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1 Lexico-grammatical Exercises

Ex.I Translate the words into Kazakh. Explain the meaning of the
prefixes

- more than one; many; much: polyatomic.

- more than usual; excessive; abnormal: polydipsia.

- polymer; polymeric: polyethylene.

- polyatomic, polychromatic,

- semiconductor, semimetal;

- multiacid, multicomponent, multiphase, multivalence;

- macromolecule, macroporous;

- infrasonic, transonic, supersonic, hypersonic, ultrasonic;
- unload, unsaturated, unstable;

- nonmetal, non-gradable, non-polar;

- insoluble , immiscible, irreversible;

- discharge, disconnected , discontinuity, dissociation;

- misalignment, miscalculate, mismatching;

- preblending, premix, preset;

- pseudoacid, pseudoelasticity;

- interaction, intercalibration, intercrystalline, interdepend;
- counterflow, counterargument;

- transfigure, translucent;

- reabsorption, re-oxidize;

- co-combustion, cocrystallization;

- subminiature, subalkaline, subclass.

Ex.2 Write new words using the appropriate suffixes

a) blend, heat, hydrate; -ify, -ize,
b) crystallize, ferment, laminate -ness, -ity
¢) acid, carbon, crystal -ation

d) brittle, hard, malleable -ible, -less
e) reverse, wash, colour -er, -or

Ex.3 Translate the sentences into Kazakh. Pay attention to the
subjects

There was nickel in the alloy.

There are no oxides in this phase.



This is the descriptive-geometric representation.

That was what we concluded.

As for inorganic salts, these were purified by recrystallization.

Afterburning was tested extensively in an altitude chamber.

To model an interaction means to calculate the location of a molecule
in a receptor.

Mendeleev's interests were wide.

This problem is not devoid of interest.

We have suggested a mechanism of the reaction. The mechanism
is described in the following section.

The speed of the polymerization runs parallel with the susceptibility to
hydrolysis.

Ex.4 Translate the sentences into Kazakh. Pay attention to the
predicates and conjunctions.

Chlorides are salts.

The mixture is explosive.

The reaction was over. ,

The task proved impossible.

The article presents a new method.

Lasers offer possibilities in the field of precise measurements.

They made the mixture boil.

We let the solution stand for several hours.

This effect gave the first idea about the mechanism.

The substance dissolves in water.

The evaporating dish cracked.

Flat-bottomed flasks stand without support.

You should stand a flask under the burette.

We assume that the gas does not react at this temperature.

It may be argued that the forces result from another source.

Flasks stand on the shelf.

The burette leaks.

The compound doesn't absorb light.

A pipette is here.

The solution is boiling.

Flakes are aggregating.

We have carried out the calculation.

The operator has finished the process.

The process has been going too long.

We have been studying the problem.

The process had been going for an hour when explosion happened.



We add the standard solution. The indicator changes its colour.
Calcium is washed out of the soil by rainwater.

Diamond and quartz may be thought of as highly ordered polymers.
The water moderator was adopted for reasons of expediency.

This property has been utilized in numerous applications.
The reaction is quite slow, but the catalyst accelerates it.

The catalyst accelerates the reaction, though it is quite slow.

The reactor was loaded carefully, and the process began.
After the reactor was loaded carefully, the process began.

They ran out of platinum and had to look for some other refractory

material.

Because they had ran out of platinum, they had to look for some other
refractory material.

We have developed this approach, and (we) find it reasonably valid.

We have developed this approach, which we find reasonably valid.

Ex.5 Match the words with their definitions

a) solution a tall cup without a handle, usually made of plastic

b) element a powder that is turned red by acid and blue by alkali

c) patent a liquid which a substance has been dissolved into

d) beaker a legal right that a person or company receives to make
or sell a particular product so that others cannot copy it

e) electron a change which happens when two substances are put
together

f) litmus a simple substance which cannot be reduced to smaller
chemical parts

g) reaction the smallest unit that an element can be divided into

h) atom an extremely small piece of an atom with a negative
electrical charge

i) isotope a part of an atom with a positive electrical charge

j) proton a form of an atom that has a different atomic weight from

other forms of the same atom but the same chemical
structure

Ex. 6 Fill in the gaps using the words below
test tubes, research, pollution, environment, science, reaction, health,
gloves, mask, cookery, goggles.

Chemistry is a (1) that is useful in many different industries.



Chemical (2) is very important for improving human
conditions but most people have a negative image of chemistry because of
the (3) that is generated by this industry.

Fortunately, nowadays, the chemical industry takes better care of the

(4) although it still sometimes pollutes it.

Chemists know that experiments must be done in (5) for
safety reasons because mixing different chemicals under certain conditions
will cause a chemical (6) to occur.

Some substances can be hazardous to (7) and cause injury
or even cancer.

You must wear (8) to protect your eyes if you handle
chemicals.

Additionally, it's a good idea to puton _ (9) to protect your
hands.

In some cases, you must wear a (10) to avoid inhaling
dangerous substances.

In a way, chemistry is like (11) because you mix and heat

various ingredients according to a recipe.

Ex.7 Put the nouns into the correct column according to whether

they are used with make or do
Expressions with make and do

decisions ajob a mistake an experiment
sense a discovery nothing

a favour tests a difference progress

make+ noun do+noun

Ex.8 Choose the correct options to complete the description of a
scientist's work.

“l work as a scientist in a laboratory. Obviously, we all dream of (1)
making/doing a big discovery some day, but the reality is that most
scientists (2) make/do ajob that is pretty mundane at times. Part of thatjob
involves coming up with a theory, and then (3) making/doing an
experiment that allows you to test it. It's important to (4) make/do the right
decisions when you're devising that experiment, because if you (5) make/
do even a small mistake, it could (6) make/ do a big difference to the
results and invalidate them. Once an experiment's up and running, you can
be really busy and (7) make/do quick progress, but sometimes it's question



of waiting for results, and you sit around (8) making/ doing nothing for
hours. When that happens, | sometimes ask a colleague to (9) make/do me
a favour and keep an eye on things while I work from home.

As for how | came to be a scientist, | always got good results when |
(10) made/did science tests at school, and whereas a lot of my classmates
had problems with maths, it always just seemed to (11) make/ do sense to
me. So studying science at college just seemed a natural choice.”

Ex. 9 Complete the sentences

1 The kind of industry which produces medicines - P ;
2 A chemical found in diamonds and coal - C ;

3 The gas we breathe out is C ;

4 Mixing chemicals may cause a chemicalR___

5 A natural or chemical material used by farmers to help grow crops -
F ;

6 Plants .A water through their roots and sunlight through
their leaves;

7 A household chemical product used to dlsmfect— B ;

8 Another word for poisonous - T

9 A way of describing a material with partlcular physical
characteristics - S ;

10 The release ofagas- E ;

11 The chemicals derived from petrol and gas - P

12 An abbreviation for the gases which have now been removed from
aerosols to protect the ozone layer C ;

13 A nuclear accident may cause C of the surrounding area.
14 the opposite of synthetic - O ;

15 The different types of synthetic material which can be moulded and
shaped to make many products - P

16 Chemicals used to kill unwanted insects - P ;

17 A form of energy from nuclear power which is dangerous to
humans and animals -

18 The chemicals added to food are caIIed food A ;

Ex.I0 Read the passage and work out what the numbered words
mean.

Many of us are exposed to a range of toxic substances in our daily
lives. According to Professor Jack Ng of the University of Queensland: “
We are seldom exposed only to a single contaminant in the environment -
but more often than not to a cocktail of chemical mixtures. Exposure can
take place at a contaminated site or via the food chain. Examples include



mixtures of petroleum hydrocarbons’, metals and metalloids™ in mining
and pesticides on or in the food we consume.

Dr Ng cautions that health risk assessment of chemical mixtures can
be complex and it is often very expensive to get sufficient evidence-based
data for proper evaluation. He asserts that the notion that a single exposure
to a chemical mixture automatically places a person into a higher risk
category is an urban myth’ that has no foundation. He states that: “The
facts about toxicity remain the same for either a single chemical or a
mixture of chemicals; it is a dosage™ that makes them poisonous.” When
assessing the toxicity of a substance, it is important to have a good
understanding of how the different contaminants in the mix may interact
both with one another and inside any creature which absorbs them.
Sometimes these reactions can make a substance more, or, less toxic.
Professor Ng said the cost of analysing all the possible interactions and
effects of any compound’ mixture would be immense.

Ex.IO.1 Match the numbered words with their definitions.

a) a commonly told story not based on fact

b) a mixture of carbon and hydrogen

c) a chemical that combines two or more elements
d) the amount of medicine you should take

e) something that can act like a metal

Ex.10.2 Fill in the gaps using the words below
Natural remedies, capsule, bacteria, medical staff, pure, absorb, side

effects, dosage, compounds, alternative, protein, blood, infection

Ancient cultures made medicines from plants and animals. Modem

scientists are studying the ' found in the ~n o of
crocodiles They believe it may help to fight The field of medical
science is taking an interest in phytochemicals (i.e. chemical *

found naturally in plants). Scientists have already been able to show the
health benefits of drinking green tea. Those who provide funding for

medical research are now more supportive o f ’ therapies. As a
result, scientists are studying how antioxidants may help with Alzheimer's
disease. They are attempting to find the exact *(i.e. without any
harmful

Researchers have discovered that when phytocheniicals are in a
“ state, the body cannot  absorb them easily. They aic



using nanotechnology to make a . that will slowly release the
medicine.
Hospitals around the world are having problems with
which cannot be treated with antibiotics. are now usmg
®such as tea tree oil.

Ex.10.3 Answer the questions

a) Do you think there is enough control of the use of chemicals in our
society? (Why? / Why not?)

b) Do you think we are too dependent on chemicals nowadays?
(Why?/W hy not?)

c) Have chemicals improved our life or made it more dangerous?

d) Who do you think should be responsible for chemical spills which
damage our environment?

e) How will our attitude to chemicals change in the future?

Ex.11 Fill in the table

chemical name elements chemical translation

present formula

1 sodium chloride sodium and NacCl xnopug
chlorine HaTpua

2  potassium oxide

3 magnesium bromide

4 sodium fluoride

5 aluminum iodide

6 calcium sulfide

7 lithium phosphide

8  strontium chloride

9  barium nitride

10 aluminum oxide

1 TeMip okcupi

Ex.I12 Write chemical formulas

Examples of neutralisation reactions. Acids reacting with metal
hydroxide bases

a) Sulfuric acid + sodium hydroxide----- >sodium sulfate + water;

H"NSOd + 2NaOH --—-- »Na,SO. + HIO

b) Nitric acid + potassium hydroxide-----~potassium nitrate + water;

¢) Sodium hydroxide + nitric acid --—--- >sodium nitrate + water;
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d) Hydrochloric acid + magnesium hydroxide -emagnesium
chloride + water;

e) Potassium hydroxide + acetic acid----- ~potassium acetate + water.

Ex.13 Fill in the gaps
Acids reacting with metal oxide bases
a) Sodium oxide + nitric acid ----- ~sodium nitrate + water;
Na20 + 2HNO3 -—--- >NaNo3 +
b) Hydrochloric acid + calcium oxide----- Acalcium chloride + water;
2HC1 + CaO —-- > + H20
c) Potassium oxide + phosphoric acid----- “potassium phosphate +
water;
+2H3PO04 - > K3Po4 + 3H20

d) Aluminum oxide + hydrochloric acid -Maluminum chloride +
water;

Al203+ 6HC1-—- > + 3H20

e) Barium oxide + hydrochloric acid -“barium chloride + water.

BaO + __ >BaCl2+2H20

Ex.14 Rewrite the sentence so that it contains the word In capitals.
I'm sure you know the difference between a solid and a gas (MUST)
You must know the difference between a solid and a gas.

a) I'm sure you know the difference between a solid MUST
and a gas

b) If a substance does not contain hydrogen, then we CAN'T
are sure that it isn't an acid

c) If we put some litmus paper in a solution and it MUST
turns red, then we are sure that the solution is an acid.

d) If we add a substance to a red-cabbage solution and CAN'T
it stays red, then we are sure that the solution isnt an alkali

e) If we add a substance to a red-cabbage solution and MUST
it turns green, then the substance is sure to be an alkali

f) If we put some litmus paper in a solution and it CAN'T
turns red, then we are sure that the solution isn't an alkali

g) If it's not an acid, or an alkali, then it's sure to be MUST
neutral.

h) If we u.se a universal indicator to check a substance, CAN'T



and it turns purple, then we are sure that the substance isn't
an acid.

Ex.15 Choose the correct option, A, B or C, to complete the
sentence

a) Alexander Fleming is usually described as the scientist who
discovered penicillin in 1928, but in fact at least two other scientists had
noticed its antibiotic effect__ he did.

b) The antibiotic effects of penicillin____ had been recorded in
France by a Costa Rican scientist.

¢) Fleming conducted experiments with penicillin, but
decided that it would not work as an antibiotic in humans.

d) Luckily, other scientists continued with the research and were

making progress when the Second World War began in 1939.

e) However, at that point they had not treated any patients.

0 A few years . in 1942, Bumstead and Hess became the
first doctors in the world to save a patient using penicillin.

g) At this point, Dorothy Hodgkin had described the
chemical structure of penicillin, so it was now possible for penicillin to
be produced in large quantities.

h) Penicillin is used to treat many infections.

i) However, in the 1940s, the first cases of resistance
to the drug had been reported.

j) Because bacteria can change, they grow resistant to antibiotics,

and scientists have not____ found a solution to this problem.
a) A after B before C already
b) A already B later c still
c) A after B later C just
d) A after B afterwards C still
e) A yet B just C still
f) A after B later Cc yet
q) A just B still C yet
h) A still B yet c already
i) A yet B still C already
i) A later B yet C already

12



Ex.16 Study the table:

passive

present simple The experiments are conducted
present continuous The experiments are being conducted
past simple The experiments were conducted
past continuous The experiments were being conducted
present perfect The experiments have been conducted
simple

past perfect simple The experiments had been conducted
future simple The experiments will be conducted
future perfect The experiments will have been  conducted
simple

infinitive The experiments have to be conducted
modals The experiments may be conducted

Ex.17 Make up your own sentences using all tenses above
put some litmus paper in a solution;

add a substance to a red-cabbage solution;

use a universal indicator to check a substance;
conducte experiments with penicillin;

treat many infections;

describe the chemical structure of penicillin.

£x.18 Read about the scientific discovery that was made due to
chance and complete the sentences.

Alexander Fleming's most famous discovery happened entirely by
accident. One day he was cleaning the culture dishes in his lab when he
saw mould growing on one of the plates. There weren't any germs growing
around the mould, so Fleming decided to grow more of it for experiments.
He discovered that the mould acted against bacterial infections. However,
Fleming's initial publication about his discovery was largely ignored by the
medical community so he abandoned his research in 1932. It wasn't until
1935, when the researchers Florey and Chain saw Fleming's research
papers, that the drug, penicillin, was developed.

a) If Fleming hadnt been cleaning the culture dishes, he
mould growing on one of the plates.
b) Fleming wouldn't have grown more of the mould if there

growing aroimd it.
¢) If his initial publication hadn't been received so poorly by the
medical community, he _ in 1932,



d) Penicillin might not have been developed if Florey and Chain

Ex.19 Make your own sentences, using Type 3 conditional
sentences, as in the examples above

Ex.20 Rewrite the sentences in the passive
a) | confirm the reservation
b) We will deliver the goods immediately,
c) We arranged a meeting.
d) You can cancel the contract within five business days._
e) They execute all orders carefully.
0 You have made a mistake.
g) We are processing your order.
h) Jane had booked a light._
i) He has not answered our letter..
j) She did not sign the contract.__

Ex.21 Complete the sentences
a) If your conditions are competitive, we (place) an order.
b) If I had more time, | (do) a course in business English.
c) If we had known more about their culture, negotiating (be)
easier.
d) If you (customize)
will be better.

your CV, your chances of getting a job

e) We (cancel) our order if you don't deliver the goods by
Friday.
f) If Brittany (speak) better English, she would apply for ajob
abroad.
g) Ifyou (tell)___ me about the problem, | would have helped you.
h) I (let) you know if | weren't satisfied.
i) If you execute the order carelessly, they (place / not)____ another
order with you in the future.
j) If I were you, | (worry / not) about the presentation.

Ex.22 Complete the sentences with the correct form.

a) We must (inform, to inform, informing) you that your payment is
overdue.

b) We have (doing, done, to do) overtime.

¢) Do you mind (open, to open, opening) the window?
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d) Catherine managed (acquiring, to acquire, acquried) an impoilant

customer.

com

com

card.

e) We look forward to (to hear, heard, hearing) from you soon.

f) Jane is busy (to write, writing, written) invitations for our
pany's anniversary celebration.

g) Could you let me (finished, finishing, finish) my sentence?

h) It is hard (pleasing, pleased, to please) certain customers.

i) Let me begin by (tell, told, telling) you something about our
pany's history.

j) We risk (lose, lost, losing) a lot of money.

Ex.23 Complete the sentences with the correct participle.

a) Thank you for your interested/interesting offer.

b) We hereby send you the signing/signed contract.

¢) Thank you for your letter dating/dated 30 March 2016.

d) Enclosed/ enclosing please find our order.

e) Being/ been responsible for the project, | put all my energy into it.
f) Do you know the man talking/talked to Tom? »

g) We hereby return the damaging/damaged items.

h) The goods were more expensive than expecting/expected.

i) Tidying/tidied up my desk, I found Mister Thompson's business

j) Worked\Working abroad, she hardly ever sees her family.
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2 Basic Texts
Text 1 The Origins of Today's "Central Science"

Ex.I Explain the meaning of the terms “elixir of life”,
“philosopher’s stone

Ex. 2 Read the text and translate it using a dictionary

The word “alchemy” brings to mind a cauldron - full of images:
witches hovering over a boiling brew, or perhaps sorcerers in smoky labs or
cluttered libraries. Despite these connotations of the mythic and mystical,
alchemical practice played an important role in the evolution of modem
science.

Historically, alchemy refers to both the investigation of nature and an
early philosophical and spiritual discipline that combined chemistry with
metal work. Alchemy also encompassed physics, medicine, astrology,
mysticism, spiritualism, and art. The goals ofalchemy were:

- to find the “elixir of life” (it was thought that this magical elixir
would bring wealth, health, and immortality);

- to find or make a substance called the “philosopher’s stone,” which
when heated and combined with “base” (nonprecious metals such as copper
and iron) would turn it into gold, thought to be the highest and purest form
of matter; and

- to discover the relationship of humans to the cosmos and use that
understanding to improve the human spirit.

Alchemy began as a quest to know the world around us - its
composition as well as our own.

That quest for knowledge required an understanding of chemical
processes, and while alchemy itself would not survive the Enlightenment,
the quest continues today in chemistry.

To understand the ever-evolving field of chemistry, which is
sometimes called “the central science” because it connects natural sciences
like physics, geology, and biology, it’s critical to grasp its beginnings.

Alchemists contributed to an incredible diversity of what would later
be recognized as chemical industries: basic metallurgy, metalworking, the
production of inks, dyes, paints, and cosmetics, leather-tanning, and the
preparation of extracts and liquors. It was a fourth-century Indian alchemist
who first described the process of zinc production by distillation, a 17th-
century German alchemist who isolated phosphorus, and another German
alchemist of the same period who developed a porcelain material that broke
China’s centuries-old monopoly on one of the world’s most valuable
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commodities. These contributions proved valuable to the societies in which
alchemists lived and to the advancement of civilization.

But alchemists often made no distinction between purely chemical
questions and the more mystical aspects of their craft. They lacked a
common language for their concepts and processes. They borrowed the
terms and symtols of biblical and pagan mythology, astrology, and other
spiritual arenas, making even the simplest formula read like a magic spell
or ritual. And although there were commonly used techniques, alchemists
shared no standardized, established scientific practice.

