
 

 
 



 

 
 

Green / Sustainable Chemical Communication 

 

Preface 
For past couple years, everyone in Taiwan more or less should feel the abruptly 

abnormal change of our environment due to the impact of global warming. From 
academic point of view, what we should do and how we can do to turn the earth back 
to the original status is to educate our next generation to think and to do the right 
thing on earth. Consequently, education of green/sustainable concept is highly 
important to our young students.  

This edition of Green/Sustainable Chemical Communication (GSCC) denotes the 
invaluable information in the fields of education, chemical engineering, industry, 
chemistry and biochemistry related to new invention and development of sustainable 
solutions which may be helpful for us to protect and improve our environment in the 
near future. 

We are indebted to two experts Kwang-Ting Liu (劉廣定) and Lou-sing Kan (甘
魯生) who sincerely wrote and collected the information at several stages for their 
helpful and invaluable suggestions on how to construct a practicable communication. 

I also wish to gratefully acknowledge two photographers, YiChi Jao and Steven 
Zan, who provided us a series of pictures about the nature and green world taken in 
many countries in Europe.  

 
Wen-Shan Li 

Academia Sinica 
May 2009 
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永續化學的教育(Education in sustainable/green chemistry) 

RESOURCE SHARING 

化學是與全球永續發展所遭遇之難題關係最密切的學科。2002 年底聯合國依據

1992 年所提出「二十一世紀待辦事項」（Agenda 21）的第 36 項，決定以 2005-2014
年為「永續發展教育的十年（Decade of Education for Sustainable Development）」。
強調「觀念上永續發展教育遠超過環境教育」，希望經由「教育」普遍灌輸正確

「永續發展」的觀念及知識於人心，以求順利達成「永續」之目標。世界許多國

家紛紛投入，積極推行。較新版教科書已多為配合，如 Chemistry for Changing 
Times (J. W. Hill and D. K. Kolb 著)第 11 版(2007)每章都有永續化學的專題介紹。

但在台灣，與永續發展相關的化學教育一向不受重視。大學裡開有關課程的不

多，而教育部新訂民國 99 年實施的「高中化學課綱」中，「永續發展」竟只有

「基礎化學（2）」列了約一節課！為免學生知識與觀念過於落後，失去將來的

競爭能力，本期「資源共享」增加「永續化學的教育」一欄，將 2008 年起國外

及大陸刊物中編者認為有用的資料，提供化學界從事教育工作的同仁充實教材和

改進實驗之參考。 

 

 

(1) 新資源: 

In September SusChem, the European technology platform for sustainable chemistry, 
launched an online database of European education activities in sustainable chemistry. 
The resource aims to: 

• provide concise information on existing and planned activities (publications, 
websites, workshops, lectures etc) and courses (from secondary school to PhD 
level) in sustainable chemistry; 

• support the development of new secondary school and university courses by 
disseminating best practice; and  

• promote new collaborative activities and provide information about sources of 
funding.  

You can search the database by educational level, eg secondary school, bachelor, 
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master etc, and by the type of educational activity. The database currently covers the 
UK, Belgium, Finland, France, Germany Ireland, Italy, the Netherlands and Spain, but 
the aim is to extend coverage to all EU countries. Users are invited to submit 
materials and details of useful resources to the database by contacting the 
website (e-mail: learning@suschem.org).  ( 取 材 自 Education in Chemistry, 
November, 2008)  
 
 

(2) 講課參考資料: 

Succinic acid from renewable resources as a C4 building-block 
chemical—a review of the catalytic possibilities in aqueous media 

Aqueous hydrogenation of bio-based succinic acid has been reported for the 

production of value added chemicals, e.g. 1,4-butanediol, tetrahydrofuran, 

-butyrolactone, 2-pyrrolidone or N-methyl-2-pyrrolidone. A variety of heterogeneous 

metallic catalysts, active under quite severe conditions have previously been studied, 

whereas research into organometallic complexes is thus far limited to solvent 

reactions or to aqueous reactions producing succinic acid. 

Clara Delhomme et al., Green Chem., 2009, 11, 13-26. 
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Solvents from nature 

In this perspective, a personal journey 
from solvent to solvent is presented to 
demonstrate how environmentally 
friendly solvents can be part of the 
solution of various chemical 
challenges. Solvents are important 
components of Nature to provide one 
or more liquid phases for chemical 
reactions and processes. While some 
solvents are available from Nature even in large quantities, most of the solvents are 
man-made. Historically, solvents were developed and/or selected to help the chemical 
or physical objectives of the user(s) only. With the increasing importance of local and 
global health and environmental issues, including the introduction of green chemistry 
and the molecular approach for pollution prevention, the potential impacts of solvents 
became important selection tools. One of the key principles of green chemistry is the 
elimination of solvents in chemical processes or the replacement of hazardous 
solvents with environmentally benign solvents. The development of solvent-free 
alternative processes is the best solution, especially when either one of the substrates 
or the product is a liquid and can be used as the solvent of the reaction. However, if 
solvents are crucial to a process we should select from solvents that will have no or 
limited impact on health and the environment. 
István T. Horváth et al., Green Chem., 2008, 10, 1024-1028. 
 
 
Evaluating the greenness of alternative reaction media  

The solvent performances and ecological (dis)advantages of different solvent systems 
for the Diels–Alder reaction of cyclopentadiene and methyl acrylate were investigated. 
Promising solvent alternatives, especially [C6MIM][BF4](1-hexyl-3-methyl- 
imidazolium tetrafluoroborate), citric acid/N,N -dimethyl urea as well as a 
solvent-free alternative were compared to the conventional solvent systems methanol, 

cyclohexane, acetone and methanol/water. By 
means of the ECO (Ecological and Economic 
Optimisation) method these solvent alternatives 
were evaluated already during an R&D 
(Research and Development) stage in a holistic 
approach. This method is a screening tool that 
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employs a Simplified Life Cycle Assessment (SLCA) approach in combination with 
an optimisation procedure. All life cycle stages from the production of reactants, 
solvents etc., synthesis and workup, recycling and disposal are considered within this 
methodology. With the help of the ECO method, some significant environmental 
issues depending on the solvent selection are compared in order to make a 
contribution to the assessment of the greenness of chemical processes and products 
during R&D. 
Denise Reinhardt et al., Green Chem., 2008, 10, 1170 – 1181. 
 
 
CF3SF5 - a 'super' greenhouse gas  

Trifluoromethyl sulfur pentafluoride - a byproduct of 
the electronics industry - has been named a 'super' 
greenhouse gas by physical chemists. But what 
evidence do they have that makes this molecule a 
potential threat to the environment? 
Richard Tuckett, Education in Chemistry, 2008, 1, 
17-21. 
 
 
From waxes to riches  

Supercritical carbon dioxide can be used to remove valuable 
chemicals, including waxes, from plants, the most widely 
available and cheap source of biomass in the world. 
James Clark and Fabien Deswarte, Education in Chemistry, 
2008, 3, 76-79. 
 
 

 
Resistance is useless  

Chemistry holds the key to commercialisation of 
high-temperature superconductors that could 
revolutionise electrical power supply.  
In Short:  
(a) The underlying mechanisms of 
high-temperature superconductivity must be 
unravelled before it can be commercially exploited. 
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(b) Multidisciplinary collaboration will be essential in the search for new classes of 
higher-Tc materials. 
(c) Commercial breakthroughs are imminent and prototypes are already successfully 
operating in the electric grid. 
J. McEntee, Chem. World, 2008, 2, 42-44 and 46-47. 
 
 
Sustainable fashion and textiles    

Synthetic fibres are back in fashion after an ecological 
makeover.  
In Short:  
(a) A new generation of 'greener' synthetic fibres are entering 
the textiles market  
(b) The fibres are based on polymers derived from plants rather 
than petrochemicals  
(c) Class (Creativity, Lifestyle and Sustainable Synergy) is one 
project that brings manufacturers of these textiles together with 
the designers who use them. 
M. Burke, Chem. World, 2008, 3, 58-61.  
 
 
Sustainable water: chemical science priorities   

This report highlights the key role of the chemical sciences in driving future 
developments in water management, nationally and internationally. 
The report encompasses the entire hydrological cycle with an emphasis on human 

activity, particularly: 
(a) Managing domestic, 
industrial and agricultural water 
use 
(b) Contamination 
(c) Climate change.    
The report summarises the 
current situation and 
recommends future 
developments. It presents sound 

scientific evidence to support its key recommendations. 
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(http://www.rsc.org/ScienceAndTechnology/Policy/Documents/water.asp)(available 
on Nov. 1, 2007) 
 
 
Sustainability education and the ACS committee on environmental 
improvement  

The Committee on Environmental Improvement (CEI) is a governance committee 
appointed jointly by the ACS Council and the Board of Directors. Environmental 
sustainability has been a long term focus of this committee in terms of writing policy 
statements to inform U.S. Congressional action as well as providing outreach to the 
general public. The Education subcommittee of CEI is working on several 
complementary sustainability projects including informing chemistry departments 
about energy efficient fume hood management and working with textbook authors to 
incorporate sustainability throughout their educational materials.  
Laura E. Pence, J. Chem. Educ. 2008, 85, 1608. 
 
 

(3) 學生實驗參考資料: 

（Journal of Chemical Education 中所載各篇皆另附補充材料） 
Greener solutions for the organic chemistry teaching lab: exploring 
the advantages of alternative reaction media  

A major approach for implementing green chemistry is the discovery and 
development of synthetic strategies that 
reduce the quantity of solvent needed, 
eliminate it altogether, or rely on new 
reaction media. An increasing number of 
examples have demonstrated that greener 
reaction solvents or media can enhance 
performance as well as reduce hazard. 
Here we describe four experiments 
designed for the undergraduate organic 
chemistry laboratory that illustrate both 
enhanced performance and a greener 
approach: (i) a solventless aldol 
condensation that involves the reaction of 
two solid reagents, (ii) a solvent-free, room 
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temperature Diels–Alder reaction followed by an intramolecular nucleophilic acyl 
substitution, (iii) a Diels–Alder reaction in water, and (iv) a Diels–Alder reaction in 
polyethylene glycol (PEG) that may be conducted using microwave heating. The 
alternative solvents or reaction media used in these experiments not only reduce the 
use of hazardous and volatile organic solvents but also enhance the transformations by 
increasing the rate of reaction or facilitating recovery of the product. These 
thoroughly tested laboratory experiments are convenient, inexpensive, and rapid, 
thereby providing an opportunity to introduce green chemistry into educational 
settings easily.  
Lallie C. McKenzie et al., J. Chem. Educ. 2009, 86, 488-493. 
 
 
Ring-opening polymerization of lactide to form a biodegradable 
polymer  

In this laboratory activity for introductory organic chemistry, students carry out the 
tin(II) bis(2-ethylhexanoate)/benzyl alcohol mediated ring-opening polymerization of 
lactide to form the biodegradable polymer polylactide (PLA). As the mechanism of 
the polymerization is analogous to that of a transesterification reaction, the 
experiment can be used to demonstrate reactions of carboxylic acid derivatives. The 
polymerization can be successfully carried out using standard teaching laboratory 

(non-Schlenk) conditions. Analysis 
of polymer stereochemistry by 1H 
NMR and a discussion of the effect 
of monomer stereochemistry on the 
stereochemistry of the polymer are 
included in the experiment. The 
effect of adventitious water on the 
rate of the polymerization and the 
number-average molecular weight, 
Mn

Acylation of ferrocene: a greener approach  

 of the resulting polymer are 
discussed in the Supplemental Material. 
Jennifer L. Robert et al., J. Chem. Educ. 2008, 85, 258-260.  
 
 

The acylation of ferrocene is a common reaction used in organic laboratories to 
demonstrate Friedel–Crafts acylation and the purification of compounds using column 
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chromatography. This article describes an acylation of ferrocene experiment that is 
more eco-friendly than the 
conventional acylation experiment. 
The traditional experiment was 
modified by replacing mineral acid 
with a polymeric acid catalyst and 
by using microwave heating instead of conventional heating.  
Kurt R. Birdwhistell et al., J. Chem. Educ. 2008, 85, 261-262. 
 
 
A facile solvent-free cannizzaro reaction. An instructional model for 
introductory organic chemistry laboratory  

Liquid 2-chlorobenzaldehyde was converted, by grinding with potassium hydroxide 
pellets, into equimolar quantities of solid 2-chlorobenzoic acid and solid 
2-chlorobenzyl alcohol in a Cannizzaro reaction. TLC, IR, and NMR experiments, 

using authentic samples for 
comparison, confirmed the identity and 
purity of the two products. 
Guided-inquiry pedagogy was 
employed as an instructional model for 
teaching this green chemistry 
laboratory to undergraduates who were 
responsible for partially designing their 
experiment.  

Sonthi Phonchaiya et al., J. Chem. Educ. 2009, 86, 85-86. 
 
 
Converting municipal waste into automobile fuel: ethanol from 
newspaper   

Waste newspaper is pulped with acid 
and its cellulose is hydrolyzed. The 
resulting glucose syrup is fermented 
with yeast and distilled to give ethanol. 
The experiment highlights the potential 
of applied chemistry to confront 
problems of economic importance, that 
is, the effective utilization of biomass to 
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reduce dependence on non-renewable petroleum. In the course of this laboratory 
exercise students are introduced to carbohydrate chemistry and the use of 
fermentation in organic synthesis. They also gain practical experience in 
microdistillation, vacuum filtration, and thin-layer chromatography. It is most 
appropriate for students of the advanced organic chemistry laboratory. 
Mark Mascal et al., J. Chem. Educ. 2008, 85, 546-548. 
 
 
"Greening up" the Suzuki reaction     

This article describes the rapid, green synthesis of a biaryl compound (4-phenylphenol) 
via a Pd(0)-catalyzed Suzuki 
cross-coupling reaction in water. Mild 
reaction conditions and operational 
simplicity makes this experiment 
especially amenable to both mid- and 
upper-level undergraduates. The 
methodology exposes students to purely 
aqueous microscale organic reactivity 
and showcases topical research in the 
milieu of an industrially applicable 
process.  
Evangelos Aktoudianakis et al., J. Chem. Educ. 2008, 85, 555-557. 
 
 

A simplified synthetic experiment of YBa2Cu3O7–x

In this study, a simplified synthetic 
experiment of YBa

 superconductor 
for first-year chemistry laboratory     

2Cu3O7–x (Y-123) 
superconductor was devised for 
first-year chemistry laboratory to 
demonstrate high temperature 
superconductor and the Meissner 
effect. The traditional synthetic 
methods of Y-123 superconductor 
need repeated grinding and heating in 
oxygen at high temperature, which are 
often tedious and time-consuming. In 
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this experiment, a stoichiometric reduced quantity of starting materials was heated in 
air in a computer-controlled box furnace after grinding and pressing. The black pellet 
obtained exhibited superconductivity that levitated a magnet to about 4 mm height in 
liquid nitrogen to demonstrate the Meissner effect. The synthesis of the 
superconductors can be easily finished in 3-hour laboratory class, and the Meissner 
effect was tested in the following week. This simplified synthetic experiment of 
Y-123 superconductor reduces the chemical amount, takes less energy as well as less 
preparation time, and was successfully carried out by first-year students.  
Jui-Lin She et al., J. Chem. Educ. 2008, 85, 825-826. 
 
