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Part 1 Fundemental Chemistry

Lesson 1 Chemistry and Chemist

Without chemistry our lives would be unrecognizable, for chemistry is at work all
around us. Think what life would be like without chemistry—there would be no plastics,
no electricity and no protective paints for our homes. There would be no synthetic fibres
to clothe us and no fertilisers to help us produce enough food. We wouldn’t be able to
travel because there would be no metal, rubber or fuel for cars, ships and aeroplane.
Our lives would be changed considerably without telephones, radio, television or com-
puters, all of which depend on chemistry for the manufacture of their parts. Life expect-
ancy would be much lower, too, as there would be no drugs to fight disease.

Chemistry is at the forefront of scientific adventure, and you could make your own
contribution to the rapidly expanding technology we are enjoying. Take some of the
recent academic research; computer graphics allow us to predict whether small mole-
cules will fit into or react with larger ones—this could lead to a whole new generation of
drugs to control disease; chemists are also studying the use of chemicals to trap the
sun’s energy and to purify sea water; they are also investigating the possibility of using
new ceramic materials to replace metals which can corrode.

Biotechnology is helping us to develop new sources of food and new ways of produ-
cing fuel, as well as producing new remedies for the sick. As the computer helps us to
predict and interpret results from the test tube, the speed, accuracy and quality of
results is rapidly increasing—all to the benefit of product development.

It is the job of chemists to provide us with new materials to take us into the next
century, and by pursuing the subject, you could make your positive contribution to so-
clety.

Here are some good reasons for choosing chemisiry as a career.
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Firstly, if you have an interest in the chemical sciences, you can probably
imagine taking some responsibility for the development of new iechnology. New ideas
and materials are constantly being used in technology to improve the society in which we
live. You could work in a field where research and innovation are of primary importance
to standards of living, so you could see the practical results of your work in every day
use.

Secondly, chemisiry offers many career opportunities, whether working in a public
service such as a water treatment plant, or high level research and development in
industry. Your chemisiry-based skills and experience can be used, not only in many
different areas within the chemical industry, but also as the basis for a more general
career in business. ' As a qualification, chemistry is highly regarded as a sound basis for
employment.

You should remember that, as the society we live in becomes more technically ad-
vanced, the need for suitably qualified chemists will increase. Although chemistry
stands as a subject in its own right, it acts as the bond between physics and biology.
Thus, by entering the world of chemistry you will be equipping yourself to play a
leading role in the complex world of tomorrow.

Chemistry gives you an excellent training for many jobs, both scientific and non-
scientific. To be successful in the subject you need to be able to think logically, and be
creative, numerate, and analytical. These skills are much sought after in many walks
of life, and would enable you to pursue a career in, say, computing and finance, as
well as careers which use your chemistry directly.

Here is a brief outline of some of the fields chemists work in;

Many are employed in the wealth-creating manufacturing industries—not just oil,
chemical and mining companies, but also in ceramics, electronics and fibres. Many
others are in consumer-based industries such as food, paper and brewing; or in service
industries such as transport, health and water treatment.

In manufacturing and service industries, chemists work in Research and Develop-
ment to improve and develop new products, or in Quality Control, where they make
sure that the public receives products of a consistently high standard.

Chemists in the public sector deal with matters of public concern such as food
preservation, pollution control, defence, and nuclear energy. The National Health
Service also needs chemists, as do the teaching profession and the Government’ s

research and advisory establishments.
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Nowadays, chemists are also found in such diverse areas as finance, law and poli-
tics, retailing, computing and purchasing. Chemists make good managers, and they
can put their specialist knowledge to work as consultants or technical authors. Agricul-
tural scientist, conservationist, doctor, geologist, meteorologist, pharmacist, vet...
the list of jobs where a qualification in chemisiry is considered essential is endless. So
even if you are unsure about what career you want to follow eventually, you can still
study chemistry and know that you're keeping your options open.

What Do Chemistry Graduates Do?

Demand for chemists is high, and over the last decade opportunities for chemistry
graduates have been increasing. This is a trend that is likely to continue. Chemistry
graduates are increasingly sought after to work in pharmaceutical, oil, chemical, engi-
neering, textile and metal companies, but the range of opportunities also spans the food
industry, nuclear fuels, glass and ceramics, optical and photographic industries, hos-
pitals and the automotive industry. Many graduates begin in scientific research, devel-
opment and design, but over the years, about half change, into fields such as sales,
quality control, management, or consultancy. Within the commercial world it is recog-
nised that, because of the general training implicit in a chemistry course, chemistry
graduates are particularly adaptable and analytical—making them atiractive to a very
broad spectrum of employers. There has been a growth of opportunity for good chemistry
graduates to move into the financial world, particularly in accountancy, retail stores,

and computer software houses.