Ex.3 Find the definition of the words and word combinations.

1 bring to mind

2 sorcerer

3 encompass

4 quest for

5 the Enlightenment
6 evolve

7 contribute to

8 pagan

9 craft

10 spell

11 astrology
12 distinction

a) the period in the 18th century in Europe
when many people began to emphasize the
importance of science and reason, rather than
religion and tradition

b) to include a lot of things, ideas, places

c¢) the study of the positions and movements of
stars and planets to say how they might
influence people's lives

d) to be one of the causes of an event or a
situation

e) in stories, a man who has magical powers
and who uses them to harm other people

f) an attempt to get something or do something
difficult

g) relating to religious beliefs that do not
belong to any of the main religions of the
world

h) a magic instruction

i) to develop or make something develop

j) an activity in which you make something
using a lot of skill, especially with your hands
k) to make you remember something

1) a difference between two similar things

Ex.4 Translate them into Kazakh.

Ex.5 Give synonyms from the text to the following words;

useful, progress, develop, goods

akKageMunk
! aTblHAAFT Ibl..:
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Ex. 6 Match the words and make up your own sentences with the
following word combinations:

play a contribution to
make for knowledge
bring to

refer an important role in
make distinction

quest to mind

make a substance

? Test Yourself

Ex.7 Answer the following questions

a) What did alchemy include?

b) What did alchemy aim?

¢) Why was it important to find the “elixir of life”?

d) Why is chemistry called “the central science”?

e) What contribution did alchemy make to the progress of civilization?
Give some examples!

f) Why couldn’t alchemists distinguish between purely chemical
questions and mystical aspects?

Ex.8 Retell the text and give your opinion!

Text 2 Roots in the ancient world

Ex.I Fill in the gaps using the given words

the Common Era (CE), immortality, evolved, BCE [,bi:si:'i:] (before

the Common Era), established, influence, the philosopher’s stone,
purification, track down, medieval, translated

The origins of alchemy are difficult to (1). In the East, in India
and China, alchemy started sometime before (2) with meditation
and medicine designed to purify the spirit and body and to thereby achieve

(3). In the West, alchemy probably (4) from Egyptian
metallurgy as far back as the fourth millennium (5). The ideas of
Aristotle (384-322 BCE), who proposed that all matter was composed of
the four “elements” - earth, air, fire, and water - began to (6)

alchemical practices when his student Alexander the Great (356-323 BCE)
(7) Alexandria as a center of learning. Alexander is said by some
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to have discovered the Greek god Hermes’s famous Emerald Tablet,
reputed to contain the secret of (8), and to have built the Library
of Alexandria specifically to house alchemical texts.

Islamic Arabs took over Alexandria in the seventh century CE, and as
the center of learning shifted to Damascus and the newly founded Baghdad,
alchemical texts were___ (9) from Greek to Arabic. An eminent figure
at that time was Jabir ibn Hayyan (721-815, who became a royal alchemist
in Baghdad. Jabir’s writings were the first to mention such important
compounds as corrosive sublimate (mercuric chloride), red oxide of
mercury (mercuric oxide), and silver nitrate. Like Aristotle, Jabir believed
metals grew in the Earth, adding to Aristotelian theory the notion that
metals were differentiated by how much mercury and sulfur they contained.

Making gold thus required the . (10) of these ingredients. Scholars
in the West first learned about alchemy in roughly the 12th and 13th
centuries as they copied and translated Arabic texts into Latin. (11)

science was still dominated by the ideas of Aristotle.

Text 3 What Is Chemistry?

Chemistry is a physical science, and it is the study of the properties of
and interactions between matter and energy. In other words, chemistry is a
way to study the properties, characteristics, and physical and chemical
changes of matter.

Matter is pretty important because it's anything that has mass and
takes up space - basically, all of the “stuff’ that makes up our world!
Chemists study atoms, which are the basic building blocks of matter, as
well interactions between atoms.

They also study subatomic particles, which are smaller than atoms,
and these include things like protons, neutrons, and electrons. Since
everything on Earth is made of matter, and matter is made of atoms, you
can see how this creates the overlap between chemistry and other sciences.
You can't have “stuff’to study if you don't have “stuff’ in the first place. In
other words, matter really matters!

Chemistry Has a Rich History

Your understanding of chemistry may be shiny and new, but
chemistry itself has been around for a very long time. Basic chemistry dates
back to ancient times and is described as originating from alchemists who
were very thorough scientists. They ran experiments and recorded their
results, which is a key component of good science.

Modern chemistry dates back to the 17th century, and credited as one
of the founders of this scientific field is Robert Boyle. Boyle is one of the
developers of the scientific method, which is an organized set of steps to

19



gain knowledge and answer questions. Boyle believed in rigorous, tested
experimentation and was a strong advocate of proving scientific theories
before calling them “truths”.

Though not always considered a formal science, chemistry has been
performed throughout human history. People have been fermenting food
and drink for centuries. Extracting metal from ores is another form of
“natural” chemistry, as is making glass, soap, and extracting plant
components for medicinal purposes. Archaeologists find pottery at their dig
sites, and both the pots and the glazes used to protect them come from
knowledge of chemistry as well.

Branches of Chemistry

As you can see, chemistry exists whether we define it or not. And
because an understanding of chemistry is so vital in so many other
scientific fields, there are several different branches of chemistry that exist.
In fact, chemistry is often studied so that scientists can better understand
their own field.

Analytical chemistry is a field that is just what it sounds like: the
analysis of matter. Analytical chemists try to gain information and
knowledge about the properties, composition, and structure of different
materials and substances in order to better understand them.

Applied chemistry is a neat field because it is the application of
chemistry for practical purptoses. You know all those different shampoos at
the store? Some are for colored hair, some for dry/damaged hair, and others
are for thin hair. Applied chemistry is specifically used to solve problems -
in this case, chemistry is used to have different effects on different hair
types.

Chemistry deals with the properties of matter, and the transformation and
interactions of matter and energy. Central to chemistry is the interaction of
one substance with another, such as in a chemical reaction, where a
substance or substances are transformed into another. Chemistry primarily
studies atoms and collections of atoms such as molecules, crystals or
metals that make up ordinary matter. According to modem chemistry it is
the structure of matter at the atomic scale that determines the nature of a
material.

Chemistry has many specialized areas that overlap with other
sciences, such as physics, biology or geology. Historically, the science of
chemistry is a recent development but has its roots in alchemy which has
been practiced for millennia throughout the world. The word chemistry is
directly derived from the word alchemy.
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Ex. 1 Match the definitions with the areas of chemistry

A) The study of how matter behaves on a biochemistry
molecular and atomic level and how chemical

reactions occur. Based on their analyses, chemists

may develop new theories, such as how complex

structures are formed. They often work closely

with materials scientists to research and develop

potential uses for new materials.

B) The science of obtaining, processing, and physical
communicating information about the composition chemistry
and structure of matter. In other words, it is the art

and science of determining what matter is and how

much of it exists.

C) The study of the structure, properties, inorganic
composition, reactions, and preparation of carbon- chemistry
containing compounds, which include not only
hydrocarbons but also compounds with any

number of other elements, including hydrogen

(most compounds contain at least one carbon-

hydrogen bond), nitrogen, oxygen, halogens,
phosphorus, silicon, and sulfur. This branch of

chemistry was originally limited to compounds

produced by living organisms but has been

broadened to include human-made substances such

as plastics. The range of application of organic
compounds is enormous and also includes, but is

not limited to, pharmaceuticals, petrochemicals,

food, explosives, paints, and cosmetics.

D) The study of the structure, composition, and organic
chemical reactions of substances in living systems. chemistry
It emerged as a separate discipline when scientists

combined biology with organic, inorganic, and

physical chemistry and began to study how living

things obtain energy from food, the chemical basis

of heredity, what fundamental changes occur in

disease, and related issues. It includes the sciences

of molecular biology, immunocheniistry, and
neurochemistry, as well as bioinorganic,

bioorganic, and biophysical chemistry

E) Chemists study large, complex molecules that analytical
are built up from many smaller (.sometimes chcmistry



thereby remain competitive in the market. They also discover new
marketable products which brings more revenue to their companies.

For instance, chemists in the cosmetics industry use their knowledge
of chemistry to research and develop new fragrances, skin treatment
solution, dyes, and other formulations that the company can market.
Research and development chemists usually have PhD in chemistry fields;
however, there are still numerous opportunities for BS or MS degree
holders to work in the research and development department as technicians
performing researches under the supervision of the chemist.

Quality Control Chemist: Quality control chemists in the industry
help to check that the quality of their company’s products is up to the
desired standard before they are released into the market.

Production Chemist: Production chemists are responsible for
translating the new products developed by the research chemists into
something that can be mass produced by a manufacturing process. In
performing their job, production chemists work closely with plant
engineers in coming up with the right design of plant equipment to use for
better productivity and costs. Production chemists supervise production and
make sure production process complies with environmental protection
policies. They also check quality control.

Food Chemist: In the food processing industry, food chemists use
their knowledge of chemistry to create foods with desirable qualities, such
as better taste, longer shelf life, improved nutrition, healthy and safe to
consume.

Chemical Sales Career: Chemists can pursue sales careers in the
chemical industry. Chemical manufacturing companies need people with
chemistry background to sell their products directly to target customers.
Chemists are able to work with customers and to determine the type of
products that would best enable the customer to realize their goal.

This job involves one-on-one dealings with customers and so requires
a great degree of intedersonal relationship skills.

Chemical Marketing Career: Chemists can al.so be involved in the
marketing of chemical products. In addition to their chemistry background,
chemists who wish to pursue a career in marketing will need to take some
training in marketing. As a marketing professional, you will be involved in
all processes that adequately publicize and compel target customers to buy
your products. The job entails identifying and understanding your target
customers and designing effective marketing strategies to reach and make
them buy from you. It al.so involves studying sales and trends to prcdict the

future.
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repeating) units. They study how the smaller

building blocks (monomers) combine, and create

useful materials with specific characteristics by
manipulating the molecular structure of the
monomers/polymers used, the composition of the
monomer/polymer combinations, and applying

chemical and processing techniques that can, to a

large extent, affect the properties of the final

product. Chemists are unique within the chemistry
community because their understanding of the
relationship between structure and property spans

from the molecular scale to the macroscopic scale.

F) The study is concerned with the properties and polyiiin
behavior of inorganic compounds, which include chcmistiy
metals, minerals, and organometallic compounds.

While organic chemistry is defined as the study of
carbon-containing compounds and it is the study

of the remaining subset of compounds other than

organic compounds, there is overlap between the

two fields (such as organometallic compounds,

which usually contain a metal or metalloid bonded

directly to carbon).

Text 4 Careers in Chemistry

There are lots of career options for someone with n dcjiiH
chemistry. In fact, a chemist can work almost in all induNliii'»
government agencies. This is because chemistry covers every aspci I nf ||

Careers in chemistry can be grouped into four categories: cniiyyi
industrial chemistry, academics, government, and careers in relati-d lliihll

Careers in Industrial Chemistry

The chemical, petrochemical, pharmaceutical, food priur«*|i
breweries, and other industries are areas where most chemists UMinlly n
for employment after completing their studies. There are wide vnnrlii'*
careers for chemists there, including working in the business side n( |l
firm, such as sales and customer support departments. Here arc sumt'
them.

Research and Development Chemist; Research and deveiolimiil||
chemists help their companies to research and discover ways to iinpmvi' «l,
their products so as to provide more and better value for the custonu i itiirf
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Technical Service Career: The technical service professional’s job
involves helping customers to solve problems relating to the workability of
the product and troubleshooting for customers with problems, questions or
challenges. It also involves generating new applications for the products
and Creating instructional manuals to guide customers on how to use the
products.

Chemistry Careers in Schools

Schools offer the second largest places after the industries where
graduates of chemistry can work. Chemistry teachers are needed to impart
chemistry knowledge to students in high school, college or university.

High School Teacher: All high schools need chemistry teachers to
teach the subject. To teach in a public school you will also be required to
have an additional qualification in education. Private schools may not
however demand education qualification; with a B.S. degree in chemistry
you can be hired directly.

Undergraduate College or University Teacher: To be faculty
member in a primarily undergraduate institution, you will almost need a
PhD in chemistry. Your work will include to teach classes and labs, and to
direct students’ research projects.

Teacher at Research Universities: You will need to have PhD and
some years of post-doctoral experience may be required to be faculty in
research universities, which offer BS, MS, and PhD degree programs. You
will be involved in teaching undergraduate and graduate courses, and
directing research projects for groups of undergraduate and graduate
students.

Careers in Support Positions; With background in chemistry, you

can work in a number of support positions that require technical
background in colleges and universities. These job positions include lab
technician and staff scientist, safety officer, and stockroom manager.
The lab technician and staff scientist operates research equipment and
performs support duties for teaching and research. The safety officer is
responsible for handling and disposing of harmful waste, and to ensure that
all safety guidelines, including EPA are enforced. The storeroom manager
is responsible for ordering and maintaining inventories of chemicals and
supplies to support the schools research and teaching programs.

Chemistry Careers in Government

A variety of job opportunities are available for graduates of chemistry
in all levels of government - federal, state, and local government. For
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instance, the federal government runs national research laboratories across
the country, which employs BS, MS and PhD graduates, including those
with chemistry degrees, to research on a wide range of issues.

Other places that chemistry graduates can find employment with
government are in government’s regulatory agencies, such as the ATF,
EPA, FBI, and FDA. These agencies employ chemists to carry out research
and analysis so as to be able to effectively perform their role.

Also, chemists can build careers in forensic science and work with
local, state, or national forensic science laboratories. This is because
forensic science is based mainly on analytical chemistry and biochemistry.

Careers in Related Fields

Graduates of chemistry can also build career in non-core chemistry
fields based on their training, which makes them suitable for such jobs.
Some of these areas include;

Biotechnology; Chemistry and biochemistry graduates are qualified to
pursue further training and career in biotechnology if they so desired.

Toxicology; This is an area interested chemists can get further training
and build a career. Toxicologists study toxic substances to find out how
they produce their effects and so create solutions for dealing with them.
Some industries, including manufacturers of therapeutic drugs, cosmetics,
food additives, and agriculture chemicals are often required by federal laws
to perform thorough testing on their products before they are released into
the market.

These industries therefore are compelled to employ toxicologists to
perform the required tests and confirmation of the safety of their products.

Environmental Science; This is an area open to chemistry graduates
to make a career. This is because chemistry is central to the study of the
environment. As environmental scientists, you can work in the industries,
with government, not-for-profit organizations, and in the colleges.

Dietary Science: With chemistry background, you can build a career
in dietary science after taking some courses to properly integrate you into
the profession. Dietary science is the study of how what we eat affects our
heallli and wellbeing.

Career in the Medical Professions; If you are interested in pursuing
medical careers such as being a medical doctor, pharmacist, dentist,
veterinarian, and nursing, your degree in chemistry can qualify you to be
admitted into the training program for the particular course.

Medical Laboratory: Chemistry background can enable you to work
as laboratory technician in medical offices and hospitals. Medical lab
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technicians analyze patient samples for doctors to be able to effectively
diagnose diseases. They may also be required to prepare drugs and other
materials used in treating patients.

Technical Writing: If you have writing skill and are interested in
combining it with your chemical training, technical or scientific writing is a
good career path you can take. There are opportunities for technical writers
to work for trade magazines and technical journals. You can also work as a
writer in the industries to produce product manuals and other informational
materials that enable the company to inform its customers about its
products in the way that they will understand. A course in English and/or
Journalism would help to achieve success in this profession.

Scientific Libraries: With a background in chemistry and some
training in library science, you can work in science libraries. If you did a
graduate study in library science, you could work as research librarian with
government libraries and university research libraries. You could also work
with large companies as a research librarian.

Museums: A background in chemistry combined with training in
information technology can qualify you to work in museums. Your work
may involve researching and producing materials for exhibits, making
presentations, and procuring materials for the museum.

Patent Agency: A degree in chemistry can enable you to work as a
patent agent with the federal government. The job involves analyzing
patent applications to confirm if they are actually novel and worthy to be
awarded a patent. The analytical skill which you gain from studying
chemistry makes you suitable for the job.

Patent Law: You can become a patent lawyer after your chemistiy
degree by going to law school. The job of patent lawyers include helping
scientists to prepare patents that are legally enforceable; helping their
clients or employers to ensure that their patents rights are not infringed on;
and going after those who infringe on their clients or employers patents.

Ex.l Translate into Kazakh the words given below
- BS. MS. ATF, EPA, FBI, and FDA;

- to seek for employment after completing their studies;
- to bring revenue;

- to remain competitive;

- to be responsible for;

- to impart chemistry knowledge to;

- to require technical background;

- to perform support duties for;

- to carry out research;
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- to build careers in forensic science;

- to make a career;

- to pursue further training;

- to perform thorough testing on;

- to gain analytical skills;

- to make suitable for the job;

- to infringe on patents, rights;

- career options;

- BS or MS degree holders;

- under the supervision;

? Test Yourself

Ex.2 Answer the following questions

a) \Ybere can graduates with chemistry background work?

b) What job opportunities are available for graduates of chemistry in
Kazakhstan?

¢) What does “Chemistry in Related Fields” mean?

d) What profession would you like to choose?

Ex.3 Read the dialogue and make up a dialogue about your future
profession.

Talking About YourJob

Jack:
Peter:
Jack:
Peter;
Jack:
Peter:

Jack:
Peter:

Jack:
Peter:

Jack:
Peter:

Jack:
Peter:

Jack:

Peter:

Hi Peter. Can you tell me a little bit about your current job?
Certainly. What would you like to know?

First of all, what do you work as?

I work as a computer technician at Schuller's and Co.

What do your responsibihties include?

I'm responsible for systems administration and in-house
programming.

What sort of problems do you deal with on a day-to-do basis?
Oh, there are always lots of small system glitches. | also provide
information on a need-to-know basis for employees.

Wliat else does yourjob involve?

Well, as | said, for part of my job I have to develop in-house
programs for special company tasks.

Do you have to produce any reports?

No, | just have to make sure that everything is in good working
order.

Do you ever attend meetings?

Yes, | attend organizational meetings at the end of the month.
Thanks for all the information, Peter. It sounds like you have an
interesting job.

Yes, it's very interesting, but stressful, too!
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Key Vocabulary

day-to-day - KyHpAeri, KyH6e-KyHri, KYH CailblHfbl, KYHAeri;
glitch - kate;

good working order - xapaMfblNbIK;

in-house- ILLKI;

organizational meeting - yibIMAACTbIPY XWUHANbICHI;
stressful - eceHripereH;

to be responsible for - xayanTbl 60ny;

to develop- gambITy;

to involve - TapTbin any;

to pay bills- canbik Teney;

to produce reports - 6asgHfama xacay;

Ex.4 Prepare a one-minute speech for school-leavers to advertise
your future profession

Text 5 History of the Periodic Table

In 1863, the English chemist John Newlands noticed that if the known
elements were placed in order of their atomic weight, and then put into
rows of seven, there were strong similarities between elements in the same
vertical column.

This pattern became known as Newlands’ law of octaves. It was
useful for some of the elements, but unfortunately Newlands’ pattern broke
down when he tried to include the transition elements.

In 1896, the Russian chemist Dimitri Mendeleev produced his
periodic table elements with similar properties occurred periodically and
were placed in vertical columns called groups.

Like Newlands, Mendeleev arranged the elements in order of
increasing atomic weight, but unlike Newlands he did not stick strictly to
this order. He left gaps for elements that had yet to be discovered, such as
germanium and gallium, and made detailed predictions about the physical
and chemical properties these elements would have.

Eventually, when these elements were discovered and their properties
analysed, scientists confirmed Mendeleev’s predictions. His table went
from being an interesting curiosity to a useful tool for understanding how a
particular element would behave.