 
Teaching sustainable development concepts in the laboratory: a 
solid–liquid extraction experiment  

One of the principles of sustainable development is to replace chemicals traditionally 
derived from oil with alternative, renewable 
materials. For example, phenol and phenol 
derivatives currently used in the 
manufacture of wood adhesives can be 
replaced (at least in part) by biopolymers 
extracted from biomass. In this work, pine 
bark (a renewable resource containing easily 
extractable, reactive phenols) is employed as 
a substrate for solid-liquid extraction with 
dilute NaOH solutions. The kinetics of 
polyphenol extraction is followed 
spectrophotometrically. In order to convert absorbance data into concentrations, the 
extracted polyphenols can be measured gravimetrically for selected samples. The 
experimental data are interpreted by equations involving two or three regression 
parameters. Additional aspects illustrating the "biomass refinery" concept applied to 
pine bark are discussed.  
Juan Carlos Parajó et al., J. Chem. Educ. 2008, 85, 972-975. 
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The discovery-oriented approach to organic chemistry. 7. 
Rearrangement of trans-stilbene oxide with bismuth 
trifluoromethanesulfonate and other metal triflates. A microscale 
gtreen organic chemistry laboratory experiment    

Although green chemistry principles are increasingly stressed in the undergraduate 
curriculum, there are only a few lab experiments wherein the toxicity of reagents is 

taken into consideration in the design of 
the experiment. We report a microscale 
green organic chemistry laboratory 
experiment that illustrates the utility of 
metal triflates, especially bismuth triflate 
as a Lewis acid catalyst. Bismuth 
compounds are especially attractive for 
use as catalysts in organic synthesis 
because of their remarkably low toxicity, 
low cost, and ease of handling.  
James E. Christensen et al., J. Chem. 
Educ. 2008, 85, 1274-1275. 

 
 
A green, guided-inquiry based electrophilic aromatic substitution for 
the organic chemistry laboratory      

We developed an alternative electrophilic aromatic substitution reaction for the 
organic chemistry teaching laboratory. The experiment is an electrophilic iodination 
reaction of salicylamide, a popular analgesic, using environmentally friendly 
reagents—sodium iodide and household bleach. Further, we designed the lab as a 
guided-inquiry experiment, asking the students first to predict the orientation of the 
substitution reaction. After synthesizing the product, the students are asked to 
determine its structure using FT-IR spectroscopy. The choice of this method of 
characterization was intentional because of the utility of infrared spectroscopy in 
determining substitution patterns on aromatic rings and also because it requires 
students to analyze the fingerprint region of the spectrum. Given that most classroom 
instruction on IR focuses on functional group determination, we believe this is an 
added benefit to this experiment. 
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Eric Eby et al., J. Chem. Educ. 2008, 85, 1426-1428. 
 
 

剖析師生對綠色化學的認知偏差      

在綠色化學思想逐漸普及的同時,發現許多學生和教師對"綠色化學"和"綠色化

學實驗"的認知存在偏差。學生錯誤地認為"綠色化學"就是任何時候都禁止排放

任何廢物的化學;教師錯誤地認為:實施綠色化學實驗教學時,不能向教室或實驗

室泄漏一丁點廢氣,致使學生的嗅覺等感官體驗被剝奪,造成他們對事物的感知

不完整。 
楊廣斌 , 賀宏 ;浙江麗水市麗水中學 , 浙江麗水市第二高級中學 ;化學教育 , 
Chinese Journal of Chemical Education,編輯部郵箱 2008 年 04 期 58-60 頁. 
 
 

化學實驗中的綠色化技術      

綠色化技術是新課程化學實驗倡導的實驗技術之一,但是使用現有的儀器使化學

實驗技術綠色化顯得力不從心。為此,我們研制了一些裝置,并從實驗前的準備、

實驗的實施和實驗產物的處理 3 個階段對化學實驗綠色化技術進行了探索,為開

展綠色化學實驗和改進實驗儀器提供了思路。 

張慶云;長江師范學院化學及環境科學系;化學教育,Chinese Journal of 

Chemical Education,編輯部郵箱 2008 年 04期 61-62頁. 

 

 

四川省農村中學綠色化學教育現狀調查  

通過對四川省部分農村中學師生綠色化學理念、綠色化學行為和綠色化學價值觀

3 個方面的調查與分析,反映出農村中學學生綠色化學意識普遍不強,綠色化學

教育匱乏,加強農村中學綠色化學教育勢在必行。 

夏開國,帥常文,鮑正榮;四川廣元蒼溪中學校,西華師范大學化學化工學院;化學

教育,Chinese Journal of Chemical Education,編輯部郵箱 2008 年 07 期 

56-58頁.  
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The integration of green chemistry into future biorefineries  

RESEARCH BREAKTHROUGHS 

The use of biorefineries for the production of chemicals as well as materials and 
energy products is key to ensuring a sustainable future for the chemical and allied 
industries. Through the 
integration of green chemistry 
into biorefineries, and the use 
of low environmental impact 
technologies, we can establish 
future supply chains for 
genuinely green and 
sustainable chemical products. 
The first step in these future 
biorefineries should be the 
benign extraction of surface 
chemicals; here the use of 
greener solvents, such as 
supercritical carbon dioxide 
and bioethanol, should be 
considered. The residues will 
often be rich in lignocellulosics and the effective separation of the cellulose is a major 
challenge which may, in the future, be assisted by greener solvents, such as ionic 
liquids. Lignin is nature's major source of aromatics; we need new ways to produce 
small aromatic building blocks from lignin in order to satisfy the enormous and 
diverse industrial demand for aromatics. Fermentation can be used to convert biomass 
into a wide range of bioplatform chemicals in addition to ethanol. Their green 
chemical conversion to higher value chemicals is as important as their efficient 
production; here clean technologies such as catalysis - notably biocatalysis and 
heterogeneous catalysis - the use of benign solvents, and energy efficient reactors are 
essential. Thermochemical processes for the conversion of biomass, such as the 
production of pyrolysis oil, will also play an important role in future biorefineries and 
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here again green chemistry methods should be used to go to higher value downstream 
chemicals.  
James H. Clark et al., Biofuels, Bioprod. Bioref. 2009, 3, 72–90.  
 

好文推薦 
Biofuels, Bioprod. Bioref. 2009, 3, 72–90. 

精煉通常和化石燃料(石油、煤及天然氣)聯在一起.因為吾人目前日常生活食衣

住行育樂所需之用品都和化石燃料有關.然而化石燃料有一天會用罄.這是人類

永續發展的一大威脅.而且當供應開始減少而需求增高的時候價格會上揚.這正

是我們面臨的情況. 

生物質是取代石化原料選擇之一.所以下一步工業將以生物質為原料.有別於化

石燃料,以生物 工業有許多新的

概念.比如說不 同生物質的產量

不同,此外也和 季節息息相關.有

時也不能全年 不斷的供應.大型

的儲藏庫的建 立是必須的.改變

生物質的物性 和成份使它們符

合我們的需要 也是重要的考量. 

理想的生物質 精煉是在過程中

排除對環境有 害及有毒化合物

的利用和產 生、原料要有永續

性的特質、產品要能自然分解.凡此種種都是綠色化學的概念.因此綠色化學是無

法避免要整合到將來生物質精煉之中. 

本篇也將所有可以由生物質中精煉出的原料作了一個回顧.其實這部份才是此論

文的重點,也佔了大部份篇幅.有『可抽取化合物的分離』、『木質纖維素』、『自

然聚合物的改良』、『發酵產品』及『燃料生物質精煉的副產化合物』等章節.

相互獨立.讀者可全讀或選讀有興趣的部分. 

總之,地球上的生物質是非常豐富的.其中一小部份就足以供應我們的需要.要發

展出永續性,無害性並兼有經濟性的綠色化學製造過程是科學家面臨的挑戰. 

 
 
 
Green decomposition of organic dyes using octahedral 
molecular sieve manganese oxide catalysts  
The catalytic degradation of organic dye (methylene blue, MB) has been studied using 
green oxidation methods (tertiary-butyl hydrogen peroxide, TBHP, as the oxidant with 
several doped mixed-valent and regular manganese oxide catalysts in water) at room 
and higher temperatures. These catalysts belong to a class of porous manganese 
oxides known as octahedral molecular sieves (OMS). The most active catalysts were 
those of Mo6+- and V5+-doped OMS. Rates of reaction were found to be first-order 
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with respect to the dye. 
TBHP has been found to 
enhance the MB 
decomposition, whereas 
H2O2

The twelve principles of green chemistry  

 does not. Reactions 
were studied at pH 3−11. 
The optimum pH for these 
reactions was pH 3. 

Dye-decomposing activity was proportional to the amount of catalyst used, and a 
significant increase in catalytic activity was observed with increasing temperature. 
X-ray diffraction (XRD), energy dispersive spectroscopy (EDX), and 
thermogravimetric analysis (TGA) studies showed that no changes in the catalyst 
structure occurred after the dye-degradation reaction. The products as analyzed by 
electrospray ionization mass spectrometry (ESI-MS) showed that MB was 
successively decomposed through different intermediate species. 
Thamayanthy Sriskandakumar et al., J. Phys. Chem. A, 2009, 113, 1523–1530. 
 
 

In this, the centenary year of the Industrial and Engineering Chemistry Division, we 
present a dozen short essays, one for each of the 12 principles of green chemistry. 
These principles were first articulated in 1998 as a set of tools to help the design 
scientist to anticipate downstream issues at the earliest stage of an R&D effort. 
Recognizing that most materials scientists lack the formal training necessary to deal 
with issues related to human health, the environment, and regulatory implications, the 
twelve principles serve to provide a path forward in designing products and processes 
that would be less environmentally damaging while maintaining or enhancing product 
performance and economic cost. Designing processes to minimize environmental 
impact has become, in recent years, essential to industrial and engineering chemistry, 
and is likely to shape the field for the next 100 years.  
Philip G. Jessop et al., ACS Symposium Series 2009, 1000 (Innovations in Industrial 
and Engineering Chemistry), 401-436. 
 
 
Recent applications of biocatalysis in developing green 
chemistry for chemical synthesis at the industrial scale  
Application of the twelve principles of green chemistry can deliver higher efficiency 
and reduce the environmental burden during chemical synthesis. As a result of recent 
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advances in genomics, 
proteomics and 
pathway engineering, 
biocatalysis is emerging 
as one of the greenest 
technologies. Enzymes 
are highly efficient with 
excellent 
regioselectivity and stereoselectivity. By conducting reactions in water under ambient 
reaction conditions, both the use of organic solvents and energy input are minimized.  
Ningqing Ran et al., Green Chemistry 2008, 10, 361-372. 
 

 
Green synthesis applicable for industrial-scale preparation 
of efaproxiral sodium   

In this article we proposed a novel 
procedure for the synthesis of 
efaproxiral sodium, including two 
reaction steps, condensation, and 
O-alkylation. In the condensation step, 
a convenient method was adopted to 
eliminate the use of solvents, i.e., 
4-hydroxyphenylacetic acid and 

3,5-dimethylaniline were heated at 150−180 °C for 3−5 h, and the reaction was 
successfully carried out. The yield of anilide in 4-hydroxyphenylacetic acid was 
90−93%. In the O-alkylation step, the old circuitous process was avoided, and 
high-quality sodium salt was directly obtained with a yield of 90%. The final product 
of efaproxiral sodium was crystallized in water, yielding a new crystalline form 
containing a unique X-ray powder diffraction pattern with only one peak of 3.7° ± 
0.2° in 2θ. The quality of the final product is high with a content of 99.51% according 
to high-performance liquid chromatographic detection. The present study provided a 
new environmentally friendly procedure for the preparation of efaproxiral sodium 
with high yield, low cost, and a short reaction pathway.  
Hongchang Shi et al., Industrial & Engineering Chemistry Research 2008, 47, 
2861-2866. 
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Synthesis of an environmentally friendly water network 
system.     
Water network synthesis (WNS) contributes to cost redn. and water resources 
conservation by reducing water consumption.  A math. optimization model was 
developed to synthesize an environmentally friendly water network system (WNS) by 
minimizing environmental impacts of a WNS.  Life cycle assessment was integrated 
into the objective function of the model to evaluate the environmental effect scores 
(EES) of principal contributors to the environmental impacts of a WNS and optimize 
trade-offs among their EES.  Mass balances were formulated from the superstructure 
model; constraints were formulated to account for actual situations in industrial 
facilities.  A case study demonstrated the effect of the objective function on 
configuration and environmental performance of a WNS; it also validated the math. 
optimization 
model.  This 
model can be 
used to design 
the 
environment 
of WNS in a 
sustainable 
development 
context. 
Seong-Rin Lim et al., Industrial & Engineering Chemistry Research 2008, 47, 
1988-1994. 
 
 
Direct, high-yield conversion of cellulose into biofuel     
A streamlined chemical method that permits easier, direct 
conversion of purified cellulose into a biofuel has been 
devised by researchers at the University of California, 
Davis (Angew. Chem. Int. Ed., 
DOI: 10.1002/anie200801594). The process transforms 
cellulose into 5-(chloromethyl)-furfural (CMF) and then 
into 5-(ethoxymethyl)-furfural (EMF), which is a 
promising alternative fuel. Ethanol, currently the most 
widely produced biofuel, is made via a fermentation 
process that is relatively slow and expensive and requires 
simple sugars from food crops as a feedstock. To use 

http://www3.interscience.wiley.com/cgi-bin/fulltext/121359280/HTMLSTART�
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nonfood cellulose as a fuel source, a conversion method that can efficiently and 
cost-effectively break down cellulose on a large scale is necessary. Other researchers 
have converted biomass-derived sugars into furan-based compounds that are 
potentially useful as biofuels. But UC Davis’ Mark Mascal and Edward B. Nikitin 
advanced this process by eliminating a separate step to break down cellulose. The 
researchers use a solution of HCl and LiCl to digest pure cellulose, continuously 
extracting the reaction with dichloromethane to obtain CMF along with minor furan 
products in 85% yield. This intermediate mixture is treated with ethanol to produce 
EMF. Mascal and Nikitin say the process works equally well when starting with 
sucrose, glucose, or even tough lignocellulosic biomass such as cotton, straw, and 
wood.  
Mark Mascal et al., 

Production of polyhydroxybutyrate in switchgrass, a 
value-added co-product in an important lignocellulosic 
biomass crop  

Angew. Chem. Int. Ed. 2008, 47,7924-7926. (Chemical & 
Engineering News 2008, 86, pp. 37-38) 
 
 

SCIENTISTS at Cambridge, Mass.-based Metabolix have genetically engineered 
switchgrass to produce significant amounts of a biodegradable polyester within the 
plant's cell walls (Plant Biotechnol. J. 2008

Some bacteria naturally make polyhydroxyalkanoates (PHAs) for energy storage, 
much in the way animals use fat. Metabolix has previously optimized this process by 

incorporating a series of genes from PHA-producing bacteria 
into other microbes. The genes express enzymes that convert 
sugars or oils into PHAs via a multistep process within the 
bacterial cells. Metabolix has partnered with 

, 6, 663). The ability to coproduce a 
bioplastic along with a biofuel derived from the plant's cellulose boosts the prospects 
for using switchgrass and other nonfood crops as renewable feedstocks for 
biorefineries that one day are expected to economically produce fuels and chemicals. 

