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グリーン・サブテイナブルケミストリー特集の最終回は，アメリカ，ド

イツ，イギリスにおける取り組みを紹介します。本活動を積極的に推進

している中国，オーストラリア，イタリアその他の国々についても，今

後ホームページ（h t t p : / / w w w . g s c n . n e t）通じて御照会する予定ですの

で，時々チェックして頂きますようお願いします。
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Clean Technology Centre, University of York, York, UK

(jhc1@york.ac.uk/greennet@york.ac.uk)

英国のグリーンケミストリー活動は1 9 8 0年代から始まり、1 9 9 0年代初めには、グリーンテク

ノロジープログラムが開始され、大学と企業との連携で多くの研究開発がなされている。例えば、

ノッチンガム大学の超臨界流体、クイーンズ大学のイオン性溶媒、ヨーク大学のグリーン触媒な

ど、実用化の期待される大きな成果が生まれている。1 9 9 8年には著者らによってグリーンケミ

ストリーネットワーク（ＧＣＮ）が設立され、情報交流、教育、技術移管、表彰などの諸活動が

実施されている。ＧＣＮを通じて、大学間、企業と大学、企業間などの連携が促進され、社会の

持続的発展を目指したグリーンケミストリーが推進されている。

There have been significant Green Chemistry research

activities in the UK since the 1980s.  At the University of

York for example, a collaborative research project with a

small speciality chemicals company Contract Chemicals

lead to the discovery of a family of environmentally

friendly catalysts designed to replace hazardous and toxic

reagents and catalysts in widespread use in chemicals

manufacturing such as aluminium chloride and chromic

acid.  These largely clay-based catalysts were launched as

commercial products in 1991 and have subsequently been

applied in some commercial processes for example, in the

manufacture of dyes. More importantly, they demonstrated

the market potential for new “g r e e n e r” c h e m i c a l

products and methods.  The collaboration led to several

prizes and awards in the UK and Europe.

In the early 1990s the UK research councils launched a

major Clean Technology Programme including a Cleaner

Synthesis for Industry initiative which funded many

research projects based in the UK Universities and often in

collaboration with industry.  Many of the leading Green

Chemistry Research Groups emerged in that period. For

example the leaders of the research groups in Nottingham

(Martyn Poliakoff working on supercritical fluids; website

http://www.nottingham.ac.uk/supercritical/) and Queens

University Belfast (Ken Seddon working on ionic liquids;

Website http://quill.qub.ac.uk/) as well as York (Website

h t t p : / / w w w . y o r k . a c . u k / d e p t s / c h e m / s t a f f / C l a r k - h o m e . h t m l )

were awarded Clean Technology Fellowships

(administered through the Royal Academy of Engineering)

which enabled them to focus their efforts on Green

Chemistry research and promotional activities.  The

Belfast group now co-ordinate a major multi-company

programme to move ionic liquids from the research bench
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these activities and disseminate their output, as well as

promote the principles of Green Chemistry in industry and

in schools and academe.  The GCN (website

http://www.chemsoc.org/gcn) was established late in 1998

with funding from the Royal Society of Chemistry.  The

aims of the GCN are to promote awareness and facilitate

education, training and practice of Green Chemistry in

industry, universities and schools.  This will be achieved

through, for example:-

* Provision of educational material for schools and

universities

* Organisation of conferences, seminars and training

courses 

* Technology transfer brokerage

* A national database linked to overseas networks via the

RSC web site

* Links to other key organisations, government

departments, trade associations etc

* Newsletters & books on aspects of green chemistry

* Prestigious awards for industry and researchers 

A significant part of the work of the GCN will be

promotion and provision of Green Chemistry teaching

material for use with school children and younger

chemists.  Chemists of the future should grow up in an

environment where ‘green’ issues are not just taught in

isolation but are the underlying principles throughout all

courses.  It is only when thinking about concepts such as

zero waste and sustainable raw materials becomes part of

everyday way of life for chemists going about their daily

business that the chemistry based industries of the future

will be considered to be ‘green’.  The GCN has already

helped run training course for schoolteachers and activities

for schoolchildren.  It will also work with educationalists

to produce a new text book on the “Greener Chemical

I n d u s t r y” for the 16-19 age group.  At the higher

education level, several Universities are developing and

introducing new courses on green chemistry-related

subjects into undergraduate and postgraduate programmes.

