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OT cocTaBuTeJ s

Hacrosimmee yue6HOe mocoOue mpeaHazHadyeHo I CTYIAeHTOB MIBaHOBCKOTO
BXK UI'XTY, ywammxcs 10 knmacca xumudeckoro muues, ctyaeHToB | m II
KypcoB, ywammxca 10 - 11 kmaccoB xumuyeckoro muues. Ero MoxHO
PEKOMEHIOBaTh TakKXKe [JIsl HCIOJIb30BaHUA TPU CAMOCTOSITENBHOM padoTe
CTyAeHTOB. MaTepuaibl MOCOOUS MOXKHO HCIONb30BaTh Al KOH(MEPEHIUH 10
Pa3IMYHBIM pa3jesiaM XUMUH.

[TocoOue cOCTOMT U3 OPUTHMHAIBHBIX TEKCTOB W3 HAYy4YHO-MOMYJSPHOU
JUTEPATYPBl U AyJHONPWIOKEHUN C XUMHUYECKUMU TEKCTaMH HWMEIOIINE
0O0JIBIIIYIO TO3HABATENbHYIO LICHHOCTD.

VY4eOHbII MaTepuanm COCTOMT M3 BBOJHOIO Kypca paccuuTaHHoro Ha 20
3aHITUI U OCHOBHOTO Kypca.

BBoxaubi kypc Bkmodaer 20 ypoOKOB, NOATOTaBIMBAOLIMX YYaIUXCS K
YCBOEHMIO 00Jiee CJIOXKHOTO ydyeOHOro Marepualia OCHOBHOro Kypca. Kaxmwrii
YPOK COJAEPXKUT TEKCT HAa XUMHUYECKYI0D TEMY M  CIIOBapb, OOJIErYaromuii
MOHMMAHUE XMMHYECKON TEPMUHOJIOTMU. B KOHIIE KaXXI0ro ypoka pa3padoTaHbl
CHelUalbHbIE YIIPAKHEHUS PA3IMYHBIX BUIOB, Pa3BUBAIOIINE HABBIKM TOHUMaHUS
MH(OpMaAIMU HA THOCTPAHHOM SI3bIKE.

TekcTbl OCHOBHOTO Kypca COCTOST M3 0oJiee TPyJHOro y4eOHOro mMarepuana,
TpeOyIOIIEero aHAIMTUYECKOTO pa3dopa Ha ypoke. YIpaKHEHUs OCHOBHOTO Kypca
HaleJlleHbl Ha (QOpMHUpPOBaHME YMEHMM aHaJIM3UpOBaTh JIGKCMUECKHE U
rpaMMaTudeckue (popmbl, rTyOOKOe MPOHUKHOBEHHE B CMBICT TEKCTA U MOABOJISAT
CTYZEHTOB K TBOPUECKOI paboTe C TEKCTOBBIM MAaTEPHAIIOM.

AyauonpuioKeHns O3BYYEHbl HOCHUTENSIMU s3blka. WX nenp — pa3BUBaTh
CIIyXOBO€ BOCIIPUSITHE U CHOCOOHOCTh MOHUMATh MHOCTPAHHYIO PEYb.

[Ipy mepBOM YTEHUM TEKCT MPOU3ZHOCUT AUKTOp. CTYyAEHTHl AODKHBI MPH
MPOCTYIIMBAHUM TEKCTA BBIMTUCATh KaK MOYKHO OO0JIbIIIE TEKCUUECKUX €TUHUII.

[Ipn BTOpOM UTEHHMH CTYAEHTHI IMPOTOBAapHBAIOT TEKCT BCJEI 32 JTUKTOPOM B
naysax.

Bo Bpemsi TpeThero ureHus CTy/IeHTaM JAeTcsl YCTAaHOBKA 3aKOHYMTH (ppazy Ha
MHOCTPAHHOM $I3bIKE B May3ax.

Bech yueOHBI U WIUTIOCTPATUBHBIM MaTepuan ajia mnocoodust B3aT u3 Encarta
2006, English Platinum 1999 and Encyclopaedia Britannica Children’s Edition
2005.



CHEMISTRY

A chemistry student conducts an
experiment.

Chemistry  studies  the  properties,
composition, and structure of substances,
d which are defined as elements and
compounds. It also seeks to explain the
transformations that these substances
undergo and the energy that is released or
absorbed during these processes. The
science of chemistry embraces many other
subfields, including analytical chemistry,
organic chemistry, inorganic chemistry,
physical chemistry, colloid chemistry,
biochemistry, electrochemistry, nuclear
chemistry, and chemical engineering.
Biochemistry and organic chemistry, which
deal with the chemistry of living things, are
examples of how the physical sciences and
biological sciences are linked to one
another. Other special fields of chemistry
deal with its application in various industries. Metallurgy, for example, deals with
the recovery of metals from their ores. A branch of metallurgy is concerned with
the making of metal alloys for specific purposes. Petroleum chemistry is confined
to the commercial manufacture of products from crude oil.

The science of chemistry is the study of matter and the changes matter undergoes.
Chemistry is important in improving standards of living. It is used, for example, to
make stronger metals, to improve soil, and to destroy bacteria.

It has also made possible the development of substances such as rubber, nylon, and
from other, completely different materials.

In general, chemists make their contributions by taking substances apart and
putting them together in different, desired combinations. Analysis, or taking a
substance apart, enables the chemist to learn what it is made of; then by combining
the parts, synthesis, he may produce a completely new substance or an improved
substance similar to the old one.

Today chemistry provides employment for a host of people in laboratories,
universities, colleges, schools, and business. A knowledge of chemistry is
important in a great number of occupations, such as medicine, agriculture, and
engineering, to name a few.



Exercises:

1. Answer the following questions:

What does chemistry study?
What subfields does the science of chemistry embrace?
Why is chemistry important in improving standards of living?

2. Practice in pronunciation:

chemistry, science, colloid, biology, recovery, nylon, synthesis, improve, provide,
knowledge, petroleum, engineering, embrace, deal, absorb, undergo, energy,

3. Read and translate the following international words:

experiment, composition, structure, substance, transformation, energy, analysis,
engineer, biology, metallurgy, product, bacteria, nylon, material, combination,
medicine, laboratory.

4. Remember the derivatives of the words:

chemistry, chemist, chemical.
science, scientist, scientific.
differ, difference, different.
engine, engineer, engineering.

5. State whether these sentences are true or false using the following clichés:

I must disappoint you ....
If I’'m not mistaken ....
To my mind....

It seems to me....

I think that ....

The science of chemistry is the study of society and the changes that occur in it.
Chemistry is important in improving standards of living.

A knowledge of chemistry is important in a great number of occupations, such as
literature, mathematics, history and art, to name a few.

It has also made possible the development of substances such as rubber, nylon, and
from other, completely different materials.



Chemical Elements

You and everything around you are made of chemical elements. The elements are
sort of like LEGO or Tinkertoy pieces. You can put LEGO or Tinkertoy pieces
together to make new things. You can take an object built of LEGO or Tinkertoy
pieces apart. When there is nothing more to take apart, you have a pile of LEGO or
Tinkertoy pieces. The pieces are different from the original object. You cannot
take apart a LEGO or Tinkertoy piece without breaking it.

Materials, or substances, that you cannot take apart are called elements. Elements
can link together to make all kinds of materials. The elements oxygen and
hydrogen, for instance, together make water. Oxygen and the element carbon
together make carbon dioxide, a gas that plants need.

WHY CAN’T YOU TAKE ELEMENTS APART?

All materials on Earth are made of tiny pieces called atoms. Atoms are much too
small to see. Elements are made of only one kind of atom. Compounds are
combinations of more than one kind of atom. Water is a compound. Water has two
atoms of hydrogen for every one atom of oxygen. You can separate water into
hydrogen and oxygen by separating the hydrogen atoms from the oxygen atoms.
All compounds can be turned into completely different substances this way.
Separating atoms won’t change an element, however, since all its atoms are alike.

WHAT KINDS OF ELEMENTS EXIST?

There are more than 100 elements. Some elements that you may have heard of
include aluminum, lead, mercury, uranium, and helium. Elements have different
properties. Some are normally solids, some are gases, and a couple are liquids.
Elements look different from each other, they weigh different amounts, and they
combine in different ways to make compounds. Scientist list all the elements in a
chart called the periodic table. Elements that share a column in the table have
similar properties. An element is a substance that can’t be broken down into
simpler material. All substances on Earth are made up of one or more elements.

The element carbon forms diamonds. Diamonds are the hardest natural substance
known. They are important in industry because they can be used to cut other hard
materials, including steel and glass. Diamonds are also prized as gemstones.The
element gold is a soft, yellow metal that does not rust, and it is easier to work with
than all other metals. Gold has been used to make coins and jewelry since ancient
times.

The element silicon is the second most common element on Earth after oxygen.
Because it conducts electricity, it is used to make computer chips and other
electronic devices.



The arrangement of chemical elements started with Dmitri Mendeleev, a Russian
chemist. In 1869 he arranged all the known chemical elements in the order of
increasing atomic weights. He found that, for the first 20, each one resembled the
eighth element following it in appearance, properties, and activity. Thus lithium,
sodium, and potassium are related, as are beryllium, magnesium, and calcium. In
the table these series appear in Groups la and Ila.

Mendeleev's table had many gaps, and the order by atomic weight introduced
several contradictions in the sequence of chemical properties for some elements—
cobalt and nickel, for example. But discoveries of other elements filled the gaps,
and the use of atomic numbers removed the contradictions.

Atoms are built in an orderly, progressive manner. Hydrogen, the lightest atom,
has a nucleus with one proton (positive electric charge) and one electron to match.
Adding one positive charge (and two neutrons) to the nucleus of hydrogen and
adding one electron make an atom of helium. Other additions of protons and
electrons in equal numbers (plus neutrons) build up the other kinds of atoms. Since
neutrons do not affect chemical activity, the number of positive charges identifies
the kind of atom. This number is called the atomic number.

Atomic numbers also characterize elements. An element is defined as a substance
made of atoms that have the same atomic number. Furthermore, the elements are
arranged in modern periodic tables according to atomic number rather than atomic
weight.
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Exercises:

1. Answer the following questions:

What are elements made of?

What are compounds?

All compounds can be turned into completely different substances, can’t they?
Why won’t separating atoms change an element?

How many elements are there?

Do elements have different properties?

What do scientist list all the elements in?

What properties do elements have in a column?

Who started the arrangement of chemical elements?