Archer Daniels 
Midland

Now, a Metabolix research team led by Kristi D. Snell has 
rewired the genetic sequence of switchgrass to enable 

production of polyhydroxybutyrate. The polymer accumulates in beadlike granules 
inside chloroplasts of the plant's cells, primarily in leaves but also in stalks. In 
greenhouse studies, the engineered plants produced leaves with PHA content up to 

 through a joint venture called Telles for 
fermentation production of Mirel brand biodegradable PHAs 
for use in fibers, films, and molded goods. 

http://www.chem.ucdavis.edu/people/mascal.shtml�
http://www.metabolix.com/�
http://www.admworld.com/�
http://www.admworld.com/�
http://www.admworld.com/�
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3.7% dry weight. The company projects that polymer levels will need to hit 5.0 to 
7.5% dry weight for commercial production to be viable. 
Switchgrass PHA could be used directly as a polymer, or it could be depolymerized to 
form hydroxy acids for use as chemical feedstocks. Residual plant material could be 
burned to produce electricity, or the cellulose could be converted into liquid fuels. 
The paper "represents a very good research result," says Michigan State 
University's Mariam B. Sticklen, an expert in genetically modified biomass crops. 
Sticklen stresses that coproducing bioplastics in plants is not new, but because of 
patent licensing the early efforts have primarily been of academic interest and have 
yet to pan out commercially. The Metabolix development is promising, she says, but 
due to regulatory hurdles it could still be years before bioplastics from engineered 
plants are commercially available. 
Kristi D. Snell et al., Plant Biotechnology Journal 2008, 6, 663–678. (Chemical & 
Engineering News 2008, 86, 13) 
 
 

 
 
 
 
 
 
 
 
 

http://www.msu.edu/~stickle1/�
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NEWS DIGEST 

Greening the Farm 
 
Safer and environmentally friendlier pesticides and agricultural 
practices gain traction on U.S. farms 
 
AD HOC efforts by an impressive 
array of federal and state agencies, 
farmer alliances, chemical 
companies, and nonprofit advocacy 
groups are dramatically shifting the 
way pesticides are made and used. 
As a result, pesticide use in the U.S. 
has dropped. Data from the 
Environmental Protection Agency 
show that conventional pesticide use, which includes agricultural and home and 
garden applications, peaked at 1.46 billion lb in 1979 and fell to 1.23 billion lb in 
2001, the last year for which comprehensive data are available. Since then, pesticide 
use in the U.S. appears to have remained flat, according to limited government data 
and market research reports. 
The drop in pesticide use is due to a host of factors, including better pesticides that 
not only are more selective and applied at lower rates, but also have lower inherent 
toxicity and thus a lower impact on human health and the environment. Another factor 
is the set of farming strategies called integrated pest management (IPM), which relies 
on the life cycles of pests and crops to control pests economically and withholds use 
of pesticides until potential damage reaches a certain threshold. 
A third factor is organic farming, which shuns synthetic pesticides altogether. But 
when organic farmers need help, they can turn to approved nonsynthetic pesticides 
and so-called biopesticides, which have emerged as a viable alternative pest-control 
agent for safety- and environment-conscious farmers and consumers. 
Stephen K. Ritter, Chemical & Engineering News 2009, 87, 13-20. 
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1. 

CONFERENCE INFORMATION 

5th International Conference on Renewable Resources & Biorefineries Ghent, 
Belgium, June 10-12, 2009 (http://www.rrbconference.com/

 

) 

2. 2nd International Congress on Green 
Process Engineering, GPE 2009 Venice, 
Italy, June 14-17, 2009 
(http://www.gpe-epic2009.org/) 

 

3. 13th Annual Green Chemistry & Engineering 
Conference College Park, MD, USA, June 23-25, 
2009 (www.acs.org/greenchemistry) 

 

4. Green Pharma 
Summit: The 
Ritz-Carlton, 10 
Avenue of the Arts, 
Philadelphia, PA, United States of America July 20-21 2009 
(http://www.iirusa.com/greenpharma/venue-information.xml) 

 

5. 8th Green Chemistry Conference: Universidad de Zaragoza, Paraninfo, Building 
Paraninfo, Zaragoza, Spain, September 9-11 2009 
(http://8gcc.unizar.es/index.html) 

  

http://www.rrbconference.com/�
http://www.gpe-epic2009.org/�
http://www.acs.org/greenchemistry�
http://www.iirusa.com/greenpharma/venue-information.xml�
http://8gcc.unizar.es/index.html�
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6. AAIC 21st Annual Meeting: 2009 
International Conference: The Next 
Generation of Industrial Crops, Processes, 
and Products, Termas de Chillán, Chillán, 
Chile, November 14-19th, 2009 
(http://www.aaic.org/2009_meeting.htm). 

 

7. 3rd International IUPAC Conference on Green 
Chemistry, August 15-19, 2010, Ottawa Westin Hotel, 
Ottawa, Canada (http://www.icgc2010.ca/) 

 

 

 

 

 
In order to improve the edition of Green/Sustainable Chemical Communication 
(GSCC), please write your comments and suggestions to us 
(wenshan@chem.sinica.edu.tw). In addition, to gain information about green 
chemistry, please visit our website at http://gc.chem.sinica.edu.tw/.  
 
 
 
Cover picture:  
冰島的高山上有永凍層冰帽。下雨或下雪會堆積在冰帽上，愈堆愈高愈重，夏天

冰的外層會慢慢融化，慢慢往下滑，從山頂滑到海邊，要幾百萬年之類的，就是

冰河。以往這個冰河可以延伸到海邊，現在因為全球暖化，到離海岸 200公尺左

右就完全溶化完了，變成河流 (abstract from Steven Zan)。 
 
 

http://www.aaic.org/2009_meeting.htm�
http://www.icgc2010.ca/�
http://gc.chem.sinica.edu.tw/�
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Green / Sustainable Chemical Communication 

 

Preface 
As you all know, typhoon Morakot bore down on Taiwan on Aug 7, 2009. The 

severe flooding and mudslides were blamed as the cause of disaster. Because of 
Morakot, everyone acknowledges the unpredictable power of nature and admits 
having neglected the fact that the real cause of damage is lying in our environment, 
not just the typhoon itself. I hope that our nation will face this problem seriously. 

This second issue of Green/Sustainable Chemical Communication (G/SCC No. 2) 
continues to denote the invaluable information in the fields of education, chemical 
engineering, industry, chemistry and biochemistry related to new inventions and 
developments of sustainable solutions which may be helpful for us to protect and 
improve our environment in the near future. In addition, a workshop “2009 永續合成

化學工作坊 ” will be held on Feb 1, 2010 to provide an opportunity of 
green/sustainable education for university teachers. Please come join us to save the 
earth for our children.  

  
 

Wen-Shan Li 
Academia Sinica 

Aug 2009 
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RESOURCE SHARING 

NEWater 解決水荒的希望  

淡水的短缺是世界性的,但有些地區這個問題甚至嚴重到威脅國家的安全及經濟

發展,我們的近鄰新加坡就是其中之一。新加坡四百四十萬人口每年需 1.36 兆公

升水,但新加坡沒有水源，水是從鄰國馬來西亞以三根大水管從運來。雖然有長

期條約保障，（內容是馬來西亞不能斷水而且水費便宜，每一千加侖(一加侖等

於 3.8 公升)不到美金一分錢）。不過這些條約有的將在 2011 年到期（另外有些

則到 2061 年）,新的水價可能是現在的 20 至 30 倍是可預期的。所以尋求水源是

新加坡政府長期苦腦的問題, 自 1998 年開始解決方法之一是挖水塘來儲雨水,如
今全國有一半地方是水塘，但是還不夠。其二是淡化海水,目前大約可生產 10%
的用水,最後一個是所謂的 NEWater．就

是廢水再潔淨再利用。 
NEWater 來自用過的水(used water),（不

用污水(sewage)這名詞是降低心理厭惡

的因素）。用過的水經過微過濾

(microfiltration)及逆滲透之後再以紫外

線處理得到潔淨的水,將這種水注入自來

水廠儲水池中，和天然水一起經過處理

而得到食用水,原理和方法都不複雜,其
實這方法在美國已實行之有年 ,早在

1978 年美國維吉尼亞州北部就上述的方法

再以一般自來水方式處理。加州橘郡也以用

水注入地下之後才再利用。新加坡的貢獻

淨水廠，第五座正在建造中。大量的生產

噸)NEWater 需美金 0.3 元，遠比淡化海水

NEWater 提供了 15%的用水量,第五座淨水

是 70%。 
但這並不是沒有代價，新加坡政府在過去五

字將投入。但淨水廠愈蓋愈大，不但增加

不但解決了本身的水荒，也明顯指出一條解

 

(新加坡挖水塘來儲雨水) 
，得到的淨水也是注入水廠儲水槽，

同樣的方法回收水，不過是把得到的

是將這程序大規模化,新加坡現有四座

使得價格降低,生產每一立方米(或一

便宜(一立方米水要美金 2.2 元),目前

廠完成後可望提高到 30%,終極的目標

年投入 35 億美金,未來五年將同樣數

就業機會，讓水能再利用的成本降低,
決淨水短缺的路。 
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缺水帶來的影響在台灣也許不如地震來的明顯,但雨水逐年減少而工業用水是逐

年增加是不爭的事實，也是我們要以新加坡為借鏡的時候了。 
(甘魯生教授 改寫) 
(取材自 BBC NEWS http://news.bbc.co.uk/2/hi/business/7371463.stm)。 
 
 

永續化學的教育(Education in sustainable/green chemistry) 

古人說「未雨綢繆」。這次莫拉克颱風造成中南部令人哀痛的空前災害，「未雨

綢繆」做的不夠是主因之一。由此想到：「永續發展」與「化學」汲汲相關，台

灣化學界一般不重視永續化學很可能是一大隱憂。今年的第一期 GSCC 中已說

明聯合國訂定 2005~2014 年為「永續發展教育的十年（DESD）」，故永續發展

教育已是當前許多國家的教育發展重點，但臺灣的教育領導者和眾多教育界人士

卻不予重視。五年後其他國家已完成此一階段性的教育發展。若台灣不速予補

救，屆時新世代年輕人必難與國際競爭者匹敵，而台灣的前景可慮。台灣化學界

的實力與前瞻性一向領先許多其他學科，故拙見以為應可及早「未雨綢繆」，也

有能力自我救濟──在大學推動「永續化學」之教學。何況「防患於未然」本是

永續化學十二原則第一項之精神所在！ 
  最近有兩件新資料問世，現分別介紹於下。 

(1)新資源: 

(1) Green Chemistry Education：Changing the Course of Chemistry, 

ACS Symposium Series 1011 (2009) 
此書係依 2007 及 2008 兩次圓桌討論會，專家發表的意見所編成。共分 13 章。

其預期效果有三： 

 

Green Chemistry Education 
Changing the Course of Chemistry 

1. Attracting students to the field of chemistry 
who otherwise may never have seen themselves 
as potential chemists or even as scientists. 
2. Providing chemists with an essential skill set 
that will be needed as the basis of a sustainable 
world. 
3. Bringing a new generation of innovators to 
engage some of the greatest challenges our 
society and our civilization face today. 
第 1 章為導論，第 13 章為展望。其餘則分與不同領域或不同程度之教學相關。

各章的摘要為： 
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Chapter 1. Changing the Course of Chemistry (pp. 1-18), by Paul T. Anastas and 
Evan S. Beach  

The education of chemists and all those interested in chemistry is an ever-evolving 
endeavor to keep up with the latest innovations, discoveries, concepts, perspectives 
and techniques of the field. One of the most exciting developments in recent years 
is the development of Green Chemistry – the design of chemical products and 
processes that reduce or eliminate the generation of toxic substances. This chapter 
seeks to provide an overview of the approaches to building Green Chemistry into 
the chemistry curriculum by highlighting some of the outstanding work in the field. 

 
Chapter 2. Using Green Chemistry to Enhance Faculty Professional 
Development Opportunities (pp. 19-36) by Margaret E. Kerr1 and David M. Brown 
  
Of the plethora of benefits that derive from practicing green chemistry, one that is 
not often considered, or at least discussed, is its application toward enhancing the 
professional development of faculty as they advance through the ranks. 
Opportunities within the areas of teaching, scholarly activities (research and related), 
and service (both community and institutional) abound as the field advances rapidly. 
Within the context of developing new green chemistry educational materials, herein 
is presented a discussion of multiple professional development opportunities taken 
from both the authors' personal experiences as well as from the numerous 
contributions of others in the field. 

 
Chapter 3. The Garden of Green Organic Chemistry at Hendrix College (pp. 37- 
54) by Thomas E. Goodwin 
 

The Hendrix College organic chemistry laboratories were converted to microscale 
experiments in 1988 to minimize possible adverse environmental impact, increase 
lab safety, and decrease generation of waste and costs of waste disposal. As we 
became aware of the green chemistry movement in university research labs and 
chemical industry in 2000, we wiped the slate clean and did a thorough reevaluation 
of our 
laboratory philosophies, practices, procedures, and experiments. An account of our 
ruminations and conclusions has been published (J. Chem. Educ. 2004, 81, 
1187-1190). This chapter, while briefly reviewing our green lab philosophies, will 
focus primarily on the presentation of practical green organic experiments. Some of 
these have been adapted from prior experiments, while others we have modified 
from the primary literature including our own research. We believe that as the menu 
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of green experiments grows in size and variety, the energy of activation for going 
green at more colleges and universities will be lowered, to the benefit of us all. 

 
Chapter 4. Integrating Green Chemistry throughout the Undergraduate            
Curriculum via Civic Engagement (pp. 55-77）by Richard W. Gurney and Sue P. 
Stafford 
 

The quantity of information that a chemical educator feels obligated to convey to 
majors and non-majors alike has resulted in the overly formulaic delivery of content 
that is often devoid of contextual frameworks. Correspondingly, efforts to deliver 
Chemistry in Context have begun to gain widespread popularity. Empirical evidence 
over the past 7 years at Northwestern University and Simmons College has 
indicated that introducing green chemistry both in context and through civic 
engagement is particularly effective. When introduced to Green Chemistry in 
context, students are driven to learn so that they are able to effectively educate and 
advocate for green chemistry in their community. Herein, three distinctly different 
green chemistry lecture-based courses are detailed and the design and outcome of 
the corresponding civic-engagement projects are described. 

