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Abstract

21st Biennial Conference on Chemical Education, BCCE, Aug. 1~5, 2010, Texas, U.S.A.

Paper Title: Good starting point of green chemistry education in Taiwan

Symposium: Green Chemistry Education: What, Why, How

Session: Part 2 of 2 [2010-08-02 14:00:00 - 17:00:00]
Paper Start  14:45:00

Time:

Author: Jui-Lin She

Presenter:  Jui-Lin She
Co-Authors: Kwang-Ting Liu

Abstract: The concept of green chemistry has been introduced to the public and students
for decades. But there is rare classroom focus on the topics in our school. In
the mean time, the 21st International Conference on Chemical Education
(ICCE) is going to be held in Taipei, Taiwan on August 2010. The theme of the
conference is "Chemical Education & Sustainability in the Global Age". There
is also an essay competition of "An Innovation in Science to A Sustainable
Future” involved in the conference activity. It is a good starting point for us to
implant the idea of sustainability to our students. The course "Consumer
Chemistry and Sustainable Development™ related chemistry with sustainability
for non-science majored students was developed three years ago. The concept
of sustainability is the theme of the course. Two practical chemistry
experiments and one field trip related to the sustainability are arranged this
year. The practice outcome of the green chemistry education is evaluated in the
study.

Status: accepted by Deborah Exton at
2010-02-19 16:41:22

Keywords: general education, sustainable chemistry, demonstration, chemistry experiment,

field trip.



- ~FFHP N

S R fe ke % 2005-2014 E L TAYggE KT+ #2010 £ 8
PR SRR SAE B 8L ¢ (IUPAC) 2 TR M 5173 ¢
(ICCE) 2 €:R 1M 5 N1 FRTHIBFAEFE CHELY R A+ HAEFE
PEAR o AV F GFIR LEHKRS LT FER > AHARA A EHE
B4, hgru@itl A AGHRPEICE AT LB EnBRELER T4 8
BAEEE  EBA O ERF MR FOAACEREZI B L HAFHFE
L FERE o AHFARUPFLERTE Y - R FRHOREL AH O RE L R

PAEAESGRAFT o B4 a8 ke LAEP FHEy B3R R

FREPEIGE 2 4PA TR (L3P enF AR Fanug e E ko
SR UEEFAGE AL B D FRE 2 MR RPFAG F HAE S E D%

feR et = & > d 5 LR F e ol £ PRk A RAF A
FYRAEBIFY 320 P75 BN F o RPPELFETFT R F TR &
NERIAEERE R AR B TRM S B F R 2P U FEA YRR
PAEAPMAL W A R L SR BY AGAE HEARA YA LIRER

DEPE (MF) L 2 S AKE R L D AA -

4

g e
ARARKESFVANFR-PURRZFI - AYFR Al BRI
Bifeofr 3 it Z Bf iz NRAATAGHeFIHF N2 FY 248
B8 hp ¥F2E2 REPRBTRFAT AL FERASIPEFT R
H il o # ¢
(=) FAekte 4z

N S S
AA S L rgimdma e Bl BEp LA B
FAREH I EFREPETHE ST 50 o



2. 7% R
Fe b 3k F o # B - SIIRET
fgﬁ 3%3 éﬁ?i& o

FIER &

=

e b BkP G0
g bl o

4, & w3tk

A5

BoBREFLIEYH

S MBFHEA 2 PAENT B

AT B e EERL Gy 2K TR LR AR R S

fir & FeARim A 4L Tk

~25£%ﬁ¢%’%ﬂ9#%«1&£@ﬂ’¢i§i%%*

FEA ﬁﬂl NECNIAY ‘&)