In what order did Mendeleyev arrange the chemical elements?

Why did his table have many gabs?

In what manner are atoms built?

Do neutrons affect chemical activity?

What identifies the kind of atom?

The elements are arranged in modern periodic tables according to atomic number,
aren’t they?

2. Fill in the blanks with necessary prepositions:

All materials ..... Earth are made ..... tiny pieces called atoms.

Water has two atoms ..... hydrogen ..... every one atom ..... oxygen.

You can separate water ..... hydrogen and oxygen ..... separating the hydrogen
atoms ..... the oxygen atoms.

The arrangement ..... chemical elements started ..... Dmitri Mendeleev, a Russian
chemist

Atoms are built ..... an orderly, progressive manner.

The elements are arranged ..... modern periodic tables ..... atomic number.

3. Insert the missing forms of irregular verbs:
make ..... made

put

took
break ..... broken
hear ..... heard

. had ....

know

. cut
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Aluminum

Aluminum is a light-weight
metallic element used
extensively in construction and
as a packaging material. These
aluminum ingots are ready for
shipping to factories that will
turn them into  consumer
products. Because of its high
heat conductivity, aluminum is
used in cooking utensils and the
pistons of internal-combustion
engines.

Image Bank/Getty ImagesiGary Gladstone

Aluminium AITFOMUHUN
Leight-weight JeTKUN

Extensively IIMPOKO, B 3HAUYUTEILHON CTENEHU
Ingots qyIka, 00JIBaHKa

Ship to OTIIPaBJISATh

Turn into IpeBpaliaTh

Consumer goods HOTPEeOUTENBCKUE TOBAPHI
Because of u3-3a

Heat TEILIO0

Conductivity MIPOBOIUMOCTD

Cooking Utensil KyXOHHas Iocyza

Piston MOPIIEHB

Internal-combustion engine  ABHUraTeab BHYTPEHHETO CrOpPaHUs

Exercises:

Answer the following questions:

1. What element is used extensively in construction and as a packaging material?
2. Where are aluminum ingots shipped to?

3. Aluminum is used in cooking utensils, is not it?

Find Participle I and Gerund in the sentences and define their functions:

1. Aluminum is used extensively in construction and as a packaging material.

2. These aluminum ingots are ready for shipping to factories.

3. Aluminum is used in cooking utensils and the pistons of internal-combustion engines.

Insert the missing prepositions:

1. These aluminum ingots are ready ..... shipping ..... factories that will turn them ..... consumer
products.
2. ... its high heat conductivity, aluminum is used ..... cooking utensils and the pistons .....

internal-combustion engines.

Insert the missing letters:
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Wei...ht, ing...t, he...t, en...ine, comb...stion, pis...on, cond...ctivity, alu...inim, ute...sil.
Choose opposite adjectives:

Light, high, internal.
External, low, heavy.

Translate into English:

1. M3-3a BBICOKOH TEILIONPOBOAUMOCTH ATIOMUHUN HCIOIB3YETCA B KYXOHHOW IOCYAE H
MNOPUIHAX JABUIaTeled BHYTPEHHEIO CTOPAHHUS.

Arsenic

The element arsenic is best
known as a poison. However,
arsenic  has many industrial
applications and is commonly used
in the manufacture of glass and as a
semiconductor in some electronics.

Arsenic is used in large quantities
in the manufacture of glass to
eliminate a green color caused by
impurities of iron compounds.
Arsenic disulfide (As,S;), also
known as red orpiment and ruby
arsenic, is used as a pigment in the
manufacture of fireworks and paints.

ience Phato Library

Arsenic MBIIIBSIK

Poison ST

Have application for ~uMeTs TpuMeHEHHE
Commonly 0OBIYHO, KaK MPaBUIIO
Use in UCTIOJIB30BAaTh B
Manufacture MIPOU3BOJCTBO

Glass CTEKJIO

As B KauecTBe
Semiconductor MTOJTYTIPOBOTHUK
Quantity KOJINYECTBO

Eliminate YCTPaHSATh, JINKBUUPOBATH, YHHUTOXKATh
Cause BBI3BIBaTh

Impurity MIPUMECH

Iron JKEIIE30

Compound COEIMHEHUE, CMECh
Disulfide MBIIIBSIKOBBIN TUCYTb(OUT
Orpinent aypUITUTMEHT

ruby arsenic SIPKO-KPACHBIN MBIIIbIK
pigment MUTMEHT

manufacture MIPOU3BOJICTBO

paint Kpacka
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Exercises:

Answer the following questions:

1. The element arsenic is best known as a poison, isn’t it?

2. Where is arsenic used in?

3. Arsenic eliminates a green color in glass, does not it?

4. What is a green color in glass caused by?
5. What material is used as a pigment in the manufacture of fireworks and paints?

Underline Participle Il in the sentence and determine its function :

1. Arsenic is used in large quantities in the manufacture of glass to eliminate a green color
caused by impurities of iron compounds.

Insert the missing prepositions:

1. Ruby arsenic is used as a pigment ..... the manufacture ..... fireworks and paints.
2. Arsenic is used ..... large quantities ..... the manufacture ..... glass to eliminate a green color
caused ..... impurities ..... iron compounds.

Insert the missing letters:

A...senic, p...ison, gl...ss, qu...ntity, c..

fire...ork, pigm...nt.

Translate into English:

Jdor, impur...ty, co...pound, orpi...ent, p...int,

1. 3eneHbli OBET IIPU IMPOU3BOACTBE CTCKJIA BbI3BAH 3aIPA3SHCHUEM KCJIIC3HBIX KOMIIOHCHTOB.

Calcium
Unrefined
Common element
Include

Concrete

Cement

KaJbIIUN
HEOUHIIIECHHBIM
pacnpoCcTpaHEeHHBIN
BKJIFOYATh

0eToH

IIEMCHT

14

Calcium

Calcium, seen here in unrefined
form, is one of the most common
elements found on Earth. Many
familiar ~ materials,  including
concrete, cement, marble, and
chalk, contain calcium. It is being
used to an increasing extent,
however, as a deoxidizer for
copper, nickel, and stainless steel.
Because calcium hardens lead
when alloyed with it, lead-calcium
alloys are excellent for bearings.



Marble Mpamop

Chalk Me

Contain COJIEpKaTh

To an increasing extent B BO3pacTarolleil cTeneH!
Deoxider BOCCTaHOBUTEIIb
Copper Me€Jlb

Nickel HUKEITb

Stainless steel HEep)KaBeIoIas CTaib
Harden TBEPJETH

Lead CBUHEIL]

Alloy CIUIaB

Excellent OTJIMYHBII

Bearings TIOIIUITHUK
Exercises:

Answer the following questions:

1. Is calcium one of the most common elements found on Earth?

2. What materials include calcium?

3. Calcium is being used to an increasing extent, however, as a deoxidizer for copper, nickel, and
stainless steel, is not it?

4. Why are lead-calcium alloys excellent for bearing?.

Insert the missing letters:

Con...rete, ce...ent, ma...ble, ch...lk, cop...er, nic...el, cal...ium, bea...ing.

Insert the missing prepositions:

1. Calcium, seen here ..... unrefined form, is one ..... the most common elements found .....
Earth.

2. Because calcium hardens lead when alloyed ..... it, lead-calcium alloys are excellent .....
bearings.

Underline Participle I andParticiple Il and determine their functions:

1. Many familiar materials, including concrete, cement, marble, and chalk, contain calcium.

2. It is being used to an increasing extent, however, as a deoxidizer for copper, nickel, and
stainless steel.

3. Because calcium hardens lead when alloyed with it, lead-calcium alloys are excellent for
bearings.

State whether these sentences are true or false using the following clichés:

I must disappoint you ....
If I’'m not mistaken ....
To my mind....

It seems to me....

I think that ....

1. Calcium is one of the rarest elements found on Earth.

15



2. Because calcium hardens lead when alloyed with it, lead-calcium alloys are excellent for
bearings.

Chlorine

Chlorine is a faintly yellow-green gaseous element.
Chlorine is extremely poisonous and reacts with most other
substances its comes in contact with, including water. It is
used for bleaching paper pulp and other organic materials, ,
destroying germ life in water, and preparing bromine, ‘gfﬁt
tetraecthyl lead, and other important products. | ]

v

Chlorine XJIOP

Faintly 6neHO, ciabo
Gaseous ra3oo0pa3HbIi
Extremely 4ype3BbIYaitHO
Poisonous SITOBUTBIN
Substance BEIIIECTBO

Come in contact with KOHTaKTHPOBAaTb ~
Bleach 0TOEBaThH

Paper pulp OymakHasi Macca
Destroy pa3pyuarb

Germ life YKU3Hb MUKPOOOB
Prepair IIPUTOTOBJIATH
Bromine opom

Tetraethyl lead TETPA3TUIICBUHELL
Exercises:

Answer the following questions:

1. Is chlorine a gaseous or solid elememt?

2. Chlorine is extremely poisonous, is not it?

3. What is chlorine used for?

4. Does it destroy germ life in water?

Find Participle I and Gerund in the sentences and define their functions:

1. It is used for bleaching paper pulp and other organic materials, destroying germ life in water,
and preparing bromine, tetraethyl lead, and other important products.

2. Chlorine reacts with most other substances its comes in contact with, including water.
Insert the missing prepositions.

1. Chlorine reacts .... most other substances its comes ..... contact ....., including water.

Translate into English:

1. XJ10p UCTIONB3YIOT JUTsl OTOENMBAHUS OyMa)KHOW MaccChI.
2. XJ10p 4pe3BbIYAIHO SIIOBUT U OH pearupyer ¢ OONbITMHCTBOM IPYTUX BEIIECTB.

16



use of chromium is to form alloys with iron, nickel, or cobalt.

Chromium XpoMm

Shiny OnecTAmmiA

Brilliant CBEPKAIOLINI

Hard TBEP/bIil
Corroison—resistant KOPPO3HIHOYCTONYNBBIH
Durable IIPOYHBIN, JOITOBEYHBII
Attractive MPUBIIEKATEIBHBIN
Coating IIOKPBITHE

Component COCTaBHas 4YacTh
Refractory OTHEYTIOp

Ingredient COCTaBHas 4YacTh
Catalyst KaTauau3aTop

Chief OCHOBHOM, TJIABHBIM
Form 00pa30oBbIBATH

Cobalt KOOaIbT

Exercises:

Answer the following questions:

1. What does chromium make for other metals?

2. Is chromium an important component of stainless steel?
3. It is an ingredient in several important catalysts, is not it?
4. What is the chief use of chromium?