analytical [ eno'litikol] adj. SM47H, BRITEY, BT 4HTE

automotive [ o:tou'moutiv] adj. IKEH, BINEEN, VIEN
biology [ bai'slodzi] n. & #)%, 4&KF

biotechnology [ baisutek'nolodzi] n. AWH AR, AW T L3¢

brewing [ 'bruiin] n. FRiE, ERESE, ERFSGUEE, BRI

career [ ko'rio]| n. Hk, Bk, A&

ceramic [si'remik] adj. &R, FEN, FIERM; n. @R, WEHS
conservationist [ konso'veifonist | n. HRFHEGFIEE

consultancy [ kon'saltonsi| n. &/ E], JEfal T4E

consultant [ kon'saltont] n. #[F#, HHH, WiE, EE, ZAE
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corrode [ ko'roud] ot 120k, #FE; vi. ZHEM, EEMIER

creative [ kri'eitiv] odj. B HEH

defence [di'fens] n. Bifll, B3, &%, B DiR&

food preservation €Y1, EMIRGF

forefront [ 'fa:frant] n. BAETZ, HEIEE, BEISHBPO

geologist [ dzi'slodzist] n. HIFR2¥%, HE¥E

implicit [im'plisit] adj. FEH, BRE, BN

innovation [ inou'veifon] n. 8137, ¥¥; FHE

meteorologist [ mistia'rolodzist ] n. SE¥R, KLE¥H

molecule [ 'molikjul] n. 4+F, S/NSURL, 1808

National Health Service [E R Ejyr{# & E (FKEH)

nuclear energy 1%t '

numerate [ 'nju:moreit] . %, ¥I%, 5 (¥); odj. REH, SIHEH
optical [ 'optikol | adj. J62¥iy, EREEHR, MMAEH

pharmaceutical [ fa:moa'sjustikol] adi. BIZ5(2)H); n. 254
pharmacist [ 'faimasist] n. 257

photographic [ fouto'grfik] adj. K, BEN, (JEHKICIZ) FAERE
plastics [ 'plestiks] n. 3¥l; adi. R

pollution control 534

remedies [ 'remodis |n. RHF P (remedy HIE %)

retail store [ 375 ] FERHIE

sought [so:t] v. T4 (seek Myt X HT K 5H)

spans [spznz] n. B, —BIiYE (span HEE)

subject [ 'sabdzikt] n. 8, FIH

synthetic fibre 5 414

textile [ 'tekstail] n. 2545, 4¥); adi. HEK

trap [trep] o #EHH, - ZRE, E----BARE; n. B, BE
unrecognizable [ ,anrekag'naizabl] adj. KR IAR, TEIAHH

Your chemistry-based skills and experience can be used, not only in many
different areas within the chemical industry, but also as the basis for a more general ca-

reer in business.
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HTEMERETRATL2ENKEFNLIRINE, FNAREESTAHFET
Wy BN, T E AR R T R BAT R W F R,

Write a composition (300 ~ 400 words) titled *“ Chemistry around Us”.



Lesson 2 Chemistry and Society

Chemistry: Science at the Molecular Frontiers

Chemistry is a broad science, embracing the concepts of creation of molecules and
the manipulation of atoms and dealing with microscopic and macroscopic scales. It
covers interactions with plants, animals and humans through agriculture, biology and
medicine and with the physical world through electronics, new building materials and
new sources of energy. It affects the people of our planet, protecting and preserving our
health, ecology, culture and heritage.

While chemistry is a science in its own right, it also supports and interacts with
other scientific disciplines. In concert with biology, physics, medicine, materials
science and other core disciplines, it makes effective contributions to the solutions of
problems facing the world today and to the improvement of the condition of mankind
tomorrow. '

® Chemistry forms the indispensable foundation of disciplines such as biology,
medicine, and materials sciences.

In leading technology towards the future, it should be remembered that chemistry
is not a new science, but a steadily evolving discipline like physics and biology, inter-
dependent on discoveries in other areas. It is a discipline that has long and deep tradi-
tions inEurope. It is responsive to the challenges of the European economy, the Europe-
an environment and European culture and to the influences of scientific discovery

elsewhere in the world.
Chemistry & Education

Universities provide teaching and training for bright young people in the basics of
chemical science and engineering, both for students specializing in chemistry and for
others who need the underpinning experience of chemisiry for their own particular scien-
tific, professional or technical education.

® Universities have a vital role in the training of excellent people and as partners
with industry in collaborative R&TD.
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Of course, provision of an educational training in chemistry does not begin at uni-
versity. It starts at primary school with an introduction to cbservation and embryonic in-
terpretation of phenomena and continues through early, middle and later schooling.
There are deep worries within the chemistry community inEurope that the educational
provision in science in some countries is lacking in appropriate resourcing and basic
training, particularly in mathematical skills and in developing a comfortable familiarity
with the philosophy of physical science.