By leaving gaps and swapping the order of the elements, Mendeleev
had actually arranged the elements in order of increasing atomic number
(or the number of protons in the nucleus of an atom), even though protons
themselves were not discovered until much later.



In fact, electrons, protons and neutrons were all discovered in the
early 20™*’ century.

Text 6 Atoms and the Periodic Table

Today, scientists consider the periodic table an important summary of
the structure of atoms. The periodic table can be used to source the boiling
point or density of elements. A detailed periodic table can be used to find
the names, symbols, relative atomic masses and atomic number of any
element.

In the periodic table, elements are arranged in order of increasing
atomic number. It is called a periodic table because elements with similar
properties occur at regular intervals or ‘periodically’. The elements are
placed in horizontal rows, called periods, and elements with similar
properties appear in the same vertical column. These vertical columns are
called group 1 of the periodic table include lithium, sodium and potassium.
All the elements in group 1 of the periodic table share similar properties;
they are all metals expect H (hydrogen) and they all consist of atoms that
have just one electron in their outer shell. When these metals react they
form ions which have a 1+ charge. Elements in the same period have the
same number of shells of electrons.

All the isotopes of an element have the same number of electrons and
protons. All the isotopes of an element appear in the same place on the
periodic table.

? Test Yourself

1Why do scientists have to re-evaluate existing models?

2 How are the elements arranged in the modem periodic table?

3What are the horizontal rows and vertical columns in the periodic
table called?

Text 7 Discovery and Assignment of Elements with Atomic
Numbers 113,115,117 and 118

IUPAC announces the verification of the discoveries of four new
chemical elements: The 7th period of the periodic table of elements is
complete.

The fourth IUPAC/IUPAP Joint Working Party (JWP) on the priority
of claims to the discovery of new elements has reviewed the relevant
literature for elements 113, 115, 117, and 118 and has determined that the
claims for discovery of these elements have been fulfilled, in accordance
with the criteria for the discovery of elements of the IUPAP/IUPAC
Transfermium Working Group (TWO) 1991 discovery criteria. The.sc
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elements complete the 7th row of the periodic table of the elements, and the
discoverers from Japan, Russia and the USA will now be invited to suggest
permanent names and symbols.

"A particular difficulty in establishing these new elements is that they
decay into hitherto unknown isotopes of slightly lighter elements that also
need to be unequivocally identified" commented JWP chair Professor Paul
J. Karol, "but in the future we hope to improve methods that can directly
measure the atomic number, Z".

"The chemistry community is eager to see its most cherished table
finally being completed down to the seventh row. IUPAC has now initiated
the process of formalizing names and symbols for these elements
temporarily named as ununtrium, (Uut or element 113), ununpentium (Uup,
element 115), ununseptium (Uus, element 117), and ununoctium (Uuo,
element 118)" said Professor Jan Reedijk, President of the Inorganic
Chemistry Division of IUPAC.

The proposed names and symbols will be checked by the Inorganic
Chemistry Division of IUPAC for consistency, translatability into other
languages, possible prior historic use for other cases, etc. New elements
can be named after a mythological concept, a mineral, a place or country, a
property or a scientist. After Divisional acceptance, the names and two-
letter symbols will be presented for public review for five months, before
the highest body of IUPAC, the Council, will make a final decision on the
names of these new chemical elements and their two-letter symbols and
their introduction into the Periodic Table of the Elements.

"As the global organization that provides objective scientific expertise
and develops the essential tools for the application and communication of
chemical knowledge for the benefit of humankind, the International Union
of Pure and Applied Chemistry is pleased and honored to make this
announcement concerning elements 113, 115, 117, and 118 and the
completion of the seventh row of the periodic table of the elements," said
IUPAC President Dr. Mark C. Cesa, adding that, "we are excited about
these new elements, and we thank the dedicated scientists who discovered
them for their painstaking work, as well the members of the IUPACAUPAP
Joint Working Party for completing their essential and critically important
task."

Ex.l Listen to the interview with Dr Ben Pilgrim, University of
Cambridge http://www.thenakedscientists.com/HTM L/articles/chemistry/
Four new elements discovered
Most school science labs have a periodic table on the wall but until
now, there Periodic Table have been a few missing elements towards the
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bottom. Ben Pilgrim explained to Kat Amey why everyone is suddenly
very excited about this historic table...

Ben

Kat

Ben

Kat

Ben

Chris

Yes, there's been a very exciting week for chemistry. So IUPAC,
announced that four elements (elements number 113, 115, 117 and
118) have been discovered. Now these haven't all been discovered
in the last few days - that would be quite a coincidence. It's
actually been about 10 or 15 years since scientists first started
gathering evidence to suggest that these elements did exist. So there
have been gaps in the periodic table; theyve been predicted to be
there for a long time, but it's all about the scientists getting enough
data to be able to be sure that these elements are actually there.

The periodic table - a lot of people have heard of it, a lot of people
probably recognise it. What exactly is it as a way of categorising
elements? How did they know that there were these gaps in there?
So, elements are placed in a periodic table depending on the
number of protons, which are a particle found in the nucleus of
every atom, and there’s basically, you know, the first element
hydrogen has one proton, the second element helium has two, and
so on. The number of protons defines what element you have and,
it so happens these numbers 1said earlier, they are the number of
protons that we hadn't found yet but, you know, they should be
there because it should be possible to have one with that particular
number.

So how do you go about discovering a new element -1 assume you
don't find it down the back of the sofa?

Yes, | mean the problem is that there's about 90 elements on the
earth, sort of naturally occurring, we find them around. They might
be bound up with other things but they will always be there, they're
stable. An oxygen will always be an oxygen, a gold will always be
a gold. The trouble with these elements is they're radioactive,
they're unstable. They fall apart after a very short amount to time -
sometimes fractions of a second, and so the scientists actually have
to make them and they do this by firing two lighter elements at
each other. So, for example, they fire a calcium atom at an atom of
americium. Calcium has a number of 20 and amcricium has a
number of 95 and that adds together to make 115. Part of the
difficulty is that these new ones we make, they are unstable, they
fall apart, so how do we know we've made them?

They hand around for something in the region of about a
microsecond through to a couple of seconds, don't they. | mean
someone was saying that one of these new elements, they'd only
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Ben
Chris
Ben

Kat
Ben

Chris

Ben

Kat

Chris

Kat

Ben

Chris

Ben

ever made 90 atoms ever.

Yes. One of the ones | found out that 117 apparently 15 atoms have
been observed, so...

As many as that.

You don't want to...

Don't spend them all at once.

But, imagine if you had a video, for example, of a game of snooker
and someone had, by some computer wizardry, removed the cue
ball from the piece of videotape that you might be able to think
about where the cue ball was based on what the other balls were
moving and how they were moving around the table, and that's a bit
like what they have to do here. They have to kind of use what
these heavy atoms decay into, and then kind of reconstruct and then
assume what they had before.

Can ljust ask you the really simple question though which is - why
are we doing this?

Well | think it's very exciting because there's something that's
referred to as the 'island of stability’. So, as we get heavier and
heavier, the atoms are becoming less stable but, it's been
hypothesised by a number of people that, once we get a little bit
higher up we might actually get back into some stable elements
again, some stable atoms and these may have new properties that,
you know, haven't been seen before. So that's very exciting.

And, of course, the big question is - what are we going to call them,
because numbers aren't cool? We need like brilliant names. What's
the...

Ununtrium and ununpentium and ununseptium. Is that not sexy
enough?

Come on, no!

Those names are a little dull, so they can be called after a number
of things. A number are called after countries or places or after
famous scientists.

There was a petition this week to call one after Lemmy from
Motorhead.

Yes, this would be one of the heaviest of the heavy metals.
Unfortunately, | think it has to be a scientist, according to the niles.
There are certainly some British scientists - Humphry Davy,
Michael Faraday that don't have elements named after them. Even
perhaps one of our most famous scientist overall, Isaac Newton,
doesn't have an element. But because the research groups - 113 was
discovered by a Japanese group, the others by a collaboration
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between Russian scientists and American scientists, | thinlc we
might maybe see a reference to Japan in one of them, one based on
the name of Moscow Ive heard, and so | think that's perhaps
slightly more likely.

Kat Well, | think we shall have to see.

TemeHrige 6epinreH ce3fep MeH CB3 TipKecTepai aygapbin,
XaAblHbl3fa caKTaHbl3

Joint Working Party (JWP), the International Union of Pure and
Applied Chemistry, to fulfill the claims for discovery, Transfermium
Working Group (TWG),

Text 8 History and Uses of Chemical Elements
Ex.l Read about 5 chemical elements and fill in the table below

(0] H N Pb
the name
atomic
number
description
properties
uses
health effects
environmental
effects

Ex.2 Tell about the chemical elements with atomic numbers 99,
101,13,16,19,20,25,26.

Text 8.1 Oxygen

Oxygen had been produced by several chemists prior to its discovery
in 1774, but they failed to recognize it as a distinct element, Joseph
Priestley and Carl Wilhelm Scheele both independently discovered oxygen,
but Priestly is usually given credit for the discovery. They were both able
to produce oxygen by heating mercuric oxide (HgO). Priestley called the
gas produced in his experiments “dephlogisticated air” and Scheele called
his “fire air”. The name oxygen was created by Antoine Lavoisier who
incorrectly believed that oxygen was necessary to form all acids.

Oxygen is the third most abundant element in the universe and makes
up nearly 21% of the earth's atmosphere. Oxygen accounts for nearly half
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of the mass of the earth's crust, two thirds of the mass of the human body
and nine tenths of the mass of water. Large amounts of oxygen can be
extracted from liquefied air through a process known as fractional
distillation. Oxygen can also be produced through the electrolysis of water
or by heating potassium chlorate (KC103).

Oxygen is a highly reactive element and is capable of combining with
most other elements. It is required by most living organisms and for most
forms of combustion. Impurities in molten pig iron are burned away with
streams of high pressure oxygen to produce steel. Oxygen can also be
combined with acetylene (C2H2) to produce an extremely hot flame used
for welding. Liquid oxygen, when combined with liquid hydrogen, makes
an excellent rocket fuel. Ozone (03) forms a thin, protective layer around
the earth that shields the surface from the sun's ultraviolet radiation.
Oxygen is also a component of hundreds of thousands of organic
compounds.

Gaseous chemical element, symbol: O, atomic number: 8 and atomic
weight 15,9994. It’s of great interest because it’s the essential element in
the respiratory processes of most of the living cells and in combustion
processes. It’s the most abundant element in The Earth’s crust. Nearly one
fifth (in volume) of the air is oxygen. Non-combined gaseous oxygen
normally exists in form of diatomic molecules, 02, but it also exists in
triatomic form, 03, named ozone.

In normal conditions oxygen is a colourless, odourless and insipid gas;
it condensates in a light blue liquid. Oxygen is part of a small group of
gasses literally paramagnetic, and it’s the most paramagnetic of all. Liquid
oxygen is also slightly paramagnetic.

Oxygen is reactive and will form oxides with all other elements except
helium, neon, argon and krypton. It is moderately soluble in water (30 cm3
per 1 liter of water dissolve) at 20 Celsius.

Applications. Oxygen can be separated from air by fractionated
liquefaction and distillation. The main applications of oxygen in order of
importance are; 1) melting, refining and manufacture of steel and other
metals; 2) manufacture of chemicals by controlled oxidation; 3) rocket
propulsion; 4) medical and biological life support; 5) mining, production
and manufacture of stone and glass products.

An emergency supply of oxygen automatically becomes available for
the passenger in an aircraft when the pressure drop suddently. This oxygen
is stored not as an oxygen gas but as the chemical sodium chlorate.

Oxygen in the environment

The crust of earth is composed mainly of silicon-oxygen minerals, and
many other elements are there as their oxides.
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Oxygen gas makes up a fifth of the atmosphere, amounting to more
than a million billion tonnes. The oxygen in the Earth’s atmosphere comes
from the photosynthesis of plants, and has built up in a long time as they
utilised the abundant supply of carbon dioxide in the early atmosphere and
released oxygen.

Oxygen is fairly soluble in water, which makes life in rivers, lakes and
oceans possible. The water in rivers and lakes needs to have a regular
supply of oxygen, for when this gets depleted the water will no longer
support fish and other aquatic species.

Nearly every chemical, apart from the inert gasses, bind with oxygen
to form compounds. Water, H20, and silica, Si02, main component of the
sand, are among the more abundant binary oxygen compounds. Among the
compounds which contain more than two elements, the most abundant are
the silicates, that form most of the rocks and soils. Other compounds which
are abundant in nature are calcium carbonate (limestone and marble),
calcium sulphate (gypsum), aluminum oxide (bauxite) and various iron
oxides, that are used as source of the metal.

Health effects of oxygen

Oxygen is essential for all forms of life since it is a constituent of
DNA and almost all other biologically important compounds. Is it even
more drammatically essential, in that animals must have minute by minute
supply of the gas in order to survive. Oxygen in the lungs is picked up by
the iron atom at the center of hemoglobin in the blood and thereby
transported to where it is needed.

Every human being needs oxygen to breathe, but as in so many cases
too much is not good. If one is exposed to large amounts of oxygen for a
long time, lung damage can occur. Breathing 50-1(K0% oxygen at normal
pressure over a prolonged period causes lung damage. Those people, who
work with frequent or potentially high exposures to pure oxygen, should
take lung function tests before beginning employment and after that.
Oxygen is usually stored under very low temperatures and therefore one
should wear special clothes to prevent the freezing of body tissues.

Environmental effects of oxygen

Highly concentrated sources of oxygen promote rapid combustion and
therefore are fire and explosion hazards in the presence of fuels.

The fire that killed the Apollo 1crew on a test launchpad spread so
rapidly because the pure oxygen atmosphere was at normal atmospheric
pressure instead of the one third pressure that would be used during an
actual launch.
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Key vocabulary

distinct recognizably different in nature from sometliing else of a
similar type

given credit for the discovery - praise that is given to someone for
something they have done

oxide ['oksaid]; okucen

impurity Kocna, apanackaH

molten iron = molten pig iron wWoiblIH

welding ['weldiij] nicipy, faHekepney

potassium [pa'taseam] the chemical element of atomic number 19, a
soft, silvery-white reactive metal of the alkali metal group,

combustion [kaTbn5”(a)n] xaHy

abundant keH TapanraH

odourless ['audalas] nicci3

insipid [m'sipid] Tywbl

soluble ['soljabl] epiriui

liquefaction [,likwi'fEekj'(a)n] cynbinty

rocket propulsion 3bIMblpaH KO3fanblChbl

aquatic [a'kwaetik] cy

limestone ['laimstaun] akTac

marble ['ma:bl] mapmap

gypsum ['cNip3aT] runc

bauxite ['bo:ksait] 60KCKT, antOMUHUI KeHi

DNA deoxyribonucleic acid AHK, 4e30KCMPUGOHYKNENH KbILLIKbINbI

tissue ['ti/u. ] TIH, maTepus

hazard ['hxzad]KayinTifliK

launchpad Cepe anaHbl

Text 8.2 Hydrogen

Hydrogen is the first element in the periodic table. In normal
conditions it’s a colourless, odourless and insipid gas, formed by diatomic
molecules, H2. The hydrogen atom, symbol H, is formed by a nucleus with
one unit of positive charge and one electron. Its atomic number is 1and its
atomic weight 1,00797 g/mol. It’s one of the main compounds of water and
of all organic matter, and it’s widely spread not only in The Earth but also
in the entire Universe. There are three hydrogen isotopes: protium, mass 1,
found in more than 99,985% of the natural element; deuterium, mass 2,
found in nature in 0.015% approximately, and tritium, mass 3, which
appears in small quantities in nature, but can be artificially produced by
various nuclear reactions.
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Uses; The most important use of hydrogen is the ammonia synthesis.
The use of hydrogen is extending quickly in fuel refinement, like the
breaking down by hydrogen (hydrocracking), and in sulphur elimination.
Huge quantities of hydrogen are consumed in the catalytic hydrogenation
of unsaturated vegetable oils to obtain solid fat. Hydrogenation is used in
the manufacture of organic chemical products. Huge quantities of hydrogen
are used as rocket fuels, in combination with oxygen or fluor, and as a
rocket propellent propelled by nuclear energy.

Hydrogen can be burned in internal combustion engines. Hydrogen
fuel cells are being looked into as a way to provide power and research is
being conducted on hydrogen as a possible major future fuel. For instance
it can be converted to and from electricity from bio-fuels, from and into
natural gas and diesel fuel, theoretically with no emissions of either C02 or
toxic chemicals.

Properties.- Common hydrogen has a molecular weight of 2,01594 g.
As agas it has a density of 0.071 g¢/1 at 0°C and 1 atm. Its relative density,
compared with that of the air, is 0.0695. Hydrogen is the most flammable
of all the known substances. Hydrogen is slightly more soluble in organic
solvents than in water. Many metals absorb hydrogen. Hydrogen absorption
by steel can result in brittle steel, which leads to fails in the chemical
process equipment.

At normal temperature hydrogen is a not very reactive substance,
unless it has been activated somehow; for instance, by an appropriate
catalyser. At high temperatures it’s highly reactive.

Although in general it’s diatomic, molecular hydrogen dissociates into
free atoms at high temperatures. Atomic hydrogen is a powerful reductive
agent, even at ambient temperature. It reacts with the oxides and chlorides
of many metals, like silver, copper, lead, bismuth and mercury, to produce
free metals. It reduces some salts to their metallic state, like nitrates, nitrites
and sodium and potassium cyanide. It reacts with a number of elements,
metals and non-metals, to produce hydrides, like NAH, KH, H2S and PHj.
Atomic hydrogen produces hydrogen peroxide, H202, with oxygen.

Atomic hydrogen reacts with organic compounds to form a complex
mixture of products; with etilene, C2H4, for instance, the products arc
ethane, CrH», and butane, C4H10. The heat released when the hydrogen
atoms recombine to form the hydrogen molecules is used to obtain high
temperatures in atomic hydrogen welding.

Hydrogen reacts with oxygen to form water and this reaction is
extraordinarily slow at ambient temperature; but if it’s acceleratcd by a
catalyser, like platinum, or an electric spark, it’s made with explosive
violence.
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Health effects of hydrogen

Effects of exposure to hydrogen; Fire: Extremely flammable. Many
reactions may cause fire or explosion. Explosion: Gas/air mixtures are
explosive. Routes of exposure: The substance can be absorbed into the
body by inhalation. Inhalation: High concentrations of this gas can cause an
oxygen-deficient environment. Individuals breathing such an atmosphere
may experience symptoms which include headaches, ringing in ears,
dizziness, drowsiness, unconsciousness, nausea, vomiting and depression
of all the senses. The skin of a victim may have a blue color. Under some
circumstances, death may occur. Hydrogen is not expected to cause
mutagenicity, embryotoxicity, teratogenicity or reproductive toxicity. Pre-
existing respiratory conditions may be aggravated by overexposure to
hydrogen. Inhalation risk: On loss of containment, a harmful concentration
of this gas in the air will be reached very quickly.

Physical dangers: The gas mixes well with air, explosive mixtures are
easily formed. The gas is lighter than air.

Chemical dangers: Heating may cause violent combustion or explosion.
Reacts violently with air, oxygen, halogens and strong oxidants causing fire
and explosion hazard. Metal catalysts, such as platinum and nickel, greatly
enhance these reactions.

High concentrations in the air cause a deficiency of oxygen with the
risk of unconsciousness or death. Check oxygen content before entering
area. No odor warning if toxic concentrations are present. Measure
hydrogen concentrations with suitable gas detector (a normal flammable
gas detector is not suited for the pudose).

First aid: Fire; Shut off supply; if not possible and no risk to
surroundings, let the fire burn itself out; in other cases extinguish with
water spray, powder, carbon dioxide. Explosion; In case of fire; keep
cylinder cool by spraying with water. Combat fire from a sheltered
position. Inhalation: Fresh air, rest. Artificial respiration may be needed.
Refer for medical attention. Skin; Refer for medical attention.