Translate the following derivatives:

Corrode — corrosion - corrdible

Attract — attraction - attractive

Produce - product - production - productivity - productive
Important - importance

Form — formation - formal — formative

Resist — resistance- resistant

Insert the missing prepositions.
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Chromium

Chromium is a shiny metallic
element. Brilliant, hard, and
corrosion-resistant, chromium
makes a durable and attractive
coating for other metals and is
an important component of
stainless steel.

More than half the production
of chromium goes into metallic
products, and about another
third is used in refractories. It is
an ingredient in  several
important catalysts. The chief



1. More than half the production ..... chromium goes ..... metallic products, and ..... another
third is used ..... refractories

2. Chromium makes a durable and attractive coating ..... other metals and is an important
component ..... stainless steel.

Inser the missing letters:

C...ating, cat...lys, compo...ent, nick...l, co...alt, chro...ium, in...redient, compone...t,
dura...le, i...portant, bril...iant, attra...tive.

Translate into English:

1.C IIOMOIIBIO XpOMa IMOKPBITUC MCTAJIJIOB CTAHOBUTCS JOJIITOBPEMCHHBIM W IIPUBJICKATCIIbHBIM.

Gallium

The element Gallium is a
metal with a melting point
lower than body temperature.
In this photo, a sample of
gallium melts in a person’s
hand. Gallium, mercury,
cesium, and rubidium are the
only metal elements that melt
near room  temperature.
Certain gallium compounds
are excellent semiconductors
and have been extensively
used in transistors,
photoconductors, and laser
and maser diodes.

Bergman

Gallium raJuIan

Melting point  TOYKa MJIaBJIEHUS
Body MeIo

Sample obpasern

Melt TIJIABUTHCSA
Mercury PTYTh

Cesium e3nit

Rubidium pyounuit

Maser diode Ma3epHBIN U0/
Exercises:

Answer the following questions:

1. What is a melting point of gallium?

2. A sample of gallium melts in a person’s hand, does not it?.

3. What temperature do gallium, mercury, cesium, and rubidium melt at?
4. Are gallium compounds excellent semiconductors?

5. Where are they used in?
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Translate into English:

1. DiileMeHT rajuidii SBJISICTCSI METAJJIOM C TOYKOM IIJIaBICHUS HUKE TEMIIEPATypPhl Tea.
2. HexoTOpsble cOeMHEHNUS raJUINS SBJISIIOTCA OTIIMYHBIMU MTOJIYIIPOBOJHUKAMM.

Remember the following chemical terms:
a fusing point TOYKA TIJIaBJICHUS

a melting point  TOYKa TUIABIICHUS
a freezing point  TodYka 3amMep3aHUs

a boiling point TOYKA KUTICHUS
conductor MIPOBOJTHUK
semiconductor MOy TIPOBOIHUK
isolator H30JIATOP

Insert the missing prepositions:

1. The element Gallium is a metal ..... a low melting point.

2. A sample ... gallium melts ..... a person’s hand.

3. Certain gallium compounds are excellent semiconductors and have been extensively used .....
transistors, photoconductors, and laser and maser diodes.

Translate into English:

1. DnemeHT ranauil sSBiIsieTcs METaNIOM C TOUKOM IUIaBJIEHUS HID)KE TEMIIEpaTyphl Tena.
2. Hexoropsble cCOeqMHEHNS] TalUINs ABIISIOTCS OTIIMYHBIMU NTOJIYIIPOBOJIHUKAMU U MCIIOJIb3YIOTCS
HIMPOKO B TpaH3UCTOpax (HOTONPOBOJHUKAX JIa3epax U Ma3epHbIX JUOJAX.

Gold

The element gold is easier to work than any other metal,
and it does not oxidize over time. Gold has been used for
money since ancient times. Gold is also used in the form of
gold leaf in the arts of gilding and lettering. Purple of
Cassius, a precipitate of finely divided gold and stannic
hydroxide formed by the interaction of auric chloride and
stannous chloride, is used in coloring ruby glass. Chlorauric
acid is used in photography for toning silver images.
Potassium gold cyanide is used in electrogilding. Gold is also
used in dentistry. Radioisotopes of gold are used in
biological research and in the treatment of cancer. Green
gold used in jewelry contains copper and silver; white gold
contains zinc and nickel, or platinum metals.

H.D Thoreau

Easy JIETKO

Oxidize OKHUCTATH(Cs)

Leaf JIUCT TMOJI0Ca TUIaCTUHKA
Gilding MTOKPBITUE M1030J10TOM
Letterig THUCHEHHE, HAIIUCh
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Purple of Cassius Kaccues nypmyp (kpacka u3 OarpsHkm)
Precipitate 0CaZI0K

Finely MEJKO

Divided pasneneHHbII

Stannic hydroxide OpPTOOJIOBSIHHAS KHCIIOTA

Interaction B3aMOJEICTBUE

Auric chloride
Stannous chloride

XJIOpUJ 30J10Ta
XJIOPUCTOE OJI0BO

Colour OKpAaIlINBaTh
Chlorauric acid XJIOPO30JIOTast KHCJIOTa
Tone TOHHUPOBATH

Image n300pakeHUE
Potassium gold cyanide = kanuiiHO- IHAHKCTOE 30JI0TO
Electrogilging AIIEKTPOTHCHEHUE
Dentistry JeueHue 3y0oB

Isotope HU30TOII

Research HCCIIeIOBAaHHE
Treatment JIeueHue

Cancer pak

Jewelry IOBEJIMPHBIC H3ICIIHSI
Silver cepebpo

Zink LIUHK

platinium IUIaTHHA

Exercises:

Answer the following questions:

1. Does gold oxidize over time?

2. Gold has been used for money since ancient times, has not it?
3. Where is gold used in?

4. How is Purple of Cassius formed?

5. What is used in coloring ruby glass?

6. What metals does white gold contain?

State whether these sentences are true or false using the following clichés:

I must disappoint you ....
If I’'m not mistaken ....
To my mind....

It seems to me....

I think that ....

1. Gold has been used for money since ancient times.

2. Purple of Cassius is used in coloring ruby stones.

3. Radioisotopes of gold are used in biological research and in the treatment of mumps.
4. Chlorauric acid is used in photography for toning glass.

Insert the missing letters:

C...loride, a...id, sil...er, oxid...ze, ru...y, go...d, pot...asium, preci...itate, hy...roxide,
cy...ide, pur...le.
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Insert the missing prepositions.
1. Gold is also used ..... the form ..... gold leaf ..... the arts ..... gilding and lettering.
2. Chlorauric acid is used ..... photography ..... toning silver images.

3. Radioisotopes ..... gold are used ..... biological research and ..... the treatment ..... cancer.

Keep in yor mind the next chemical terms:

oxidize OKHCIISITHCS
precipitate 0CaioK
chloride XJIOpHU]T
acid KHCIIOTa
contain coJiepxKathb
gold 30J10TO
copper MeJlb
silver cepebpo
zinc LIUHK
nickel HUKEJb
platinum TJIaTHHA
ruby pyouH
potassium KaJIUH

Underline Participle Il and Gerund and determine their functions in the next sentences:

1. Purple of Cassius, a precipitate of finely divided gold and stannic hydroxide formed by the
interaction of auric chloride and stannous chloride, is used in coloring ruby glass.

2. Chlorauric acid is used in photography for toning silver images.

3. Gold is also used in the form of gold leaf in the arts of gilding and lettering.

4. Potassium gold cyanide is used in electrogilding

Translate into English:

1. KaccueB mypmyp 0CagoK MEIKO PacKpOIIEHHOTO 30J0Ta W OPTOOJOBSHHOW KHCIIOTHI,
00pa30BaBIIMICA TMPH PEAKLUU XJOpPUAA 30J0Ta C XJOPUCTHIM OJOBOM, HCHOJNb3YyeTCs B

OKpalllMBaHUU PyOMHOBOTO CTEKJIA.

2. Xiopo3osioTasi KUCJIOTa HCIOJIb3yeTcss B Qororpaduu Juisi TOHUPOBaHUS cepeOpsHHBIX
U300paKeHUH.

3. KanuitHo-1tMaHuCTOE 30J10TO IPUMEHSETCS. B DJIEKTPOTUCHEHHH.
Complete the following setences:

1. Gold is also used in the form of gold leaf
2. Green gold used in jewelry contains copper and silver

3. Chlorauric acid is used in photography
4. The element gold is easier to work than any other metal, and
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Helium
Invisible
Odorless
Dense
Balloon
Float

Fill with
Pressurize
Stiffen
Takeoff
Tank
Liquid
Hydrogen
Fuel

In order to
Force
Remain
Heat transfer medium
Nuclear
Inert gas
Under the condition
Exist

Arc welding
Magnesium
Protect

Air

Exercises:

Answer the following questions:

1. What element is helium?

Helium

Helium is an invisible, odorless, gaseous element that is less dense
than air. Light-weight objects such as balloons will float if filled with
helium. Helium is used to pressurize and stiffen the structure of
rockets before takeoff and to pressurize the tanks of liquid
hydrogen or other fuel in order to force fuel into the rocket
engines. It is useful for this application because it remains a gas
even at the low temperature of liquid hydrogen. A potential use
of helium is as a heat-transfer medium in nuclear reactors
because it remains chemically inert and nonradioactive under
the  conditions that exist within the  reactors.
Helium is used in inert-gas arc welding for light metals such as
aluminum and magnesium alloys that might otherwise oxidize;
the helium protects heated parts from attack by air.

relui
HEBUIUMBIN
0c3 3amaxa
IUIOTHBIM
map
IJIaBaTh
HaIlOJIHSITh
CO37aBaTh JIaBJICHHE
YCWJIMBATh, YKPEILIATh
OTBOJ
€MKOCTh
JKUJKOCTh
BOJI0pPOJ
TOILIHUBO
JUISL TOTO, YTO OBI
3aCTaBJIATh
OCTaBaThCS
CPENICTBO TEIMI000MEeHa
SIEPHBII
VHEPTHBIN ra3
MIPU YCIIOBUU
CYILIECTBOBATH
AJIEKTPOJIyTOBast CBapkKa
MarHui
3alUIIAaTh
BO31YyX

2. Light-weight objects such as balloons will float if filled with helium, will not they?
3. What aim does helium pressurize the tanks of liquid hydrogen?
4. A potential use of helium is as a heat-transfer medium in nuclear reactors, is not it?
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5. Does helium protect heated parts from attack by air?
Translate the following adjectives:

Invisible, visible, odorless, gaseous, dense, light, usefu,l inert, active, liquid, filled, heated.