We can expect a significant growth in activity in relevant

to commercialisation  while the Nottingham group have

pioneered the commercialisation of organic synthesis in

supercritical fluids in collaboration with the Thomas Swan

company.  Subsequently significant Green Chemistry

research groups have become established in other UK

Universities including Imperial College, London,

Strathclyde, Leeds, Liverpool, Loughborough, Surrey and

Swansea.  The importance of chemical engineering in the

context of Green Chemistry is reflected in the number of

relevant research and training activities in Chemical and

Process Engineering Departments in the UK such as at

Newcastle, Manchester and Sheffield.  To further enhance

this Research Councils have been encouraging

multidisciplinary collaborations in areas such as Clean

Technology and strong links have been established for

example between Newcastle Chemical Engineering and

York Chemistry on novel catalytic reactors and intensive

processing.

The rapid growth in Green Chemistry activities in the

UK led the author to seek funding to establish a Green

Chemistry Network (GCN) that would help to coordinate
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educational programmes in the near future.

Although the industry has done much in recent years to

try and become more ‘green’ (for example, reduction in

solvent contents of paints and reduced waste emissions

etc) there is undoubtedly much more which can and should

be done.  Through the GCN we are able to share best

practice, promote green technology transfer both between

universities and industry and within industry itself as well

as providing data to show that adoption of green practices

can also be cost beneficial for industry.  The challenge for

the UK chemistry based industries in the next century are

to improve its competitive advantage through adoption of

green chemistry and engineering. Government funding and

legislation needs to increasingly encourage this process. 

Industry will respond to “carrots as well as sticks”

and we have recently launched the first UK Green

Chemistry awards programme with prizes for large and

small companies and for young academic scientists for

their achievements in Green Chemistry.  We believe that

this can be a very effective method for encouraging

companies to disclose their new greener processes which

in turn will encourage other companies to do the same.

We need lots of good examples of industry achieving the

“triple bottom line” (economic, environmental and

societal benefit) through the application of innovative

greener methods. 

The Green Chemistry journal (website http://www.rsc.

org/greenchem) is another important mechanism for

disseminating examples of good practice.  The journal and

resource was launched by the Royal Society of Chemistry

in February 1999 and is unique in the world, providing

both peer reviewed articles describing the latest research in

green chemistry and chemical engineering, and

information on leading research groups, industrial and

educational developments, and news items on various

topical issues such as legislation as well as on conferences.

The journal welcomes submissions in all of these areas and

will also occasionally consider publishing articles on

related subjects such as toxicology and remediation.

Articles of all lengths will be considered from

communications and letters through to major reviews.

The GCN and Green Chemistry journal are also actively

organising and supporting events ranging from short

symposia for younger chemists to training course and

international conferences.  The first GCN-organised

international conference “Green Chemistry: Sustainable

Products and Processes” will take place in Swansea in

April 2001 .

(website http://www.rsc.org/lap/confs/greenhome.htm)

With most experts now agreeing that oil production will

decline significantly in the period 2025 - 2050 sustainable

development is at the top of the environmental agenda in

most countries.  Chemistry is vital for sustainable

development across many industry sectors, however it

does mean changing the way in which chemistry is

practised.  Governments throughout the world are

investing in programmes to encourage the science and

engineering base to generate new greener chemistry and to

aid collaboration with industry in developing applications.

In the UK the GCN will act as a focal point for this,

promoting, encouraging and aiding this beneficial change

programme.  Its activities will reflect the rapid

developments in research, education and industrial

practice.  Through links between the GCN other national

organisations in Europe, Asia, Australasia and North

America and through the journal we hope to encourage the

increasing globalisation of the principles and practice of

Green Chemistry.