Environmental effects of hydrogen

Hydrogen in the environment: Hydrogen forms 0.15 % of the earth's
cnist, it is the major constituent of water. 0.5 ppm of hydrogen H2and
varia! proportions as water vapour are present in the atmosphere. Hydrogen
is also a major component of biomass, consituing the 14% by weight.

Environmental stability; hydrogen occurs naturally in the atmosphere.
The gas will be dissipated rapidly in well-ventilated areas.

Effect on plants or animals; Any effect on animals would be related to
oxygen deficient environments. No adverse effect is anticipated to occur to
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plant life, except for frost produced in the presence of rapidly expanding
gases.

Effect on aquatic life; No evidence is currently available on the effect
of hydrogen on aquatic life.

Scientists had been producing hydrogen for years before it was
recognized as an element. Written records indicate that Robert Boyle
produced hydrogen gas as early as 1671 while experimenting with iron and
acids. Hydrogen was first recognized as a distinct element by Henry
Cavendish in 1766.

Composed of a single proton and a single electron, hydrogen is the
simplest and most abundant element in the universe. It is estimated that
90% of the visible universe is composed of hydrogen.

Hydrogen is the raw fuel that most stars 'bum' to produce energy. The
same process, known as fusion, is being studied as a possible power source
for use on earth. The sun's supply of hydrogen is expected to last another 5
billion years.

Hydrogen is a commercially important element. Large amounts of
hydrogen are combined with nitrogen from the air to produce ammonia
(NH3) through a process called the Haber process. Hydrogen is also added
to fats and oils, such as peanut oil, through a process called hydrogenation.
Liquid hydrogen is used in the study of superconductors and, when
combined with liquid oxygen, makes an excellent rocket fuel.

Hydrogen combines with other elements to form numerous
compounds. Some of the common ones are: water (H20), ammonia (NH3),
methane (CH4), table sugar (C12H22011), hydrogen peroxide (H202) and
hydrochloric acid (HCI).

Hydrogen has three common isotopes. The simplest isotope, called
protium, is just ordinary hydrogen. The second, a stable isotope called
deuterium, was discovered in 1932. The third isotope, tritium, was
discovered in 1934.

Key vocabulary

solvent ['salvant] epiTkiw

brittle ['bntl] CbHFbILL

dizziness [dizmas] 6ac aitHany

drowsiness [drauzmas] kanry, mynry

nausea ['naisia ], ['no:zia] Xypek anHyLWwbiNblK

vomiting ['vDmitiij) KYCbIK, TOKCY, KyCy

distinct [di'stirjkt] »eke

Haber process an industrial process for producing ammonia from
nitrogen and hydrogen, using an iron catalyst at high temperature and
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pressure (named after Fritz Haber (1868 - 1934) and Carl Bosch (1874 -
1940), German chemists).

Text 8.3 Nitrogen

Nitrogen is a common normally colourless, odourless, tasteless and
mostly diatomic non-metal gas. It has five electrons in its outer shell, so it
is trivalent in most compounds.

Applications. The greatest single commercial use of nitrogen is as a
component in the manufacture of ammonia, subsequently used as fertilizer
and to produce nitric acid.

Liquid nitrogen (often referred to as LN2) is used as a refrigerant for
freezing and transporting food products.

Nitric acid sahs include some important compounds, for example
potassium nitrate, nitric acid, and ammonium nitrate. Nitrated organic
compounds, such as nitro-glycerine and trinitrotoluene, are often
explosives.

Nitrogen in the environment. Nitrogen constitutes 78 percent of
Earth's atmosphere and is a constituent of all living tissues. Nitrogen is an
essential element for life, because it is a constituent of DNA and, as such, is
part of the genetic code.

Nitrogen molecules occur mainly in air. In water and soils nitrogen
can be found in nitrates and nitrites. All of these substances are a part of the
nitrogen cycle, and there are all interconnected.

Humans have changed natural nitrate and nitrite proportions radically,
mainly due to the application of nitrate-containing manures. Nitrogen is
emitted extensively by industrial companies, increasing the nitrate and
nitrite supplies in soil and water as a consequence of reactions that take
place in the nitrogen cycle. Nitrate concentrations in drinking water will
greatly increase due to this.

Health effects of nitrogen. Nitrates and nitrites are known to cause
several health effects. These are the most common effects;

- Reactions with haemoglobin in blood, causing the oxygen carrying
capacity of the blood to decrease (nitrite);

- Decreased functioning of the thyroid gland (nitrate);

- Vitamin A shortages (nitrate);

- Fashioning of nitre amines, which are known as one of the most
common causes of cancer (nitrates and nitrites).

But from a metabolic point of view, nitric oxide (NO) is much more
important than nitrogen alone. In 1987, Salvador Moncada discovered that
this was a vita! body messenger for relaxing muscles, and today we know
that it is involved in the cardiovascular system, the immune system, the
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central nervous system and the peripheral nervous system. The enzyme that
produces nitric oxide, called nitric oxide synthesis, is abundant in the brain.

Environmental effects of nitrogen

Humans have radically changed natural supplies of nitrates and
nitrites. The main cause of the addition of nitrates and nitrites is the
extensive use of fertilizers. Combustion processes can also enhance the
nitrate and nitrite supplies, due to the emission of nitrogen oxides that can
be converted to nitrates and nitrites in the environment.

Nitrates and nitrites also form during chemical production and they
are used as food conservers. This causes groundwater and surface water
nitrogen concentration, and nitrogen in food to increase greatly.

The addition of nitrogen bonds in the environment has various effects.
Firstly, it can change the composition of species due to susceptibility of
certain organisms to the consequences of nitrogen compounds. Secondly,
mainly nitrite may cause various health effects in humans and animals.
Food that is rich in nitrogen compounds can cause the oxygen transport of
the blood to decrease, which can have serious consequences for cattle.

High nitrogen uptake can cause problems in the thyroid gland and it
can lead to vitamin A shortages. In the animal stomach and intestines
nitrates can form nitroamines; dangerously carcinogenic compounds.

Key vocabulary

ammonia [2’Wwanwa] ammuak

manure [ma'njua] TbiIHaTKbILW

emit [I'mit] weirapy

susceptibility [sa septa'bdati] cesiHywinik

Text 8.4 Carbon

Carbon, the sixth most abundant element in the universe, has been
known since ancient times. Carbon is most commonly obtained from coal
dc[X)sits, although it usually must be processed into a form suitable for
commercial use. Three naturally occiining allotropes of carbon are known
to exist: atodphowns, graphite and diamond.

Amorphous carbon is formed when a material containing carbon is
burned without enough oxygen for it to burn completely. This black soot,
also known as lampblack, gas black, channel black or carbon black, is used
to make inks, paints and rubber products. It can also be pressed into shapes
and is used to form the cores of most dry cell batteries, among other things.

Graphite, one of the softest materials known, is a form of carbon that
is primarily used as a lubricant. Although it does occur naturally, most
commercial graphite is produced by treating petroleum coke, a black tar
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residue remaining after the refinement of cnide oil, in an oxygen-free oven.
Naturally occurring graphite occurs in two forms, alpha and beta. These
two forms have identical physical properties but different crystal structures.
All artificially produced graphite is of the alpha type. In addition to its use
as a lubricant, graphite, in a form known as coke, is used in large amounts
in the production of steel. Coke is made by heating soft coal in an oven
without allowing oxygen to mix with it. Although commonly called lead,
the black material used in pencils is actually graphite.

Diamond, the third naturally occurring form of carbon, is one of the
hardest substances known. Although naturally occurring diamond is
typically used for jewelry, most commercial quality diamonds are
artificially produced. These small diamonds are made by squeezing
graphite under high temperatures and pressures for several days or weeks
and are primarily used to make things like diamond tipped saw blades.
Although they posses very different physical properties, graphite and
diamond differ only in their crystal structure.

A fourth allotrope of carbon, known as white carbon, was produced in
1969. It is a transparent material that can split a single beam of light into
two beams, a property known as birefringence. Very little is known about
this form of carbon.

Large  molecules consisting only of carbon, known as
buckminsterfullerenes, or buckyballs, have recently been discovered and
are currently the subject of much scientific interest. A single buckyball
consists of 60 or 70 carbon atoms (C60 or C70) linked together in a
structure that looks like a soccer ball. They can trap other atoms within
their framework, appear to be capable of withstanding great pressures and
have magnetic and superconductive properties.

Carbon-14, a radioactive isotope of carbon with a half-life of 5,730
years, is used to find the age of formerly living things through a process
known as radiocarbon dating. The theory behind carbon dating is fairly
simple. Scientists know that a small amount of naturally occurring carbon
is carbon-14. Although carbon-14 decays into nitrogen-14 through beta
decay, the amount of carbon-14 in the environment remains constant
because new carbon-14 is always being created in the upper atmosphere by
cosmic rays. Living things tend to ingest materials that contain carbon, so
the percentage of carbon-14 within living things is the same as the
percentage of carbon-14 in the environment. Once an organism dies, it no
longer ingests much of anything. The carbon-14 within that organism is no
longer replaced and the percentage of carbon-14 begins to decrease as it
decays. By measuring the percentage of carbon-14 in the remains of an
organism, and by assuming that the natural abundance of carbon-14 has
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remained constant over time, scientists can estimate when that organism
died. For example, if the concentration of carbon-14 in the remains of an
organism is half of the natural concentration of carbon-14, a scientist would
estimate that the organism died about 5,730 years ago, the half-life of
carbon-14.

There are nearly ten million known carbon compounds and an entire
branch of chemistry, known as organic chemistry, is devoted to their study.
Many carbon compounds are essential for life as we know it. Some of the
most common carbon compounds are: carbon dioxide (C02), carbon
monoxide (CO), carbon disulfide (CS2), chloroform (CHC13), carbon
tetrachloride (CC14), methane (CH4), ethylene (C2H4), acetylene (C2H2),
benzene (C6H6), ethyl alcohol (C2H50H) and acetic acid (CH3COOH).

Key vocabulary

bluish keringipney

lustrous [1n5Ira3] »anTbip, XbIATbIP

malleable ['Treliabl] co3bimabl, KakTanaTblH

ductile [dAKktail] co3biMabl, KaKkTanaTblH

resistant to corrosion TOT 6acnaiTbiH

tarnish ['ta:nij] KYHripTTeHy, KapaHrblnaHy, XanTblpbl KeTy
lead [led] KopFfacbiH

alloy ["aebi] kocna

pewter ['pju;te] kanalibl MEH KOPFacCblHbIH KOPbITAAChI

Text 8.5 Lead

Lead is a bluish-white lustrous metal. It is very soft, highly malleable,
ductile, and a relatively poor conductor of electricity. It is very resistant to
corrosion but tarnishes upon exposure to air. Lead isotopes arc the end
products of each of the three series of naturally occuning radioactive
elements.

Applications. Lead pipes bearing the insignia of Roman emperors,
used as drains from the baths, are still in service. Alloys include pewter and
solder. Tetraethyl lead (PbEt4) is still used in some grades of petrol
(gasoline) but is being phased out on environmental grounds.

Lead is a major constituent of the lead-acid battery used extensively in
car batteries. It is used as a coloring element in ceramic glazes, as
projectiles, in some candles to threat the wick. It is the traditional base
metal for organ pipes, and it is used as electrodes in the process of
electrolysis. One of its major uses is in the glass of computer and television
screens, where it shields the viewer from radiation. Other uses are in

43



sheeting, cables, solders, lead crystal glassware, ammunitions, bearings and
as weight in sport equipment.

Lead in the environment. Native lead is rare in nature. Currently
lead is usually found in ore with zinc, silver and copper and it is extracted
together with these metals. The main lead mineral in Galena (PbS) and
there are also deposits of cerrussite and anglesite which are mined. Galena
is mined in Australia, which produces 19% of the world's new lead,
followed by the USA, China, Peru' and Canada. Some is also mined in
Mexico and West Germany. World production of new lead is 6 million
tonnes a year, and workable reserves total are estimated 85 million tonnes,
which is less than 15 year's supply.

Lead occurs naturally in the environment. However, most lead
concentrations that are found in the environment are a result of human
activities. Due to the application of lead in gasoline an unnatural lead-cycle
has consisted. In car engines lead is burned, so that lead salts (chlorines,
bromines, oxides) will originate.

These lead salts enter the environment through the exhausts of cars.
The larger particles will drop to the ground immediately and pollute soils
or surface waters, the smaller particles will travel long distances through air
and remain in the atmosphere. Part of this lead will fall back on earth when
it is raining. This lead-cycle caused by human production is much more
extended than the natural lead-cycle. It has caused lead pollution to be a
worldwide issue.

Health effects of lead. Lead is a soft metal that has known many
applications over the years. It has been used widely since 5000 BC for
application in metal products, cables and pipelines, but also in paints and
pesticides. Lead is one out of four metals that have the most damaging
effects on human health. It can enter the human body through uptake of
food (65%), water (20%) and air (15%).

Foods such as fruit, vegetables, meats, grains, seafood, soft drinks and
wine may contain significant amounts of lead. Cigarette smoke also
contains small amounts of lead.

Lead can enter (drinking) water through corrosion of pipes. This is
more likely to happen when the water is slightly acidic. That is why public
water treatment systems are now required to carry out pH-adjustments in
water that will serve drinking purposes.

For as far as we know, lead fulfils no essential function in the human
body, it can merely do harm after uptake from food, air or water.

Lead can cause several unwanted effects, such as:

- disruption of the biosynthesis of haemoglobin and anaemia;

- arise in blood pressure;
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- kidney damage;

- miscarriages and subtle abortions;

- disruption of nervous systems;

- brain damage;

- diminished learning abilities of children;

- behavioural disruptions of children, such as aggression, impulsive
behavior and hyperactivity.

Lead can enter a foetus through the placenta of the mother. Because of
this it can cause serious damage to the nervous system and the brains of
unborn children.

Environmental effects of lead. Not only leaded gasoline causes lead
concentrations in the environment to rise. Other human activities, such as
fuel combustion, industrial processes and solid waste combustion, also
contribute.

Lead can end up in water and soils through corrosion of leaded
pipelines in a water transporting system and through corrosion of leaded
paints. It cannot be broken down; it can only converted to other forms.

Lead accumulates in the bodies of water organisms and soil
organisms. These will experience health effects from lead poisoning.
Health effects on shellfish can take place even when only very small
concentrations of lead are present. Body functions of phytoplankton can be
disturbed when lead interferes. Phytoplankton is an important source of
oxygen production in seas and many larger sea-animals eat it. That is why
we now begin to wonder whether lead pollution can influence global
balances.

Soil functions are disturbed by lead intervention, especially near
highways and farmlands, where extreme concentrations may be present.
Soil organisms than suffer from lead poisoning, too.

Lead is a particularly dangerous chemical, as it can accumulate in
individual organisms, but also in entire food chains.

Key vocabulary

conductor eTkisriw

lead KopfacblH

resistant to corrosion ToT 6acnaiTbiH
foetus ypbIK

lustrous ['Ustras] )anTblp, XbINTbIp

Text 9 Matter and Properties of Matter

M atter can be described and identified by physical and chcmical
properties. Physical (chemicals, properties, substances, textures) have to do
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with appearance. You can observe many physical properties with your
senses and by measuring the length, (width, density, height, property),
height, mass and density of a substance. (Chemical, Matter, Described,
Physical) properties include color, shape, smell, texture, taste and size. The
state of matter (whether it’s a solid,(water, molecule, liquid, atom), or gas)
and the (time, temperature, design, cylinder) at which the substance boils,
melts or freezes are also physical properties. Magnetic properties are
physical properties as well.

(Chemical, Physical, Substance, Gaseous) properties, on the other
hand, have more to do with the atomic or molecular composition of matter.
Chemical properties deal with how substances react with other (properties,
physicals, degrees, substances) such as water, air or fire.

A physical change has occurred when a substance changes color, size,
shape, temperature or state. A (temperature, physical, chemical, color)
change has occurred when a substance has changed into something new or
(similar, different, familiar, original) so that the original substance is gone.
Digestion and combustion are examples of chemical changes. A chemical
change takes place in a (battery, bulb, change, switch) to produce
electricity when you turn on a flashlight.

Chemical changes are sometimes represented by a chemical formula;

2H2 +02 =2H20

This formula states that two hydrogen gas molecules react with one
oxygen gas molecule to produce two molecules of water.

Text 10 Properties of Solids, Liquids, and Gases

A solid has a definite (mass, texture, volume) and a (3D, irregular,
definite) shape. The particles in a solid are . Particles in a solid move by .
solids soften before melting. The particles in this type of solid are not
arranged in regular pattern. Amodghous solids have a distinct melting
point. Crystalline solids have a .

Liquids have no of their own. A liquid takes the shape of its container.
Without a container liquids spread into a wide, shallow puddle. The of a
liquid does not change, is a term used to describe a liquids resistance to
flow. Some liquids flow easier than others because the particles in liquids
with are spread further apart.

Gases can change very easily. The determines the volume and shape
ofagas. The movement of gas particles could be described as .
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Text N Chemical Reactions and Atoms

Symbols

Each element has its own unique symbol that is recognised all over the
world.

Each symbol consists of one or two letters and is much easier to read
and write the full name.

In some cases the symbol for an element is simply the first letter of the
element’s name. This letter must be a capital letter: the element iodine is
represented by the symbol I.

Occasionally, an element may take its symbol from its former Latin
name. When this happens, the first letter is a capital and the second letter, if
there is one, is lower case: the element mercury is represented by the
symbol Hg. This comes from the Latin name for mercury, which was
hydrargyrum, or liquid silver.

Several elements have names that start with the same letter. When this
happens, the first letter of the element’s name is used, together with another
letter from the name. The first letter is a capital and the second letter is
lower case: the element magnesium is represented by the symbol Mg.

Chemical Formulae »

Compounds consist of two or more different types of atom that have
been chemically combined.

A compound can be represented using a chemical formula that shows
the type and ratio of the atoms that are joined together in the compound.

Ammonia has the chemical formula NHj.This shows that in ammonia,
nitrogen and hydrogen atoms are joined together in the ratio of one
nitrogen atom to three hydrogen atoms.

You should take care when writing out the symbols for chemicals
compounds as some of them are very similar to elements. For example:

The element carbon has the symbol C

The element oxygen has the symbol O

The element cobalt has the symbol Co

The formula CO shows that a carbon atom and an oxygen atom have
been chemically combined in a 1.1 ratio. This is the formula of the
compound carbon monoxide.

The symbol Co represents the element cobalt. Notice how the second
letter of the symbol is written in lower case. If it wasn’t, it would be a
completely different substance.

The formula CO2 shows that carbon and oxygen atoms have been
chemically combined in a 1:2 ratio. This is the formula of the compound
carbon dioxide.
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Chemical reactions

Atoms can join together by:

Covalent bonding - sharing pairs of electrons.

lonic bonding - giving and taking electrons.

Compounds formed from metals and non-metals consist of ions. These
compounds are held together by strong ionic bonds. Compounds formed
from non-metals often consist of molecules. The atoms are held together by
strong covalent bonds.

Word and Symbol Equations

Symbol equations can be used to describe what happens during a
chemical reaction.

When magnesium bums in air the magnesium metal reacts with the
non-metal atoms in oxygen molecules to form the ionic compound
magnesium oxide. The reaction can be shown in a word equation:

Magnesium + Oxygen-" Magnesium Oxide

or by the symbol equation:

2Mg + 02 —» 2MgO

Atoms are not created or destroyed during a chemical reaction: the
atoms are just reairanged.

This means that the total mass of the reactants is the same as the total
mass of the products.

lonic Compounds

lonic compounds are formed when a metal reacts with a non-metal.
When metal atoms react they lose negatively charged electrons to become
positively charged ions (or cations). When non-metal atoms react they gain
negatively charged electrons to become negatively charged ions (or
anions).

