vol. 65, No. 4, pp. 355-360
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Hexanes/EtOAC CHj signal ratio
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CHEMISTRY ( THE CHINESE CHEM. SOC., TAIPEI ) March. 2006 Vol. 64, No.1, pp.141~146
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Vollhardt and Schore, Organic Chemistry,
Structure and Function, Fourth Edition, 2003

Fr RFEAM BT ED 4T

QR A S R
c FZEF - RBZFR
(1) 3 #F B354t (a) »z,wém/ﬁt*fmﬁ@ (b) #&gafk i
Wo3 P 25k (C) P OB SOF 55 W-F
(2) 5%1"‘”%7 i I HLF k2 raReg e R
« F AR AR r}gr HWE -2 LTk
(1) fp2- 3 i* 1 R EARFLERP a2
(2) L&A A3 5AR
- Lo F T”p"mﬁf%»
(1) *:% 3 a3k Y F R
(2) M= 2t F o A8 32
(3>§’%§£i77\§‘xb = ok

N

£20MAFOFRBEA L HRFUKE 2T BE-

28



| BEEBARERERNESE
B #4055 AR RBMERMH

= )

(fLZ 2 7)) 2007# = 7 5 > F 282-286
29



Sy
AP agT T4 %\’%%4* i

Gy X2

LB B PR, 3 A S0

FR&FESE2F) Mg ag
TEE A ]
fL« b;}’n v E“i}%’].—g— m* ]L ﬁ'{ﬁ = )‘f"’f{%%ﬁ‘, '@ /J\

A R R G 7

GRPEA G TR A RAL A A S o S 2

S I Y3
@ 4 F Skl enifak gt

30



(L 4R) 97#5% 27p A%

31

H _ﬂ_._n.%.wmﬂnﬂh/bu ﬁg H
EHEEE - ExieRiERm =
Bk AR L 4R i 21 - @)
40K o HEmEKE SRR
N - R B - Dlakky
KR - 4t [ RER
- PILER - IR
Wi ~ G [E K IR 2R
| R e SR R W e B ©

2 D R IR K S X

TR HERRYKIPE - THREHR
ﬂé&iﬁ%ﬁ @ﬁﬁﬁﬂ
R o g
LR - E&éﬁﬁﬁﬁwﬁw

- KB IR E - o8
SR T S R -
R K L R
K- - SEEEHOK BT IE N
R TERI
PEERC SRS -
FUPEEEY - RS E
u [ EEEREEEN | - Ko
REMIEKEPERELS
- IR
< - KR 4TSRER o
B - SR T
WO - BRI E R
LR o B -

- R RS R R B A B B B -
RS - MBS - B
BERNEL -

Y BN - R R fEE el R
KRR - X WO EE IR
B X M AR - K-
B IR B R BB -4 o

[ PR R\ o5 | i
KR IR IR IR I 2 - &
Hir RIC R ESEREEE - [EE
R U T R R
mE - ERERTR SEXE
IR - BiRERGREE<R
K - KR EFRR LR &R o




32

MWbrmwauémﬁmﬁ¢mm&+;nB g=t

% i

B S\ 8 & K @03
HEHEH (J084)

R | [ 4e8e.- g4 | 2
HImSR I | | X - o
BIEH o

K4 | O -8 K EhRD
o s 13 O, R R R (S 5B
dl | O O< B4 [ SRIRE
HBECR O | - afRR
T IR - HEIRIE -
0 5 5 P R S R R R S R
B o RPROERERE - B
BRI I 92 6 {0 B A - I i TR
o RUHHK ~ MK REEHI

ENEREEE - mEEIREA
%ﬁ%ﬁﬁﬁ@@ﬁ%ﬁ%ﬁﬁ
TR o

HH 300 b 4 - R R S T R
SN MR o MRS H-SHEWRE [
B | - S - RS
HRR R S R He TR
& - HI<BEMEHX - R
HA KB 4 ! i S A R BT JT e
#E - <ERHRERZERE
RECE - SR 4 8 bR SR Tl
B o HICHIRI S HO M N EE R HI
HEKER - EERHBE RN
BN E IR BHIE o SHIRMKH