® Schools and school teachers, universities as teachers of teachers and adult
teaching institutions all have a major contribution to make in improving society's knowl-
edge of science and technology. Science teaching must be better funded and empowered
through better training to deliver higher standards in science education. Education must
continue for our workforce throughout the working life. Education must be seen as a Euro-
pean matter—a fundamental basts for a modern society.

Fortunately, in most countries in Europe chemistry and chemical engineering are
highly regarded as professions. However, in some countries this is not the case, with
adverse consequences for practitioners of the sciences and public perception of its activi-
ties and benefits.

Much more effort must be put into the careful training and selection of science
teachers, particularly chemistry teachers, and into the promotion of a more balanced
view of the benefits as well as the responsibilities of chemistry as a science.

An improved standard of general science education for all Europeans is essential for
future success. Without a knowledge of basic scientific matters, of concentration, of
risk and probability, and of the properties of materials and molecules, a science-based
industrial society cannot function democratically. As we see daily in our media, a
society with widespread scientific ignorance is all too easily influenced by facts incorrectly
reported or interpreted in an unbalanced way.

® Wider scientific education and more effective programmes to increase public recog-
nition of the positive role of chemistry in wealth creation and improving the quality of life
are needed. Such programmes might usefully be initiated in consultation with the partners
of the AllChemkE.

Academic institutions and the chemical industry accept that it is necessary to
demonstrate that the advanced technology used in industry is both safe and responsibly

managed.
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Chemistry & Research

The chemical industry of Europe has grown to its present importance through a
steady stream of innovation in products and processes. Many new ideas, concepts and
techniques come from continual contact with fundamental and applied research in
chemistry and chemical engineering. These provide the intellectual driving force of
innovation. Without research in chemistry and chemical engineering there would be
markedly fewer improvements in the quality of life.

The research activities described earlier in this report embrace most of contemporary
chemistry, biochemistry, biotechnology and chemical engineering. It is from this base
that new research in areas of strategic importance, and in areas that we cannot presently
imagine, will spring.

Chemistry as a research area introduces to young doctoral trainees the excitement of
the scientific frontier, providing experience in problem solving, information handling,
organisation, interpretation and presentation. It teaches practical skills involving the
manipulation of chemicals and the use of sophisticated analytical instrumentation for the
interpretation of phenomena. The results of the research are of immediate benefit to
other chemists and scientists in related disciplines and in many cases also to industrial
R&TD groups. Chemistry is thus an interdisciplinary science with high industrial rele-
vance.

® Universities and research institutes have long been the source of new ideas for
industry. Basic research in the best institutions must be funded effectively. Support of high
quality fundamental research, chosen by peer review and funded on a responsive basis,
encourages diversity through “curiosity-driven” impulses. This diversity promotes flexibility
in developing new technological capabilities at national and supra-national levels.

While chemistry, at the research level, is a relatively small-scale activity, often in-
volving only small teams, it is essential to ensure proper provision of laboratory facilities to
meet health and safety needs. State-of-the-art analytical instrumentation must be made avail-
able at the laboratory level and effective in-house research support should be provided.

It is also necessary to invest in large-scale instrumentation ( neutron diffraction,
synchrotron radiation, large-scale lasers, etc) whose expense precludes availability to
individual small-scale laboratories. National and European funding for such research at
both ends of the scale is of great importance in maintainingEurope’s position in basic

chemical science.



Part 1  Fundemental Chemistry 9.

® Chemistry laboratories in universities and research institutes need effective instru-
ment provision through local, national and supranational facilities. They also need
modern laboratories, equipped o modern safety standards, to conform to best practice in
the training of researchers.

There is a strong correspondence between academic training and research objectives
and industrial research and development objectives. Links between academia and indus-
try can operate in a variety of ways. These include a full contract between an industrial
organisation or consortium with one laboratory, or a group of laboratories, engaged on
pre-competitive or competitive research. The latter of necessity raises the issues of confi-
dentiality and intellectual property. Looser contracts for general collaboration on generic
research themes, designed to give industry a foothold or access to intellectual capability
and expertise in an area of potential or presently peripheral interest, are also used.
Transfer of personnel to and from academic laboratories for retraining, additional
training and working on projects of potential, likely or immediate interest to the indus-
trial sponsor are also increasingly common.