Build Your Understanding
There is no overall charge on ionic compounds so you can use the
charge on the ions to work out the formula of the ionic compound.

Metal lons Non-metal lons
Sodium, Na+ Bromide, Br-
Pottasium, K-i- Chloride, CI-

The compound .sodium contains sodium, Na+, and chloride, C1-, ions.
For every one sodium ion one chloride ion is required. The overall formula
for the compound is NacCl.
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? Test Yourself

1 How can atoms join together?

2 Give the name of the elements with the symbols Na and Cr.
3 A water molecule has the formula H20.

Explain what this formula tells us.

4 Sodium nitrate has the formula NaNOi.

Explain what this formula tells us.

Stretch Yourself

Give the formula for the following compounds;
potassium chloride,

sodium bromide.

W atch the video

http://go.mail.ru/search_video?tsg=1&q=chemistry+in+everyday+life

Give more examples

Chemical compounds have been employed for a number of useful
pudoses in our daily life, for example sugar is used to sweeten tea, soaps
are used for washing and bathing puco3se etc. besides this a number of
compounds find application in agriculture, textiles, medicine, photography
etc. the chemicals, those play a very important role in our daily life in a
number of biological processes.

Drugs and medicines

Drugs are chemicals of low molecular masses whose intake by a
living system has a physiological effect. If the drugs help in the treatment
of diseases and reduce pain and suffering of the body, it is known as
medicine.

Key Vocabulary

bubble - a ball of gas that appears in a liquid, or a ball formed of air
surrounded by liquid that floats in the air;

liquid- a substance, for example water, that is not solid and that can
be poured easily;

churn- to mix something, especially liquids, with great force;

portrayal -when you portray someone or something;

batter-a mixture of flour, milk, and often eggs used to make cakes
and pancakes (= thin fried cakes), and to cover fish, etc before it is fried;

chunk-a large piece of something;
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ooze- Ifa liquid oozes from something or if something oozes a liquid,
the liquid comes out slowly
rim- the edge of something round.

Text 12 Nanotechnology

Nanotechnology is science and engineering at the scale of atoms and
molecules. It is the manipulation and use of materials and devices so tiny
that nothing can be built any smaller. Nanomaterials are typically between
0.1 and 100 nanometres (nm) in size - with 1 nm being equivalent to one
billionth of a metre (10® m).

This is the scale at which the basic functions of the biological world
operate - and materials of this size display unusual physical and chemical
properties. These profoundly different properties are due to an increase in
surface area compared to volume as particles get smaller - and also the grip
of weird quantum effects at the atomic scale.

Unwittingly, people have made use of some unusual properties of
materials at the nanoscale for centuries. Tiny particles of gold for example,
can appear red or green - a property that has been used to colour stained
glass windows for over 1,000 years.

Experimental nanotechnology did not come into its own until 1981,
when IBM scientists in Zurich, Switzerland, built the first scanning
tunneling microscope. This allows us to see single atoms by scanning a tiny
probe over the surface of a silicon crystal. In 1990, IBM scientists
discovered how to use an STM (scanning tunneling microscope) to move
single xenon atoms around on a nickel surface.

Engineering at the nanoscale is no simple feat, and scientists are
having to come up with completely different solutions to build from the
“bottom-up” rather than wusing traditional “top-down” manufacturing
techniques. Some nanomaterials, such as nanowires and other simple
devices have been shown to assemble themselves given the right
conditions, and other experiments at larger scales are striving to
demonstrate the principles of self-assembly. Micro-electronic devices
might be persuaded to grow from the ground up, rather like trees.

In the short term, the greatest advances through nanotechnology will
come in the form of novel medical devices and processes, new catalysts for
industry and smaller components for computers. In medicine, for example,
we are already seeing research on: new ways to deliver drugs with contact
lenses; the directing of drugs to tumours with tiny “smart bombs”; gold
“nano-bullets” that seek and destroy tumours; starving cancer with
nanoparticles; diagnosing diseases such as Alzheimer's, monitoring health
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and fighting sickness with tiny probes; and growing new organs from
scratch.

Ex.l Which words or phrases in the text mean:

A a brain disease mainly of old people which makes Alzheimer's
a person forget things and stops them from
thinking clearly
B a group of cells in someone's body which are not
growing normally
C asubstance that makes a chemical reaction happen
more quickly

D new or different from anything else

E new discoveries and inventions

F to think of a plan, an idea, or a solution to a
problem

G to build something by joining parts together

H very strange

I control over something or someone

J in the near future

K a piece of equipment that is used for
a particular purpose extremely small

L aquality of something

M  without intending to do something

N If you do something from scratch, you do it

from the beginning.

Text 13 Smart Materials

Many scientists are involved in making new materials, which can have
very special properties. Smart materials have one or more property that can
be dramatically, and reversibly, altered by changes in the environment.

Scientists are working to find more applications for smart materials.

A whole variety of smart materials already exist including shape-
memory alloys, thermochromic materials and photochromic materials.

Photochromic materials change colour when exposed to bright light.
They are widely used to make lenses for glasses. The lenses adapt to light
conditions: when it is bright, the lenses get darker.

Hydrogcls are a new type of polymer. They arc able to absorb water
and swell up as the result of changes in temperature.

Hydrogels are being u.sed to make special wound dressings. They help
to:
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- stop fluid loss from the wound;

- absorb bacteria and odour molecules;

- cool and cushion the wound;

- reduce the number of times the wound has to be disturbed.

The hydrogel is transparent, so medical staff can monitor the wound
without having to remove the dressing.

Buckminster Fullerene

The element carbon exists in three forms or allotropes;

- graphite;

- diamond;

- fullerenes.

Fullerenes are structures made when carbon atoms join together to
form tubes, balls or cages, which are held together by strong covalent
bonds. The most symmetrical and most stable example is buckminster
fullerene. This is a new material scientist have discovered, which consists
of 60 carbon atoms joined together in a series of hexagons and pentagons,
much like a leather football.

Nanoparticles

Nanoscience is the study of extremely small pieces of material called
nanoparticles. Scientists are currently researching the properties of new
nanoparticles.

These are substances that contain just a few hundred atoms and vary
in size from 1nm (nanometres) to 100 nm (human hair has a width of about
100 OO0 nm). Nanoparticles occur in nature, for example in sea spray. They
can also be made accidentally, for example when fuels are burned.

Nanomaterials have unique properties because of the very precise way
in which the atoms are arranged. Scientists have found that many materials
behave differently on such a small scale.

Lightweight Materials

Scientists are using nanoparticles to develop lightweight materials.
These materials are incredibly hard and strong because of the precise way
that the atoms are arranged. One day these materials could be used to build
planes.

Other Uses of Nanoparticles

Nanoparticles have a very high surface area to volume ratio. Scientists
hope that this will allow them to use nanoparticles in exciting ways such as:

in new computers;

in sunscreens and deodorants;

in drug delivery systems;

as better catalysts.
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Catalysts are substances that speed up the rate of a chemical reaction,
but are not themselves used up. Reactions take place at the surface of the
catalyst. The larger the surface area of the catalyst, the more changes can
take place at once and the better the catalyst performs.

Scientists are also keen to explore the use of nanoparticles as sensors
to detect biological or chemical agents at very low levels. They may also be
used to make battery electrodes for electric vehicles or solar cells.

Nanoscale silver particles have antibacterial, antiviral and antifungal
properties. These tiny pieces of silver are incorporated into materials to
make clothes and medical dressings stay fresh for longer.

There has recently been a great deal of media interest in the
development and applications of new nanoparticles. Some scientists are
concerned that certain nanoparticles could be dangerous to people because
their exceptionally small size may mean they are able to pass into the body
in previously unimaginable ways, and could go on to cause health
problems.

? Test Yourself

1 Why are smart materials special?

2 How big are nanoparticles?

3 What is the formula of buckminster fullerene?

4 Where are nanoparticles found in nature?

Text 14 Making New Chemicals

The manufacture of useful chemical involves many stages. Raw
materials need to be selected and prepared, and then the new chemicals
have to be made in a process known as synthesis.

Next, the useful products have to be separated from by-products and
waste, each of which must also be dealt with. Finally, the purity of the
product must be checked.

Some chemicals are made in batch processes which are used to make
relatively small amounts of special chemicals such as medicines. The
chemicals are made when they are needed, rather than all the time.

Continuous processes are used to make chemicals that are needed in
large amounts, such as sulfuric acid or ammonia. These chemicals are made
all the time. Raw materials are continuously added and the new products
are removed.

Some chemicals, such as ammonia, sulfuric acid, .sodium hydroxide
and phosphoric acid, are made in bulk (on a large scale). Other chemicals,
such as medicines, food additives and fragrances, are described as being
made on a fine scale (a small scale).
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Governments regulate how chemicals are made, stored and
transported to protect people and the environment from accidental damage.

Medicines from Plants

Scientists can extract chemicals from plant or produce them
synthetically. Chemicals can be extracted from plants by:

- crushing up the plant material.

- adding a suitable solvent and then heating the mixture so that the
useful chemicals dissolve in the solvent.

- using separation techniques, such as chromatography, to separate
mixtures of compounds.

Chromatography separates mixtures according to differences in
solubility of the components.

Scientists can use the melting point and boiling point of a compound
to establish its purity. Thin layer chromatography can also be used.

Plant materials can be used to make very useful medicines. Digitalin
medicines are extracted from foxglove plants and are used to treat heart
conditions.

Modhine is made from opium poppies and is used for pain relief.

Scientists have discovered that corn starch can be used to make
biodegradable plastics. These plastics are useful as they break down more
easily in the environment.

I Boost Your Memory
Make a flow diagram to show the stages involved in extracting

chemicals from plants.

Text 15 Making and Developing New Medicines

New medicines are often very expensive to buy because of the high
costs of developing and making the drugs.

The factors that affect the price of a medicine include:

Labour and energy costs. The production of new medicines is often
very labour intensive as little automation is possible, at least initially.

The cost of the raw materials required, which may be very rare or
expensive.

The time required for researching and developing new drugs. These
processes can take many years.

Testing of the new medicine. It must pass all the testing stages and
human trials required by law for it to gain a licence to be sold. This takes a
lot of time and money.
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Marketing of the medicine. Companies have to let the medical
profession know the benefits of the new medicine.

Scientists developing new drugs need to be aware of economic
considerations. The more research and development involved, the more
expensive the new medicine will be. Scientists need to work out if there is
sufficient demand for the new medicine for it to pay back the considerable
investment needed to produce it. New drugs only have a patent for a certain
length of time. Companies manufacturing the medicine pay money to the
people who hold the patent and who did the initial research and
development for the drug. If the time limit for the patent is set too law, the
patent will have run out before the initial costs have been paid back.

Green Chemistry

The long-term sustainability of a chemical process depends on:

Whether or not the raw materials are renewable.

The atom economy of the reactions involved.

The amount and nature of waste produced.

The amount and nature of by-products produced.

The energy requirements.

The impact on the environment.

The health and safety risks.

The economic and social benefits of the products made by the
reaction.

? Test Yourself

1Why are the labour costs for new medicines often very high?

2 Why do new drugs have to be marketed?

3 Name a separation technique that separates mixtures because the
components have different solubilities.

Stretch Yourself
1 Describe what happens during a continuous process.

Text 16 Nanotechnology and energy - a path to a sustainable

future

Ex.l Read the text and translate the sentences with the words
below.

an electric current, tied, silver bullet, to have a positive impact on,
capacitor, reinforce, fuel consumption, efficiency gains
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XYby 15 nanolecbnolo8y releyaw bere? Many ell'ecl8 {Tponane {"or
ener8y bappen al 1be nano8cale: 1n 5olar cel3, {or in3iance, pbolon5 can
Iree elec(ron5 {roT a Talenal, yybicb can JSlen Ooly a$ an eleciric currelll;
1be cbeTtlcal reacllon5 1ricle a balery or Ol cell releaSe ekciirons \Wb'cb
Nen Toye 1brou8b an ex(etal clrewlr, or (be role 0? calalysl5 in a plelbora
oC cbeTtlcal reacllOn$. The™e are Ju51 a lely exatple8 \Vbe”e nano5cale
ensineenn§ can 51éMMicanlly iTproye Jle elllciency of{ Jle wnéerlyin§
processes.

blanolecbnolo8les are nol 1le<l excln8lYely 1o reneyyable ener’y
lecbnolo8le5. \\blle researcber3 are explonn§ \yays 1n \yblcb
nanolecbnolo8y coml<l belp n3 KOcleyelop ener8y 3omurces, Jley also cleyelop
lecbnlave5 co access arcl use oM nel5 Tucb Tore elllclenlly. Corro5lon
re5131at nanocoalln85, manoslrucl:vrecl calaly3l&, ané nanoteTbranes baye
been msec! 1 1be exCracHon ancl process™n” o( 3311 Mel5 ancl 1n nuclear
polyer. Tbere 13 no 511ycr bulle( - nanoCecbnob”y appW/caiion3 or ener8y
are exlretely yarle(l, rellecul8 Lk cotplex1Cy of' LLle ener8y 3ectOr, \yVib a
nuwber ofF c{erenl TarkeC3 alon§ 115 yalme cbain, 1lnclv<lin? ener8y
2eneralion,  cransirranon,  cl5Mrlbulion,  3loraS8e, ani  um3ae.
HanoCecbnobéy bas /1e poCenHa! 0o baye a po3lllye iTpacion all oC/lese -
albell \irb yaryln2 eiiec(3. blanoTal;erlals combl leait eo enery 3ayT”3
1bron8b \yei8bc reiincmon or 1Hrom8b op(1ti2ecl MancCron:

1n 1Ke (ruwe, noyel, nano-lecbnoio§ically opliT 12eé Taleriais, Xor
exaTple plasiicc or Tebl3 \yub carbon nanolubes (CbITs), Wlll Take
aldlanes arncl yeblcles H8Hier anii cbere™ore belp reéuce el consutpCion;

Moye! M8bun§ Talerla!s nano5cale layers ol plaslic ancl or2aniC
p18Ten13 are beln§ cleyelope(l; Slexr conyersion rale ii*'oT ener8y HO I8bl
can apparenMy reacb 50 % (coTparec! \yl[b lraél(tonal bull = 5%);

Kanoscale carbon black ba3 been acléecl o Toclern antOTob/le bires
[or 30Te NTe no\y KOrelnlorce 1be Talerlal ancl recluce rolHn§ resisiance,
\yblcb leacl5 HO I'Vel 3ay|n§5 ol up HO 10%;

8ell-cleanln§ or “eab5y-lo-clean”-coarlngs, lor exatple on 8las5, can
belp Baye ener8y arcl \ya(er !In lMaciHy cleanln2 because 3ucb 3urlCaces are
easler to clean or neep nol be clearecl 30 oiien;

Kano(rlbolo2ical \Vea™ proeecmon proiiHces a3 [l or Totor oll
aclcllie5 comlll reéumce el consutpllon ol yeblck3 anii exlencl en§inr 11

Manoparucles a3 non a8en(5 alloly pla8lics HO be Tekec! ancl cas! al
lo\yer {eTperawres;

Nanopo”oun3 1nbula(;1n8 Ta(erlals 1n Cke conslrucHon buslne53 can belp
reiince 1be ener8y neeclecl FObeal acl cool bulcn”s. blanotaler!als comlcl
1tproye ener8y 8enera[lon ancl ener«y el Mcliencies;
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Yanous nanota”ena!» can 1tproye (He e{TiCency ol pboloYoualc
NaclLLies;

Oye 5olar cel3 (‘Cralie! cel13’) \llb nano5cale 3eTiconiiMcior Talerialx
MMuC nallra! pHolo5ynlbe515 1n~reen plan(s;

P1a311C5 Naib carbon nanolmbe$ a3 coalln§3 on (be rokOr bhkcle5 ol \ylncl
LLrbines Take Jlese H8bler an(l1lncrease 1be ener8y ylelcl;

Nano oplliMi2cl WblunTt-10n bauerie3 baye an 1Ttproyecl 3(oraS8e
capac/ly a3 yycll a3 an tcreaseé Wrespan ancl Mul nse 1n eleclrlc yeblcles
lorexatple;

Puel cell3 nanoscale cerat(c Talerlals lor ener8y proiincllon
reunire 1ess energy anii resomrces war™ ™ Tanulaclmring;

Tbe elTeclyeness ol calalylic conyellers 1n yeblcles can be lncreasecl
by applyll§ calalylically aci1Ye preclomn3 Te{als In (be nanoscale 312e ranSe.
\Ye baye cotpllecl an oyerylely ol" Manolecbnolo8y in Ener’y 1bal 3bo\y3
boly nanolecbnolo8y {nnoyaHon3 coul iTpacteacb pan ol (be yalve-aclclecl
cbain 1n 1be ener8y 3eclor - ener8y 3ources; ener§y conyersion; ener’y
cl15(ribullon; ener8y 3tora8e; awxlener8y mnsa”e. Tbe European CEKKES5Y5
prclecl Wenlecl a rane ol nanotalerlal appWcavon ancl /e m™MeTten”3 Cor
Millire ener8y appHcamnons. 1n 1be 3borl (erT, ener”y nanolecbnology 13
Mkely FObaye 1be 8reale511tpaclin Jle areas ol elliciency ol pboloyollalc8
(aTon8 renelyables, 3o0lar basz by 5ar 1be bl™e3! inlobal ener8y polen(lal)
anii ener8y 3lora8 \ybere 11 can belp oyercoTe curren! perlortance
baters arcl 3ub3OnWaHy 1tproye 1be collecllon ancl conyerslon ol” 3olar
ener”y. blanolecbnolo8y Mor 5olar Ener8y Colleclion ané Conyersion 13omne
o {be T[ye 5|8namlre 1nlllallyes [Aclecl by 1be 11.5. Na™onal
Hanolecbnolo8y 1nl1lallYe. Tbe 8oal3 are HO enbance wnclerslancling ol
Qonyersion ané 3tOra”e pbenoTtena al (be manoscale, ITproye nanoscale
cbaraclen2allon ol eleclronlC propellles, ancl belp enable econoTlcal
nanotanulacuilg ol robmsl cleYlces. The 1mllallYe ba3 (bree TaJor (brums(
areas:

- 1 proye pboloyol(alc 3olar eleciricily Sencra(iom;

- 1Tproye 3olar (benna! ener8y 8Senerallon arcl conycrslon; acl

- {Tproye 3olar-(o-/1lel conyersion3. Tbe 1bertoclynartlc IMrll ol 80%
elTiolency 13 \yell beyonii 1be capabll!lles ol currenl pboloyollalC
lecHnolo8les, yybose laboralory perlortance cuncnlly approacbes only
43% 2. ManoTta(enals eyen Take J1 posslble (0 ralse b8bl ylcicl ol
[racl1110ral cryslalljme 3!Mcon 3olar cells. By w3w§ cbeaper, namo.ucale
Talenals Jlan (be curren( clorlmanl lecbnolo8y (31M2le-cry8(al 3||iconm,
\yblcb mn3e3 a lar8e aToHLL ol o33l el lor proclucll()n), rbe co3l ol 3o0lar
eell.? comlcl be brom8bl clolyn. Kuteroms researcb lab3 arc yyorklm” on
nanolecbnolo8y-enablecl baverles @ 1ncrea.3e (bc!r ernclcnclcs or elec(llc
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yebtole5, boTe, or §1<l 8(ora8e «y3CeTt3. 1TproY1n§ 1be el T1Clency/5HOraSe
capacily olr baaerle8 arcl supercapacxtOr3 \yllb nanotalerlals \ylll baye a
8ubblanllal econoTkal! 1Tpacl. Crapbene bab akeaily been cleton5lrale(l to
baye Tany protl81Ié appHcaHous iMener2y-relafecl areas. Nano”ecbnolo8y
abo bax 1be polenllal HO <lellYer 1be nex1 8eneraHon WlblwuT-lon balenes
\Wib 1tproyecl per™ortance, éurabllLly anii 5alely a( an accep(able co51. A
TaJor pusb on ba$iC researcb lor ener8y lecbnolo§le5 18 coTtlng IroT 1Ke
1n.8. Bepa/itell ol Ener™y, \yblcb 3wce 2009 ba3 1nye8lein nearly $800T
a3 pall ol 1Ke Ener8y Pronller Kesearcb Ccller (EPKC) pro”rart. Por
exaTple, 1He lolnl Celller br AMrClal Pbolo5ynlbe818 (~"CAP) ba3
éeyelopeé a nano™VVe-baze(™ nes!®!! 1ba( 1Mcorporale3 (\yo 3e T iconcimciors
10 enbance 3bBOgHonN ol" 8b1; or 1be Nano8™wcwe8 Nor Eleclncal Ener8y
5(ora2e (HEE8) EPKC Cenler ba3 iieton8lral:ecl (bal precize nanoslruclLire5
can be con5{wclecl FO le3l JZle T3 of 3-0 nanobaxerie3 by éesi§ning
bl1/on8 oC 11Ny ba«erie3 1n5icle nmanopores. A8alllsl 1be clomble-\ybatTy
backiirop ol an ener8y cballen8e ancl a cTale cballen8e Il 13 (be role ol
nnoyallYe ener8y lecbnolo8les O proylc)e 3oclally accepwble 8olumons
Cbrov8b ener”y sayings; elTiclency 2alns; an(l (lecarbonl2avion. 8o \ybere
éce3 (bal leaye 'mano(ecbnolo8y'? Il Tay nol be (be 3Wyer bullel, bu(
nanoTalerlals ancl nanoscale appllcaiion3 Will baye an [Tpollall role 1o

play.