PART1ーGreen Chemistry in the United Kingdom



Introduction

In 1992, when the United Nations held its Conference

on the Environment and Development (UNCED) in Rio de

Janeiro, the concept of sustainable development was

agreed on as a goal for the international community.

Sustainable development comprises ecology, economy and

social aspects. Sustainable development meets the needs of

the present without compromising the ability of future

generations to meet their own needs (Brundtland Report,

1987). Based on the results of the Rio Conference the

discussion on sustainable development was promoted in

Germany. Activities in the area of sustainable chemistry

were intensified, as part of the sustainable development

model, in government, industry, research institutions, non-

governmental organisations and consumer groups.

Although the goals of the concept were not disputed

among the German parties involved, there are differences

in ideas as to how to put sustainable development into

practice. In March 1992 the German Parliament

commissioned a Committee of Specialists (‘E n q u e t e -

K o m m i s s i o n’) to compile a report addressing the topic

‘Protection of Human Health and of the Environment’

(Schutz des Menschen und der Umwelt). In June 1995 a

second report was commissioned. The two reports aimed

at putting, inter alias, the resolutions of Agenda 21 into

more concrete terms. Starting from an approach which was

oriented towards chemical products, the term sustainability

has gradually come to mean a “regulative idea”( r e p o r t

of the second Enquete-Kommission,1998), as an open

model for social searching and learning processes.

Chemistry can be considered as a model in the

discussion on sustainability. Hence, it is understandable

that most of the activities that have been initiated in

Germany are in the field of sustainable chemistry. The

contributions of all the parties involved, such as politics,

the chemical industry, science and society, play a crucial

role on the way to sustainability. In Germany it is well

understood that close co-operation is necessary between

politics and the other target groups in order to transpose

the idea of sustainability into laws, directives and

voluntary obligations successfully. In a statement

delivered at the national conference on Sustainable

Development in Chemistry and its Products in April 1999,
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Sustainable Chemistry-Related
Activities and Perspectives in Germany

ursula Gunder

1Bulling, W. B., 2F_rster, A., 1Gundert-Remy, U.

1Federal Institute for Health Protection of Consumers and Veterinary Medicine (BgVV), Berlin 

2 DECHEMA e.V., Frankfurt/Main, Germany

1 9 9 2年の「環境と開発に関するリオ宣言」を受けてドイツ連邦共和国でも「サステイナブル

ケミストリー」へ積極的に取組んでいる。様々な階層で取組んでいる内容を、連邦政府機関、

O E C Dに対する政府関連研究機関の取組み、そして連邦州レベルでの取組み例としてB a v a r i a州で

の取組み、大学、関連学協会や消費者団体の取組みをそれぞれ個別に紹介。また政府の「環境へ

の研究」重点投資分野として具体的に研究分野を示している。さらに学協会や各機関に設置され

た「ワーキンググループ」の内容説明と今年OECDで実施した調査の概要も合わせて紹介。



the German Federal Minister of Education, Science,

Research and Technology emphasised the significance of

sustainability for society and the important role of

chemistry. 

Protagonists

In Germany, the subject of sustainable development has

attracted widespread interest. Discussions are held at

different levels of society and a variety of approaches to

sustainability exist. The main protagonists in Germany that

are involved in the discussion on sustainable development,

and especially on sustainable chemistry, are briefly

described in the following section. 

Federal Governmental Bodies

The Federal Ministry of Education, Science, Research

and Technology (BMBF) has set up a platform for

dialogue between politics, industry and research

institutions. The main aims of BMBF in relation to

sustainable chemistry are to improve the framework

conditions for innovation, to improve the education

system, to facilitate notification of new products, to confer

awards for innovative ideas and to fund R&D projects

related to sustainability.

The Federal Ministry of Environment, Nature

Conservation and Nuclear Safety (BMU) is responsible for

the Chemicals Act and is the official contact to the OECD

in the field of sustainable chemistry.