 
Chapter 5. Integrating Green Chemistry into the Introductory Chemistry   
Curriculum (pp. 79-92) by Marc A. Klingshirn1 and Gary O. Spessard 
 

Green chemistry education offers a solution to our current environmental problems 
because it provides the opportunity to train future scientists and political leaders, 
thus helping move us toward a more sustainable society. Green chemistry, while 
becoming more commonplace in today's curricula, has seen the greatest degree of 
implementation in the organic chemistry laboratory.  It is only recently that 
introduction of green chemistry principles into the first year chemistry courses has 
been addressed. This in spite of the need for such education to be uniform 
throughout a student's chemistry curriculum from the beginning courses onward. 
Successful case studies and examples of implementation of green chemistry into the 
lecture and laboratory of first-year courses will be covered. Two redesigned 
experiments relating to the formula of a hydrate and metal complexation will be 
discussed in addition to key drivers and major barriers to green chemistry 
implementation. 

 
Chapter 6. Greening the Chemistry Lecture Curriculum: Now is the Time to 
Infuse Existing Mainstream Textbooks with Green Chemistry (pp.93-102) by 
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Michael C. Cann 
 

It is essential that we infuse green chemistry across the curriculum from non-majors 
courses to majors courses. Over the last 16 years, since the beginnings of green 
chemistry at the EPA, green chemistry education has made significant strides but we 
still have a long way to go. Green chemistry educational materials have been 
developed, but these tend to be supplementary materials (at first outside but more 
frequently within existing textbooks) that are easily ignored by instructors trying to 
cover traditional materials in an already overcrowded course. A survey of 
undergraduate chemistry textbooks revealed that 33 out of 141 books contained at 
least some coverage of green chemistry, but the majority only mentions green 
chemistry once or twice in a cursory manner and generally as supplementary 
material. Several textbooks that "stand out in the crowd" are discussed and 
recommendations for improving the coverage of green chemistry in existing 
textbooks are given. 

 
Chapter 7. Green Analytical Chemistry: Application and Education (pp. 103-116) 
by Liz U. Gron 
 

Green chemistry seeks to reduce the hazard to the environment from chemicals and 
chemical processes. The most effective pollution prevention method is to avoid the 
use or creation of dangerous materials, rather than relegating toxins to 
post-processing cleanup. Despite the important role analytical chemists play in 
assessing environmental health, the analytical community is a relative newcomer to 
the field of green chemistry.  Significant environmentally benign method 
innovations have been developed, but these are rarely described as "green". 
Expansion of the practice and application of green analytical chemistry will require 
educating our undergraduates to green principles while advancing the state of the art. 
Green education has made significant strides within organic chemistry, but materials 
for the broader undergraduate chemistry curriculum are just beginning to appear. At 
Hendrix College we have developed laboratories to teach green analytical chemistry 
using environmental samples for our introductory courses. This chapter will discuss 
green analytical chemistry innovations and education. 

 
Chapter 8. Linking Hazard Reduction to Molecular Design Teaching Green 
Chemical Design (pp. 118-136) by Nicholas D. Anastas and John C. Warner 
 

Green chemistry, defined as the design of chemical products and processes that 
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reduce or eliminate the use and generation of hazardous substances, is making its 
way into all aspects of the chemical enterprise as well as into the middle school, 
high school and university chemistry curriculum. An important component of green 
chemistry is minimizing toxicity and other hazards as part of the chemical design 
phase. Often missing from the instruction of chemists, however, is the connection 
between molecular structure and hazard.  Students and practicing synthetic 
chemists need to be aware that the hazardous nature of a substance can be controlled 
through structure manipulation. Through careful molecular design, chemists can 
develop new substances that maintain functionality while minimizing hazard. This 
chapter outlines the basic components that must be included in an approach that 
links hazard reduction to molecular design as part of a comprehensive and 
systematic approach to green chemical design. 

 
Chapter 9. Integrating Green Engineering into Engineering Curricula (pp. 137- 
146) by Julie Beth Zinimcrman and Paul T. Anastas 
 

The introduction of Green Engineering is taking place in colleges and universities 
around the U.S. and the World. Currently there are books that have been developed, 
courses and lecture materials being generated and a wide range of approaches to 
infusing Green Engineering Principles into the curriculum. This chapter will review 
the various approaches that are taking place and discuss specific techniques to 
introduce Green Engineering to students at both the undergraduate and graduate 
levels. 

 
Chapter 10. Green Laboratories: Facility-Independent Experimentation (pp. 
147-156) by Kenneth M. Doxsee 
 

By virtue of its focus on the reduction of intrinsic chemical risk rather than solely on 
minimization of exposure, Green Chemistry allows for laboratory investigations in 
settings that would be inappropriate for "conventional" chemical experimentation. 
The benefits of a Green curriculum are numerous, ranging from enhanced safety and 
cost savings to the facilitation of the (re)introduction of experimental chemistry, 
particularly at the K-12 and community college levels, where facility limitations 
have often curtailed laboratory investigation. A Green curriculum thereby promises 
enhancement of both the numbers and the diversity of students gaining knowledge 
of the practice of modem chemistry. 

 
Chapter 11. Student Motivated Endeavors Advancing Green Organic Literacy. 
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(pp. 155-166) By Irvin J. Levy and Ronald D. Kay 
 

While great strides have occurred during the past decade in the areas of green 
chemistry and green chemistry education, informal surveys of undergraduate 
college science students indicate that a broad knowledge of this topic is still lacking. 
Nonetheless, we have observed in various venues that the green chemistry vision 
can be very motivational for typical undergraduate students attending organic 
chemistry courses. Our experience indicates that students can develop a powerful 
voice facilitating the paradigm shift toward green chemistry, simply by sharing the 
ideas of green chemistry with others. Here we report the activities of our Green 
Organic Literacy Forum (GOLum), in which organic chemistry students have 
developed and implemented projects designed to introduce green chemistry to a 
broad audience, and offer specific strategies to equip instructors to engage in similar 
outreach. We also discuss the impact of these activities on our students, our 
department, and our institution. 

 
Chapter 12. K-12 Outreach and Science Literacy through Green Chemistry (pp. 
167-185) by Amy S. Cannon' and John C. Warner 
 

Green Chemistry is a call to arms for the next generation of students to study the 
physical sciences. The philosophy of green chemistry puts a subject, which is 
generally considered abstract and difficult, into a familiar context relevant to 
thedaily lives of students. The practice of green chemistry ensures a sustainable 
future with safer alternatives to chemicals products and processes. Within the 
United States 
there is a general decline in the percentage of students  studying in the physical 
sciences. The message of green chemistry resonates with students and can inspire 
students to pursue the sciences. Green Chemistry materials and programs are needed 
at all educational levels in order to provide content for learning about the field. 
Beyond Benign, a non-profit dedicated to green chemistry education and outreach, 
is actively involved in K-12 outreach and curriculum development and training. 
This chapter describes three ways Beyond Benign is engaging teachers and students 
with green chemistry: through interactive classroom visits, curriculum development 
and teacher training. By providing materials and training at the K-12 level, students 
and teachers alike can be engaged in the subject of chemistry and learn about the 
science within a sustainable framework. 
 

Chapter 13. Green Chemistry Education: Toward a Greener Day (pp. 187-194) 
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by Mary M. Kirchhoff 
 

Green chemistry began infiltrating the curriculum in the late 1990s, when several 
enterprising faculty members started introducing greener laboratory experiments, 
stand-alone courses, and green chemistry modules into their teaching. Widespread 
coverage of this important topic, however, has been slow to catch on. This is not 
unusual in education, as curriculum reform is frequently evolutionary rather than 
revolutionary, and new concepts may take a generation to become embedded within 
the curriculum.  In light of the increasing pressures placed on the planet by 
humanity, the need to develop a cadre of chemistry professionals who are dedicated 
to developing and implementing green chemistry practices is more important than 
ever before. This chapter highlights some of the challenges, opportunities, and 
strategies for the future in green chemistry education. 

 
各章皆列出重要參考資料。第一章敘及 Collins 教授 2008 年在 Carnegie Mellon 
大學授課的教學目標，甚有參考價值。亦列於下。 
1. To understand sustainability ethics as they apply to chemistry and establish the 

arguments for recognizing "green" criteria. 
2. To reflect on motives and forces that have entrenched technologies that are 

obviously or potentially harmful to the environment. 
3. To define "green chemistry", place its development in a historical context, 

introduce the 12 Principles, and study successful examples of green technologies. 
4. To identify the key challenges facing green chemistry and consider what will be 

required to solve them. 
5. To identify reagents, reactions, and technologies that should be and realistically 

could be targeted for replacement by green alternatives. 
6. To understand the history, meaning, and importance of persistent and 

bioaccumulative pollutants and endocrine disrupters which present major 
environmental and health threats. 

7. To become familiar with leading research in green chemistry and the related fields 
of public health and sustainability science. 

 
(2) Chemistry for Tomorrow’s World (RSC, 2009) 
這是英國皇家化學會今年七月發佈，列出未來15年內具全球挑戰性之重要化學相

關的研究發展課題，共41項。分七領域 (priority areas, www.rsc.org/roadmap )。 
1. Energy: Creating and securing environmentally sustainable energy supplies, and 
improving efficiency of power generation, transmission and use. 
2. Food: Creating and securing a safe, environmentally friendly, diverse and 
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affordable food supply. 
3. Future cities: Developing and adapting cities to meet 
the emerging needs of citizens. 
4. Human health: Improving and maintaining accessible 
health, including disease prevention. 
5. Lifestyle and recreation: Providing a sustainable route 
for people to live richer and more varied lives. 
6. Raw materials and feedstocks: Creating and sustaining 
a supply of sustainable feedstocks, by designing processes and products that preserve 
resources. 

 

7. Water and air: Ensuring the sustainable management of water and air quality, and 
addressing societal impact on water resources (quality and availability). 
其中10項屬於「攻頂挑戰」(Top-ten challenges)，應在5-10年內完成，因皆與永續

發展密切相關，乃予列出以供參考。包括： 
1. Agricultural productivity 
Significantly and sustainably increase agricultural productivity to provide food, feed, 
fiber and fuel. 
2. Conservation of scarce natural resources 
Develop alternative materials to conserve precious resources and new processes to 
extract valuable materials from untapped sources. 
3. Conversion of biomass feedstocks 
Develop biorefineries using different types of biomass to provide energy, fuel and a 
range of chemicals with zero waste. 
4. Diagnostics for human health 
Enable earlier diagnosis and develop improved methods to monitor diseases. 
5. Drinking water quality 
Use new technologies to help provide clean, accessible drinking water for all. 
6. Drugs & therapies 
Harness and enhance basic sciences to transform drug discovery, development and 
healthcare, delivering new therapies more efficiently and effectively. 
7. Energy conversion and storage 
Improve the performance of energy conversion and storage technologies, such as 
batteries, and develop sustainable transport systems. 
8. Nuclear energy 
Ensure the safe and efficient harnessing of nuclear energy, through the development 
of fission and investigation into fusion technologies. 
9. Solar energy 
Develop existing technologies into more cost efficient processes and develop the next 
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generation of solar cells to realize the potential of solar energy. 
10. Sustainable product design 
Take into account the entire life cycle of a product during initial design decisions to 
preserve valuable resources Scientists are investigating materials that can withstand 
the extremely hot plasmas created in nuclear fusion trials – fusion could play a pivotal 
role in our future clean energy mix. 
 

(2)講課參考資料: 

不符永續發展原則的生質乙醇燃料 

從熱力學和光合作用的基本原理分析，可知自植物取得醣類，加工製成生質乙醇

用為燃料，不但不符永續發展原則，也不切實際效益。劉廣定教授從下列五項議

題中思微精密的剖析: 

(1) 生質乙醇的缺點 

(2) 熱力學原理 

(3) 光合作用 

(4) 葉綠素製造醣類需要多少太陽能？ 

(5) 每公頃土地生產多少生質乙醇？ 

推知在台灣並不適合發展「生質乙醇」或其他「生質燃料」。一般人之錯誤觀念

乃源於對一些基本科學，如熱力學的簡單原理不甚了解，而且這也是認識永續發

展之必需。 

當前的高中基礎科學教育忽略熱力學，不獨水準落後英美等國，推展當下全球重

視之永續發展教育，亦難矣！ 
(取材自:科學月刊第四十卷第七期 台大名譽教授劉廣定) 
 
 

重視永續發展──臺灣當前大學通識教育之我見 

「教育」是藉以增進知識能力，培育人格修養的一種手段。任何層次的「教育」

都是由相關之學識程度較高，能力較強，見解較為深遠，經驗較為豐富的人來「教」

導，和培「育」前來就學的人。劉廣定教授強調目前的高中課綱及明年度將實施

的新課綱皆因配合其建議而規劃時有許多缺失，主要有三;其中之一缺失即是當

下國際積極推動的「永續發展教育」未受重視。文中提及「永續發展」是約自

1950 年代開始，有些經濟強國人士因察覺工業和農業快速擴展造成對環境、生

態、人類健康禍害之嚴重性，提倡而逐漸形成的重要思潮和具體行動。2002 年
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底聯合國決定依據 1992 年里約熱內盧大會通過的「21 世紀待辦事項」（Agenda 
21）訂出以 2005~2014 年為「永續發展教育的十年（Decade of Education for 
Sustainable Development）」之教育計畫，目的為藉不同層次的「教育」普遍灌輸

正確「永續發展」的觀念及知識於人心。並特別說明「永續發展教育遠超過環境

教育」之觀念。期望人們能以正確、公平的方式，促成維護生態與發展經濟同步

進行，以促使未來的研究、發展均能符合「永續」原則，而達「永續」之目的。

故已是當前許多國家的教育發展重點。 
(取材自:《通識在線》23 期 6-8 頁，2009 年 7 月; 台大名譽教授劉廣定) 
 
 

(3)學生實驗參考資料: 

Chemistry in Sustainable Development and Global Environment  

This piece was prompted by a call to all departments from the Chancellor of Chapman 
University to define their roles within a sustainable development and global 
environment. Because of the wide-ranging impact of the subject matter, we believe 
that our point of view will benefit the general public beyond Chapman University. 
How, then, can any chemistry department help in this effort? Chemistry is a specific 
discipline in science that tries to understand and explain the makeup and changes of 
all things that have mass and occupy space. Over the years, chemistry has steadily 
advanced into the study of complete molecular structures in science and related areas. 
Surely, a subject as all-encompassing as chemistry can play a role in sustainability. 
Iyere, Peter Abeta. J. Chem. Educ. 2008, 85, 1604. 
 