Tex117 The bll'e &\York o Mane Cune

Marle Curle 13 probably {be T03C Natoms \yotan 5cleTl13l \ybo ba3s
eyer 1lyecl. BoT Mana 8klo<lo\Y5ka T Polancl 1n 1867, 3be 13 MTON3 &F
ber \York on raclloaciiy1ly, an<l \yas N¥ice a \ylnner o' 1be Mobe! Prize. \Y1(b
ber busbanc!, Pierre Curle, ancl Henr! Kae™VV'e”el, 3be \ya3 ayyaréec! 1be 1903
Mobe! Pr)2e lNor Pby31Cs, anii \ya3 rben 3ole \ylnner ol LLle 1911 Hobel Prire
lor Cbetl13lry. 3be \ya3 1be Ir8{\\'otan KO\yln a blobe! Pr:re.

Prorn cbWinbooc!, Marle wa3 retarkable lor ber procl18loms TeTory,
acl ac (be a8e oC 16 \yon a 20lcl Teclal on coTple(ton ol ber 3econéary
ecllica(lon. Because ber a(ber 103( bl3 3aY1M23 (brou™b kacl inyes(ten(, 3be
(ben bacl (o (ake \York a3 a (eacber. ProT ber eanllll85 3be \ya3 able (0
Mnance ber 313(er Bronla's Tecbca! 3(uclles5 1n Pans, on (be un(ler5(ancling
(ba( Bron!a \yonlcl,1n (nT, la(er belp ber (o 8e( an ecluca(10n.

1n 1891 (bl protlse gaa3 NilMlecl ancl Mane \yen( (o Pan3 anin beSan
(o 5(cly a( (be 3orbonne ((be nnlyel-81(y ol Parl3). 3be ol (en \Yorkecl lar
1n(o (be MS8b( anc! 11%cl on b((le Tore (ban breac! anii bu((er ancl (ea. 8be
caTe nr3( 1n (be exatlna(l0n !n (be pbys!cal Sclences 1n 1893, anc! 11 1894
\ya3 placecl 3econii In (be exaTlna(lon 1n Ta(beta(lcal sclences. K ;ya3 no(
1 (be 3prin2 ol (ba( year (ba( 3be yyas 1n(roclvcecl (o Plene Curle.
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Tllelr Tarrla8e 1n 1895 Tarkeé Jle 5lalol” a palnerSblp (bal \Va5 50001
O acbleye resull» oC \yorlcl &nanilcance. Pollolyln2 Henn Becsuerel‘s
cUxcoyery 1n 1896 ol a ne\™ pbenotenon, \Wbcb Mane laler calleit
“racloaclyLly”, Mane Cwune éeclcle(l HO Tucl oml I (be raclloacllylly
(115C0¥ereit In mranm T \y35 KO be Mouné 1n ofler eletenl5. 5be cK3coyerec!
1(; 1bB \Y36 1rve or {bonuT.

Tuwing Her aelllion to Tlneral5, 3be lNovnc! ber 1nlere51 clralyn HO
p/icbblenée, a rnlreral xybose racKoacy’y, xupertor HO 1bal olf pure
vranmT, coubl be explalnecl only by 1lbe presence i1 1He orc ol 3Tall
Avanumek ol an mnknolyn 5Sub5lance ol” yery Hi8b acHyLly. Pien-e Cune
Joineé ber 1n 1be \york a1 3be lucl uniteflaken 1o resolye 1bB probleT anii
111311ecllo Jle cl3coyery ol 1He nely eleTtenl5, polonlmT ancl rackmT. \\11|1e
Plen-e Cune éeyolecl blt5ell cbledly to 1be pbyStoal 3LLéy ol 1be nely
raéla(10ris, Mane Cwurle 5(rm88lecl HO oblaln pure racuT 1n {be Telalllc
5lale. TbI3 \¥35 acbleyecl \yMb Jle belp oC 1lbe cbetl51 Anclré-bonls
OebleTe, one oC PEcae Curle's pupW». Baxec! on (be rexui3 oC 1bf5 research,
Marle Curle recelyecl ber Ooclora(e ol" 8clence, anii 1n 1903 Marle ancl
Men-e 3bareé yMlb Becsiere! 1be Mobel Pnre lor Pby51C5 or (be clsicoyery
ol racoac11\'ky.

The bir(b5 ol Marles (\yo ciaugblers,lrene ancl Eyc, 1n 1897 arcl 1904
lalkc! (o 1n(enulp( ber 5¢clen(1MC \York. 8be \yas appoin(eli lec(urer 1Mpby51C5
a( (be Ecole blor-tale 5upérlenre lor 21r)5 1M1 3eyres, Prance (1900), acl
1n(ro(lncecl a Te(bocl ol {eacb!n§ baxeii on experltenlal clernOr5(ra(10rs. 1n
OeceTber 1904 $be \y38 appoin(eci cblel” a5513(an( 1n (be labora(ory cWrec(ecl
by Plerre Cune.

Tbe 5uclclen clea(b ol” ber busbanii In 1906 \y38 a bl((er blow (0 Marle
Cwune, bu( \ya$ also a (urnlng po!M( 1 ber career: bencelolMb &= \ya3 (0
cleYO(e all ber ener8y (o cotTple(1n§ alone (be 5clen(1M1C \York (ba( (bey baii
unclerlaken. On May 19, 1906, 3be Wab appoln(ecl (o (be prolresxorxblp (ba(
bacl been lel( yacan( on ber busbanii’s éea(b, becoTiM8 (be M5 VVotan (0
(eacb a( (be 3orbonne. 1n 1911 3be A& alarcle(l (be Mobc! Pnre Ior
CbeT15(ry lor (be 18ola(ton ol" a pure Monn ol” rackuT.

Buring \Yorl(1 \Yar |, Marle Curle, \yl(b (be belp ol ber clavéb(cr 1rene,
(1eY0(ec) ber5ell” (0 (be cleyelopTen( ol (be ukc ol" X-racllo'rapby, lncluclin2
(be Toblle unKx \yblcb caTe (0 be kno\YI a3 “I((le Cunnes”, usec! lor (be
(rea(ten( ol \Youncle(l 5olcllers. 1n 1918 (be Kacllmt 1nx(1(u(e, wbose 5@
Mene kacl Jolnecl, be8an (o opera(e !m earne5(, ancl becate a cen(re lor
nuclear pbysto3 arcl cbenll15(ry. Mane Cune, noly a( (be bliibe5( poln( ol” ber
[aTe ancl, 'rot 1922, a TeTber ol (be AcaieTy olr Mecllclne, researcbec]
(be cbew151ry ol raclloac{lye 5ub5(ance5 arcl (bclr Tecllcal app||ca(lon!;.
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1n 1921, accotpanlecl by ber 1llyo clau8bler5, Mane Curle Taée a
rmTtpbani ~ontey HO 1be umnllecl g1ale5 O ralbe 1\T(15 Cor re$earcb on
racnt. \YoTten 1bere preselllec! ber a ~rat of raclwt Tlor ber
caTpai8n. Marle abo 8aye kcllre3 in Bel8lut, Brar/l, 8paln axl
C2ecbo5loyakla an(®, 1 aclcli(on, bacl (be $a(1${"ac(ton 0? 8eein§ 1be
cleyelopTenl ol 1be Curie POunclallOn T Parls, ané (be {nan”™umravon 1n 1932
1In \Yar5aly 0? 1Ke KacWut 1nxHLLlle, \ybere ber 515ler Bromia becaTte
Virecior.

One ol Mane Cwune» oml$lan(lln2 acbleyeten(@® \yaz {o baye
mnéerskOog 1be neein KOaccutmble xLlenze ~a™oac™\Ve 3ourcex, nol only O
wreal 1Mne55 bul abo KO Tainiain an abunclanl 8upply 1'or researcb. The
ex15lence 1n Pan.u a] 1be KacuT 1nSulllle 0? o 3HOck ol §raTt& oC raémT
Ta(le a clecl51Ye contribu[10M KO 1be 3mccess3 ol Jle expenTelll3 nnclenaken
1M (be years aromné 1930. Tbl3 \York prepareé 1be \yay Ior 1be é13coyery o(
1be nemlron by 51r late$ Chbaclly|ck arml, aboye all, {or 4be cW3coyery in
1934 by lrene ancl Préinénc Mol Curic ol anlllClal ra(lloaclly|ly. A ?ely
TollIb3 aiier 1bB cW3coyery, Mane Cune cHeii a3 a resull ol lenkaeTtla
canseii by exposure (o racavion, 8be baé oJlen can-leclle3l whbe3 coTalltrg
raclloacnye ~30kOpe3 1n ber pockel, retarkil® on lbe preKy blue-8reen V8bl
1bey 8aye olT.

Her cotrlbuclon HO pby3lC5 bacl been 1TTen5e, nol only 1n ber olyn
\york, 1be 1Tpolance 0? yybicb bacl been cleton5lralecl by ber 1\yo blobel
Pri12e5, bl becaunse 0? ber 1nMuence on 3ub3e™men” 8eneranon3 oC nuclear
pby51C1313 ancl cbeT1515.

Ex.1 Oo 1be lNolMoyk'llé 3(aletend5 a”ree \yMib 4be wlorta(lon 8lyen
in 1be lex1?

lwe I (be $1laletenl a8ree3 \yllb 1be 1nlortallon

Calze 1M 1be 3laletenl conlrackicl5 (be 1{'omiiailon

nol §1¥en 1? 1bere 13 no 1nlortaion on (bB

1 Marie Cune's busbanc! \ya3 a Jolt \ylnner o? bolb Marla‘s Kobe!
Pnres.

2 Marie becaTe 1Mlelesleclin 5clence wben 3be \yas a cblicl

3 Marle yya3 able to allenc! (be 3orbonne becamse ol ber 513(er’s
Mnancia1 Qn(1ibu(ior

4 Marle 3HOppec! cloln§ researcb [lor 3eyera! years \yben ber cbliclren
yyere boT.

5 Marle (cok oyer (be (eacbIn§ po51(ton ber busbanc! bacl bel(l.

6 Mane*3 313(er Bronia 3cllecl (be TecKca! nses ol rantoac(1yky.
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Ex.2 Cotplele 1be node3 beloly. Cboo3e one nyorii 'roT 4be
pa$5a™e 'or eacb an5\yer

Mar!e Curle'8 researcb on raéloacltly

\Yben nranlnt e g~3coyereli 1o be racoacuye, Marle Cune {ounc!
Va1 1be eleTelll calleif 7 .............. bag (He saTe propelly.

Mane anit Plerre Cune‘s researcb 1MO(be raclloacl1Y1ly ol Jle Lujneral
KMO\YN a5 8.....cccoovvvvvveeennn lecllo 1He cU3coyery ol 1\yo nely eletenl8.

1n 1911, Mane Cune rece”yec! reco8nlllon lor ber xyork on Jle
eletenl9. ..

Marle anin 1rene Curle cleyelopecl X-ra(o8rapby \yHicb \ya3 uBec! ax a
Tecllcal Mec™ M™MMe Tor 10 ..,

Marle Curle 5aly Ac 1rpoflance ol colleclln8 racHoacHye Talerlal
bol/ll [or research anii Morcases of 11 .....ccoc..oeeeee.e..

Tbe racHoacHye Talenmal 5lockecl 1n Pan3 conlrlbulecl KO 1be
c3coycnes w JSle 19305 ol 1be 12 ......ocvcvevneee. ancl ol \ybal \ya3 knolyn a3
aliliclal raéroacy/ly.

Owurilg ber researcb Mane Cur'o \yas exposec! 1o ra(llallon anii as a
resavk sbe aulTereé 'rot 13.....ccoceee
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3 8uppletenlary Tex(8

Tex1:1 Alcbety afler »be M|(1clle A8e8

ATon@ (be To3! TpoMarT ol {be European alcbet1513 yya3 Paracebus
[para'5el533] (1493-1531), a 8\y133 1rayelin§ pbyasician/surgeon ané fle irs!
10x1Co108181. Paracebus beleyec! 1bal 1be bob6y’s orfan3 ~Wwye®
aicbernicay, {Ha! 13, ibeil” LLncllon \ya3 KO 3eparaie Jle 1tpure I'roT 1be
pure, ancl propo3sep Jlal a balance ol 1bree conl:rol11n8 smb3Wnces (Tercury,
sullr, anin 3ak), \yblcb be calMein 1be ‘Yria prlrta,” wa3 necessary ?or
TalTaining beanb. Paracebu3 lreacecl /e pla8ume anii oiber cW3eases \y!ib an
aicbelical approachb 1bal incivéect aciT 1n131ering inor8anic 3ak3, rninerais,
an(l Telals. He belleye<l (bat wbat be callecl 1be “alkabesl,” cbe 3uppo3sec!
mnlyersa] 3olyelll, nya3 (be pbHo3opber’s 3tOne bui bacl no 1teresl In ibe
transtuiavon ol Telals, «[M111B, “Many baye &lcl ol' Akbewuy, 1bat 1113 l'or
1be rmaxkxn”™ ol” olcl arcl 3ljyer. Por Te 3ucb 13 notibe alT, builo con3sicer
only \ybat YilMwve ané polyer Tay Ve InTeclicines.”

Kobell Boyle 13 cAen consiclere( J/le iJler ol" Toclern cbetlsrry. 1n
1662, Hoberr Boyle (1627-1691) alllculalecl Boyle’s laly, yyblch 3llhes ibal
1be yoluTte ol a 8a3 iiecreases a3 (be pressure on 11 1lncreases, ancl ylce
yersa. Por rbl3 ancl olller 1Tpo/lani collinbuaons ro 3cxeniiic nuuiry, Boyle
13 8oTellTe3 callecl Sle laJler oT To(leT cberx3Try, bui be \ya3 noi a
8clemmsl !'m 1be curreni 3ense o rbe \yorcl. Halber, be 13 \ybal 15 callecl a
nalllra! pbllo3opber, 30Teone \ybo 3wcHeé liTclaTenial ~ve3™on3 aboui
nawre ani 1be pbyslcal nnlyer8e bebre {be 19(b cenlLlry.

Boyle \yrolie 1y'o paper3 on 1be iranstuiamon olf Ae eletenls,
claltiné KObaye cban8ecl 8olcl1lnkO Tercury by Tean3s ol “anlck3lyer,” Jle
In8reélenls olMybtob be W nol” reyea!.

Tbl3 can8b{ 1be avenl:lon ol 13aac blelylon, ano/fler enl:bus1aglic
alcbet13l, yybo, Vke Boyle, \ya3 Tollyalecl !'n bl3 researcb “by 1be 8oocl Il
Tay éo 1n cbe \Yorlcl.” The 1\y0 3ruicK up a corresponéence.

Cellra! KO Boyle’s elTolB \ya3 bl3 “couscmlanan bypoibesis.”
Accorcin™ 10 Boyle, all waHer cons!slecl ol yaryln§ arran8etenl3 ol
blenuca! cogmscles.

Transii)nTiing copper [o 3eeTec! FObeJus{ a Taller olrearran§is
1be pa«eT ol {3 codmacles whO 1bal ol Mobl.

Boyle wusecl bl3 1661 1lexl Tbe 8cepllcal CbyTt!51 IO explaln bi3
bypolbe3l5 anc! HO c1131155 Anstoine’s lMour-eletenls (beory, \yblcb baii
per313Cecl 1brom8b 1be a8e3. Boyle reco8nl/ecl 1bal celYaln 3mb3lLinces
iecoTtpose Inlo ofler 3ubsllinces (\yaler ecoTpose3 1nkO byclroZen arnc!
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no\yYn any r[uitber. Tbese (rt(laten{al 5ubxlance5 be labelecl eletenlx,
faHich coubl be {genHiieé by experiren(a(on.

Boyle wa5 a proMlc expenteller \ybo kepl Teucu'!on5 accomlls abowu(
bo/1 H|5 Majlnre8 anii 3ucce3sex. He Va8 a pioneer ol cbetlcal anmalys15 ancl
Llle 3cienul|c Telloc!, eniile53ly repealln8 bl3 expenTtelll3
yanaHon3 0 oblain be«er reanKs anii, unbearc! ol aton§ earler alcber1x15,
alway5 publ)3blng (be Telbocl5 ané éela|l3 ol bl3 \York !n clear lert3s 1lbal
conlcl be \Yiclely niklersloocl.

A nely 'ratenyork

By 1be lale 1811 cenlwury, lbe febl ol cbeTl3(ry baii ?uly 3epara(eit
Irow lra(MHonal akbeTy wblle retalnlng locusec! on ane3110M5 rela(1M§ HO
1be coTpo511lon Taler. Experlrenlalion basec! on 1He 3cienulic Te(bocl,
Ne pwublioaion oC researcb resulls, (be 3earcb [lor nely eleTtelW3 anii
coTpouniiz anclibcir appHca(ton 1n TecllcTte ancl 1nclvbiry benelclal (o all
Tankinih, anii o(ber conceT3 Wr3! aclclre55e(l by alcber1318 clalln2 back
Tany cenlunes »ere noly lbeclotaln ol TogeT 3clence.

ATon§ (be To3( 518MIcan( ol (be po3(-alcbenl!C cbeTl5(3 \yere (be
Prencb nobletan Jin(oine-banren( baY013ler (1743-1794) arcl (be Kussian
cbenl13{ O T1n Meniekey (1834-1907). 1n 1789, bayolsler \Yro(e (be Mr3(
coTprebensiye cbetl3(ry (ex(book, ancl, ke Kobeii Boyle, be 13 oiien
relerrec! (o a3 (be Ma(ber o!" TolieT cberl3(ry. bayols'er areec! \Yib Boyle
(baC Ari5(o(le’s 1'our-eleten{3 (beory »a3 rnl5(aken, anclin bl3 (ex(book, be
cotplleé a H3( ol Te(alMic ancl nonte{alio eleten(3 (ba( \youlg pou(
(opaarc! (be perlOcllc (able cleyelopecl by Menpgeleey 1n 1869. 1( \yas
Men(leleey \ybo cleton5(ra(ecl (ba( (be eleTen(3 comlcl be arran”ec! in a
perlocbc - re8ular anii recurrin§ - rela(10n3blp (o eacb o(ber baseit on (belr
a(otlc \yel8b(3 ancl \ybo crea(ecl a penocllC (able (ba( coul(l accura(ely
prechic( (be proper(les ol eleten(3 (ba( bacl ye( (0o be cH3coycrec!.
Men(leleey’s5 (able 13 511 n3eé (oiiay.