The Federal Ministry of Food, Agriculture and Forestry

(BML) is engaged especially in aspects concerning plant

protection agents and the Federal Ministry of Transport,

Building and Housing (BMVBW) is also involved in

aspects of sustainable development. 

Federal Government Agencies/Institutes

Government agencies assigned to specific Ministries are

charged with the scientific side of sustainable chemistry

activities on behalf of their Ministries. They are involved

in the risk assessment of industrial chemicals and

pesticides, for example the Federal Institute for

Occupational Safety and Health (BAuA), the Federal
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Environmental Agency (UBA) and the Federal Institute for

Health Protection of Consumers and Veterinary Medicine

(BgVV). BgVV is actively engaged in the OECD study on

sustainable chemistry and represents Germany which is the

leading country of the OECD working group “Exchange

of Technical Information Related to Sustainable

Chemistry”.

State Governments

Bavaria, one of Germany’s 16 federal states,

established a state-wide Agenda 21 which comprises a

platform for dialogue (environmental forum Bavaria),

agreements between the Bavarian state government and

industry (environmental pact) and gives financial support

to implementing the Bavarian Agenda 21 (environmental

fund). Chemical companies, located in Bavaria contributed

to the success of this programme.

Universities

Research and development projects in sustainable

chemistry have been carried out in the chemistry and

environmental science departments of universities. Several

projects are funded by the German Government.

The Chemical Industry/Industry

Associations

VCI (the Association of the German Chemical Industry)

co-ordinates the activities related to sustainability of the

German chemical industry. It is envisaged to support the

transpose of the concept of sustainable chemistry into

company-specific programmes in order to provide a

framework of action for all those working in the sector.

Self-responsibility and self-monitoring systems are part of

this model. The project “Constructing Germany of the

Future” started in 1996. About 240 experts from over 130

organisations have taken part in this discourse project. The

other main initiative is the Responsible Care Programme,

in which about 800 chemical companies participate.

Responsible Care is an international, voluntary

commitment on the part of the chemical industry to

improve performance in health, safety and the



environment. 

Associations/Consumer Groups

The activities of the Society for Chemical Engineering

and Biotechnology (DECHEMA) encompass advisory

services to the BMBF concerning the promotion of

chemical technologies and biotechnology and the

organisation of professional discussions on sustainable

chemistry. The German Chemical Society (GDCH), the

National Research Centre for Environment and Health

(GSF), German Research Council (DFG) and the German

Union of Mining, Chemistry, Energy (IG BCE) are

associations dealing with sustainable chemistry.

Greenpeace is actively engaged in sustainable chemistry,

its aim being to ensure that  the natural bases of life are

used in a sustainable way.

Programmes

In 1997 the federal government adopted a programme

“Research for the Environment”. The programme focuses

on integrated environmental protection, with consideration

given to the model of sustainable development. The

objective of the programme is the promotion of measures

to ease the burden on the environment, reduce the costs of

environmental protection and improve the competitive

position of industry. The chemical industry is one sector

covered by this programme. Environmental innovations,

including technical, institutional and social innovations,

are the objectives of the federal government’ s

promotional measures. Promotion projects are in the area

of environmentally compatible structuring of production

processes (clean production) and product-related

environmental protection. Additionally BMBF has

supported studies regarding the influence of environmental

policy on the innovative behaviour of companies as well as

research on environmental education or consumers habits. 

Projects concerning the integrated environmental

protection concept are being intensified, going beyond the

former orientation towards environmental media and

individual harmful substances.
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The BMBF programme “Chemical Technology”

covers research work on the contributions of key chemical

and physical technologies to sustainable development.

Examples of research areas financially supported by

BMBF are “C a t a l y s i s”, “Combinatorial Catalysis and

Materials Research”, “Nanotechnology”, “Innovative

Reactions” and “Nonlinear Dynamics”. Altogether 18

R&D projects have been supported within the last years.

The total volume of grants was 29.1 mio DM.