State whether these sentences are true or false using the following clichés:

I must disappoint you ....
If I’'m not mistaken ....
To my mind....

It seems to me....

I think that ....

1. Light-weight objects such as balloons will sink if filled with helium.

2. Helium remains a solid even at the low temperature of liquid hydrogen.
3. The helium protects cooled parts from attack by air.

4. Helium is an invisible, odorless, liquid element.

Insert the missing prepositions:

1. Itis useful ..... this application because it remains a gas even ..... the low temperature .....
liquid hydrogen.

2. The helium protects heated parts ..... attack ..... air.

3. Helium is used ..... inert-gas arc welding ..... light metals

Find Participle 1l in the sentences and define its functions:

1. Light-weight objects such as balloons will float if filled with helium.
2. The helium protects heated parts from attack by air.

Translate into English:

1.JIerkue mpeaMeThl, TAKKE KaK MIAPbl, HATOJHEHHBIC TeIMeM, OyayT JIeTaTh,
2.I'enuii co3maeT aBJICHUE B EMKOCTSX C KHUIKHM BOJAOPOIOM HIIM JAPYTUM TOIUIMBOM JJIsl TOTO, YTOOBI
3aCTaBUTh TOIUIMBO NEPEUTU B JBUTATENb PAKETHI..

Lead

The element lead occurs most commonly in
the form of lead sulfide (PbS), or galena.
Galena usually occurs with small amounts of
other metals such as copper, zinc, silver, and
gold, which are economically recoverable by
mining. As shown here, galena exhibits
perfect cubic cleavage.
Lead is used in enormous  quantities in
storage batteries and in sheathing electric
cables. Large quantities are used in
industry for lining pipes, tanks, and X-ray apparatus. Because of its high density and nuclear
properties, lead is used extensively as protective shielding for radioactive material. Among
numerous alloys containing a high percentage of lead are: solder, type metal, and various bearing
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metals. A considerable amount of lead is consumed in the form of its compounds, particularly in
paints and pigments.

Galena
Lead

Occur

Lead sulfide
Galena
Ammount
Recoverable
Mimimg
Exhibit
Perfect
Cleavage
Enormous
Storage batteries
Sheat

Cable
Lining

Pipe

X-ray
Density
Property
Shielding
Percentage
Solder
Various
Considerable
Consume

Exercises:

raJieHuT
CBUHEII
BCTpEUaThCs
cynb(huI CBUHIIA
TaJICHUT
KOJIMYECTBO
BO3MECTUMBII
pa3paboTKa MECTOPOKACHHIA
MPOSIBIISITH
COBEPLICHHBIN
OTCIIOCHHE OCKOJIOK
OTPOMHBIN
AKKYMYJISITOD
o0oJi0uKa
kabenb
MOKPBITHE, O0KIaAKa pyTepoBaHUE
TpyOa
PEHI€HOBCKHM J1y4
IJIOTHOCTD
CBOIWCTBO
3alUTHBIN YKpaH
MIPOLICHTHOE OTHOIIICHUE
MIPUIION
Pa3IMYHBIN
3HAYUTEIIbHBIN
MOTPeOATH

Answer the following questions:

1. What form does lead occur in?

2. Where is lead used in?

3. Why is lead used extensively as protective shielding for radioactive material?

4. Galena usually occurs with small amounts of other metals such as copper, zinc, silver, and gold, does

not it?

State whether these sentences are true or false using the following clichés:

I must disappoint you ....
If ’'m not mistaken ....

To my mind....
It seems to me....
I think that ....

1. A considerable amount of lead is consumed in the form of its compounds, particularly in
paints and pigments.

2. Galena usually occurs with small amounts of other metals such as brass and nickel.
3. Lead is used in enormous quantities in sheathing electronic tubes.
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Keep in your mind the names of metals:

Lead, copper, zink, silver, gold, nickel, brass, tin, tungsten, iron, gallium, mercury, rubidium,
cesium, aluminum, cobalt, chromium, magnesium.

Insert the missing prepositions:

1. The element lead occurs most commonly ..... the form ..... lead sulfide

2. Lead is used ..... enormous quantities ..... storage batteries and ..... sheathing electric cables.
3. Large quantities are used ..... industry ..... lining pipes, tanks, and X-ray apparatus.

4. A considerable amount ..... lead is consumed ..... the form ..... its compounds, particularly

..... paints and pigments.
Underline Participle I and define its function:

1. Among numerous alloys containing a high percentage of lead are: solder, type metal, and
various bearing metals.

Translate into English:

1. TaneHuT OOBIYHO BCTpEYaeTCs C HEOONBIIUM KOIWYECTBOM JIPYTHMX METAJUIOB, TaKMX Kak
MeJIb, IIUHK, cepedpo U 30JI0TO.

2. bonbiioe KOMTUYECTBO CBUHIIA HCIONB3YETCS B MPOMBIIUICHHOCTH i (QyTepoBaHuUsi Tpyo,
E€MKOCTEH M PCHTTEHOBCKHUX aIlllapaToB,

3. M3-3a BBICOKOH IJIOTHOCTU U SIAEPHBIX CBOMCTB, CBUHEI] UCIOJIB3YETCS IIUPOKO B KaYeCTBE
3aIIUTHOI'O NOKPBITHA OT PaIMOAKTHBHOT'O MaTCpUalia.

Magnesium
Magnesium is a light-weight,
silvery, metallic element. If ignited
in air, it burns with a white light too
brilliant to look at. The metal is used
when lightness is an essential factor:
alloyed with aluminum or copper, it
is used extensively in making
castings for airplane parts; in
artificial limbs, vacuum cleaners,
and optical instruments; and in such
products as skis, wheelbarrows, lawn
mowers, and outdoor furniture.

Magnesium MarHui

Ignite BOCILIAMEHSATHCS

Burn TOpeTh

Light CBET

Essencial CYIIECTBEHHBI HEOOXOIMMBIN
Casting OTJIMBKA JINThE

Artificial MCKYCCTBEHHBIN

Limb KOHEYHOCTh

Vacuum cleaner MBLIECOC

Wheelbarrow Tayka
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Lawn mower ra30HOKOCHJIKA

Furniture MeOenb akceccyapbl

Exercises:

Answer the following questions:

1. How does magnesium burn?

2. Where is it used?

3. Magnesium is a light-weight, silvery, metallic element, is not it?
4. What alloys is magnesium used wth in industry?

Insert the missing prepositions:

1. If ignited ..... air, it burns ..... a white light too brilliant to look ......
2.. It is used extensively ..... making castings ..... airplane parts.

Insert the missing letters:
Mag...esium, li...ht, cast...ng, i...nite, bu...n, wei...h,t al...oy, v...cuum.

State whether these sentences are true or false using the following clichés:

I must disappoint you ....

If I’'m not mistaken ....

To my mind....

It seems to me....

I think that ....

1. Magnesium is a heavy-weight, silvery, metallic element.

2. If ignited in air, it burns with a red light too brilliant to look at.

Find Passive Voice and define the Tense.
Underline Participle Il and Gerund in the sentence and define their functions:

1. The metal is used when lightness is an essential factor: alloyed with aluminum or copper, it is
used extensively in making castings for airplane parts.

Translate into English:

1.Maruuii B crijiaBe ¢ allfOMUHUEM WM MEJIbIO UCIIOJIB3YETCSl IIUPOKO B U3TOTOBJICHUHU OTJIMBOK
JUIST 9acTEW CaMOJIETOB.

Complete the following sentences:

1. If ignited in air, it burns with

2. Magnesium is a light-weight, silvery
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Mercury
Liquid
Gloves
Wear
Handle
Absorb
Skin
Vacuum pump
Rectifier
Switch
Vapor
Source
Ultraviolet
Sterlize
Substitution
Cell

Alkali
Account for
Total

Exercises:

PTYTh
JKUJKOCTh
nepyaTku

Mercury

Mercury is one of the few elements that are liquid
at room temperature. Gloves should always be worn
when handling mercury because the element is
poisonous and can be absorbed through the skin.
Mercury is used in thermometers. It is also used in
other types of scientific apparatuses, such as vacuum
pumps, barometers, and electric rectifiers and
switches. Mercury-vapor lamps are used as a source
of ultraviolet light and for sterilizing water. Perhaps
most significant is the substitution of diaphragm cells
for traditional mercury cells in chlorine-alkali
production, which once accounted for a large
percentage of total mercury consumption.

HOCHUTBb HaJICBaTh

oOpatatscs
MOTJIOIIATh
KOXKa

BAKYYMHBII HAacOC

OYUCTUTCIIb

BBIKJIFOYATCIIb

nap
WCTOYHHK

yIAbTPaQUOIETOBBII
00e33apaxxuBaTh

3aMCHa
QJICMCHT
miejI04b

OOBSACHSATH SABIATHCS MPUUMHON

BCEOOLINHA

Answer the following questions:

1. Is mercury ligiud at room temperature?

2. Why should gloves always be worn when handling mercury?
3. Where is mercury used in?

Underline Participle I and Gerund and define their functions:

1. Gloves should always be worn when handling mercury
2. Mercury-vapor lamps are used as a source of ultraviolet light and for sterilizing water.

State whether these sentences are true or false using the following clichés:
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I must disappoint you ....
If I’'m not mistaken ....
To my mind....

It seems to me....

I think that ....

1. Gloves should always be worn when handling copper because the element is poisonous.

2. Mercury can be absorbed through the skin

3. Mercury-vapor lamps are used as a source of ultraviolet rays.

4. Mercury is used in thermometers.

Iset the missing letters:

Mer...ury, li...uid, pois...n, ab...orb, v...cuum, rec...ifier, swi...ch, vap...r, s...urce, ch...orine,

alk...li, ce...l, sub...titution.

Insert the missing prepositions:

1. Mercury-vapor lamps are used as a source ..... ultraviolet light and ..... sterilizing water.
2. Traditional mercury cells ..... chlorine-alkali production accounted ..... a large percentage .....

total mercury consumption.
3. Mercury can be absorbed ..... the skin.

Translate into English:

1. HCO6XOILI/IMO BCCTrJla HAACBATh IICPYATKH, KOT'da pa60TaemL C PTYTbIO, TAK KaK J3JICMCHT

AOOBUT U MOKCT IMMPOHUKATD YCPE3 KOKY.