(=) B2 EY %L1

1. ﬁ}; #7 F\: ‘:% ﬁ

TR, 2 u P ik TRE4 FROMP K

TRz &

(informal education) E&Ep 7 % ~ it -

AT A B HE A FTHAEE B g BB A2 ) IF o

2. HAREEAGL

2 L

GRS AR F AR LR EERY  FY ey

AR A & AR R 0 TR AN BB RT Ry o

3. HAHFIALAL
&5 A e re—

R E X

B R A

(=) FHFEr B
BENEREE - R £ X R S AN SR

5

T2 ABAKEL LD L8

S e T

&)
—
[

LIRLE & < 7 I N ’f—:}”"y R IR A



BHRALCE R R B ARG E R OIFEEA o AN R ot - o 5 d AR

AREEFFE O OREFMABENF > FE- VO REER  KEEHFERIE 1

ror o ATiE 22§ AR E F RdeT

L A=k 77 % AT g FOREs R I 6 F
49 o)ff:';ﬁ-.#f,aﬂﬁ%p\ zz—rgjas\% EES I e

2. 2 EZNFATERHRZTEFLFITFR > FHREMZ FA2F TG E=Z o
(1) 2% 7 chph &g

M FEL PN F ISR ER 0 b B B % R

W

I N »E,m‘:iwb,%é}\@’li‘ié“’ki?ﬁ B o AP
7

MRS MA o R L - FEA A KA Y P PFRE 100 £

r

—_

P EORIGE S LR EE BRI OA D R IR R

N
r
o

(2) Fcdrap il P gt
FTECR B 0 AR WIS - R i B R R B kH R e

L

Wi

GERIRE S B YR E 0 B ER TR 83 FRv t AR

[
nNs

3. MIREEF I A, W WM ANE AT Y H o o

BEREAFE KA EY CTRIPIIZ KSR AR a S EF ]

) - F#- g

LB A A HRIT A 0 ARk T R B P HERE

m2_§‘3 = R S TR = e i ;ﬁ%‘fiﬂﬁ;?ﬁﬂ; i“RR K

RS

I;b\)%’* °

‘wk

T 0 B A
4, B3 EMP R RKLPEBERE 2P E AR F C@RLERET o

Sd EEEREH L AE IR X TF e 2P ELER BEP Akadd



AR B A 2 S TE AV EEIE R F AT R RIS MUK FRE R o

(=) 28y %

AFIFELOBEA G P MR Y A WA 2P RABREFHEL LD

B MPREEoEs o 2P

1 d PR EAAL TR T BEERBY A F 4 2171 1 &8 % p
FRFI (53%) 2 FF & (41% ) B2 ER P iz TAKAL L p F 1 info
HALHE A (T196) > EBR S FARDP NI HAHF X4 L F2 F %7 245
(%599 ) 52 8 rFptifiey A& (88%) ¥ % (65%)-

2. dFITHAHREEN LA LS F ALY TR KE 5k 2 (P=45:5
BT ) FEAECHRHREIFLH TR S ER B RHRFLLIR SN
chip ¥ 2 i3 o

3 HAREAAAITHERT T ETR T TR A EEREFE 2P E RS

I

FHEDRFIREFARIIE IR 2 AFEHREFAPNFFAESFTH
FHEBBRALI P EFIHNAR2ZPF (P>4) B2 2L ERE B e (P =
41) 4Bl 35 2 F 2 RORHFATFL 5T TR (P=23) HifeddRE > v &
R AT RSE S T IS RF NP AT IR B

4, d Bfeh- 962 KERANLH T To=gE (P) 2 5 464 FEY 21

325 FUif wakAr 0 P>45 2 dfe £ 44 F (135% ) HAez kB &y - -

(2) *#%4R
ARAKE ST E 27y 2% > 12 TGood starting point of green chemistry
education in Taiwan, 4% > 2 &2 A7 SR B RTEFEFHERLF L > B¢ 27
HERIAPAOPYARL R R TR RRILF TSRS T S04 AL

§J; P\ ; 3‘3’—%{?“%} [EJSE

SEREL RGN R R LR HN PR PR Y SN A ARG L 0a
BARE CEPPFFENRFHLVE ST AR AT AR R nFY o KRG



PHEANEZEF AAPEZA > No HEAE Y IREPFRMREF > R AL

Froga gt o 5d AP PP A R T2 N EEREFR ) WBGAREREE
LHEHM o F YU GFAESR R P EAFE SR A

BlachF 253 > £ 20 PrF Y SABEF Y S DA BHA2LKEPH - d %

BOEVERERZCEQAATEAERAY > S22 ma X EFERL -

BHRE R HAERBFEARMEFR A L ~ I8P g ¥ iEE - & BT

EPOFF AL  FEREHCF LT RENR FHI DT RESEIHDER - 2

F AT FA G O

il
ap

Fork B G EA 2 o5 kA4 B ITd LR

I e = B ER R g L Y el

Bll 4 By B iz §okd 432



Field trip

B Strongly agree

Laboratory
@ Agree
Category of battery
O Neutral
Food additives
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Eﬁw[\f{:ﬁk}lﬁ@‘ B pragfk (HA) puiEss (A) %% OH ()
et - 90 F
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B FUPSRYHEE ik & HY ) rﬁd@rfzyﬁzl@ s YT NH,"
NH," @ag) + H20() == NHa(ag) + H30"ag) (5)
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FUH IR 5 T PSR « GUERERRTE T A
5o YRR F RIS AT RO 0 AR R
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PR P RSSO S [IETBR ALOH), 11k
ALOH)4 (aq) + H'(aq) = A(OH)3(5) + HOq) (2)
REBEEIVPL - [ AOH); 785y AP [ Ji?\fﬁjﬁﬁ?ﬁéﬁl
Al(OH)35 + 3H (ag) = Al™" o) + 3H204) 3)
FRBET ANOH)s 1 I 5 [ IHIUSHES S AL(OH)s
Al(OH)35) + OH (aq) = AI(OH)4 (ag) 4