Cbetka! aues(ons: Our besl bopc or loTorroly

1ns3( a3 alcbety \yas a (oucb po!n( lor Tynac! cral (3, crea(lons, anc! -
For 13 (1Te - cures, cbet13(ry reslcle5 1n (be cen(er ol (be 3cienceH. A3 an
YW\ \e cbac!pUne, cbeTl5(ry (omcbes pbysto3 on one 3lcle ancl blolo8y
on (be o(ber. Cbetlcal Mie3(™on5 leacl (o enylronTen(al, 1nclms(nal, amc!
we/lca! appica(tons.

Or(en y~ork!ng (o8e(ber 1n researcb (eaT3 a( wnlyersl(le5 anc!
cogpora(lons, cbeT18(3 aromnc! (be \Worlcl are ieyelopln2 nely {ecbniClves
ancllnyen(10n5. blke alcbeT!3(3, 30Te(!Te3 (be process ol cb3coyery T18b(
enlall 13ola(ln8 3pec|lto coTponen(3; o(ber Mnclin&® T!8b( coTe IroT
cleyelopln§ nely coTpoillds.
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BoTe recenl rekearch:

11n1Yer51ly oC CaMCotla - 8an Prancisco btocbernisig (enAlMeé a
TeTory-boo5MNng cbetlcal 1n Llce, \ybicb T 18K1 one clay be mecl 1n
butan3 KOxTproye TeTory,

Cbeaper clean-ener8y lecbnolo8le5 conl be Tacle po551ble (banks FOa
e’V cl15coyery by a prolressor ol cbeT151ry a( Penn 81ale nnlyer51ly.

Thbe Ounke Cancer 1n5nLllle ?ouncl {bal an 051eoporo515 clrmg 3kFOppec! 1be
&oVb  breas! cancer cels, eyen w re515lanl Cutore.

Thexe are 5" a exaTpk3 0?boly TolieT cberl51lry carrle5 on 1be
alcbetlcal ymesC (“or (be elx1r ol Mik. (By Mwbele Peiier)

Paracebus [para'sebas] (1493-1541), 8\y15 pby3stoxan. He cleyelopecl
a nely approacb (o Tecllclne arcl pbHosopby baseit on obseryallon arkl
experlence.

? Tek! Yowursell

1\WWbo 5oien conbiclerecl (be ~(ber 0? TocleT cbeT18(ry? nby?
2 Oescnbe Boyle’5 laly!

3 Explaw (be “corpubcularlan bypo(besis”!

Tex1 2 The Blrlb ol Moiiern P1a$11C8

1n 1907, beo Henclrlck Baekelané, a Bel8lan 5clen(18( WO'WYR2 1n Ne\V
York, cl1$coyerecl ancl pa(en(ecl a reyolu(lonary ne» 5yn(be(lc Ta(erlal. H15
1nyen(10n, \Wbcb be nawec! ‘mBakell(e”, \ya3 ol' enonnomn3 (ecbnolo2wal
1tpor(ance, ancl elTec(lyely lamncbecl (be Toclern pla8(1c5 !'mclv8(ly.

Tbe (ew! “plax(lc” cowe3 (rot (be Creek plaii8ew, Teanln8 “(o
nonbl”. 30Te pla3(1C8 are clerlYecl (roT na(ural 3ources, 8oTe are 3eT!-
3yn(Me(ic ((be resnl( ol cbenllcal ac(ion on a na(ural 8mb3(ance), ancl 3oTe
are en(lrely syn(be(lc, (bar 15, cbetlcally en8lneerecl 1roT (be consii(uen(s
ol'coal or oll. 50Te are “(benwplas(lc”, \yblcll Tean5 (ba(, ke cancllelyax,
(bey Tel( wben beatecl ancl can (ben be re3bapeé. O(ber5 are
si(benno3e((1n8”: Vke ea”s, (bey cawto( reyer( (o (Kelr o1121nal y13cous 8(a(e,
ancl (belr sbape 13 (bus lNxecl 1br eyer, Bakel(e bacl (be c118(1nc(k)n 01' belnl
(be Ir3( lo(ally syn(be(IC (benno8e((1n§ plas(lC.

Tbe bl8(ory ol (oclay's pla5(1c3 ber1n8 \yib (be cl3coyery ol a 8erles ol
3enll-5yn(be(lc (bettopla5(lc Ta(erlal!5 1M (be Tlcl-nlne(een(b cen(ury. Tbe
1T p e w3 beblncl (be cleyeloptenl ol' (bese early pla8(lc3 \ya3 2enera(ecl by a
nutber ol' Fac(or3 - 1TTen8e (ecbtolo§lcal pro§re5$ in (be clotaln ol
cbelms(ry, complecl \ylrb \ylcler cukura! cban”es, ancl (be p1agnia(ic neec! (0
nncl accep(able 31|b8(!(nle3 lor clyylnclling 3uppbe3s oll ‘Uuxury” Talerlals
3ucb a3 (0r(013e3bell ancll\'ory.
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Baekelancl's 1nlere5( 1n pla3(1C5 be$wan 1n 1885 yyllen, as a YOHML,
cbet15(17 5luclenl In Bel™MunT, be eTbarkec! on rcacarcH 11110 plenollc
re51nx, 1/ ?romnp ol' sHcky 3ubxLLnces proiinceé \yben pbeno! (carboHc aclcl)
coTblnex an alclebycle (a yolallle vicl xrtWar O akoHo!). He soon
abangoneé (be 5ublecl, bo\yeyer, only rellirnw§ 1o 30Te yeary laler. By
1905 be \ya3 a \ycallly blely Yorker, itayln§ recetly Tacle bl3 1bruuc \yun
{be 1n\'envion o<*a new pbolo8rapblc paper. \Yblle Baekelanc! bacl bcen
busHy aTa551M8§ gollarx, 30Te aiyances bacl been Tacle 1n (be cleyelopTen(
ol pla3(1C5. The year3 1899 a(kl 1900 bacl xeen (be pa(en(1n2 ol” (be X
8e T 1-3yn(be(ic (berto3eK!” Ta(erlal (ba( coul be Tanul'ac(urecl on an
we(rlal 3cale. 1n purely 3clen(ilic (erws, Baekelan(1's Talor con(r|bu(ton
(o (be Nel 15 no( 30 Tucb (be ac(ual Ji3coyery ol (be Ta(ewma! 1o \ybich be
8aye bl3 nate, bu( ra(ber (be Te(bo(1 by \yblcb a reaciion be(\yeen pbeno!
an(3 MNorralclebycle conilc) be con(rollecl, (bus Tak!lM2 po3srble K3 prepara(ion
on a cotterclal basls. On 13 Jljly 1907, Baekelancl (ook ow( bl MaToms
pa(en( riescnbln” (b3 prepara(1of, (be e3sen(lal Mea(ures ol \yblch are 5(1111n
n3e (oclay.

Tbe on2lnal pa(enl: ou(Mnecl a (bree-3ii”e process, 1n VWh'cb pbeno!
ancl lbrnlalclebycle (&OT \yoocl or coal) were 1Mi(lally cotblnccl wnclel’
yacywT 1micle a larSe e”a-3bapeé ke((le. The resml( \ya3 a resln kno\Yn a3
Neyalak. \yblcb becawe 50luble ancl Talleable yyben !lea(ecl. Thbe resln W
allolye(l (o ccrol 1n 3balloly (ray3 wun(|| 1( barclenecl, ancl (ben brokeu up ancl
8rouncl 1n(o polycler. O(ber 3ub3Once3 \yere (ben 1M[roclucecl: 1nclmcl|nS
MWers, 3ucb a3 \yoociMour, azbe3(03 or co((on, \yblcb 1lncrease 3(ren«(b ancl
Tol3{ure resl5(ance, ca(aly3(3 (3mb5(ance3 (o 3peec! up (be reac(ton bc*yeen
(\yo cbetlcals \yl(bou(]01n1ng (o e!(ber) ancl bexa, a cotpouncl ol atTonla
ancl lortalclebycle \yblcb 3uppWec! (be aclcl|(l0nallortalclcbycle necessary (o
Fort a (berto3se((1n» resln. Thi3 re3ln \ya3 (ben 1el'( O cool ancl barclen. ancl
8rouncl np a seconc! (une. Tbe resmblng 2ranular po\Y(ler \ya3s raw Bakcll(e,
reaily (o be Taie 1n(o a ya3( ran”e ol' Tanul'ac(urecl oblec(3. 1n (be la3(
5(a8e, (be bea(ecl Bakell(e \ya3 powurec! 1n(o a 'tolloly nouW ol (be recluljecl
3bape ancl 3ublec(ecl (o ex(rctc bea( ancl pressure; (bercby “3e([1n§"” K3
Conn lor ble.

Tbe cle3l8n oP Bakel(e obJec(3, eyery(b!n2 I'rot earnng3 (o (eleylslon
3e(3, \ya3 8oyetecl (o a lar}e ex(cnl by (be (ecbnlcal re”u”rctenl3 ol (be
Toulclin2; proces3. Tbe ob”ec( comlcl nol be clesl2necl 30 (ba( /1 yya3 lockccl
1Mo (be Tomlcl ancl (berelore cl1Necul( (o ex(rac(. A cownton #lucn|! Tle
\ya3 (ba( ob”ec(3 3boubl (aper (ouyariiz (be cleepe3( par( ol' (be Toukl, arkl I
necessary (be procluc( wa3 mtovlclecl 1n 3epara(e pleces. MouM3 ba™ (0 be
careluly clesl»ne(l 30 (11a( (be Tobcn BakeMio \You!ll [Moyy eyenly ancl
cotple(ely 1n(o (be nouk!. 3barp coTters proycc! 1tprac(lcal ancl \ycrc (bus
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ayowec!, 21yw§ Mbe KO 1be bntoo!!! 51reatMnecl” 5(yle popular w (be 1930x.
The (blckne$8 ol rbe \yall5 ol” 1be Tomlcl \ya$ abo cuwcmal; rbrok \yall$ look
lon8er 10 cool arcl baréen, a lackOr \yblcb bacl (0 be comblclerecl by 1be
cle$18ner 1n orider 10 Take (He To31 eO'lclen( nse a* tacblnex.

Baekebng's wnyen(1on, attbon8iiirea(ect x1(11 clj8claln 7 118 early years,
‘Aelllon 1o enJoy an uHparalekc! popuiarily \ylmucb 1a5lec) (bromgbouC Lk
Mrbl VaH' o { (He 1\yenuelb celllury. Il becawe 1be \yoncler proclucl ol” 1be nely
\yorlcl 0? incwm$irial expan510n - 'UYbe wailerial ol a Slonsané meex”. Beilp
bolb nonporous anii 1leal-rex15lanl, BakeWce Klicllen \yere protolecl
a$ bein§ SenTi-l'mee ané 5lenllbable. Eleclncal tanu~acll rers 5el2ecl on 115
1n8ulallr: properiies, ancl con”~uterx eyery\ybere relsbeit 115 éarriing
array ol‘ 3banes, clel18Hlecl (bac 1bey \yere noly, a( 1a5(, no lon8er reSalclecl HO
1be \yooé tone5 anii clrab bro;yn5 ol” cbe pre-piasiic era. « Jlen Tell IroT
nyour agal!! curll2 (be 1950%, anii yyas clebpl5eé anit cleS(royecl 1n yas(
an(™("e5. Kecen(ly, bolyeyel, 11 ba3 been experlencln§ 5o1e(111M§ oC a
renal55ance, yyl(b renelye(l iietaHé ?or oli81na! Bakell(e oblec(& 1n (be
collec(or$' Tarke(place, ancl TusenTts, 50Cle(le5 an(l éeclioa(ecl incbyicimal$
once agal!! apprecia(llB (be 5(yle ancl orl2lmall(y o!" (bk 1nn0Ya(1Ye rna(ellal.

Ex.1 Cotplele 1be KMTTAry.
Cbooxe one \yorcl only ~'rotr (be pa5%a8e [or eacb ans\yer.

50Te plabliC8 bebaye 1n a 8ltllar \yay (o (1) n (ba( (bey Tek
mncler bea( anii can be Tomblec! KO new brT3. Bakell(e \ya3 wunisauve
becanxe 1( \ya3 (be Iy Ta(erlal (o be bo(b en(lrely (2) 1n ori8uwi,

ancl (benTto5e((1n8.

Tbere \yere 3eyera! reason3 1br (be researcb (o pla5(1C5 1n (be
nlne{een(b cen(ury, anton” (beT (be 8rea( aiyance3 (ba( ba”™ been raacle in
(be TEILCl of'(3) acl (be 3earcb Tor al(eta(lye8 (o na(ural
resonrces Hke 1Yory.

Ex.2 CoTplele 1be Mo\y-cbarl.
Cboo3e one WYorcl oaly J/ToT (be pa33a’e &r eacb ansyyer.

Tbe Pro(luc(lon ol 1{akel (e

Pbeno!
PortaMebyiie cowblnc vncler yacumiw
g
5lalie one re51n, callecl(4)........

coo! uni! Harucneii
1
brcak up aTii krjncllnlo po»cler

(e.p. coHon, a%bel*n>")

66



P T LY A ——— >
(6) >

rortaMebyn - >

c<X11 uTM Hariienei

\v

break up anc) knncliMlo poxiicr

3
(7) wmbake|le

bea(

pour In(o T o 1|t

4
apply InlenSe Mea( ark) (8) ..

coolunf| bar<lenccl

Ex.3 \Yb|cH byo ol" 1Ke lNolloly!n§ lMaclor« !nMuenc!né 1be JleBEun ol
Bakel(e obJecl3 are Ten(toneclln 4be lex1?
A 1be (rTcuon \Wcb LLe ob™ec \yonl(1 3erye
B 1be eaze WYb \yblcb 1be re$ilcounll A (be Tou >
C (He Pacl11$%y Vb \yblcb 1be objecl coull be retoyec! Prot 1lbe
Toun
B 1be H 111a{10r8 ol 1be Talenal5 wxec! (o Tanulacllre 1be TonM
E 1be Nasbtonable 81lyle5 ol /e perlckl

Ex.4 Oo (He lNoMorun™ $(a(eten(5 a8ree \yub (He {nlrorwalion §'yen
w 1be 1ex1?

1rve 1be 51a(eTenl15 1we accorckng (o (be pax3a’e
[al8e 1be 51a(eTenlis Mabe accorcl1ng HO(be pass3a’e
nol §1Yen 1be inlMorTatton 15 nol 8lyen 1n 1be pasika™e

11 MoéeT-inay plablic preparaiion  baseq on lbe 3awc princlple8 ax
Nal palenbl 11 1907.

12 Bakellle \ya3 1TTeélalely wekoTel a3 a prac(lcal ancl yersallle
Talenal.

13 Bakelle uya3 only ayaHable 1n a 1lmllecl raHge ol colowrs.
bMp://nny«.ke!(5-exaT.nelpracblce_»e5»5/40/ E1T5_Keac)TE_Pa5$age_1/343/
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Tex! 3 \Yby a $lrackranu$ ylo]in $oun(]5 $o ~ooc!...

AxkK anyone \ybo Taie (be \yor’5 besl ylon3 ané Jley’W ineYiably
an8\yer 'siracliYan'. Bul sclence 18 be2innT2 1o mnclertlne Llle repu(alion
o' (bl3 8real 1M51wTeT raaker wboT, Il BeeT3, T18bl olye ae leabl pan ol
b3 kuccess o an alleTpl al cbernical pc5l coTtrol, rarber Llan u51 BI5
cral/i5Tan5b|p.

AnkON10 5rracllYan \ya3 born 1n 1644 ané 1lyecl 1In Cretona, a Ciy 1n
nolb\ye5111aly. He 3el blt5ell” up a5 an 1n51rmtenl Taker in 1be 1680’5 bul
big "golen penoé", clmnng \yHicb be 13 belleyeé HObaye proéucec! 30Te
b18 beal 8w Teni1s, cém’l cote unH! Sle MOO3, by \yHiob nte be wa3
oyer 70 year8 ol.

Abounl 600 ol b13 {n3nunTelll3 are LLlon8bl KO3urylye FOgay ang 1n8§ooé
corncllllon lbey are eacb yyonb al leasl $5 THWon. THe beiiy prioe 1a§
relecl5 1be Nacllbal, nol only are (bey 300 year3 oW, (bey’re 1bom8bl HO be
8ennlnely nnnyallec! 1M lert3 o? 1be swallly ancl purily ol 1be 3omnc! lbey
procluce. ENecllyely Sley’re {be Kolls Koyce 3Wyer Obo3C3 o' (be Tn31C»
\yorM.

Noi 8urpnsln8ly ycry “wV o\yners are WI111I8 HO clonale 1belr
LL5(ruten13 "1n 1be naTe o{ 3clence”  belp researcbers uicl on{ \yby lbey
are 30 3peclal. Bnli1’s been a 11lellte atbl{ion ol Hun8anan-boTt 8Cenl31,
Tm3lclan arcl Yl1olt Taker losepb bla’yyary, \ybo’3 al3o an eTenlls
prolessor 0? btocbeTi8iry a; Texas3 A&M mnniYersiy, 1o éo Jusllba(. No\V,
(bank3 KO30Te 1ny nyooc! MNragTeT3 clonale(l by re3tOrer3 gaorkln§ on rbese
ytoln3, be 1bInk3 be knoly3 1be an3\yer.

Ma8yyary wm3ec! a ecbi”™Wwe calleé !nlrarec] 3peclroscopy HOclWszecC oml
1be cbetlcal 3lruclure ol /le \yooé 1n 1be Jlatelll3. He 1ben cowparei U
\y1A 51tllar 3atple5 collec(ecl CroT an olcl En§H3b ané an ol Prencb
1n51rmTenc clann§ n'orn 1be 3aTe perlocl.

The resmb3 \yere 31inkilb. The lrace noT (be 8iracbyarins \yas yery
cl1?leren( 'roT 1be olber Emropean 1nslwTten[5. II; 3boyy3 318n3 ol" baYil§
been cbetlcally bruwuHsec!. The atonlll ol" 8nin 1n {be yyooc! \ya3 reéumcec!,
ancl {be betl-celkllo8e, “blcb ac{3 Vke a wolecnlar brie bolclu§ cbe
\yoocl lo8e(ber, yya3s 8rea{ly nataSecl. Tbl3 xyonY (lrataClcally aker 1lbe
resonaw properrle8 o0? (be \yoocl ani cban8e 1(3 acom5{1c3, acconn(ire Ior (be
pn3(1ne 3omnc! (ba( 51M21e3 on( (bese 1n3{rmuten(s.

Bu( \yba{ conll baye camsec! (bl3 cle8racla(lon 1M (be \Yoocl? 1n an
a((etp( (o reprocluce (be elCec(, Ha8yyary (rlecl bo|11n§ arcl eyen bakilB
5atples ol To(lern \yoocl, bu( (be (rea(ten( \yasn’( barsb enon”™b. bl3(eacl,1(
3eeT3 5{racllYarl, or (be caden(er \ybo 3uppbec! blT, nnl3( baye resor(ecl (o
cbetlcal Teans, probably 1n (be lNorw ol copper arcl lron 3aks3, \ybicb are
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51ron8ly ox1c1151n2 anii conl conceilYably bare clata8ecl 1be \Wooc® 1n 1H5
\yay.

To I'cl oml exaclly \ybal cbet!cal5 (bey Tux! baye mzec! XMIl resmlre
accexs KO Tore \yoo<l I'ra8tenl5, \yblcb comW lake xoTe 1iTe. "These
$aTple5 are barc! HO 8l," Ka8yyary say5. ""You cannol approacb Hrak
Perltan ané a3k b1t KO81lye you a cbunk ol b15 $1raéiyanus llor analys1*."