2. Jlammnl ¢ napamMu pTyTH UCIIOJB3YHOTCA B KaUCCTBC MCTOYHUKA y.]IBTpa(i)I/IOJ'IeTOBOI‘O CB€Ta U

ISt 00e33apakBaHUs BOJIBI.
Complete the sentences:

1. Mercury is one of the few elements that are

2. Gloves should always be worn when handling mercury

28

Nickel

Nickel has been used in coins for
hundreds of years. The element is
magnetic like iron and is often used
in combination with other metals.
Perhaps most significant is the
substitution of diaphragm cells for
traditional mercury cells in chlorine-
alkali production, which once
accounted for a large percentage of
total mercury consumption.
Nickel is used chiefly in the form of
alloys. It imparts great strength and
corrosion resistance to steel.



Nickel HUKEID

Coin MOHEeTa
Perhaps BO3MO>KHO
Significant 3HAYMTEJIbHBIN
Substition 3aMeHa

Cell AIIEMEHT
Consumpion notpedienue
Impart MpU/1aBaTh
Strength IIPOYHOCTH
Resistance COIIPOTHBIICHUE
Exercises:

Answer the following questions:

1. Nickel has been used in coins for hundreds of years, has not it?

2. What cells did it substitute in chlorine-alkali production?

3. What does nickel impart to steel?

Translate into English:

1. Hukens npugaer oco0yro MpOYHOCTh U KOPPO30YCTOWYUBOCTD CTaIH.
2. Hukelb UCTIONB3YIOT B OCHOBHOM B BUJIC CIIABOB.

3. Hukenb UCNONb3YIOT B MOHETaX COTHU JIET.

Insert the missing prepositions.

1. Nickel has been used ..... coins ..... hundreds ..... years.
2. Nickel is used chiefly ..... the form ..... alloys.
3. It imparts great strength and corrosion resistance ..... steel.

Insert the missing letters:

Ir...n, me...cury, al...oy, cor...osion, s...rength, ste...l, resist...nce, nic...el, c...1l, im..

State whether these sentences are true or false using the following clichés:

I must disappoint you ....
If I’'m not mistaken ....
To my mind....

It seems to me....

I think that ....

1. Nickel mparts great strength and corrosion resistance to iron.
2. Nickel has been used in money for hundreds of years.
3. The element is magnetic like iron and is often used in combination with other metals.

Complete the following sentences:

1. It imparts great strength and corrosion

.art.

2. The element is magnetic like iron and is often

3. Nickel has been used in
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Phosphorus

Phosphorus is a nonmetallic
chemical element that occurs as three
different allotropes. Red, left, and
white phosphorus are shown here.
White phosphorus ignites
spontaneously in air, and must be
stored underwater. The bulk of
phosphorus-containing compounds are
used as fertilizers. = Phosphorus
compounds are also used in clarifying
sugar solutions, fireproofing, and in
_ such alloys as phosphor bronze and
phosphor copper. Whlte phosphorus is used in the making of rat poison, and red phosphorus is

used in matches.

Phosphorous dochop

Allotrope ayutotporHas popma
Spontannneously HENPOU3BOJIBHO
Store underwater XpaHHUTb NOJ] BOJOK
Bulk OCHOBHas Macca
Fertilizer ynoOpeHue

Clarify OUYHINATH

Solution pacTBop
Fireproofing HECrOpaeMbIi
Bronze OpoH3a

Rat KpbICca

Match CITUYKH

Exercises:

Answer the following questions:

1. What forms does phosphorus occur in?

2. Where must white phophorus be stored?

3. Where are the bulk of phosphorus-containing compounds used as?

Underline Passive Voice and define theTense:

1. Red, left, and white phosphorus are shown here.

2. White phosphorus must be stored underwater.

3. Phosphorus compounds are also used in clarifying sugar solutions, fireproofing.

Underline Participle I and Gerund and define their functions:

1. The bulk of phosphorus-containing compounds are used as fertilizers.
2. Phosphorus compounds are also used in clarifying sugar solutions, fireproofing.

Insert the missing prepositions.
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1. White phosphorus ignites spontaneously ..... air.

2. White phosphorus is used ..... the making ..... rat poison, and red phosphorus is used .....
matches.
3. Phosphorus compounds are also used ..... clarifying sugar solutions.

Translate into English:

1. Bensiii pocdop BocmmaMeHseTCS CaMOTEKOM Ha BO3JIyX€ M IO3TOMY €ro HaJl0 XPaHUTh MO/
BOJOM.
2. benbrii hochop UCTIOMB3YIOT B M3TOTOBJICHUH KPBICKHOTO S/1a.

State whether these sentences are true or false using the following clichés:

I must disappoint you ....
If I’m not mistaken ....
To my mind....

It seems to me....

I think that ....

1. White phosphorus ignites spontaneously in air, and must be stored under earth.
2. The bulk of phosphorus-containing compounds are used as paints.
3. White phosphorus is used in the making of rat poison, and red phosphorus is used in matches.

Find the corresponding English equivalents to the Russian expressions:

Berpeuatbes, BocmiaMeHSTbCS, XpaHUTh 1O BOAOH, ¢ochopconepkaiue CoeaUHEHUS,
OUYMIIaTh PACTBOPHI, UCIIOJIb30BaTh B KAYECTBE.

|- Platinum

Platinum is an extremely rare
metallic element. A 50-ton pile of
ore is required to produce one 50-
g bar of ©pure platinum.
Because of its chemical inertness
and high fusing point, platinum is
valuable for laboratory apparatus,
such as crucibles, funnels,
combustion boats, and
evaporating dishes. Small
amounts of iridium are usually
added to increase its hardness and
durability. Platinum is also used
for contact points in electrical apparatus and in instruments used for measuring high
temperatures.

Platinum IUIaTHHA

Rare penKkui

Pile Ky4a

Require TpeOoBaTh
Produce BBIPaOATHIBATH
Bar CIIMTOK
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Pure YHUCTBHIN

Fusing point TOYKA TUTABJICHHUS
Valuable LIEHHBII

Cricible TUTENh

Funnel BOPOHKa
Combustion boats MoCy/1a Mo/ TOPEHHE
Evaporating dishes 1I0CY/1a IO/ BBITAPUBAHUS
Irridium UPUINI

Addto I00aBIIATD

Increase YBEIINYUBATH
Hardness POYHOCTH
Durability JIOJITOBEYHOCTH
Contact points TOYKH COCTMHCHUS
Measure HU3MEPSATH

Exercises:

Answer the following questions:

1. Is platinum a rare or abundant element?

2. How many tons of ore is require to produce one 50-g bar of pure platinum?

3. Why is platinum valuable laboratory apparatus?

4. Small amounts of iridium are usually added to increase its hardness and durability, don’t they

Keep in your mind the next chemical terms:

Crucible, combustion, evaporate, add to, hardness, durable, measure, rare, pure, inertness, fusing,
point, valuable, funnel.

Choose corresponding nouns to the next adjectives:

Rare, pure, chemical, high, small, electrical, evaporating.
Planinum, dishes, temperature, element, inertness, amounts, apparatus.

Insert the missing letters:

1. Pl...tinum, comb...stion, appar...tus, durab...lity, ha...dness, irid...um, cruc...bles, fu...nels,
lab...ratory.

State whether these sentences are true or false using the following clichés:

I must disappoint you ....
If I’'m not mistaken ....
To my mind....

It seems to me....

I think that ....

1. Platinum is an extremely abundant metallic element.

2. Great amounts of iridium are usually added to increase its hardness and durability.

3. Platinum is also used for contact points in electrical apparatus and in instruments used for
measuring low temperatures.

4. A 50-ton pile of ore is required to produce one 50-rg bar of pure platinum.
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Underline Participle Il and Gerund in the sentence and define their functions:

1. Platinum is also used for contact points in electrical apparatus and in instruments used for
measuring high temperatures.

Translate into English:

1. s Toro yTo06b! mosryduTh S0-U TPaMMOBBIN CIMTOK IUIATHHBI TpeOyeTrcs nepepadorats 50-
TOHHYIO Ky4y PY/IbI.
2. YUto6bl yBEIUYUTh MPOYHOCTH U JIOJITOBEYHOCTH B IJIATHHY OOBIUHO J100ABIIAIOT HEOOJBIIOE
KOJIMYECTBO UPHUIUSL.

Silicon
The element silicon is one of the most abundant elements
in Earth’s crust, second only to oxygen. Most rocks consist
of silicon in combination with other elements. Silicon steel,
which contains from 2.5 to 4 percent silicon, is used in
making the cores of electrical transformers. A steel alloy,
known as duriron, containing about 15 percent silicon, is
hard, brittle, and resistant to corrosion; duriron is used in
industrial equipment that comes in contact with corrosive
chemicals. Silicon is also used as an alloy in copper, brass,
and bronze. The ability to control the electrical properties of
silicon, and its abundance in nature, have made possible the
development and widespread application of transistors and
integrated circuits used in the electronics industry.

Photo Researc

Silicon KpEeMHUI

Abundant pacnpoCcTpaHEHHBIH
Crust KOpPKa 3eMJIH
Oxygen KHUCIOPOJT

Rock ropa ropHas nopoja
Consist of COCTOSITh U3

Core pyna

Transformer TpanchopmaTop
Duriron IYyPUPOH

Brittle XPYIKHI

Equipment o0opy/0BaHuE
Brass JaTyHb

Ability CHOCOOHOCTh
Property CBOWCTBO

Possible BO3MOKHBIH
Development pa3BuUTHE

Widespread application
Integrated circuit

pacIpoCTpaHEHHOE IIPUMEHEHUE
WHTETPUPOBAHHAS LIETTh

Exercises:

Answer the following questions:
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1. Is the element ne of the most abundant or rare elements in Earth’s crust?
2. What do most rocks consist of?

3. How many percent does silicon steel contain silicon?

4. What is duriron?

5. Is duriron hard, brittle, and resistant to corrosion?

6. Why is silicon widely used in transistors and integrated circuits?

Keep in your mind the next chemical terms:

Brittle, abundant, widespread, corrosive, integrated, crust, rock, consist of, silicon, alloy, brass,
bronze, property.

Choose corresponding adjectives to the next nouns:

Silicon, transformer, duriron, application, industry, corrosion, equipment, chemicals, circuit.
Electrical, abundan,t brittle, resistant to, industrial, widespread, corrosive, integrated, hard.

Insert the missing letters:

Ste...l, al...oy, cir...cuit, prop...rty, equ...pment, bri...tle, abun...ance, cr...st, c...e, cop...r,
br...ss, app...ication.