Contributions to a sustainable development have been

achieved by :

- Increased selectivity and yield by optimised catalysis 

- Reduction of by-products

- Fast and resource-saving synthesis and characterisation

of new products and materials (increased efficiency) 

- Savings in energy and raw materials consumption by

using composite membranes

- Use of dendrimers for diagnostic purposes to reduce

strain on the human body

- Substitution of heavy metals in luminophors by novel

zeolites

- Increase in efficiency by process intensification

- Use of alternative solvents (i.e. ionic liquids) or

solvent-free reactions

- Increase in the space-time yield of chemical processes

by nonlinear optimisation algorithms

- Minimisation of energy consumption by optimised

regulation algorithms (i.e. pressure swing adsorption for

O2/N2 production)

- Early detection of critical process states and

development of control mechanisms to avoid a breakdown

of chemical plants (i.e. by neural nets or fuzzy logic)

Biotechnology tools and production using

biotechnology tools is another way of contributing to

sustainable chemistry. Projects have been given financial

support by the federal government via BMBF which are

directed towards saving energy and resources, avoiding

waste and toxic by-products, reducing emissions into air,

soil and water and avoiding toxic substances. During the



period 1991 to 1999 the ministry (BMBF) sponsored

research in these areas. The money spent amounted to a

total sum of 149 mio DM, of which 45 mio. DM went to

the area of catalysis/renewal of resources. Recently, a new

funding program “Sustainable Bio-Production” s t a r t e d ,

supporting R&D for industrial biotechnological processes

and products related to sustainability.

In the framework of the chemistry dialogue of the

BMBF a formalised dialogue concerning Sustainable

Chemistry was conducted from 1998 to 1999.

Organisations dealing with Research and Development

(e.g. DECHEMA, VCI, BAuA, BgVV), Education and

Training (e.g. GDCh, IG BCE) and the Chemical Industry

participated in the discussions. As a result a two-day

Status Seminar was organised in April 1999, which took

place with about 100 participants. The aim of the status

seminar was to reach a consensus on recommendations to

the federal government for further activities and measures

in the area of sustainable chemistry. In the three working

groups “Education and Training”, “Research and

D e v e l o p m e n t” and “ Market and Economy”

discussions were held and catalogues of necessary research

tasks were put forward. These catalogues have been

summarised in a document which serves as the basis for

further discussions on research programmes in the area of

sustainable development in chemistry. As a follow-up,

three different working parties “Renewable Resources”

“Optimisation of Processes” and “Sustainable Design of

P r o d u c t s” have been established. These working parties

will  give advice to the BMBF for further funding

programmes in the area of sustainable development in

chemistry. Furthermore, a DECHEMA working party on

“ Metrics for Sustainable Chemistry” has been

established.

Surveys

The Federal Environmental Agency (UBA) developed

an instrument to describe and follow up the situation of the

environment, the so-called Umweltbarometer Deutschland.

The current situation and its trend over time is described
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by measuring and recording data on climate, air pollution,

soil contamination, water pollution, energy consumption

and consumption of raw materials. Political goals have

been set and the instrument is used for follow-up purposes.

For example, water pollution due to industrial sources can

be measured by AOX (absorbable organic halogenated

compounds). Total nitrogen is measured to determine

diffuse contamination caused by intensified agriculture and

by road transportation of goods. The goal is to reach an

AOX level of <= 25 (g/l (at 85 sites of measurement) and a

total nitrogen level of <= 3(g /l at all 138 sites of

measurement by the year 2010.

OECD Surveys on Sustainable Chemistry

The OECD developed two questionnaires especially

designed to obtain information on Sustainable Chemistry

activities and the status quo in member countries. 

The first questionnaire was circulated in May 1998 and

six German organisations responded to this survey. The

completed questionnaires were forwarded to the US EPA

and the results were published by the OECD in 1999

(Proceedings of the OECD Workshop on Sustainable

Chemistry Part 3).

The second OECD survey covered research and

development activities, educational programmes,

information exchange and general questions concerning

Sustainable Chemistry. In June 2000 this questionnaire

was sent to about 100 organisations in Germany to which

20 responded (Industry 7;  Government agency 5;
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University 4; Research establishment 2; Consultant 2).