IS AI(OH); ,ZH:E'[ ftﬁ@?‘fﬁ?ﬁfll ’ VFJ:A’E"[ f%ﬁ?‘fﬁ? R L R el T4 T
FL [ 1EP2HT (amphoteric substance ) ©

FERR | [P R EIOR ﬁﬂi@ ) FZE KOH 4 {55 £ AI(OH),™ » T [ ™ Skl
ﬁ@zif”%T”” S04 ~ AP" A1 K" PO IAE L e - B
PRSSUSHITE > KAI(SO.) 12H20 © SHHPESH IR G Az g
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D4~ BRESERTR] ¢ TR CF1i) 97 BRAR BT (100 mL) BT
ASPREIRA © ekt + SRS SRR BT TR -
ETERRAT (B i) -

A

T Bl 9.0 M L (sulfuric acid » H;S04) ~ 1.4 M 4454 (potassium
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+  HERIE
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— 2K" (aq) T 2A1(OH)4_(aq) + 3H2(g)

I s guiilgim%1fk31‘z JFIE e v st
*(%lmw’ﬁﬁ@ﬁwh@ﬁﬁm iR
FISHIRE > 7 T S e

ﬁ_ R P UG- L S AR M
SRSV R > 2 IRk A YA,
http://www.ch.ntu.edu.tw/~genchem99/doc/07T7.pdf
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9 M H,SOL RIS A1« FREE i o [ 5
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PSR R - S R e ] -

":’ T+ A(OH)s (ug) + H'ag — AI(OH)3() + H20)

SRS It BEIN B B O R PR R A
£ iﬁl[@iﬁ'ﬁﬁ';—ﬁﬁffiﬁ*%ﬁ °

6. ﬁg ﬁlaigﬂéﬂ AR R G 30 mL PP 1)
FMYF"IT@F 2 B A ﬁﬂﬁf BTk EM’TL"
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RS 5 F IR ALY RIPESEL R 2

7. UNF %EE':“%“ AT kLR O A B
I o
K gt AL (g 2804 (ag + 12H200)—
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2 ] R iR R ’F‘ﬁﬁ 55 FF[!%[HFI%?‘%W:’#X

2 ST T ORI R A )R
ﬁ#uf““ﬂdﬁ”ﬁp%—%ﬁuiw o ffg[: A€t S E - TBHQHY BHA -
- = 'l SR
2-= 57 ZIH TBHQ, FER P AEE 2 E > vitamin E
BHA, butylated
hydroxyanisole

o
HO OH H ) )
o : :
OH

3. E\I I E[J%]E : ﬁ,ﬂ{ jEr’rI-ﬁj '—E,E“ fh%@ﬁ’ ﬁ[ IE[FI _Efl I E[J};'FE:‘{ ]35?;(‘;@ o

4. ol A SRR RIS ) [ B (JER R Bk

2-tert-butylhydroquinone

0429 ﬁ%jﬁ%_ic { “’fﬁl'_fﬁl_filﬂé"? t4E.doc 1



4 m—'ﬁ‘]‘

F— 2y

i

2-3 * - RS IT AU BB [ P R R Y R

i ik A
1
2.
3,
Dlucill WA

L Pl £

2. "
3- [:IFI&}'JJ

4. W

5. Iy

0429 ?«jﬁ? FTRRL_A

it . doc

-30



-31

J irrﬁjr b= F:H%%ﬁp

_lTl

P ABER A TR R
g 1H 2010¢F 5F13 !
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FIPELE l'“%ﬁrl'@%}[jl SR L T T T SR TR T R -
% 711”7}7["‘?7 f[r Lbﬁjn?’%ﬁblﬁ J :%iL;J'i p e
(=) = “*F§tP primary cell - 37 FEHRIF]
1. ETZFILT‘W ’ﬁ%é%fﬁ?ﬁib (Leclanché cell, acid form)
2NHy4" +2MnO5 + 2e” — MnyO3 + 2NH3 + HyO