State whether these sentences are true or false using the following clichés:

I must disappoint you ....
If I’'m not mistaken ....
To my mind....

It seems to me....

I think that ....

1. The element silicon is one of the most abundant elements in Earth’s crust.

2. Silicon steel contains from 2.5 to 4 percent copper.

3. Duriron, containing about 15 percent silicon, is hard, brittle, and resistant to corrosion.
4. Silicon is also used as an impurity in copper, brass, and bronze.

Underline Participle I, Participle II and Gerund in the sentences and define their functions:

1. A steel alloy, known as duriron, containing about 15 percent silicon, is hard, brittle, and
resistant to corrosion.

2. Silicon steel, which contains from 2.5 to 4 percent silicon, is used in making the cores of
electrical transformers.

3. The ability to control the electrical properties of silicon, and its abundance in nature, have
made possible the development and widespread application of transistors and integrated circuits
used in the electronics industry.

Translate into English:
1. CiocoOHOCTh KOHTPOIUPOBATH JEKTPUUECKHUE CBOMCTBA KPEMHHUS U €r0 U300MUIue B IPUPOJIE

MO3BOJIMJIM Pa3BUBAaTh W IIMPOKO NPUMEHSATh TPAH3UCTOPHI M HMHTETPUPOBAHHBIE CXEMBI
MPUMEHSIEMBIE B 3JIEKTPOHHOM MPOMBIIIIEHHOCTH.
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2. CunukoHOBasg CTallb, KOTOpas colepKuUT oT 2.5% no 4% KpeMmHMs, UCHOIb3yeTcs AJs
U3TOTOBJICHUSI CEPCUHUKOB IEKTPUUECKUX TPaHCHOPMATOPOB.

Silver

A soft, white metallic element in its pure
form, silver usually occurs in nature as a wiry
aggregate mingled with other mineral ores. Most
of the silver produced today is mined in
conjunction with lead and copper, both of which
yield silver as a by-product. Silver is also widely
used in the circuitry of electrical and electronic
components. Colloidal silver, dilute solutions of
silver nitrate (AgNO;3), and some insoluble
compounds, such as potassium, are used in
medicine as antiseptics and bactericides. Argyrol,
a silver-protein compound, is a local antiseptic
for the eyes, ears, nose, and throat.

Silver cepebpo

Soft MSTKUN

Wiry MIPOBOJIOYHBII
Aggregate arperar

Mingled with CMEIIaHHbII

Ore pyna

Conjuction COCTMHEHUE

Yield naBaTh

By-product 1O0OOYHBIN NMPOJYKT
Circuity LIETIb

Dilute paz0aBiIeHHBIN
Nitrate HUTpAT

Insoluble HEpacTBOPUMBII
Anticeptic AQHTUCENTUYECKUN
Bactericide OaKTepHUITUI
Argyrol aprupois (cepedpssHHO-0ETKOBOE COETMHEHHE)
Exercises:

Answer the following questions:

1. What is silver in its pure form?

2. What does silver usually occur in nature as?

3. Where is silver used in?

4. Argyrol, a silver-protein compound, is a local antiseptic for the eyes, ears, nose, and throat, is
not it?.

Keep in your mind the next chemical terms:

Occur, mingle with, ore, conjunction, by-product, dilute, insoluble, compound, solution, protein .
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Choose corresponding adjectives to the next nouns:

Form, aggregate, ore, component, silver, solution, compound.
Pure,mineral, electronic, insoluble, local, wiry, dilute, colloidal, electrical,soft.

Insert the missing letters:
Pu...e, oc...ur, dil...te, y...eld, wi...y, so...t, inso...uble, pro...ein, so...ution.
Insert the missing preposition:

1. Silver is a soft, white metallic element .... its pure form.

2. Silver usually occurs ..... nature as a wiry aggregate mingled ..... other mineral ores.
3. Most ..... the silver produced today is mined ..... conjunction ..... lead and copper,
4. Argyrol, a silver-protein compound, is a local antiseptic ..... the eyes, ears, nose, and throat.

Translate the derivatives:

Solve — solvent —solution — soluble —insoluble - solubility
Produce — product- production- producer - productive- productivity
Pure - purify — purification - impurity

Underline Participle Il and determine its function:
1. Most of the silver produced today is mined in conjunction with lead and copper.
Translate into English:

1. Aprupoib, cepeOpsiIHHOOETKOBOE COEMHEHUE, SIBISETCS MECTHBIM aHTHUCENTUKOM IS TJa3,
yIel, Hoca ¥ ropJia.

2. Cepebpo Take NIMPOKO HCIOJIB3YETCS B CXEMax C JJIEKTPUUYECKUMHU M AJIEKTPOHHBIMU
KOMITOHEHTaMH.

3. CepeOpo OOBIUHO BCTpeYaeTcsi B MPHUPOJIC B BUAEC MPOBOJOYHOTO arperara CMEIIaHHOTO C
JPYTUMH MUHEPATbHBIMH PYIaMHU.

Sulfur in its natural form is a
tasteless, odorless, light yellow
solid. Hydrogen sulfide (H,S), a
compound that is very similar to
water (H,O), smells like rotting
eggs. Sulfur burns with a pale
blue flame (shown here),
producing sulfur dioxide (SO,),
which when further oxidized and
combined  with  atmospheric
moisture, is one of the principal
ingredients of acid rain.

Sulfur cepa
Tasteless 0e3BKYCHBIH
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Solid TBEPAOC TEIO

Similar to MOTOOHBIN

Smell MaXHYTh

Like oA00HO

Rotting eggs TYXJIBIH

Pale OJ1e IHBIN

Flame IamMs

Dioxide JIBYOKHCH

Moisure BJIara

Acid rain KHUCJIOTHBIN JOKIb
Exercises:

Answer the following questions:

1. Is sulfur in its natural form a tasteless, odorless, light yellow solid?

2. Hydrogen sulfide smells like rotting eggs, does not it?

3. What does sulphur produce when it burns?

4. Sulfur dioxide is one of the principal ingredients of acid rain, is not it?.

Keep in your mind the next chemical terms:

Tasteless, odorless, solid, sulfide, compound, smell, burn, dioxide, oxidize, sulphur, moisture,
combine, ingredient, acid.

Substitute the Russian words in brackets by the English equivalents:

1. Sulfur in its natural form is (6e3BkycHOe, Oe3 3anaxa, jerkoe) yellow solid.

2. Hydrogen sulfide (H,S), (coenunenue) that is very (moxoxe) water (H,O), (maxuer) like rotting eggs.

3. Sulfur (ropur) with a pale blue (Tutams).

4. Sulfur dioxide (SO,) when further (okucnsercs) and combined with atmospheric (Bnara), is one of the
principal (cocraBHas gacth) of acid rain.

Underline Participle I and Participle Il and determine their functions:

1. Hydrogen sulfide (H,S), a compound that is very similar to water (H,O), smells like rotting eggs.

2. Sulfur burns with a pale blue flame (shown here), producing sulfur dioxide.

3. Sulfur dioxide (SO,) when further oxidized and combined with atmospheric moisture, is one of the
principal ingredients of acid rain.

Insert the missing prepositions.
1. Sulfur ..... its natural form is a tasteless, odorless, light yellow solid.
2. Hydrogen sulfide (H,S), a compound that is very similar ..... water.

3. Sulfur burns ..... a pale blue flame.

Translate into English:
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1. Cepa roput OnexHo roxyObIM IuIaMeHeM ¢ 00pa30BaHHEM IBYOKHCH CEpbl, KOTOpas MpH JajbHeineM
OKHCJICHUW M PEAKLUH C aTMOC(HEPHOMH BIIaroi sIBISIETCS COCTABHOM YaCThIO KHCIOTHOTO JOXKIS.

2. Cepa B mpupoaHOii popme sABIsieTCst 0€3BKYCHBIM, 0€3 3armaxa, JETKUM, )KEeITHIM TBEPIBIM TEIIOM.

3. Bogopoausiii cynsdua (H,S) coenunenne, kotopoe odeHb moxoxe Ha Boay (H,O) maxHer, kak TyXJibie
sna.

Titanium

A combination of strength, low
weight, and a high melting point
make the element titanium a useful
construction material. However,
because titanium is difficult to
work and more expensive than
steel or aluminum, it is used far
less than those two metals.
Because of its strength and light
weight, titanium is used in metallic
alloys and as a substitute for
aluminum. Photo

Titanium

Expensive

Substitute

Exercises:

Answer the following questions:

1. Is the element titanium a useful construction material?

2. Why is titanium used far less than steel or aluminum?

3. What metal does titanium substitute for?

Insert the missing prepositions:

1. ..... its strength and light weight, titanium is used ..... metallic alloys and as a substitute .....
aluminum.

Insert the missing letters:

Stren...th, w...ight, ti...anium, s...eel, alu...inum, li...ht, all...y, subst...tute, poi...t.

Translate into English:

1. 13-3a cBOCH IMPOYHOCTHU U JICTKOT'O BE€CA, TUTAH UCIIOJB3YIOT B MCTAJUIMYCCKUX CIJIaBaX U B
Ka4deCTBC 3aMCHUTCIIA aJIIOMHUHHA.

Complete the following sentences:

1. Because of its strength and light weight, titanium is used in
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2. A combination of strength, low weight, and a high melting point

Tungsten

Tungsten is a metallic element nearly
twice as dense as lead. The melting point
of tungsten is 3422°C (6192°F), higher
than for any other metal element. The
principal uses of tungsten are as filaments
in incandescent lamps, as wires in electric
furnaces, and in the production of hard,
tenacious alloys of steel. It is used also in
the manufacture of spark plugs, electrical
contact points, and cutting tools, and as a
target in X-ray tubes.

Photo Researchers, Inc, /Russ Lappa

Tungsten BOJIb(Ppam
Dense IJIOTHBIA
Filament HUTH HaKajIa

Incandescent lamps
Wire

Furnace

Tenacious

Spark plug

Cutting tools
Target

X-ray tube

Exercises:

JlamIia HaKaJInBaHHUs
IIPOBOJIOKA

neyb
KPENKUHI,IPOYHBIN
LITETICENIbHAs BUJIKA
PEXYIIHI HHCTPYMEHT
AHTHKATO.
pPEHTIreHOBCKas TpyOKa

Answer the following questions:

1. What is the melting point of tungsten?
2. The principal uses of tungsten are as filaments in incandescent lamps, as wires in electric
furnaces, and in the production of hard, tenacious alloys of steel are not they?