Bnl Wby cbeTtioally Taxsacre your {blure 1n5lrutenl any\yay?
bla8yyary 1bink3 1be anS\yer 15 al éoxyn 1o a prit 11Ye auvetpl al
preSeryallOn. "1 aT a bereHc 1M 1b|3 re”aré. | really ion’l 1bink (bal
8lra(1llyan cli<libb lor acomsucal! pudose. | (bink 1bal \ya3 a ra(ber rouline
proce33 arounc! 1bal 11Te, In Cretona, \ybere To$1 \yooclxyorker5 Hec! HO
preserye 1bclr yyooc! azainxi 1be \Y0O(1\YOrT. 5lracllyan \yax a Taryellous
cranstan,” Na8yVa’y obseryes, "bul rbe Ta8MiMcent 3omnc! ol bk
3w Ten13 13 a lucky acclaent.”

Na8yVa“y e(al, Nall”e 2006, yol444:pp 565
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Texn

1. An exaTtple oCa cbetlcal cotpounc! 1$,
A) alr;

B) brass (an alloy);

C) 2ranue (a rock);

O) rable 3ak.

2.\Ybicb naTte/3yTtbo! cotblnaCtwon 1$>yron§?
A) Tun83wn/\Y;

B) P1nonne/P;

C) 81110081,

O) 5elenlnT/8n;

E) 3Nyer/Aga.

3. CoTtpoun(1$ are ({{{Teren! lrow T 1X(ure$ becanse coTponnés ...
A) are coTposec!  1\yo or Tore 3ub8lances;

B) baye cotpo5laon5 (bal Tay \ary 5roT 3ubsLlnce to 3ub3Llnce;

C) ablays baye 1be 3aTe 3el ol pby3lcal propenles;

O) can be 3eparalecl by pbyslcal Tean3 MHO31Tpler 3ub3lances.

4.\Yblcb o!”»be lollo\yln@15a cbeTka! propely ol lron?
A) occurs w an abunéance ol 4.7% 1n 1be eallb'3 crusl;
B)Tellsal 1535 “C;

C) auracle(l HOa Ta8nel;

0O) LB13 \yKen expo3ze<l KOT0131 alr.

5. Conyerl -78 ®C 10 “P.
A)-108 “P;

B) -61 “P;

C)-195 "p;

B)-351 ‘P.

6. \\'ba( 15 (be branck ol cbetl5(ry (ba( 1$ beil” appiiec! T
Tea$mrin” (be concen(ra(ton olran alr pollmu(an(?

A) analyncal cbet131ry;

B) blocbet131ry;

C) 1nOr2anlc cbet131ry;

0) or8anic cbetl3lry;

E) pbyslcal cbetl3lry.

7.T P Or”ank cbetl5(ry 15 (be 5(u(ly ol (bo3se cbellllcal proce3sBes
(ba( are Foun(l 11 |ly!'n”~ ky5(eT15.
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8. NaTte *He brancb ol Aaaence {84 Tyolye8 <bc Anlly ol TaKcr
anii 1be cban”eB I* n/ler”~oes.

9. >Yba* ifo '«'e call any(blIng *ba» Mae Take anit occup!c™ «pace?

10. \YHa» iio call elec*ncally cbar”ec! par(lcle$ {Ha» rc*ml( INmow
(He 8aln ol one or Tore eleclron$ by a paren* a4oT?

11. ~obn OaKon propo$ecl (Ha( all a(ot$ ol an eletcn( Hayc
laen(lcal properHes. BHefly, explaw «-by (blk propo$all$ Inyar(l.

12. ~. 1. THoteon 1n 1897 announccc! {bad caOtw”e rays cornb18{ccl
ol"a K~ reat ol

13. 1n one 8en(ence, 1?ade KbeHmo(¥8 1Tpor(anl con(nbuHon (o
our Kno«'le<)8e ol a(oTl $(ruc(ure.

14.\Yb!cb ol (He lNllomyin§ 1N 07 a pby$!cal proper*y ol Talcr?
A) o<lor;

B) coTpre851bll!ly;

C) Nasb po'ni;

O) T e 11118 polnd;

E) color.

15. >YHa4 Kircl ol cban”e alyays re$ull$ In Nee MortaHon o ncly
Ina(enal$?

A) Tolecular;

B) exo/lerT3c;

C) en(lolHertic;

O) pbyslcal;

E) cbetlcal.

16. \Yb]cH ol XKe MMW"E 18a cbeTlcal propcriy?
A) AatTablly;

B) color;

C) barclnebs;

O) oclor;

E) 13510.

17. \Yblcb one ol XXe TolMo™T™ 1$ an exatple ol an ex»cn5lYe

proper{y?
A) clen5lly;
B) 5pecl¥c §ray|ly;
C) Tass;
0O) bariiness;
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E) bol/n§ leTperalure.

18.

>\"blcb ol 4be ii>11o\yww§ $(a(eTen(8 rela(ln”™ lo Bobr'$ To(1cl ol

(be byclroSen a(oT, 1$ Incorrec(?

A) Tbe 10Ne3l ener8y orbx! bas ~manl;ut nutber n= 1;

B) Tbe bl8besl energy orbll5 are liwbes! I'roT 1be NMcKus;

C) 1n a tran3ifon ii-0T 1beun = 3 KOJle n = | leyel,1|8b113 ewjnecl;

O) Ener8§y é1lerences bellyeen ener8y leyels can be calculalecl IroT
1be \VaVelen8 b5 ol 1be ab3orbec! or etlnecl;

E) Tbe 8realer Jle ener8y (11Merence belyyeen lwio leyels, 1be lonSer
1be yyayelen8lb ol rbe 8bl ab3orbec! or eTlne(l.

8.
9.
10.ExplaT \yba( 18 Tean( w cbeT15(ry by (be m'orii "coTpounc

Te812

1n \yblcb 8(a(e (loe3 TaKer baye a éelMnKe 3bape ancl yolute?

1n \yblcb 8(a(e o TaKer are lorces be™>Veen parlkles leas(
(lo T Inan(?

Jlyba! ¥nJ1 oCcban”e éoek no( aKer (be cotpo3Kwn or !(len(1(y
o!" (be 3ub3(ance un(1ler801ng (be cban”e?

Conyer510n o' 1ce (o Vaull ~a(er or 1lam|(1 ~a(er (o 3(eaT !3an
exaTple oCm'bal Kncl ol cban”e?

\Yba( (ype ol cban”e Kk represen(ecl by (be clecay ol a al'ken
(ree?

Clye an exaTple ol a cbewlcal proper(y oC!ron Te(al.

\Yba( (10 > call (be 3(ar(In§ an(1 Mnal Ta(enals !n a cbetlcal
reac(10n?

\Yba( 8Tean( IncbeT13(ry by (be (erT "pure 8ubs(ance™?
\Yba( are («'0 Kw(13 o!" pure 3ub8(ance?

11.\\"ba( are (be (>yo cla$8e3 oI T LX(ure8

12.C|ye an exaTple ol a be(ero8eneomn8 Tix(ure.

13. \Yblcb ol (be lNolloly|n§ (erT3 are appropna(e In (Jescrlb|n§ an

apple?

pure 8ub$(ance; eleten(; coTpoun<l; TIx(ure; bOr08;eneOn8;
be(ero8eneons
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13.bI5» *be XXree prirary par(lcle8 loun(l T an a(oT.

14.1n a newnlral a<ort, \yba4d nutber ol parHclca b caua! 1o (MNe
nutber ol prolon5?

15.C|¥cn <Ha( He Hellut Ha* an 18o{ope prc<|lc< (bc nutbcr ol
elec(ron$ 42,1Ma belunt a(oT.

16.HoM Tany neu”ron* are pre8en{ T an a»oT ol »bc i<lofopc 3 7
bl?

18. XYHa" 18 *be (ert Tor a(oT8 ol »be «aTe elcten( Kay!n”
(1rrerenl Tasase* e *oa cUlTeren» nuwber ol ncu*ron*?
19. 1n one sen”ence, 8{a*e Knlberlfora'8 !Tpor»an» conlrlbuelon <0

our kno\yleiise o aloT!c 8lruc’ure.

20. \YH!cH 8<afe ol'TaM er ba8 no clelMl»e 8bape or yolurc?
A) Hanicl,

B) 3o0llcl;

C) yapor;

0) 5learT;

E) éas.

TC5*3

1. Ubicb one oMbe MoHon\iMB 18 an exaTtple ola pure 8nb8»ance?
A) e{byl alcobol;

B) suar W'y,

C) 3al arcl pepper;

O) rnllk;

E) san(l.

2. Alr 18 al/an

A) eleteni;

B) coTpoung;

C) IixiLre;

O) Tolecule;

E) pure 3nb3lance.

3. \¥Ybal 1lype ol T1x4ure 18 rcprc8cnde(l by a collecHon ol 3all ancl
pepper?

A) a0 T3;

B) Tolecnles;

C) 501v110rm;

O) belero8eneous;
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E) boTo8eneons.

4. \Yba» KII(L($) ol par(lcle$ can bc lMNovnc! !'n (be nuclen$ ol an
a»oT?

A) protons;

B) neunlrons;

C) ekcrrons;

B) pHOn3 ané eleclrons;

E) protons ani nenlrons;

5._THe *olal TtaB™ ol (be pro(on$ !m any nen(ral a(oT 1$ abou(
___ Hre8 (be lolal Ta«8 ol elec(ron$ w (be a(COln.

A) 0.0005;

B) 0.3;

C)1;

0)2;

E) 2000.

6. \Ybo cUBcoyereii (be ex15(ence ol (be a(onllc nuclens?
A) Crookes;

B) TKoT3on;

C) Cel8er;

B) Kuwberlorc!;

E) Bobr.

7,1n Ku(berl'or(l &Cel8er'8 expenten( \yb|cb ki1 (0 (be kcoyery
ol (be a(oTlc nuclems, m'ba( (ype ol par(lcle or ray “ya3 IMre(l a( (be
Io|| (aree(?

A) alpba;

B) bela;

C) éaTtTa;

O) neun(rons;

E) ca(bocle rays.

8. \Yblcb ol (be lNllolyln§ 3(a(eten($ rela(t§ (o Bobr's Toclel ol
(be byclro™en a(oT, 1$ IMcorrec(?

A) Tbe lolyesl ener”y orbi( bas *mnanlUT nutber a = 1;

B) Tbe bi8be3s1 ener™y orbi13 are iiwbes! Mmow (be nucleus;

C) 1Ina (ransuton I'rot (be n = 3 KO(be n = 1 leyel, 13 ernlve(l;

B) Eneréy éliierences belween ener8y leyels can be calcula(ecl rowwu
(be \ayelen8(b3 ol (be V&Lr( ab3orbec! or eTlHecl;

E) THe 8rea(er (be ener8y cHHerence be(“"Veen (wo leyels, (be lonSer
(be \yayelen§(b  (be M8KL ab3orbeé or ermi((ecl.
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9. >¥Ybo proposeli <bal clec»ron8 comla beHayc MNke >yayc8, a* yycllas

ke parlicle8?
A) TboT3on;
B) Kulberlorcl;
C) Bobr;
0) cle Bro8l/e;
E) Hel5enbers.

10. True or Pal8e Tbe «erw ""5olmnllon' reCer* only *o Hoto”*cricon*
Tn(nre$ ol Narc!”.

11. T P Accor/inii <O Totiern a(oTk (Hcory, all a<oTsa ol a
parelcular eleten( Haye !(lenllcalpbyska! propere*.

12. T P AccorIrB *o Toiicrn a»oT!c {beory, an a<oT canno* be
crea(eb, JlyWeii, iieBroyein or conyer(eii *o any o<Her lypc ol a»oT.

13. T P Tbe a”owk nutber ol an ton blb vB 4be nuTbcr ol
prolon8 »Ha™are pre8en(.

14. T P 1lan a”oT 8aww8 one elec{ron, N becowes a ca(10n.

15. T P THe Mrsie expentcn»ally basiec! (Keory ol @»oTIC8ruc(ure
\ya« propoBeii by “ol”*n Bawuon.

16. T P ~. J1 Tbowson yyaB *be [Mr8< 40 **a»e »bal an a«0T B LWoaAHy
eTp” «pace.

17.T P 8bor» \yayelen8*b3 ol eleclrotaencHc racllaHon Haye Tore
energy (ban 1lon8 >yayelen8»bb5.

18.T P Ku™HerCorc! y™as »be Ar8< »o mee »be »ert "orbU" »o explaln
*be Mxeii ener”y leyel8 ol elec(ron8.

19.T I N7el5 Bobr cleyelopeii a (beory >ybkH accomn{cll lor (be
[Ine5 1M (be Y1$1bk re§10n ol (be byiiro~en 5pec(ruT.

20. >Yba( Kwii ol cKan”e ioes NO07 aKer (be cotpo8(ln or
I(1en(1(y ol (be 5ub«{ance nn(ler501rN3 (be cban”e?

A) Tolecunlar;

B) en<lolbertic;

C) exolberlnlc;

B) pby5lcal;

E) cbetlcal;
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abun<lanl
aiiyocare

alloy
anion
agnalic
baler

banx!(e
beaker

bra$$
bubble

ca(ion

Ceblus

cbunk
cbuw
COTbn$(10n
coTpoumnc]

“NA
(leoxynbonuclelC
acy

eunaHon

Pabrenbe!”

JNnonne

g1Yen creii/l1 For be

Clo*8ary

ex1311MB 1M lar8e suanllles
w expreks 3upporC lor a panlcular Iclea or way ol cloll 8

1bln83

a Telll! 1kal; 13 a rmixLLre ol" 1\yo or Tore Telals

an lon \Yub a ne8aliiye eleclncal cbar8e

Wylne or 8MONelM§ 1n \Y3ler; relalec3 w Luarer

a rnixiure ol Howur, rn|lk, anii onen es§s M3eé 10 Take
cake3 arcl pancakes (= 1bin 6-lecl cakes), ancl KO coyer
3b, eto bellore 1113 &le<l

A lype ol rock I'roT \yblcb alutlnuT 13 oblalnecl

a l1all cup wimbon! a baricHe, nsmally wiacle ol plaslic
a3bTy yelloly Tew!

a ball ol 8a3 J1al appear3 1n a Wswmicl, or a ball Mortec!
ol" an 5urrovnclecl by nanlclibal HAoaC3 T 1be alr

i cbetl31ry, an 1on (= lype ol atoT) Jlar ba3 a
po3i11Ye elec(rlc cbar8e arncl (berellore Toye3 {owar/13
1be callloge (= ne8aliYe pan ol eleclrlic cell) clurlng
eleclrolysls

a weasnretet ol {eTperalllre :n \ybicb \yaler Ireeres
al 0° ang boll3 al 100°

a larée pl'ece o5 3oTerblnii

HOwlx 30Telblng, especlally Hanlés, \yllbiireal Morce
Jle process o butlnii

a cbetxca! 1bal coTbxnes Lwyoor Tore eletenls:
recoélMizably (51{'&renl 1n nalllre &ow 30Te1bilB else
ol a 51tllar lype

a cbetlcalln Ne cells ol 1lyln§ 1bings \yblch conralng
8enelic 1n&rrallcn

\yben yom 3boly Jla! 1lyo atounCs are eama! m3ln§
Tallletallcal 8ywbol3

a 3cale ol letperallre on wblcb waler Nreeres al 32°
ancl bolM3 a1212° wnier 3LLInéaré conckirlons

1be cbeTtlcal eletenl ol akOTlc nutber 9, a p0150rous
pale yelloly 8a3 ol 1be balo8en 3ene3. W 13 1be T031
reacmye ol all 1be ekTew 3, can3ln§ seyere burns on
cowali \ykb 3kir (8ytbol: P)

pralse 1bal 13 élyen 1o 3oTeone [lor 3oTe/binii Jley
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(1/8coyery
EYP*nt

bararc!

ITpun{y

HTtea™one

Nupely

raarble

Talier
TIX™re
ToHen

o(Jourle$s
0026

oxI(le
parHcle

poHrayal!
po(a$b1vnl

proper’y

reaclanl
nT
w4

$elentunl

baye clone

a bar(l \yb!le 8nb3lance 1bal 13 msiec! w Taklne plab{er
ol Par15

8oTelbln8 1bal 13 éan”erom3 ancl [lkely HO cawmse
natane

\Vben a 3uba3lance 18 T!xecl \y¥llano/lcr 3ub3slance acl
Takes 11 é1rty or lolyer !n aval™y

nol baYilg a 3lron§ lasle or c]iaracler, or 1lay'nmé no
T lereg[ or enersy

a \yblle or 1!8bl §rey rock ‘J/Tbkb 13 usec! a3 a bWl
Talenal anc! 1nlbe Tak!nii ol ceTenl

HO(camse a ~a3 or a 3oM/c! HO) cMan”e 1nlo a Wsumicl MorT
a 3ubsllnce, lNor exatple waler, 1bal !3 nol 3ollc! ancl
1bal can be pouref eas!ly

a lype ol yery barin rock \yblcb ba3 a pallet ol" Hnes
801IM8 Nrongb 11, eels colc! arcl becoTe3 3100"b arcl
3blny \Vben cLLl ani1 pol3bec!

e pbyslcal 3ub3llinces 1bal ex1511n 1be vnlyerse

a 3ub3slance Talie ol olber 3ub5lance3 (bal Haye been
coTblnec!

cle5Cribe8 Tela! or rock 1balls 1na 1smicl sllle becanse
ol §real beal

\yl(bonl a 3Tell

1lra Nsamict oores J1oT 30Telbln§ or !M30Telbln§ oores
a VoM, 1be Nmmicl coTes oul 3lowily

a cbetlcal cotblnallon ol oxy”en anii one olHer
ebtell

a yery 3wall paii ol"an aloT, l'orexatple an eleclron

or a prolon

wben you polray 3oTeone or 8otelb!nii

1be cbetlcal ekTen! ol alotlc nutber 19, a 304,
51|yery-\ybl4e reac{iYe Telal ol 1be alkall Tela! yromp.
a uallly ol 3ote(blng

a 3nb3lance 1ba{ 15 pall ol"a cbeTlcal reacllon

1be e<38e ol 30Telblns rovnc!

a clark oran”e 3ub3slance 1bal you 8el on Tclal wHen 1
ba5 been éaTta8e<” by alr ané waler

Nle cbet!lcal eletenl ol aloTlc nutber 34, a Bray

7



gjj|con

8||yer

$olumble
(borou”b

(18%ve

(nng$len

>yel(llne

crysialne nonrteial 5e T lcorncwmciling properiles.
(8ytbo1; 8e)

lbe cbetlcal eletenl ol alorlc nutber 14, a
nonteial 3eTiconcmcnné propenies, wukec! 1n
Takine eleclronlc clromlls. Pure sllcon ex113 In a
3blny (lark 8ray crysblHne lorT an(l a3 an atorpbous
po\V¥enN (8yTbol: 81)

a preciom3 3bTy 8rayl5b-\yblle Tela!, +e cbetlcal
eletenl ol aloTtlc nuTtber 47. (8yTbol: AB)

able 10 be d/88olyecl o 'onn a 8olullon

carelll! acl coyenné eyery clelall

a urovp ol conneclecl cells w an anltal or planr (bal
are 3ltllar 10 eacb o(ber, baye 1be 3aTe pudgo3se arl
lForTt 1be 3lalec] parl ol (be anlTtal or plaw

Ne cbeTtica! eleteT ol alotlc nutber 74, a barc!
3leel-8ray Tellll ol 1be wran3wmon 3er”e3. U ba3 a yery
biI*b Tekln§ polt (3410°C) ané 13 ms3eil 0 Take
elecwc Vébl AkTell 3. (8yTbo1;

1be ac1Y!1ly ol |01nlnk Te”a! pa/l3 1o8elber
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