OECD Survey 2000, Germany 

Main interest in SC

(product) development, 11

research (basic, applied) 8

(process) development 4

teaching 4

regulation frames 3

adverse health effects at work 2

good environmental quality 2

waste free synthesis 1

solid-state reactions 1

The responses to the second OECD survey will be

analysed by the OECD in order to gain an overview of

current and planned activities in the area of Sustainable

Chemistry and to identify opportunities for information

exchange, or co-operative programmes between OECD

countries. The evaluation of the responses concerning

research activities serves as background information for an

OECD Workshop in Tokyo in October 2000.

Perspectives

Interest in sustainable development has been intensified

by international discussion and international commitments,

such as the Brundtland Report and Agenda 21. In

Germany, federal government bodies, research institutions,

industry associations and scientific boards have taken up

the topic and have initiated ways of implementing

sustainable development in everyday life.

The result of the national conference on Sustainable

Development in Chemistry and its Products is the idea that

sustainable chemistry should be implemented at every

educational level: kindergarten, school, university, and in-

training. There are plans to develop material suited to this

purpose for an overall educational goal. It is also planned

to intensify research and development for sustainable

chemistry by federal funding. Sustainable chemistry is an

important, but only one part of sustainable development

aimed at meeting the needs of this generation without

compromising the needs of future generations. First steps

in the right direction have been taken, further steps will

have to follow.
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Recently the University of Massachusetts Boston

opened the “Green Chemistry Laboratory for Research

and Education in Sustainable Innovation”.  This first-of

its-kind facility is part of the University’s commitment to

incorporate environmental knowledge and ethics into the

undergraduate curriculum. 

Green chemistry is a philosophy where pollution

prevention is accomplished by designing chemical

materials and processes that have minimum or no negative

impact on human health and the environment.  While this

approach seems obvious, chemists have not typically

focused on environmental and toxicological impacts of

materials and processes until more “downstream” in the

development process.  Once a product or process is

identified and developed in an R&D organization, it

usually becomes the responsibility of process and

manufacturing engineers to modify it so that it meets

environmental health and safety standards set by

government or other regulators.  Green chemistry seeks to

streamline these efforts and make them more economically

viable by paying attention to these concerns earlier on in

the design stage.

There has been a great deal of effort focused on the

Green Chemistry
at the

University of Massachusetts Boston
John C. Warner/Professor of Chemistry, Director of Biochemistry

University of Massachusetts Boston
100 Morrissey, Blvd. Boston, MA 02125-3393 EMAIL: john.warner@umb.edu

研究と教育の目的でマサチューセッツ大学ボストン校に最近開設された「グリーンケミスト

リーラボ」についての紹介等が述べられている。このラボでは、グリーンケミストリーの研究

と教育が同時にできるように、ラボの中に講義ができるスペースが設けられている。このラボ

ではグリーンケミストリーに係わる境界領域の研究などがなされ、また、非科学分野専攻の学

生を対象にした授業や、企業や官庁職員と初中等学校教員との交流なども行われている。

initiation, dissemination and celebration of Green

Chemistry in universities and corporations in the United

States and around the world. This wave of activity was

started in 1991 by Dr. Paul Anastas and others in the

Office of Pollution Prevention and Toxics at the United

States Environmental Protection Agency in Washington,

DC. In 1995, in response to President Clinton’s

“Reinventing Government Program”, Anastas and co-

workers devised a method to promote pollution prevention

in a non-regulatory, voluntary fashion.  This approach has

grown into a unifying concept that brings together leaders

from industry, government and academia as they attempt

to facilitate the developments of new, “G r e e n e r”

Chemistries and processes.