 
Microwave Synthesis of a Long-Lasting Phosphor  

Efficient glow-in-the-dark materials are 
usually difficult to synthesize and need 
complex experiments with long reaction 
times that are not appropriate for 
conventional lab teaching. Therefore, we 
describe a new experimental procedure 
that allows the production of one of the 
most efficient "glow-in-the-dark" 
materials (SrAl2O4:Eu:Dy), in less than 
four minutes using a microwave oven and 
only basic experimental skills. The 
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material, once charged under sun light, glows green in the dark for hours. We 
extended this chemical route to other oxides such as CaAl2O4:Eu:Dy that shows a 
blue fluorescence and phosphorescence. This lab work can be viewed as an appealing 
introduction to solid-state synthesis, lanthanide chemistry, and photochemistry in the 
solid state.  
Filhol, Jean-Sébastien; Zitoun, David; Bernaud, Laurent; Manteghetti, Alain. J. Chem. 
Educ. 2009, 86, 72 
 
 
Greening Up Auto Part Manufacturing: A Collaboration between 
Academia and Industry  

Historically, manufacture of automotive electronic components and screen-printing of 
automotive instrument clusters at DENSO Manufacturing Tennessee, Inc. required 
washing of equipment such as screens, stencils, and jigs with sizable quantities of 
volatile organic compounds and hazardous air pollutants. Collaborative efforts 
between the Maryville College Department of Chemistry and DENSO resulted in a 
reduction in the use of such solvents, and DENSO remains in compliance with the 
EPA’s requirements. Individual projects were initiated during an analytical chemistry 
course when students met with DENSO associates to discuss pressing research 
problems. During the semester, students designed and performed preliminary 
experiments and drafted a research proposal that the instructor submitted to DENSO. 
Funded work was completed under the supervision of the instructor during the 
summer, and results and recommendations were included in a final report to DENSO. 
The nature of the collaboration is discussed, as are the results and positive outcomes 
of the projects. 
Kneas, Kristi A.; Armstrong, Drew L.; Brank, Alice R.; Johnson, Amanda L.; 
Kissinger, Chelsea A.; Mabe, Adam R.; Sezer, Özge; Fontinell, Mike. J. Chem. Educ. 
2009, 86, 212. 
 
 
Determination of the Formula of a Hydrate: A Greener Alternative  

We are currently in the process of incorporating green chemistry throughout the 
chemistry curriculum. In this article we describe how we applied the principles of 
green chemistry in one of our first-semester general chemistry courses, specifically in 
relation to the determination of the formula of a hydrate. We utilize a copper hydrate 
salt that shows both a visual color change upon dehydration and ease of rehydration 
upon exposure to steam.  
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Klingshirn, Marc A.; Wyatt, Allison F.; 
Hanson, Robert M.; Spessard, Gary O. J. 
Chem. Educ. 2008, 85, 819. 
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RESEARCH BREAKTHROUGHS 
High Rates of Oxygen Reduction over a Vapor 
Phase–Polymerized PEDOT Electrode  
The air electrode, which reduces 
oxygen (O2), is a critical 
component in energy generation 
and storage applications such as 
fuel cells and metal/air batteries. 
The highest current densities are 
achieved with platinum (Pt), but 
in addition to its cost and scarcity, 
Pt particles in composite 
electrodes tend to be inactivated 
by contact with carbon monoxide 
(CO) or by agglomeration. We 
describe an air electrode based 
on a porous material coated with 
poly(3,4-ethylenedioxythiophene) 
(PEDOT), which acts as an O2 
reduction catalyst. Continuous 
operation for 1500 hours was 
demonstrated without material 
degradation or deterioration in 
performance. O2 conversion rate
electrodes of the same geometry, and the electrode was not sensitive to CO. Operation 
was demonstrated as an air electrode and as a dissolved O

s were comparable with those of Pt-catalyzed 

2 electrode in aqueous 
solution.  
Bjorn Winther-Jensen et al., Science 2008, 321, 671-674.  
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In Situ Formation of an Oxygen-Evolving Catalyst in 
Neutral Water Containing Phosphate and Co2+  
The utilization of solar energy 
on a large scale requires its 
storage. In natural 
photosynthesis, energy from 
sunlight is used to rearrange the 
bonds of water to oxygen and 
hydrogen equivalents. The 
realization of artificial systems 
that perform “water splitting” 
requires catalysts that produce 
oxygen from water without the 
need for excessive driving 
potentials. Here we report such 
a catalyst that forms upon the 
oxidative polarization of an 
inert indium tin oxide electrode 
in phosphate-buffered water 
containing cobalt (II) ions. A 
variety of analytical techniques 
indicates the presence of phosphate in an approximate 1:2 ratio with cobalt in this 
material. The pH dependence of the catalytic activity also implicates the hydrogen 
phosphate ion as the proton acceptor in the oxygen-producing reaction. This catalyst 
not only forms in situ from earth-abundant materials but also operates in neutral water 
under ambient conditions.  
Matthew W. Kanan and Daniel G. Nocera, Science 2008, 321, 1072–1075.    
 
 
Identification of Non-Precious Metal Alloy Catalysts for 
Selective Hydrogenation of Acetylene  
The removal of trace acetylene from ethylene is performed industrially by palladium 
hydrogenation catalysts (often modified with silver) that avoid the hydrogenation of 
ethylene to ethane. In an effort to identify catalysts based on less expensive and more 
available metals, density functional calculations were performed that identified 
relations in heats of adsorption of hydrocarbon molecules and fragments on metal 
surfaces. This analysis not only verified the facility of known catalysts but identified 
nickel-zinc alloys as alternatives. Experimental studies demonstrated that these alloys 
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dispersed on an oxide support we
pressures.  
Jens K. Nørskov et al., Science 

re selective for acetylene hydrogenation at low 

2008, 320, 1320–1322.  
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NEWS DIGEST 
 
Corn Waste Converted to Chemicals  
 
The application of glutamic acid α-decarboxylase for the valorization 
of glutamic acid  
 
Biofuel waste could be turned into building blocks for industrial chemicals, thanks to 
an enzyme-based process developed by European scientists. 
Tijs Lammens, at Wageningen University, the Netherlands, and colleagues studied the 
conversion of glutamic acid to -aminobutyric acid (GABA) using a decarboxylase 
enzyme. Glutamic acid is a major component of the waste formed when grains, such 
as maize, are converted into bioethanol. Because glutamic acid contains nitrogen, it 
could be used to make nitrogen-containing industrial chemicals more cheaply than the 
energy intensive, fossil fuel- and ammonia-based routes usually used. 
GABA is a useful intermediate in the pathway from glutamic acid to industrial 
chemicals because it can be turned into many useful products, explains Lammens. 
Although the enzymatic conversion of glutamic acid to GABA is known, Lammens 
showed that the process could be scaled up for industrial production by immobilising 
the enzyme in a batch reactor.  
'There is a scientific basis for making bulk chemicals from agricultural waste,' says 
Lammens. '[This study] shows industry that this process can be economically feasible 
using an enzyme.' 
'Apart from being scalable, this 
process could also contribute to 
improving the green credentials 
and the economics of biofuel 
production,' comments Rafael 
Luque, a biofuel expert at the 
University of Cordoba, Spain. 
'But the suitability of directly 
using an actual waste effluent 

 
The waste from bioethanol production can be 
used to make nitrogen-containing chemicals 
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containing glutamic acid requires further evaluation.' 
Lammens acknowledges that the process would be too expensive if only glutamic acid 
produced by fermentation could be used. He says the next step is to 'investigate 
further if we can isolate amino acids, such as glutamic acid, from agricultural waste 
streams in a cost effective way.' 
Carl Saxton, Chemical techn ublishing; Article citation: 
Tijs M. Lammens, Green Ch 741f. 

 

he World’s First Large Scale Floating Wind Turbine 

StatoilHydro to build first full scale offshore floating wind turbine 

ms and offshore loading buoys.  

n power, but there are major technical and commercial challenges 
e to succeed, we will need to cooperate closely with 
hnologies for renewable energy, floating wind power 
hemes to be viable,” says Alexandra Bech Gjørv. 
anger Norway; 
ewsAndMedia/News/2008/Pages/hywind_fullscale.

ology news from across RSC P
em., 2009, DOI: 10.1039/b913

 
 
T
(Hywind by StatoilHydro) 
 

 
StatoilHydro has decided to 
build the world’s first full scale 
floating wind turbine, Hywind, 
and test it over a two-year period 
offshore Karmøy. The The 
company is investing 
approximately 400 million NOK. 
Planned startup is autumn 2009. 
The project combines known 
technology in an innovative way. 
A 2.3 MW wind turbine is attached to the top of a so-called Spar-buoy, a solution 
familiar from production platfor
“If we succeed, then we will have taken a major step in moving the wind power 
industry offshore. Floating wind turbines can make a major contribution to providing 
the world with clea
that need to be resolved. If we ar
the authorities. As with other tec
will be dependent on incentive sc
(From StatoilHydro | N-4035 Stav
http://www.statoilhydro.com/en/N
aspx) 
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CONFERENCE INFORMATION 

1. 8th Green Chemistry Conference: Universidad de Zaragoza, Paraninfo, Building 
Paraninfo, Zaragoza, Spain, September 9-11 2009 
(http://8gcc.unizar.es/index.html) 

 

2. ACS Short Course: Introduction to Process Analytical Chemistry (Course 
Code: PACM), Washington, D
2009; Chicago, 
(http://portal.acs.org/portal/acs
CLEMAIN&node_id=273&co
var=region1&__uuid=882afc8e-

  

C, ACS Fall National Meeting, August 15-16, 
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IL, September 23-24, 2009. 
/corg/content?_nfpb=true&_pageLabel=PP_ARTI
ntent_id=WPCP_011342&use_sec=true&sec_url_

6ddd-495a-8c25-2de121c548f9)  

ing: 2009 
The Next 

3. AAIC 21st Annual Meet
International Conference: 
Generation of Industrial Crops, Processes, 
and Products, Termas de Chillán, Chillán, 
Chile, November 14-19th, 2009 
(http://www.aaic.org/2009_meeting.htm). 

 

4. 2009 永續合成化學工作坊 will be held on Feb 1, 2010, TAIWAN. (Please 
contact Deputy Director Ito Chao in Institute of Chemistry, Academia Sinica for 

5. Gordon Research Conference---Green Chemistry, July 25-30, 2010, Davidson 
College, Davidson, NC 

further information). 

 



 

6. 3rd International IUPAC Conference on Green 
Chemistry, August 15-19, 2010, Ottawa Westin Hotel, 
Ottawa, Canada (http://www.icgc2010.ca/) 

 

vides a forum for new developments and 
applications. The Green Chemistry Group, a non-profit corporation, is dedicated 
to promote and encourage green and sustainable chemistry, including green 
analytical and purification techniques throughout the world.  

 

 

 

 

 

 

7. Fourth International Conference on SFC 2010, Stockholm, Sweden - September 
2010. With the growth of supercritical fluid chromatography as a cutting edge 
technology, this conference pro

 

 

 23



 

Opportunity 

 
Pre- dtable on Friday, 
September 4, 2009 at 5 p.m. (EDT), 
  

ACS GCI Pharmaceutical Roundtable 
2010 Research Grant Program 

Request for Proposals 
 

proposals are due to the ACS GCI Pharmaceutical Roun

The RFP is attached and also will be posted shortly on 
www.acs.org/gcipharmaroundtable < http://www.acs.org/gcipharmaroundtable> .  
The ACS GCI Pharmaceutical Roundtable requests submission of proposals for 
review for work on the following targeted research areas.  Proposals will be accepted 
from public and private institutions of higher education worldwide. 

ransformations of High Interest
 
Chemical T

• Amide formation avoiding poor atom economy reagents  
• OH activation for nucleophilic substitution  
• Amide reduction without hydride reagents  
• Safe and environmentally friendly Mitsunobu reactions  
• Oxidation/Epoxidation reactions without the use of chlorinated solvents  

More Aspirational Transformations

 

  

• C-H activation of aromatics (cross couplings avoiding the preparation of 
haloaromatics)  

• Chiral amine synthesis (aldehyde or ketone + NH � �3 + X )  
• Asymmetric hydrogenation of unfunctionalized olefins/enamines/imines  
• Green fluorination methods under mild conditions  
• N-Centered chemistry avoiding azides, hydrazine, etc.  

 24



    
Process Related Targets  

• Solventless reactor cleaning  
• Green alternatives to polar aprotic solvents  

 
The total award is limited to $1  of 12 to 24 months.  The 
selection of the awarde  full proposal phase. 
Pre-proposals are due to t ndtable on Friday, 
September 4, 2009 at 5 p.m. (E proposals not received by the 
deadline will not be considered. Submissions must be a pdf file submitted via email to 

cipr@acs.org.  Only those PIs who have submitted a pre-proposal are eligible to 

roposals due by Monday, November 2, 2009 at 
p.m. (EDT). 

50,000 for a grant period
e will be divided into a pre-proposal and a

he ACS GCI Pharmaceutical Rou
DT), no exceptions. Pre-

g
submit full proposals. Investigators invited to submit a full proposal will be notified 
by Friday, October 9, 2009 with full p
5 
  
The RFP will be posted shortly on www.acs.org/gcipharmaroundtable < 
http://www.acs.org/gcipharmaroundtable> . 
  
For additional information: 
Website: www.acs.org/gcipharmaroundtable < 
http://www.acs.org/gcipharmaroundtable>  
Email: gcipr@acs.org 
 
 

 

 25

http://www.acs.org/gcipharmaroundtable
http://www.acs.org/gcipharmaroundtable
http://www.acs.org/gcipharmaroundtable


 

NEW BOOKS 
 
Alternative Solvents for Green Chemistry  

By Francesca M. Kerton (Memorial University of Newfoundland, St. John’s, Canada). 
From the RSC Green Chemistry Series. Edited by J. H. Clark (University of York, 
U.K.) and G. A. Kraus (Iowa State University, USA). Royal 
Society of Chemistry: Cambridge. 2009. 

Ev
therefore, chemical processes are being developed with their 
environmental burden in mind. This also m
tr
innovations and this inclu
everywhere, but how necessary are they? They
most areas including synthetic chemis
chemistry, pharmaceut
fo
p

eryone is becoming more environmentally conscious and 

eans that more 
aditional chemical methods are being replaced with new 

des new solvents. Solvents are 
 are used in 

try, analytical 
ical production and processing, the 

od and flavour industry and the materials and coatings sectors. However, the 
rinciples of green chemistry guide us to use less of them, or to use safer, more 

environmentally friendly solvents if they are essential. Therefore, we should always 
sk ourselves, do we really need a solvent? 