State whether these sentences are true or false using the following clichés:

I must disappoint you ....
If I’'m not mistaken ....
To my mind....

It seems to me....

I think that ....

1. Tungsten is a metallic element nearly twice as dense as copper.

2. The melting point of tungsten is 3422°C (6192°F), lower than for any other metal element.

3. The principal uses of tungsten are as filaments in incandescent lamps, as wires in electric
furnaces, and in the production of hard, tenacious alloys of steel.

39



Insert the missing letters:
Fila...ent, tun...sten, le...d, incande...cent, f...rnace, to...1, tu...e, de...se, all...y, st...el.
Insert the missing prepositions:

1. Tungsten is used also ..... the manufacture ..... spark plugs, electrical contact points, and
cutting tools, and as a target ..... X-ray tubes.

Substitute the Russian words in brackets by the English equivalents:

1. The principal uses of tungsten are as (HUTh HakanuBaHus) in incandescent lamps, as wires in
electric (mevax), and in the production of hard, tenacious (ciaBsr) of steel.

2. It is used also in the manufacture of (mrencensHbie BmikH), electrical contact points, and
cutting (MHcTpyMeHTt), and as a target in (peHTTeHOBCKHE TPYOKH).

Uranium

The element uranium does not occur in
pure form in nature but is found in
minerals such as carnotite, pictured here.

After the discovery of nuclear
fission, uranium became a strategic
metal, and its uses were at first
restricted mainly to the production of
nuclear weapons.

Uranium ypaH

Carnotite KApHOTHUT

Nuclear fission pacuieruieHue sapa
Restrict OrpaHUYHUBATH
Nuclear weapon SAJICPHOE OpYXKHE
Exercises:

Answer the following questions:
1. Where is uranium found in?
2. After the discovery of nuclear fission, uranium became a strategic metal, did not it?

3. What were its uses at first restricted mainly to?

Insert the missing prepositions:
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1. The element uranium does not occur ..... pure form ..... nature but is found ..... minerals such as
carnotite.

2..... the discovery ..... nuclear fission, uranium became a strategic metal, and its uses were .....
first restricted mainly ..... the production ..... nuclear weapons.

Underline Passive Voice and determine its Tense:

1. After the discovery of nuclear fission, uranium became a strategic metal, and its uses were at
first restricted mainly to the production of nuclear weapons.

Substitute the Russian words in brackets by the English equivalents:

1. Uranium (cTan) a strategic metal.
2. Its uses were at first restricted mainly to the production of (saepHOro opyxusi).
3. The element uranium does not occur in (urcToM Buze) in nature

Zinc

Zinc, pictured here as a bar and as a powder, is a
metallic element. Many alloys contain zinc, and the
element is often used in batteries and as a coating to
protect other metals from corrosion.

The metal is used principally as a protective
coating, or galvanizer, for iron and steel; as an
ingredient of various alloys, especially brass; as plates
for dry electric cells; and for die castings. Zinc oxide,
known as zinc white or Chinese white, is used as a
paint pigment. It is also used as a filler in rubber tires
and is employed in medicine as an antiseptic ointment.
Zinc chloride is used as a wood preservative and as a
soldering fluid. Zinc sulfide is useful in applications
involving electroluminescence, photoconductivity, and
semiconductivity and has other electronic uses. It is
employed as a phosphor for the screens of television
tubes and in fluorescent coatings.

Zink LIUHK

Bar CIIMTOK

Powder MOPOLIOK

Protect 3alUIIATh

Plate Tapeska

Galvanize raJIbBaHU3UPOBATH
Rubber tires PE3UHOBBIE MOKPBIIIKN
Employ WCIIOTh30BaTh
Ointment Ma3b

Chloride XJIOPHU
Preservative KOHCEpPBaHT
Soldering fluid MasuIbHas JKUIKOCTh
Electroluminescence AIIEKTPOCBEUCHHE
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Exercises:
Answer the following questions:
1. What metal protect other metals from corrosion?

2. Is zink employed in medicine as an antiseptic ointment?
3.What is employed as a phosphor for the screens of television tubes and in fluorescent coatings?

Insert the missing prepositions:

1. The element zink is often used ..... batteries and as a coating to protect other metals .....
corrosion.
2. It is employed as a phosphor ..... the screens ..... television tubes and ..... fluorescent
coatings.
3. It is also used as a filler ..... rubber tires and is employed ..... medicine as an antiseptic
ointment.

Insert the missing letters:

Po...der, corr...sion, c...ating, fi...ler, oin...ment, s...lder, e...ploy, p...int, sulf...de, rubb...r,
ir...n, pre...ervative.

Underline Participle I and Participle Il and determine their functions:

1. Zinc chloride is used as a wood preservative and as a soldering fluid.

2. Zinc oxide, known as zinc white or Chinese white, is used as a paint pigment.
Substitute the Russian words in brackets by the English equivalents:

1. Many alloys (conepar) zinc, and the element is often used in batteries and as a coating to
(3amumiarhk) other metals from corrosion.

2. It is also used as a filler in (pe3uHOBBIX mUHAX) and is employed in medicine as an antiseptic
(Ma3b).

3. The metal is used principally as a protective (mokpsitue), or galvanizer, for (xene3a u cranm);

as an ingredient of various (criaBoB), especially (matyns); as plates for dry electric cells; and for
(OTIHMBOK).
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OXYGEN

If an astronaut strikes a match in space, nothing happens. On Earth the tip bursts
into flame because it reacts with a gas that is part of the air. That gas is oxygen.

WHAT IS OXYGEN?

Oxygen is invisible and has no smell, but it makes up about a fifth of the air around
us. Oxygen is an element. Elements are basic substances that combine to form all
the materials found on Earth. Water, for example, is a combination of the elements
oxygen and hydrogen. Rust is oxygen combined with iron.

Oxygen is the most common element on the planet. Almost half the weight of
Earth’s crust is oxygen, but the oxygen is combined with other elements in rocks.
If we place all the Earth’s resources of oxygen on one pan of an imaginary scales
and all the rest of the elements on the other, the scales will strike an almost perfect
balance. Almost half of the Earth’s crust is oxygen. It is everywhere; in water, in
the atmosphere, in an enormous number of rocks, in any animal, and plant, and
everywhere it plays a very important part.

Oxygen was discovered in 1774 by Joseph Priestley who obtained it by heating
mercuric oxide — a method no longer used because of its expense and its low yield.
In industry oxygen is obtained by the fractional distillation of liquid air.

Another method which is being employed more and more widely is to decompose
water by passing through it a current of electricity. Oxygen prepared in this way is
more nearly pure than that obtained from liquid air, but the cost is considerably
greater.

The most generally used laboratory method for the preparation of oxygen is based
on the thermal decomposition of potassium chlorate. Attention should be called to
the fact that the presence of a small portion of manganese dioxide greatly
influences the velocity of this reaction. Manganese dioxide serves as a catalyst in
this reaction.

Oxygen is a colourless and tasteless gas, odourless, when pure (the laboratory
sample smells slightly of chlorine). It is denser than air and slightly soluble in
water. (About 3 ml oxygen dissolve in 100 ml water under room conditions). Upon
this slight solubility depends the breathing of all aquatic life. At a low temperature
and a high pressure it is converted into a liquid boiling at -181C.

As to its chemical behaviour oxygen is very reactive. Oxygen combines directly
with most other elements particularly at high temperature, forming oxides. The
process is called oxidation. Among the substances unaffected by oxygen mention
should be made of the inert gases, iodine, bromine, fluorine, gold, and platinum.
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The temperature — 119C is the critical temperature and 50 atmospheres is the
critical pressure of the gas. Liquid oxygen is strongly attracted by a magnet and
gives an interesting explosive when mixed with charcoal. Liquid oxygen boils at -
182,5C, pressure-760 mm. Liquid oxygen is 1.13 times as heavy as an equal
amount of water. When frozen it resembles snow in appearance.

Combinations with oxygen liberate heat and light, in which case the process is
known as combustion. There are some elements which do not catch fire unless
heated. Some substances will ignite even if very slightly heated; others have to be
heated to rather high temperature before they take fire. The temperature at which a
substance ignites is called its kindling temperature. Once started, these reactions
liberate heat and light. The heat liberated maintains the substance at or above its
kindling temperature.

The amount of heat liberated by very slow oxidation, such as rusting of metals and
the decay of wood, is the same as that liberated by rapid combustion, but there is
no rise in temperature because the heat is radiated to the surrounding air. The
difference between combustion on the one hand and corrosion and decay on the
other is one of the rate of reaction and temperature at which these reactions take
place.

Oxygen is neutral to litmus, doesn’t burn but supports combustion vigorously. The
main uses of oxygen depend upon its ability to support life through respiration.
Oxygen is used to enrich the air blast during the production of iron from ore in the
blast-furnace and the conversion of iron into steel. This produces a higher furnace
temperature, an increased yield of iron and steel, and a purer product. Burning
apparatus fed with oxygen and acetylene will give a flame with a temperature of
about 3,000C. This flame will melt steel easily. It is used in engineering for
welding metal sections together. For small works and factories cylinders of
compressed oxygen are most convenient. In engineering works and shipyards
where larger quantities of oxygen are used liquid oxygen is delivered and stored in
spherical insulated tanks. The oxygen evaporates from these and gaseous oxygen is
piped to the work sites.

LIFE NEEDS OXYGEN

Except for a few kinds of bacteria, all living things need oxygen. Without it they
would die. Animals that live on land breathe oxygen from the air into their lungs.
You are doing that right now. Plants that live on land take in oxygen through tiny
openings in their leaves. Insects have tiny holes in their shells that allow oxygen to
seep in. Animals and plants that live underwater absorb oxygen that is dissolved in
water.

Oxygen gets recycled from plants to animals and back again. Green plants combine
the Sun’s energy with water and carbon dioxide to create food for themselves. In
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the process, the plants produce oxygen and release it into the air. Animals,
including humans, breathe in the oxygen. Animals breathe out carbon dioxide.
Plants use the carbon dioxide to make more oxygen.

HOW DO WE USE OXYGEN?

Matches Need Oxygen

Matches burn because the material in their
tips combines with an invisible gas, oxygen,
in the air.

\ \ Anything that burns needs oxygen. When

' wood burns, it is actually combining with

oxygen. The flame of a candle or a gas stove is produced by oxygen combining

with other elements. Fossil fuels such as oil, coal, and natural gas also need oxygen

so that they can burn. Burning, a process known as combustion, produces heat. We

use the heat to keep buildings warm, cook food, produce electricity, and move our
cars and trucks.