There is also an educational imperative.  Many young

students are choosing to pursue careers other than

chemistry because they believe that industrial chemistry is

the cause of many of the world’s environmental

problems.  This misperception is often adopted very early

in a child’s education.  While it must be acknowledged

that the chemical industries have, in fact, been responsible

for some tragic accidents and disasters in the past, it is

these very same industries and scientists that will solve

existing problems and prevent future ones. Green

PART3ーGreen Chemistry at the University of Massachusetts Boston
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chemistry aims to show how corporations around the

world are working hard to design their manufacturing

processes so that they are environmentally benign.

The University of Massachusetts Boston’s laboratory

offers a new and different approach to teaching and

research in chemistry.  In this new facility there exists

hoods and equipment to allow 6 research chemists to

perform environmentally benign experiments.  In the same

room there is typical analytical research instrumentation,

IR, Uv-vis, HPLC, DSC, TGA.

But, what makes this facility unique is that in the center

of all of this research, there is a typical lecture/hands on

laboratory space.  Students attend lecture while being

necessarily distracted on occasion by researchers

conducting experiments or using the instrumentation.  The

classes held in this facility are designed for students who

are not science majors but are seeking degrees in

languages, arts, history or other humanities.

This laboratory serves as a “meeting ground” f o r

industrial scientists, government employees and K-12

teachers.  Here, an industrial chemist brings a

representative technology [instant photography from

Polaroid, electric circuits from Raytheon, gels and foams

from Gillette, for example]. They meet with K-12 teachers

and construct educational materials to help teach basic

chemistry principles using the commercially relevant

technology as a foundation. The students are much more

interested in this approach because they are working with

familiar and interesting objects. Experiments are designed

to allow the students to experience, hands-on, some of the

underlying science related to this product. Finally, the

scientists explain what efforts are being undertaken to

make the materials and processes more environmentally

benign.

One course taught in this laboratory, “E n v i r o n m e n t a l

Concerns and Chemical Solutions”, has been using the

textbook “Chemistry in Context: Applying Chemistry to

S o c i e t y” published by the American Chemical Society

and McGraw Hill, 2000.  This course teaches basic

chemistry through environmental issues. While learning

about global warming, acid rain, ozone depletion and solar

energy, students are simultaneously taught atomic

structure, molecular bonding, stoichiometry and

equilibrium on a “Need to know” basis.  The third

edition of this text incorporates a number of examples of

Green Chemistry being practiced internationally.

Experiments performed by students in this class include

constructing solar energy devices, preparing and imaging

water-soluble photoresists, and exploring DNA

photodimerizaton.

Graduate level classes are also held in this laboratory

using the text “Green Chemistry: Theory and Practice”

by Paul Anastas and John C. Warner, Oxford University

press, 1998. In this class, graduate students and upper level

undergraduates learn the twelve principles of Green

Chemistry and the numerous ways that international

corporations have incorporated green chemistry into their

products and processes. 

One of the most important principles of this facility is

the interdisciplinary nature of the research being

performed within its walls. Researchers are using

processes found in natural systems, [DNA, cellular

membranes, skin pigments, enzymes, for example] as the

basis for commercially relevant, environmentally benign

applications.  Natural systems are extrapolated to wide

variety of products [printed circuit boards, holography,

optical recording devices, controlled release processes and

pharmaceuticals, for example] The pedagogic lesson

emphasized is that chemistry permeates all of the sciences

and if chemists can understand the underlying principles of

these natural systems, they may be able to design efficient

and environmentally benign products and processes.  The

interdisciplinary flavor of the facility can be seen by the

individuals working in it. Students pursuing degrees in
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chemistry, biochemistry, physics, psychology,

environmental sciences, math and computer sciences all

work together on Green Chemistry projects.

Green Chemistry reflects the science in a positive light.

Research will continue to develop new environmentally

benign strategies. More examples of the environmental and

economic benefits of  “g r e e n” industrial applications

will appear.  These developments illustrate how industry,

academia and government can collaborate in a way that we

all can be proud of.  

PART3ーGreen Chemistryat theUniversity of Massachusetts Boston

講演中の村橋教授

GSCシンポジウムのポスター

講演中のTund教授

ポスターセッションの会場