The book is aimed at newcomers to the field whether research students beginning 
investigations towards their thesis or industrial researchers curious to find out if an 
alternative solvent would be suitable in their work. 
(http://www.rsc.org/Shop/books/2009/9780854041633.asp) 
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GUEST LETTER 
從一位高中化學教師的觀點出發,如何讓綠色/永續化學觀念
在校園紮根                   

北一女中 化學科 周芳妃 
 

高中化學教學往往首要考慮高中生的升學需求，因此高中化學教師均會密

切注意每年大考中心在大學招生的學測及指考命題內容的各種重要概念。95 學

年度(2006 年)指定科目考試試題化學考科單選題第 7 題出現當時所謂的時事題
1：「綠色化學的概念強調化學製程中原子的使用效率，若製程中…試問使用丙酮

製程的原子使用效率，最接近下列哪一項？」。自此，「綠色化學」(Green Chemistry)
四個字就堂堂皇皇進入了所有高中化學教師的教案及講義中。 
 
    為人師表者，時時讓學生從教師言行觀察體會做人做事的道理之外，高中化

學教師在本科專業領域肩負許多重要責任，包括基礎知識的教學、實驗技能的培

養、實驗安全的教育、及當代科學概念的傳播推廣等。在目前高中化學教學中，

「奈米科技」、「生命科學」及「綠色/永續化學」可說是最夯的當代科學概念。

我國高中化學課程綱都是集合國內化學學者與高中教師共同擬訂，在 87-94 年課

程綱要與現行的 95 年暫綱的高中基礎化學課程中，雖安排了環境汙染防治與再

生能源等課程，但在明年即將實施的 99 新課綱中，才正式將「綠色/永續化學」

相關名詞納入基礎化學的課綱，引用如下 2： 

 
高級中學基礎化學（二） 

主題 主題內容 應修內容 說明   (參考節數：2 小時) 

 

化學應用 
四、化學與

化工 

 

1.生活中的化學 

2.化學與永續發展 

3.化學與先進科技 

․簡介化學、化工與日常生活的關係 

․簡介化學、化工對環境永續發展的重要 

․簡介化學、化工對先進科技發展的重要 
 

    迎接高中化學 99 新課綱的同時，也須考慮如何讓「綠色/永續化學」觀念在

校園紮根。教育部成立已有數年的高中化學學科中心，目前發展為國內許多高中

化學教師合作研發及傳播知識的團隊。該中心也兼顧了高中生的科學社群活動，

今年舉辦的第三屆高中生化學創意競賽，與義守大學(2009 化學年會主辦單位)
合辦『全國高中生科普論文寫作和數位影音製作』（簡稱 2009 WE CAN），設定

五個競賽主題 3：環保科技、綠色化學、永續發展、再生能源、節能減碳。凡事

起頭最難，今年 9 月份推廣活動期間，動員國內不少高中化學教師協助鼓勵學生

在繁忙課業中能勇敢參賽，但是許多高中生忙於應付校內段考而分身乏術。目前
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11 月份這項活動適逢收件階段，得獎學生將在 2009 年 12 月的化學年會中接受

頒獎。由於高中生難得能在化學年會接受頒獎，這是本活動給予最特殊的榮譽。

如果今年此活動一切順利，並有國內化學界協助加持及宣傳，則明年帶動國內高

中生學習思考「綠色/永續化學」觀念的風氣應可更為蓬勃。 
 

    每年國內蓬勃熱鬧的地區性及全國科展比賽，也幾乎是每位高中化學教師都

必須經歷的工作經驗。國內擔任科展評審的許多化學學者的評審標準，都會直接

影響後續數年的科展研究方向。歷年來的科展評審很早就重視到「綠色/永續化

學」觀念在高中化學教育的重要性，獲獎作品中許多都是落實「綠色/永續化學」

的精神並應用於解決問題。以筆者的學生為例，有學生曾研究以一隻小小的毛細

管裝置，完成化學課本中許多熱分解實驗，並應用開發七彩煙火配方，以「Green 
Chemisty—當毛細管遇上煙火」為題，榮獲我國參加南非國際科展正選代表（1997

年）。也有學生曾研究以1 mL塑膠滴管改裝的電解裝置，探討各種氯化物水溶液

電解的現象，以「氫山氯水」為題，榮獲全國科展化學科第二名（1999年）。這

些歷屆獲獎作品都收納在國立台灣科學教育館的網頁中
4, 5，皆成為後續科展研究

的觀摩對象，一年復一年，傳承「綠色/永續化學」精神。 

 

    閱讀能力是高中生畢業後能終生帶著的重要學習能力。國內許多科教相關網

路資源提供許多「綠色/永續化學」相關資料，這些精彩的文章提供為高中化學

教師自我進修的功課，有些也適合安排給學生作為學期作業的閱讀學習資料，或

是設計於課堂討論課程中。國內有名的科普雜誌，如科學月刊及科學人雜誌等，

其與「綠色/永續化學」相關內容也很多，但是限於篇幅，在此不引述。在此整

理一些官方或學術單位網址，以「綠色化學」或「綠色」為關鍵字所查詢結果，

平時在家就可以點選並直接下載的資料。下表中，化學季刊（2007 年）專文介

紹由國科會化學中心及中央研究院化學所製作的本「綠色/永續化學網路資
源共享網」。 
 
(1) 國立台灣大學科學教育發展中心/高瞻計畫資源平台 6 

․綠色化學（Green Chemistry）總論 
․綠色化學（Green Chemistry）大挑戰 
․綠色化學（Green Chemistry）與原子經濟（Atom Economy） 
․綠色化學（Green Chemistry）與水相反應（Reaction in Aqua Media） 
 

(2) 國科會出版品/科學發展 7 
․超臨界萃取的應用（2009 年） 

․微藻---綠色生質能源（2009 年） 

․綠色能源催化者——燃料電池中的鉑釕觸媒（2007 年） 

․無所不在的環境清潔工－奈米光觸媒（2006 年） 

․綠色醫藥—是傳統還是新科技（2006 年） 

․化學中的清流--對環境友善的綠色化學（2005 年） 
․未來的綠色能源---燃料電池（2005 年） 
․綠色消費的國際發展趨勢（2005 年） 
․綠色化學，自然就是美（2002 年） 



 

 

4

․淺談環境保護與工程設計－綠色工程設計與綠色行銷（2001 年） 

 
(3) 中國化學會/化學季刊

8 
․創意微型化學實驗之設計研發與在技術校院科學通識教育上之應
用研究（2008 年） 

․利用三相系統-水/離子液體/超臨界流體二氧化碳萃取金屬（2008年）

․綠色化學的產業技術（2007 年） 
․室溫下零溶劑零催化劑的 Hantzsch 反應的產物之綠色合成方法

（2007 年） 

․綠色化學在藥物化學上的應用（2007 年） 

․沸石於環境友善性線性烷基苯生產製程之催化應用（2007 年） 

․綠色化學：生態材料開發與應用（2007 年） 

․微奈米材料的綠色合成法（2007 年） 

․綠色分析化學（2007 年） 

․綠色/永續化學網路資源共享網之旅（2007 年） 
․零污染安全微型氯氣製備裝置之設計及化學教學演示之研究（2003
年） 

․中學微型木材乾餾有機化學實驗之設計（2002 年） 
 
 
參考網址： 
1. 大學入學考試中心 95 學年度試題 

http://www.ceec.edu.tw/AppointExam/AppointExamPaper/95ApExamPaper.htm 
2. 普通高級中學必修科目「基礎化學」課程綱要  

http://www.edu.tw/files/site_content/B0037/高中課程綱要修正發布.pdf 
3. 全國高中生科普論文寫作和數位影音製作創意競賽 
   http://www1.isu.edu.tw/2009wecan/ 
4. 國立台灣科學教育館/台灣國際科學展覽會 

http://www.ntsec.gov.tw/m1.aspx?sNo=0000168 
5. 國立台灣科學教育館/全國中小學科學展覽會 
   http://www.ntsec.gov.tw/m1.aspx?sNo=0000167 
6. 國立台灣大學科學教育發展中心/高瞻計畫資源平台 
   http://highscope.ch.ntu.edu.tw/ 
7. 國科會出版品/科學發展 
   http://ejournal.stpi.org.tw/NSC_INDEX/Journal/EJ0001/index.html 
8. 中國化學會/化學季刊/化學電子期刊搜尋 
   http://chemistry.org.tw/public_quar_query.php 
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RESOURCE SHARING 

緩和地球暖化的八個非『傳統』方法 

現代人大多瞭解石油供應日漸枯竭，石油所釋放出的溫室氣體二氧化碳造成地球

暖化，導至氣候異常，嚴重危害了人類的生存。 

 

目前科學家已提出許多解決方案。這些方案在提出之前大多已將『社會大眾的接

受度』做為前題之一。所以大家都能耳熟能詳。現在要介紹八個不太『傳統』的

建議或方法，看起來也許有些叛經背道，但很難說沒有包涵將來解決地球暖化之

道。特此予以披露。供大家參考。 

 

1. 地球暖化使南北極的冰川、冰谷熔化，使海平面昇高，氣候變化。所以降低

了冰河的融化速度是當務之急。若把格陵蘭用氈子蓋起來，氈子下的山谷受

不到陽光，當然就不會熔化，自然減低暖化的速度。這是俄亥歐州立大學冰

川學家 Jason Box 博士提出的點子。 
 

2. 夏威夷大學的海洋生物學家 Brian von Herzen 博士認為可用大型抽水機將極

富養分的海洋深層水抽上來和暖和的表面水混合，然後大量繁殖浮游生物,
植物生長需二氧化碳，如此海洋可大量貯集二氧化碳，可以降低大氣中二氧

化碳之量。 
 

3. 曾協助製造全世界最大望遠鏡的 Roger Angel 教授建議做一個 100000 平英哩

的遮陽板,可以降低日照 2%。地球暖化將變慢。 
 
4. 森林可吸收二氧化碳提供氧氣。多植樹是防止地球暖化的好方法之一，這是

眾所週知的。問題是如何廣植樹木？尤其是人煙罕至的地方。環境工程師

Mark Hodges 提出一個點子。將樹種包在一裝滿肥料的蠟罐中，用飛機去植

樹。將蠟罐由空中丟下。蠟罐在碰撞地面時裂開，於是肥料流出來可供給種

子生長之用。據說此法已用在被 Katrina 颶風重創的路易士安那州。 
 

5. 加拿大飛行器工程師 Fred Ferguson 設計一風力渦輪機，它可以利用在 1000
英呎高空的穩定氣流來發電。有了這潔淨的風能就不必用石化燃料。 

 
6. 愛丁堡大學工程師 Stephen Salter 相信雲可遮住陽光(這和第三點很相似)，所

以他建議在海洋的上空撒鹽，造雲來減少海水的蒸發。 
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7. 前太空總署物理學家建議發射千百個衛星至太空，每個衛星收集太陽光後再

以微波的方式傳回地球。可不用或減少使用石化能源。 
 
8. 擁有 2006 年加拿大地球環境科學家頭銜的 David Keith 相信吸入空氣和氫氧

化鈉後再噴出來，就像灑空氣芳香劑一樣。空氣中的二氧化碳能被捕捉並存

入地下。 
  

不管你同不同意氣候的變遷起因人為的，但氣候在變是事實。所以我們不能眼睜

睜的看它變壞下去。所以每個人都應依自己的專長貢獻一份心力。 
(甘魯生教授 改寫) 
(摘自 Telegraph.co.uk 新聞稿(6:35PM GMT 13 Feb 2009))。 
 

永續化學的教育(Education in sustainable/green chemistry) 

(台大名譽教授劉廣定) 

 (1)永續化學講課參考資料: 

Green Chemistry: A design framework for sustainability 

In this review we will highlight some of the science that exemplifies the principles of 
Green Chemistry, in particular the efficient use of materials and energy, development 
of renewable resources, and design for reduced hazard. 
Examples are drawn from a diverse range of research fields 
including catalysis, alternative solvents, analytical 
chemistry, polymer science, and toxicology. While it is 
impossible for us to be comprehensive, as the worldwide 
proliferation of Green Chemistry research, industrial 
application, conferences, networks, and journals has led to 
a wealth of innovation, the review will attempt to illustrate how progress has been 
made toward solving the sustainability goals of the 21st century by engaging at the 
molecular level. 
Evan S. Beach, Zheng Cui and Paul T. Anastas, Energy Environ. Sci., 2009, 2, 1038 – 
1049. 
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Heterogeneous acid 
catalysts for biodiesel 
production: current status 
and future challenges  

The reduction of oil resources 
and the consequent increasing 
price of oil distillates as well as 
the environmental concerns of 
conventional fuels has renewed 
and increased interest on the preparation of biofuels from renewable resources. One of 
those interests is nowadays focused on biodiesel, which is usually prepared from 
crude and refined triglyceride containing raw materials, such as vegetable oils, animal 
fats and wastes—for instance waste cooking oil and yellow and brown grease. Since 
several commercial interests converge on this kind of feedstock, one of the priorities 
being crops for human food supply, the research efforts on biodiesel production are 
diverting towards the use of low quality triglyceride-containing raw materials. 
Nevertheless, all of these feedstocks feature high water and free fatty acids (FFAs) 
content, which strongly affects the behaviour of conventional homogeneous base 
catalysts. These catalysts are primarily NaOH and KOH, but also NaOCH3 and 
KOCH3 are employed—as solutions in methanol—mainly in large-scale production 
plants. In this context, an appropriate solid acid catalyst which could simultaneously 
carry out esterification of FFAs and transesterification of triglycerides would be of 
great interest for biodiesel production. Moreover, a heterogeneous acid catalyst could 
be easily incorporated into a packed bed continuous flow reactor, simplifying product 
separation and purification and reducing waste generation. The present review 
attempts to provide a wide overview on the possibility of heterogeneous acid catalysts 
for biodiesel production replacing the homogeneous conventional process. In this way, 
three aspects of solid acid catalysis for biodiesel production will be reviewed. The 
first section deals with the solid acid-catalyzed esterification of FFAs, the second 
topic relates to the transesterification of triglycerides, while the third deals with solid 
acid-catalyzed transformation of bioglycerol into oxygenated compounds for biodiesel 
formulation.  

Juan A. Melero, Jose Iglesias and Gabriel Morales, Green Chem., 2009, 11, 1285 – 
1308. 
 
Green chemistry aspects of fluorous 
techniques—opportunities and 
challenges for small-scale organic 
synthesis  

Described in this paper is a personal overview 
of the green chemistry aspects of fluorous technologies. The unique phase separation 
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and broad combinatorial capabilities of fluorous technologies have led to the 
development of fluorous chromatography-free separations, chemical recycling 
techniques, atom economic reactions, energy-focused microwave reactions, metal-free 
organocatalysis, aqueous media reactions, and modified reagents. These green 
chemistry techniques have been demonstrated in discovery chemistry, medicinal 
chemistry, and academic research labs dealing with small-scale organic synthesis. 
Issues such as the environmental impact of fluorous chemicals are also discussed.  
Wei Zhang, Green Chem. 2009, 11, 911 – 920. 
 