There is already a close and symbiotic relationship between industry and academia,
a relationship which is a good model of effective collaboration. It can be improved and
made more effective in some countries by adjustment of national taxation policy, thereby
releasing additional funds for investment in R&TD, as occurs in the USA. While close
integration with industrial R&TD will bring impressive gains, the exclusive emphasis on
this form of collaboration could lead in the long term to the decline of chemistry as a dis-
tinct and innovative academic discipline. > A balance needs to be struck between funda-
mental research in academic institutions and collaborative research between academic in-
stitutions and industry. The chemical industry’s collaborative programme, Sustainable
Technology (SUSTECH), is a good example of this latter form of collaboration.

® Public support of funding for collaborative R&TD is vital for the stimulation of
R&TD addressing societal needs. The chemical industry has initiated programmes for this
specific purpose which has achieved success in stimulating collaborative R&TD projects.

Industrial Competitiveness

Universities and related academic institutions have an obligation to undertake
training of scientific manpower at post-school (ca. age 19) level and at the doctorate
level, with the needs of the “customer”, usually but not exclusively the chemical in-

dustry, in mind. The chemical industry, in recognising its critical dependence on ac-
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cess to highly trained, well-educated postgraduate chemists, strongly endorses that
view. »

The chemical industry recognises the need to safeguard its competitive position and
is striving hard to maintain the flow of innovative products and processes which are more
resource- and energy-efficient, which generate less waste and are kinder to the environ-
ment. * The industry’s SUSTECH programme of collaborative R&TD with other sectors of
industry, with universities and research institutions, is the industry’s chosen vehicle for
bringing this about. The AllChemE pariners recognise their responsibility to ensure that
society understands and accepts the need and desirability of these innovations.

® The chemical industry regards the Framework Programmes of the EU as offering
valuable support for its collaborative R&TD efforts. The indusiry works hard to make an
effective contribution to the Fourth Framework Programmé and wishes to play a full part
in the formulation of the Fifth and subsequent Programmes.

The chemical industry supports the concept of giving more societal and political
relevance to the key industrial R&TD objectives and would like to see that carried fur-
ther into the structure and content of the Fifth Framework Programme. As the supplier of
new materials, the chemical industry has much to contribute to the formulation and im-
plementation of the Programme, as has chemistry as an enabling science. To achieve
this, we recognise the need to create a new mechanism to facilitate communication and
coordination between the chemical indusiry, research laboratories, and the European

Commission, in order to extract the maximum benefit from collaborative R&TD.

AllChemE, the European Commission and the Framework Programmes

The member groups of AllChemE believe that it is a task of national governments to
resource fundamental research in terms of national strengths and needs. However, there are
four main areas where the European Commission currently assists in the promotion of science
and technology .

@ in training, through mobility programmes

@) by assistance in the provision of infrastructure such as the large-scale instrumental
facilities

@ through networking, promoting collaboration between research teams either to
achieve critical mass or multidisciplinarity to maximize efficiency in tackling contemporary

problems

@ by coordination of national policies and Commission programmes in research
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As has been emphasised throughout this report, pre- and post-doctoral training takes
place in academic institutions and is carried out largely through fundamental research
studies. The success of the former Erasmus and now the Socrates programmes has revealed
the strong demand for mobility in training in Europe and AllChemE strongly supports this.
The European Commission has greatly facilitated the breakdown of national barriers through
the mobility of researchers carrying out training in Europe. This mobility should be in-
creased, as should the coordination of research training through European networks in the
Training and Mobility of Researchers (TMR) programme. However, there are no internal
priorities within these programmes and there is no attempt to address the relationship be-
tween the excellent research activities and the needs of a very important and successful
chemical industry.

® Mobility of researchers within Europe encourages successful inter- and multi-discipli-
nary collaborations, enhances training and facilitates the development of core expertise
within the science. It helps bridge the frontiers of national practices and prejudices.
Programmes like Socrates and Training and Mobility for Researchers could be enlarged
and should be generously funded.

The Commission is encouraged to establish priorities within its programmes for mob-
ility and training in consultation with the chemical industry and the academic world,
thereby underpinning and therefore strengthening Europe’s science and technology base.
The implementation of new programmes should respond to and reflect these priorities.

Furthermore, chemistry and chemical engineering are dispersed through a variety of
themes within the specific programmes of the Framework Programme. There is no special
focus on the chemical industry. The Commission now has an opportunity to make possible a
greatly improved contribution from research activities in chemistry across Europe, through
better recognition of national strengths and priorities and through a scheme of thematic net-

works dedicated to exploratory research within the strategic domain. *

Chemistry & the Future

In the near future, taking into account the relationship between research in chemistry
within academic institutions and the needs of industry, we can discern certain essential
priorities. These are;

@ the need for well-trained, imaginative molecule makers

) the need to encourage and deepen our understanding of the properties of matter and
of the way in which and the speed at which chemical processes occur