Bt

R KER -~ KB E
%ﬁﬁ I B e B g
ﬁ%iﬁ%%ﬁ%ﬁ%ﬁﬂﬁo

PRS- HE - R &
B <tEEERRREICE - &
PRl - SReBRERR
BT - @K o TR
EEREN#HEERNR X HE
BEREC R GRS - [T
ol B LI REE - K&
KR RSB HERINmE i E
~ KIS B O HE
R - HIEMERETEENT
BB REEE N -



iy

HAFWOEHE LR
CRAFCERMERELTHRRH
P P e ARG ERE R

X 5

p

P e # z&ﬁhﬁﬁwwhhﬂwwwi

KFe R T f@fp’ 9, Mok —RARME X
—ﬁ@&’ﬁﬁﬁﬁw@ﬁ,mﬁﬁwg

TP AR E T A ERA Y
4o Cr(VD2. % 12 iF7% » iRk —3 FREE 5 4T ot
)3

B R R M > bt B3
s kA R R R -
Al o2 7 ) ¥

S

i

g2 ﬁ% ESEE AL LR L L EL ¥

33



COMMUNICATION www.rsc.org/chemcomm | ChemComm

Selective partial hydrogenation of hydroxy aromatic derivatives with
palladium nanoparticles supported on hydrophilic carbont

Philippe Makowski,” Rezan Demir Cakan,” Markus Antonietti,”
Frédéric Goettmann*“® and Maria-Magdalena Titirici*

Selective hydrogenation of phenol to cyclohexanol in the o o
aqueous phase was achieved using a new catalytic system based
on palladium particles supported on hydrophilic carbon prepared PuIA10, vapour phase

OH

by one-pot hydrothermal carbonisation.
N,

A oC
&L ad
wc‘ i 'L\\V

Fig. 1 Synthesis of cyclohexanone.

Chem. Commun., 2008, 999-1001 | 999
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CO, Surfactant: Joe DeSimone, UNC, NCSU,

NSF Science
and Technology Center for Environmentally

Responsible Solvents
and Processes, PGCC Award 1997

I:CHZ—CH ] [ CH,—CH ]
n m

C=0
O CH,(CF5)gCF3
Y~ i
"CO,-philic"
"CO,-phobic" lipophilic chain section

chain segment




CO, Surfactant

-+—— Carbon dioxide solvent

¢
b ~Z "CO2-philic" chain segment

el "CO2-phobic" chain segment

Amencan Chemical Society
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Title Date ¥
Green Chemistry in the Curriculum: Biodiesel Module 2008
The dose makes the poison: Measuring ecotoxicity using a lettuce 2008
seed assay

Green Chemistry in the Curriculum: An Introduction to Green 2008
Chemistry

Greening Dry Cleaning 2008
Introduction to Green Chemistry 2008
Think Green 2008

http://greenchem.uoregon.edu/Pages/ResultsAll.php

Green Education Materials for Chemists

Source

Fisher Science Education, ; Brush, E.; Beyond
Benign, Green Chemistry in the Curriculum:
Biodiesel Module. http./Awww.fishersci.com/ wps/
downloads/ segment/ ScienceEducation/ pdf/
green_Biodiese/Module.pdf (accessed May
2008).

Kwon, S. Y.; Levy, |. J.; Levy, M. R.; Sargent, D.
V.; Tshudy, D. J.; Weaver, M. A. The dose makes
the poison: Measuring ecotoxicity using a lettuce
seed assay, Chernistry, Gordon College, 2008

Fisher Science Education, ; Beyond Benign,
Green Chemistry in the Curriculum: An
Introduction to Green Chemistry.
http:/Avww.fishersci.com/ wps/ downloads/
segment/ ScienceEducation/ pdf/
green_IntroGreenChem.pdf (accessed May
2008).

Hill, J. W.; Kolb, D. K. Chemistry for Changing
Times, Print 2007, pp 546-547.

Hill, J.; Kolb, D. Chemistry for Changing Times,
Print 2007; pp 34-35.

Fisher Science Education, ; Beyond Benign,
Think Green. http./Awww.fishersci.com/ wps/
portal/ CMSTATIC ?href=/ScienceEducation/
scienceEduStandard/ Features/ Think_Green/
se_std_ThinkGreen_040708_1435.jsp

oStore=ScrenceEducation
&segment=scienceEduStandard (accessed May
2008).
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