Application of the solvent water in two-phase telomerisation 
reactions and recycling of the homogeneous palladium catalysts  

In the chemical industry organic solvents should be avoided wherever possible. They 
are often toxic to marine organisms and plants as well as to higher organisms and 
humans. Moreover, volatile organic compounds (VOC) cause air pollution which 

leads to the necessity of expensive 
separation technologies like waste 
water or exhaust gas treatments. 
Solutions for these problems are 
either the development of processes 
without the use of any solvent or 
the use of environmentally benign 
solvents such as water. In this 
contribution it is shown how 
versatile water can be, used as a 

solvent in homogeneously catalysed processes, for example, telomerisation reactions 
with methanol, diethylamine, ethylene glycol and glycerol. In this context another 
positive effect of the solvent water is the ecologically and economically required 
retention of the transition metal catalyst inside the process. Furthermore, different 
reactor types, a loop reactor and a mixer-settler reactor, are presented to cope with the 
challenges of mass transport limitations and selectivity control in aqueous biphasic 
systems. 

Arno Behr and Julia Leschinski, Green Chem. 2009, 11, 609 – 613. 
 
Plastic alchemy  

In this essay the author describes: 
1. Dumping plastics after use is looking increasingly untenable, and it being 

increasingly seen as a waste of a valuable resource. 
2. Different plastics need recycling differently - and sorting can be costly. 
3. Color impurities dramatically affect the resale value of recycled plastic, so waste 

often also needs to be sorted by color. 
4. Scientists are researching ways to strip out the color during reprocessing. 
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Andy West, Chemistry World 2009, 6(9), 52-55. 
 
The artificial leaf  

Using sunlight to split water molecules and form hydrogen fuel is one of the most 
promising tactics for kicking our carbon habit.  It was indicated that sunlight could 
provide all our energy needs if it could be efficiently harnessed to make hydrogen 
from water.  However, the water-splitting machinery is highly complex, and so 
difficult to mimic.  Metal-based catalysts that capture sunlight to split water are still 
too inefficient to be practical.  Combining electrochemically driven water-splitting 
catalysts with solar cells could circumvent the problem. 

Hayley Birch, Chemistry World 2009, 6(5), 42-46. 
 
The biofuel future  

The chemistry to convert waste into fuels is now being tested at pilot plants around 
the world.  Its current situation and the future development, especially about 
governments and industry were briefly described. 

Emma Davies, Chemistry World 2009, 6(4), 40-43. 
 
Sonochemistry - beyond synthesis  

Sonochemistry began with the discovery that simple ultrasonic cleaning baths could 
be used to influence a range of chemical 
reactions. Since then the field has 
expanded outside of chemical synthesis 
and now finds applications in the food 
industry medicine, nanoscience and 
environmental remediation.  
Timothy J. Mason, Education in 
Chemistry 2009, 46, 140-144. 
 
Biofuels: the next generation  

First-generation biofuels made from carbohydrate-rich food crops, such as corn or 
sugar cane, have come under scrutiny as they compete with food crops for land use. 
Chemists are now turning their 
attention to dead wood, algae 
and genetically-engineered 
microorganisms to develop 
second-generation biofuels.  

Michael Gross, Education in 
Chemistry 2009, 46, 78-81. 
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Crop protection chemicals  

By 2030, the world's population is expected to rise 
from the current 6.7 billion to over eight billion. As a 
consequence much agricultural land will be lost under 
cities and roads. This, coupled with economic growth 
across Asia, and a renewed focus on biofuels, is 
putting increasing pressure on food supplies and a 
growing demand for higher crop yields. The need for 
safe and environmentally-friendly crop protection 

chemicals has never been greater.  
 Sarah Armstrong and John Clough, Education in Chemistry 2009, 46, 52-56. 
 
Method for manufacturing enterodiol and enterolactone by 
anaerobic culture  

The title method is performed by carrying out anaerobic fermint of intestinal bacteria 
with at least one of linseed meal, seaweed, sesame meal, rapeseed meal, Secale 
cereale bran, wheat bran, Hordeum vulgare bran, Zea mays bran, Avena sativa bran, 
and Arctium lappa meal as the substrate.  The method has the advantages of easy 
purifn. process, high product enterodiol and enterolactone contents (70.15-91.12%), 
easy operation, low cost, and no environmental pollution, and is suitable for industrial 
production. 
Yang, Donghui; Liu, Shulin; Ku, Baoshan. Faming Zhuanli Shenqing Gongkai 
Shuomingshu (發明專利申請公開說明書) (2009). 
 
Preparation some 1-n-alkyl-3-methylimidazolium tetrafluoroborate 
in green chemistry conditions  

In this paper we described the prepn. of some 1-n-alkyl-3-methylimidazolium 
tetrafluoroborates ([Cnmim]BF4 with Cn is Et, Bu, n-hexyl, n-octyl resp.) in Green 
Chem. conditions.  All starting materials were used in stoichiometric quantities; the 
reactions were activated by microwave or ultrasound in solventless media.  Firstly, 
alkylimidazolium bromides were prepd. from the N-alkylation of N-methylimidazole 
with a n-alkyl bromide corresponding.  After that, tetrafluoroborate furnished a 
metathesis with bromide to give the final products.  Comparing with conventional 
heating, the obtained yield was higher and the reaction time was shorter under 
microwave irradn. 
Nguyen, Thi Mai Huong; Le, Ngoc Thach. Tap Chi Hoa Hoc （註：越南文：有機化

學）(2009), 47(2), 154-161. 
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Application of Green Chemistry Techniques to Prepare 
Electrocatalysts for Direct Methanol Fuel Cells  

A series of green techniques for synthesizing carbon nanotube-supported platinum 
nanoparticles and 
their high 
electrocatalytic 
activity toward 
methanol fuel cell 
applications are 
reported.  The 
techniques utilize 
either the supercrit. 
fluid carbon dioxide 
or water as a 
medium for 
depositing platinum 
nanoparticles on surfaces of multiwalled or single-walled carbon nanotubes.  The 
catalytic properties of the carbon nanotubes-supported Pt nanoparticle catalysts prepd. 
by four different techniques are compared for anodic oxidn. of methanol and cathodic 
redn. of oxygen using cyclic voltammetry.  One technique using galvanic exchange 
of Pt2+ in water with zerovalent iron present on the surfaces of as-grown 
single-walled carbon nanotubes produces a Pt catalyst that shows an unusually high 
catalytic activity for redn. of oxygen but a negligible activity for oxidn. of methanol.  
This fuel-selective catalyst may have a unique application as a cathode catalyst in 
methanol fuel cells to alleviate the problems caused by crossover of methanol through 
the polymer electrolyte membrane. 
Shimizu, Kenichi; Wang, Joanna S.; Wai, Chien M. J. J. Phys. Chem. A, Article 
ASAP, DOI: 10.1021/jp907395z, Publication Date (Web): October 14, 2009 
 

(2)學生實驗參考資料: 

(台大名譽教授劉廣定) 
 

Greener Solutions for the Organic Chemistry Teaching Lab: 
Exploring the Advantages of Alternative Reaction Media  

A major approach for implementing green 
chemistry is the discovery and 
development of synthetic strategies that 
reduce the quantity of solvent needed, 
eliminate it altogether, or rely on new 
reaction media. An increasing number of 
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examples have demonstrated that greener reaction solvents or media can enhance 
performance as well as reduce hazard. Four experiments designed for the 
undergraduate organic chemistry laboratory that illustrate both enhanced performance 
and a greener approach were discussed: (i) a solventless aldol condensation that 
involves the reaction of two solid reagents, (ii) a solvent-free, room temperature 
Diels–Alder reaction followed by an intramolecular nucleophilic acyl substitution, (iii) 
a Diels–Alder reaction in water, and (iv) a Diels–Alder reaction in polyethylene 
glycol (PEG) that may be conducted using microwave heating. 
“Instructions for the students” and “Notes for the instructor” are available as 
supplemental materials. 
Lallie C. McKenzie, et al. J. Chem. Educ. 2009, 86, 488-493. 
 

 
Zeolite 5A Catalyzed Etherification of Diphenylmethanol 
An experiment for the synthetic undergraduate laboratory is described in which 
zeolite 5A catalyzes the room temperature dehydration of diphenylmethanol, 
(C6H5)2CHOH, producing 1,1,1′,1′-tetraphenyldimethyl ether, (C6H5)2CHOCH(C6H5)2. 
The reaction proceeds in good yield and purity, and the product is readily 
characterized by the conventional spectroscopic 
methods that are normally available to 
undergraduate students in synthetic chemistry 
laboratories.  
“Instructions for the students” and “Notes for 
the instructor” are available as supplemental 
materials. 
Jason Cooke, et al., J. Chem. Educ. 2009, 86, 
610-612. 
 
Comparing the Traditional with the Modern: A Greener, 
Solvent-Free Dihydropyrimidone Synthesis 
A microscale organic synthesis experiment is outlined where students undertake both 

a "traditional" and "modern" Biginelli preparation of a dihydropyrimidone, within the 
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same three-hour session. Each method is straightforward, appropriate as part of a 
mid-level undergraduate laboratory, and performed individually or between a pair of 
students. Emphasis is placed on comparing approaches from a green chemistry 
perspective. The class probes concepts of catalytic reactivity, solvent-free synthesis, 
atom economy, and energy consumption to assess green improvements made by 
employing the modern strategy. 
“Instructions for the students,” ”Notes for the instructor,” spectroscopic and physical 
data are available as supplemental materials. 
Evangelos Aktoudianakis, et al., J. Chem. Educ. 2009, 86, 730-732. 
 
Synthesis of Imidazolium Room-Temperature Ionic Liquids 
Room-temperature ionic liquids have become 
a widely used alternative to conventional 
molecular organic solvents as a reaction 
medium. Few preparations of ionic liquids 
provide efficient access to these solvents; 
furthermore, none is fully adaptable to an 
undergraduate organic chemistry laboratory. 
In this article, several imidazolium-based 
ionic liquids are formed in facile and efficient 
one-pot procedures using water or ethanol as a 
solvent. These reactions are suited for a four-hour organic chemistry laboratory 
without special equipment.  
“Instructions for the students,” ”Notes for the instructor,” spectroscopic and physical 
data are available as supplemental materials. 
Sergei V. Dzyuba, et al. J. Chem. Educ. 2009, 86, 856-858. 
 
A Theme-Based Course: Hydrogen as the Fuel of the Future  

A theme-based course focusing on the potential role of hydrogen as a future fuel is 
described. Numerous topics included in typical introductory courses can be directly 

related to the issue of hydrogen energy. Beginning topics include Avogadro's number, 
the mole, atomic mass, gas laws, and the role of electrons in chemical transformations. 
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Reaction stoichiometry and exchange of electrons in a reaction are reinforced through 
discussions of using electrolysis or active metals to generate hydrogen. Molecular 
structure, molecular orbitals, and semiconductors are involved in using solar energy to 
generate electricity that can liberate hydrogen from water. Thermodynamics is applied 
in considering both gravimetric (energy per unit mass) and volumetric (energy per 
unit volume) energy density. Data are presented indicating that student performance is 
enhanced when introductory concepts are conveyed via this theme-based approach. 
Mary Jane Shultz, et al., J. Chem. Educ. 2009, 86, 1051-1053. 
 
A Green Multicomponent Reaction for the Organic Chemistry 
Laboratory: The Aqueous Passerini Reaction  

Water is the ideal green solvent for organic reactions. However, most organic 
molecules are insoluble in it. Herein, we 
report a laboratory module that takes 
advantage of this property. The Passerini 
reaction, a three-component coupling 
involving an isocyanide, aldehyde, and 
carboxylic acid, typically requires ~ 24 h 
reaction times in organic solvents, but 
produces a quantitative conversion and 
yield in < 30 min when performed in water. 
This rate enhancement allows the Passerini 
reaction to be easily adapted for use in a 
second-year organic laboratory course. 

Additionally, the incorporation of this laboratory module facilitates discussions of 
both green chemistry and combinatorial chemistry in the curriculum. 
“Instructions for the students,” ”Notes for the instructor,” spectroscopic and physical 
data are available as supplemental materials. 
Matthew M. Hooper and Brenton DeBoef, J. Chem. Educ. 2009, 86, 1077-1079. 
 
 

美國化學會 2009 年暑期講習會 

ACS Summer School on Green Chemistry and Sustainable 
Energy 

Graduate students and postdoctoral scholars explore scientific solutions to global 
challenges at the ACS Summer School on Green Chemistry and Sustainable Energy. 
Transportation, meals, and housing are provided. Participants will: 
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• Hear presentations by leading researchers in sustainability and green 
chemistry 

• Collaborate on problem solving projects 
• Participate in laboratory experiments 
• Present your research during poster sessions 
• Engage in discussions on the role of science and technology in solving 

global sustainability challenges 

The 2009 program was held July 22-30 at the Colorado School of Mines.  There 
were 13 lectures as listed below. 