2 Y
Zn(s) + 2MnO»(s) + 2H>O(1) — Zn(OH)>(s) + MnyO3(s)

3. EE
HgO + Zn — Hg + ZnO

4. F[EFE
AgrO +7Zn — 2Ag +7Zn0O

(Z) = %FPh secondary cell : T BrEHIf"]
1. %l%féfﬁﬁﬁb Nickel-cadmium (ni-cad) :
NiO

Lidis
+ Cd(s) + 2H20(1) —;‘ NI(OH)Q(S) + Cd(OH)z(S)

2(s)
2. g gﬂﬁﬁ Nickel-Metal- Hydrlde (NiMH) -
3. ?Hﬁzfﬁﬁﬁb lead acid battery :

—=2PbSO
F

PbO, , +Pb,,, +2H,SO +2H,0

2(s) 4(aq) 4(s) (O]
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Good Starting Point of Green
Chemistry Education in Taiwan

Jui-Lin She*, Kwang-Ting Liu

Department of Chemistry, National Taiwan University
shirlin@ntu.edu.tw*, ktiu@ntu.edu.tw
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S - — 21st BCCE, U of North Texas, 2 Aug. 2010

It’'s a Good Starting Poin

» 2005-2014: Decade of education in sustainable
development

e 21st ICCE (International Conference on Chemical
Education), Taipei, Taiwan, Aug 8-13, 2010
—Chemical Education & Sustainability in the
Global Age

» Workshops on Sustainable Chemical Synthesis,
Feb. 1 and May 7, 2010 (organized by Chinese
Chemical Society, Taipei).
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R 21st BCCE, U of North Texas 2 Aug 2010

Consumer Chemistry arld___lq.‘lm
o (1B

Sustainable Development

A general education course for non-science

students

* The relation between chemistry and sustainability
was emphasized

» Concepts of green chemistry were incorporated

» Course contents were revised to include more
class activities in the spring 2010, to inspire the
learning interests of students

» 18 undergraduates took this course

3
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oy e 21st BCCE, U of North Texas 2 Aug 2010

Key Concepts of the Cour-sm

Consumer Chemistry

« Introduction of chemical principles

» Applications of chemistry

» Chemistry and everyday life

» Chemistry and the environments

* Highlight the importance of chemistry

Sustainable Development

» How to improve the effectiveness of chemical reaction
* How to reduce the side-effect of chemical process

* How to reuse and recycle of chemicals

» Highlight the importance of green chemistry

4
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R 21st BCCE, U of North Texas 2 Aug 2010




Design of Class Activiti (’%E»

» Lectures: to build up the general concepts
 Demonstrations: to inspire the interests
» Group activities: to analyze and cooperate

* Hands-on laboratory: to observe and
apply the chemistry principles

» Field trip: to connect the green chemistry
principles to real life

(|5

Lectures

* The concepts of sustainability

* Introduction of chemistry
— Atoms, molecules, ions... ﬂgmmworm |
— Chemical and physical changes T
— Chemical reactions and energy High fashion gocs greon
— Reaction rates and catalyst ©
— Organics and polymers

— Applications of chemistry

» Chemistry and sustainable
development

SRS R RN

< Dry ice and
surfactant

Solar cell &
fuel cell »

< Polymer

Catalyst » Lj

a Food additives
< Classify the battery
* Primary cell

- Secondary cell




Acids and Bases

» Micro-scale spot test
» Colors of indicators
* Acid-base property of
consumer products

Preparation of alum
* Recycled aluminum can

» Oxidation reaction

» Acid-base neutralization reaction
» Crystallize to obtain alum
Calculate the yield%

Field trip

Our Water Resources
* Public water supply company
* [ntroduction of water treatment

+ Demonstration of water
treatment

The report of students

Results of Questionnaire-".m

The activities fulfill the course contents:

Field trip W Strongly agree
Laboratory B Agree
Category of battery O Neutral
Food additives
O Disagree
Demonstration
M Strongly

0% 20% 40% 60% 80% 100% disagree




Results of Questlonnalre.fm Implications
The reflection of students: » Reflections from students
| recommend this course to others B Strongly agree _More Iaboratory WOI‘kS o
This course met my expectation m Agree —More demos and hands-on activities
I learned the concept of sustainability O Neutral — F|e|d tnp iS great
It's an useful course
It's an interesting course : ‘ : ‘ 7 Dsagree i What’S the neXtO
O 0% A% 6% 50% 100%| e —Can we attract more students?

—More greener demos and lab work?
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