1. Greening the Pharmaceutical Industry 
Berkeley W. Cue, BWC Pharma Consulting LLC 

2. Technologies for the Pharmaceutical Manufacturing Plant of the Future 
(In Search of the Science of Scale) 
Berkeley W. Cue, BWC Pharma Consulting LLC 

3. Metrics Gone Wild 
Eric Beckman, University of Pittsburgh 

4. Eco-Innovation & Product Design 
Eric Beckman, University of Pittsburgh 

5. Green Solvents  
Philip Jessop, Queen’s University 

6. Inspired by Nature and Some Other Stuff 
Thomas H. Lane, Dow Corning Corporation 

7. Value of Green Chemistry in a Business Environment 
Roger McFadden, Staples Inc. 

8. Nanoscale Materials and Catalysis 
Ryan Richards, Colorado School of Mines 

9. A Sustainable Energy Future 
John A. Turner, National Renewable Energy Laboratory 

10. The Story of our Sustainability 
Katie Wallace, Sustainability Specialist 

11. Green Chemistry: The Molecular Science of Sustainability 
John C. Warner, The Warner Babcock Institute for Green Chemistry 

12. Green Chemistry and Entropic Control in Materials and Processes 
John C. Warner, The Warner Babcock Institute for Green Chemistry 

13. Green Separations  
Kim R. Williams, Laboratory for Advance Separations Technologie 

Speaker’ presentations could be downloaded from website： 
http://portal.acs.org/portal/acs/corg/content, then click “ACS Green Chemistry 
Institute,” and then “Green Chemistry Education. 
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大陸各級學校 2009 年有關永續化學的一些研究報告 
由於下載原文常需時較久，故只在下表中列出「題目」、「作者」、「期刊名（或書

名）」以及期別，以供參考。 
 篇名 作者 期刊（書）名 期別 
1 五年制高職藥學專業《分析化學》教學改革的探

索 
李春 中國科技信息 2009/15 

2 化學實驗綠色化研究 笪良國 淮南師範學院學報 2009/03 
3 綠色化學理念在高等化學教育中的融入 胡明星 黑龍江高教研究 2009/07 

4 綠色化學實驗中計算機技術的應用 張增 高等函授學報(自然科學版) 2009/03 
5 在化學教學中有效實施綠色化學教育 王盟 教育導刊 2009/06 

6 從化學教材中向學生挖掘和介紹綠色化學 李國海 科技信息 2009/15 

7 模擬化學實驗室在農業院校綠色化學教育中的

優勢與作用 
凌育趙 安徽農業科學 2009/19 

8 《化學電源》課程教學中綠色化學理念的滲透 呂東生 廣州化工 2009/03 

9 有機化學實驗綠色化教學模式改革的初步研究 寧靜恒 廣東化工 2009/06 

10 在化學實驗中實現綠色化學的幾點做法 岳秀俠 安慶師範學院學報(自然科學版) 2009/02 
11 綠色化學理念下有機化學實驗教學課件設計原

則探討 
庾江喜 黑龍江科技信息 2009/22 

12 在染整專業中滲透綠色化學教育 孫華 浙江紡織服裝職業技術學院學報 2009/02 

13 綠色化學簡釋及其應用舉例 秦宗余 中學生數理化(高一版) 2009/03 
14 化學教學與環保教育相結合的一點思考 李金東 科技資訊 2009/06 

15 高中化學教學中滲透環境教育的途徑和方法 王桂艷 中國教育技術裝備 2009/08 

16 高職化學教學中滲透綠色化學教育的再思考 許新兵 中國科技信息 2009/10 

17 在高中化學實驗中培養綠色化學觀的教育探索 馬志成 天津師範大學學報(基礎教育版) 2009/01 

18 高校化學教學中綠色化學教育的實踐與探索 唐娜 中國科教創新導刊 2009/13 

19 潮州市中學化學實驗綠色化調查研究 邱賀媛 廣東化工 2009/03 

20 高職院校開設綠色化學選修課的探索與實踐 張增 中國校外教育(理論) 2009/03 

21 中等職業學校實施綠色化學教育的策略 孔凡珍 中國校外教育(理論) 2009/01 

22 農科院校化學教學中滲透綠色化學理念的思考 王豐 吉林農業科技學院學報 2009/01 

23 綠色化學理念應用于教學實踐的方法探究 王豐 畜牧與飼料科學 2009/02 

24 高校綠色化學初探 劉雲鶴 科學大眾 2009/01 

25 綠色化學在高職化學教育中的教學探討 張西安 開封教育學院學報 2009/01 

26 實驗室廢液處理及減少污染的措施 陳素霞 河南化工 2009/04 

27 加強化學實驗綠色化教育培養學生環保意識 鄒敏 藥學教育 2009/01 

28 《有機化學》教學改革的探討 胡智學 廣州化工 2009/01 

29 實施中學綠色化學教育的途徑 滑志軍 現代教育科學(中學教師) 2009/01 

30 綠色化學與創造性教學 樂傳俊;
顧黎萍 

化學教育 2009/03 

31 有機化學實驗的綠色化路線設計 紀明慧等 化學教育 2009/03 
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Irradiating nitrobenzene in the presence of a fullerene 
catalyst yields nearly 100% aniline. 

In micellar solution, zinc diamine 
mediates palladium-catalyzed aryl-alkyl 
cross-couplings 

 

RESEARCH BREAKTHROUGHS 
Hydrogenation Without Metals   
Fullerenes can catalyze hydrogenation of organic compounds as effectively as metals 
can, according to a study by researchers in 
China (J. Am. Chem. Soc., DOI: 
10.1021/ja9061097). The discovery may 
lead to replacing precious-metal catalysts 
with carbon-based substitutes, which could 
reduce costs and the environmental effects 
of heavy-metal pollutants. 
Fullerene can activate molecular hydrogen and is a novel nonmetal hydrogenation 
catalyst. The hydrogenation of aromatic nitro compounds to amino aromatics is 
achieved on this catalyst with high conversion and selectivity under 1 atmospheric 
pressure of H2 and light irradiation at room temperature or under conditions of 
120−160 °C and 4−5 MPa H2 pressure without light irradiation, which is comparable 
to the case with a noble metal catalyst. 
(Chemical & Engineering News 2009, 
http://pubs.acs.org/isubscribe/journals/cen/87/i44/html/8744notw7.html; J. Am. Chem. 
Soc., 2009, 131 (45), pp 16380–16382) 
 

Cross-Coupling Made Easier----Green Chemistry: 
Organozinc reagents made on the fly in water simplify 
alkylations 
An easier, greener route to aryl-alkyl 
cross-coupling reactions—one of the most 
indispensable types of reactions in organic 
synthesis—is being reported by Bruce H. Lipshutz 
and coworkers at the University of California, Santa 
Barbara (J. Am. Chem. Soc., DOI: 
10.1021/ja906803t). The approach takes advantage 
of micelles as nanoreactors for the in situ generation 
of an alkylzinc reagent that sparks a standard 
palladium-catalyzed Negishi cross-coupling 
reaction. Using aqueous conditions and generating 
the organozinc reagent on the fly at room 



 

 

18

temperature weren’t thought to be possible for this type of cross-coupling before now. 
The strategy builds on Lipshutz’ efforts to use nanomicelles as a medium for 
transition-metal-catalyzed reactions. Lipshutz, Arkady Krasovskiy, and Christophe 
Duplais made a micellar solution by dissolving in water one of Lipshutz’ designer 
nonionic surfactants—the commercially available polyoxyethanyl α-tocopheryl 
sebacate. 
(Chemical & Engineering News, October 26, 2009 Volume 87, Number 43p. 6; J. Am. 
Chem. Soc., 2009, 131 (43), pp 15592–15593). 
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Renewables Debut BioMCN's glycerin-to-methanol plant 
starts up this month 

 

NEWS DIGEST 
 
Glycerin Gambit  
 
Making chemicals from the biodiesel by-product proves challenging. 
 

LATER THIS MONTH, a new Dutch company called BioMCN plans to open a 
large-scale facility that will convert 
glycerin into methanol. The first of its 
kind, the plant is intended to take 
advantage of a surplus of glycerin in 
Europe and the rest of the world. This 
global excess is the result of the 
explosive growth of biodiesel as a 
renewable alternative to traditional diesel 
fuel. For every 10 gal of biodiesel 

manufactured from vegetable oil, 1 gal of glycerin is produced on the side. Although 
making chemicals out of glycerin looked like a sure thing a few years ago, today it 
seems anything but. Even though the surplus is real and growing, glycerin has proven 
to be a volatile commodity that experiences huge price swings. At least one big 
glycerin-based chemical project has been shelved and two others are significantly 
delayed. Perhaps more ominously, questions are emerging about glycerin's long-term 
supply security. In the U.S., the biodiesel boom began in 2004, when then-president 
George W. Bush signed a jobs creation 
law that included a generous tax 
incentive to companies that produce 
biodiesel. According to the National 
Biodiesel Board, U.S. biodiesel output 
tripled from 2004 to 2005 to 75 million 
gal. It continued to skyrocket for the 
next three years, reaching 700 million 
gal in 2008. Government mandates and 
incentives in Europe and Southeast 
Asia spawned similar biodiesel 
run-ups. Depending on the region, the 
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Ketone Reduction A Codexis biocatalyst improved a synthetic 
step for Merck. 

raw material was soybean oil, rapeseed oil, or palm oil. But the result was the same: 
React more and more vegetable oil with methanol to create biodiesel and you get 
increasing amounts of coproduct glycerin.  

(Chemical & Engineering News, June 1, 2009 Volume 87, Number 22pp. 16-17; 
http://pubs.acs.org/isubscribe/journals/cen/87/i22/html/8722bus1.html) 

 

Greatest Hits 
 
Merck advances process development by tuning up biocatalysts with Codexis 

 

JUST AS AN ORCHESTRA needs instruments, Merck & Co.'s process 
development group needs synthesis 
tools. For several years, biocatalyst 
developer Codexis has focused on 
fine-tuning such tools. Together, 
Merck and Codexis believe they can 
make music through biocatalysis. 
Although the companies each have 
expertise, like string and brass sections 
they see themselves as complementary, 

not overlapping. Codexis' strengths are in enzyme optimization and manufacturing, 
whereas Merck specializes in synthesis and process development. As partners they 
extend each other's reach. Biocatalytic syntheses are appealing because they can be 
run in standard equipment under mild conditions with less solvent while giving high 
enantioselectivity and yield. But they have been plagued by what Merck and Codexis 
managers say are misconceptions about inconsistent catalyst quality, high cost, long 
development times, and an inability to adapt to different reaction conditions. 
Customized enzymes can be extremely competitive with other catalytic approaches, 
contends Greg Hughes, an associate director in Merck's process research department. 
Typically, he notes, "a process that is more environmentally friendly also tends to be 
much more economically attractive." Codexis' enzymatic approach to catalysis 
meshes well with Merck's desire to develop environmentally benign syntheses, 
Hughes says. Merck's process research group strives to be "green by design" while 
implementing the best solutions across all stages of drug development and 
manufacturing, he explains. Compatibility between a biocatalyst and a substrate 
molecule can be improved via directed evolution of the enzyme. After a substrate is 
screened against a panel for initial activity and selectivity, Codexis uses gene 
sequence and function information to transform hits into process-specific biocatalysts. 
Following this approach, Merck began testing the panels and reporting results back to 
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Codexis. Communication between the companies includes discussions of further 
optimization and scale-up. "In our experience over the past few years, the issues of 
turnaround and scale-up are really nonexistent," Hughes says. "We can turn around 
results very quickly and really be assured that 99 times out of 100 we are going to 
have success." Success is tied in large part to the statistical protein sequence-activity 
relationship (ProSAR) technique that Codexis uses to optimize enzymes (Nat. 
Biotechnol. 2007, 25, 338). As a result, the speed at which enzymes can be developed 
and delivered in kilogram quantities has risen dramatically, Huisman says, often 
taking only two to three months from inquiry to commercial biocatalyst. 

(Chemical & Engineering News, March 16, 2009 Volume 87, Number 11pp. 14-16; 
http://pubs.acs.org/isubscribe/journals/cen/87/i11/html/8711cover3.html) 
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CONFERENCE INFORMATION 

1. AAIC 21st Annual Meeting: 2009 
International Conference: The Next 
Generation of Industrial Crops, Processes, 
and Products, Termas de Chillán, Chillán, 
Chile, November 14-19th, 2009 (http://www.aaic.org/2009_meeting.htm). 

 

2. 2009 永續合成化學工作坊 will be held on Feb 1, 2010, TAIWAN. (Please 
contact Deputy Director Ito Chao in Institute of Chemistry, Academia Sinica for 
further information). 

 

3. 14th Annual Green Chemistry & Engineering Conference: Innovation and 
Application---June 
21-23, 2010, 
Capital Hilton, 
Washington, DC 

 

4. Gordon Research Conference---Green Chemistry, July 25-30, 2010, Davidson 
College, Davidson, NC 

 

5. 3rd International IUPAC Conference on Green 
Chemistry, August 15-19, 2010, Ottawa Westin Hotel, 
Ottawa, Canada (http://www.icgc2010.ca/) 

 

6. Fourth International Conference on SFC 2010, Stockholm, Sweden - September 
2010. With the growth of supercritical fluid chromatography as a cutting edge 
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technology, this conference provides a forum for new developments and 
applications. The Green Chemistry Group, a non-profit corporation, is dedicated 
to promote and encourage green and sustainable chemistry, including green 
analytical and purification techniques throughout the world.  

 

7. 3rd International Symposium on Green Processing in the Pharmaceutical and 
Fine Chemical Industries---University 
of Massachusetts Boston, Boston, 
MA, Sept. 30-Oct. 1, 2010. 
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Opportunity 
Programming Announcement  

Nat. ACS Meeting -San Francisco -March 21-25, 2010 
Looking for speakers for the following symposia 

 
Organizers of programming for the National ACS meeting next spring (2010) are 
looking for speakers for the following symposia (detailed descriptions and contact 
information are provided below).  Please contact them ASAP if you are interested in 
speaking and if you have ideas for invited speakers. 
#1. Sustainability in the Chemistry Curriculum:  What, Why Now, and How  
Cathy Middlecamp and Mary Kirchhoff, organizers 
#2. Sustainability in the Chemistry Curriculum:  Water for a Thirsty Planet 
Karen Anderson and Jennifer Tripp, organizers  
#3. Sustainability in the Chemistry Curriculum:  Global Climate Change 
Steve Keller and Anne Bentley, organizers 
The organizers are seeking two types of speakers.  One is people who have 
transformed courses in the curriculum and who can speak from experience. These 
folks can feel free to talk about the good, the bad, and the potholes.  The other is 
people who can frame the issues and who can speak passionately and well about the 
topic.  Organizers hope these folks will inspire others to start thinking about how they 
might change their curriculum.  FYI, an ACS acquisitions editor is pushing to do a 
book on the series of talks.   
OASYS will open mid-fall, closing before Thanksgiving.   
 
Julie Haack, Ph.D. 
Assistant Department Head and Senior Instructor 
Department of Chemistry 
1253 University of Oregon 
Eugene, OR 97403-1253 
Phone:  (541) 346-4604 
Fax:    (541) 346-4643 
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NEW BOOKS 
 
Handbook of Green Chemistry - Green Solvents  

By Paul T. Anastas (Series Editor), Walter Leitner (Editor), Philip G. Jessop (Editor), 
Chao-Jun Li (Editor), Peter Wasserscheid (Editor), 
Annegret Stark (Editor), Wiley (ISBN: 
978-3-527-31574-1, Hardcover, 1300 pages, May 
2010) 

Green chemistry is the use of chemistry for 
pollution prevention. Edited by Yale's Director of 
the Center for Green Chemistry and Green 
Engineering, Paul T. Anastas, this landmark volume 
covers everything you need to know about this field, 
including feedstocks, green chemistry engineering, 
green catalysis (homogeneous, heterogeneous and 
biocatalysis), separations techniques, as well as 
solvents like supercritical fluids and ionic liquids. In 
addition to Prof. Anastas, who is the inventor of the 
famous 12 principles of green chemistry, each part is edited by an linternational 
expert. The essential one-stop reference for organic and environmental chemists, 
environmental agencies, and chemical engineers. 

(http://as.wiley.com/WileyCDA/WileyTitle/productCd-3527315748,descCd-descripti
on.html) 
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In order to improve the edition of Green/Sustainable Chemical Communication 
(G/SCC), please write your comments and suggestions to us 
(wenshan@chem.sinica.edu.tw). In addition, to gain information about green 
chemistry, please visit our website at http://gc.chem.sinica.edu.tw/.  
 
 

Cover picture:  
德國老城 Dresden 的夕陽---“夕陽無限好，只是近黃昏＂。如何保有地球原始

風貌、地物及景緻,捕捉剎那美感,是您我的責任。 (abstract from YiChi Jao)。 
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