Animals use oxygen to keep their bodies working and to move around. Their
muscles need oxygen for energy. Hospitals give oxygen to patients who are short
of breath. Some pilots and mountain climbers need to breathe oxygen from special
tanks in order to travel at high altitudes where the air is too thin to breathe. Divers
need tanks containing oxygen so that they can spend time exploring underwater.

Scuba Diver

Scuba divers breathe oxygen from air tanks on their
backs. These divers are playing with a dolphin
underwater.

Exercises:

1. Answer the following questions:

What element is oxygen?

Where does oxygen occur in nature?
Why do all living things need oxygen?
What produces oxygen?

What is combustion?

Where is oxygen used?

ake MYC/David Pilosof

2. Practice in pronunciation:
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oxygen, basic, substance, combine, hydrogen, iron, common, weight, balance,
enormous, bacteria, dissolve, recycle, breathe, dioxide, create, fuel, patient,
altitude, explore.

3. Remember the derivatives of the words:

solve, solvent, solution, soluble, insoluble

dissolve, dissolver, dissolution, dissolved, unsolved, dissoluble, dissolvable
create, creation, creator

explore, explorer, exploration

recycle, recyclable, recycler

visible, visibility, vision

4. State whether these sentences are true or false using the following clichés:

I must disappoint you ....
If ’m not mistaken ....
To my mind....

It seems to me....

I think that ....

Oxygen is invisible and has a sharp irritating smell, but it makes up about a fifth of
the air around us.

Oxygen is the rarest common element on the planet.

Animals that live on land breathe oxygen from the air into their lungs.

In the process, the plants produce hydrogen and release it into the air.

Plants use the carbon dioxide to make more ozone.

Burning is a process known as combustion,

5. Fill in the blanks with necessary prepositions:

The oxygen is combined ..... other elements ..... rocks.

Animals that live ..... land breathe oxygen ..... the air ..... their lungs.

Animals and plants that live ..... water absorb oxygen that is dissolved ..... water.
..... the process, the plants produce oxygen and release it ..... the air.

6. Put the words in a proper order:

is, and, smell, no, has, oxygen, invisible.

for example, hydrogen, the, oxygen, and, water, is, a, of, elements, combination.
living, oxygen, need, things, all.

a, combustion, known, burning, as, process.

7. Find the English equivalents to the Russian expressions:

B COCAMHCHUCEC C, IMPOXOANUTH YCPE3 KPOXOTHBLIC OTBECPCTUA, AbIIATh KMCIOPOA0OM,
BBIICIATD yFHeKI/ICJIHﬁ ra3, BbIACIATH TCIJIO, HaA OOJILIIION BEICOTE.
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SILICON

Silicon, symbol Si, semimetallic element that is
the second most common element on Earth, after
oxygen. The atomic number of silicon is 14.
Silicon is in group 14 (or IVa) of the periodic
table. It was first isolated from its compounds in
1823 by the Swedish chemist Baron Jons Jakob
Berzelius. The element’s name comes from the
Latin word for flint, a mineral that contains
silicon. The element silicon is one of the most
abundant elements in Earth’s crust, second only
to oxygen. Most rocks consist of silicon in
combination with other elements.

Photo Researchers, Inc, fCharles D, Winters

Properties and Occurrence

Silicon is prepared as a brown amorphous powder or as gray-black crystals. It is
obtained by heating silica, or silicon dioxide (Si0;), with a reducing agent, such as
carbon or magnesium, in an electric furnace. Crystalline silicon has a hardness of
7, compared to 5 to 7 for glass. Silicon melts at about 1414°C (about 2577°F),
boils at about 3265°C (about 5909°F), and has a specific gravity of 2.33. The
atomic weight of silicon is 28.086.

Silicon is not attacked by nitric, hydrochloric, or sulfuric acids, but it dissolves in
hydrofluoric acid, forming the gas, silicon tetrafluoride, SiF,. It dissolves in
sodium hydroxide, forming sodium silicate and hydrogen gas. At ordinary
temperatures silicon is impervious to air, but at high temperatures it reacts with
oxygen, forming a layer of silica that does not react further. At high temperatures it
also reacts with nitrogen and chlorine to form silicon nitride and silicon chloride,
respectively.

Silicon constitutes about 28 percent of the earth's crust. It does not occur in the
free, elemental state, but is found in the form of silicon dioxide and in the form of
complex silicates. Silicon-containing minerals constitute nearly 40 percent of all
common minerals, including more than 90 percent of igneous-rock-forming
minerals. The mineral quartz, varieties of quartz (such as carnelian, chrysoprase,
onyx, flint, and jasper), and the minerals cristobalite and tridymite are the naturally
occurring crystal forms of silica. Silicon dioxide is the principal constituent of
sand. The silicates (such as the complex aluminum, calcium, and magnesium
silicates) are the chief constituents of clays, soils, and rocks in the form of
feldspars, amphiboles, pyroxenes, micas, and zeolites, and of semiprecious stones,
such as olivine, garnet, zircon, topaz, and tourmaline.
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USES

Silicon is used in the steel industry as a constituent of silicon-steel alloys. In
steelmaking, molten steel is deoxidized by the addition of small amounts of silicon;
ordinary steel contains less than 0.03 percent of silicon. Silicon steel, which
contains from 2.5 to 4 percent silicon, is used in making the cores of electrical
transformers because the alloy exhibits low hysteresis (see Magnetism). A steel
alloy, known as duriron, containing about 15 percent silicon, is hard, brittle, and
resistant to corrosion; duriron is used in industrial equipment that comes in contact
with corrosive chemicals. Silicon is also used as an alloy in copper, brass, and
bronze.

Silicon is a semiconductor, in which the resistivity to the flow of electricity at
room temperature is in the range between that of metals and that of insulators. The
conductivity of silicon can be controlled by adding small amounts of impurities,
called dopants. The ability to control the electrical properties of silicon, and its
abundance in nature, have made possible the development and widespread
application of transistors and integrated circuits used in the electronics industry.

Silicon Chip

Silicon chips are the hearts of modern computers. Microscopically thin layers of
silicon are etched away to produce the millions of tiny circuits that make up a
computer chip.
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Micromachine
Gearing

' Extremely thin layers of
silicon only a few
millionths of a meter
thick can be used to
abricate micromachines.
The silicon layers can be
shaped into levers,
gears, and other tiny
mechanical devices.

Silica and silicates are used in the manufacture of glass, glazes, enamels, cement,
and porcelain, and have important individual applications. Fused silica, a glass
made by melting quartz or hydrolyzing silicon tetrachloride, is characterized by a
low coefficient of expansion and high resistance to most other chemicals. Silica gel
1s a colorless, porous, amorphous substance; it is prepared by removing part of the
water from a gelatinous precipitate of silicic acid, SiO,-H ,0, which is formed by
adding hydrochloric acid to a solution of sodium silicate. Silica gel absorbs water
and other substances and is used as a drying and decolorizing agent.

Sodium silicate, Na,SiO3;, an important synthetic silicate, is a colorless, water-
soluble, amorphous solid that melts at 1088°C (1990°F). It is prepared by reacting
silica (sand) and sodium carbonate at a high temperature or by heating sand with
concentrated sodium hydroxide under pressure. The aqueous solution of sodium
silicate, called water glass, is used for preserving eggs; as a substitute for glue in
making boxes and other containers; as a binder in artificial gemstones; as a
fireproofing agent; and as a binder and filler in soaps and cleansers. Another
important silicon compound is the silicon-carbon compound Carborundum, which
1s used as an abrasive.

Silicon monoxide, SiO, i1s used as a coating to protect other materials, the outer
surface oxidizing to the dioxide SiO,. Such layers are applied also as components
of interference filters.

Exercises:

1. Answer the following questions:
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What mineral contains silicon?

Is silicon one of the most abundant elements in Earth’s crust?
Describe in short its physical and chemical properties.

Where 1is silicon used?

2. State whether these sentences are true or false using the following clichés:

I must disappoint you ....
If I’'m not mistaken ....
To my mind....

It seems to me....

I think that ....

The element silicon is one of the most abundant elements in Earth’s crust, second
only to hydrogen.

Silicon dioxide is the principal constituent of sand.

The silicates (such as the complex aluminum, calcium, and magnesium silicates)
are the chief constituents of clays, soils, and precious stones, such as diamonds and
sapphires.

The ability to control the electrical properties of silicon, and its abundance in
nature, have made possible the development and widespread application of
transistors and integrated circuits used in the electronics industry.

3. Fill in the blanks with necessary prepositions:

Silicon, is the second most common element ..... Earth, ..... oxygen.

The element silicon is one of the most abundant elements ..... Earth’s crust, second
only ..... oxygen.

Silicon steel, which contains ..... 2.5 to 4 percent silicon, is used ..... making the
cores ..... electrical transformers.

Silicon is a semiconductor, ..... which the resistivity ..... the flow .... electricity
..... room temperature is ..... the range ..... that ..... metals and that ..... insulators.
Sodium silicate, Na2Si103 is prepared ..... reacting silica (sand) and sodium
carbonate ..... high temperature or ..... heating sand ..... concentrated sodium
hydroxide ..... pressure.

4. Choose synonyms:

precious, ordinary, widespread, principal to obtain, to occur, artificial, to heat.
usual, abundant, valuable, to get, man-made, to warm, to happen, chief.

5. Complete the sentence:

The ability to control the electrical properties of silicon, and its abundance in
nature, have made possible ...l :
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CARBON

Carbon, nonmetallic chemical element, known by the symbol C, that is the
fundamental building block of material in living organisms and is important to
many industries. Carbon occurs in nature in nearly pure form in diamond and
graphite. It is also the major component of coal, petroleum, asphalt, limestone, and
most materials made by plants and animals. The name carbon is derived from the
Latin word carbo, meaning charcoal, a material that is composed primarily of
carbon.

A carbon atom can chemically combine with atoms of other elements, as well as
with other carbon atoms, to form molecules. Molecules that contain two or more
elements make up compounds. Carbon can form more compounds than can any
other element except hydrogen. Carbon is present in all substances known as
organic compounds.

Originally, scientists used the term organic compounds for materials that could
only be obtained from living or dead organisms. Today chemists consider nearly
any compound that contains carbon to be organic, whether they obtain it from
organisms or synthesize it in a laboratory or in factories. Compounds that do not
contain carbon are called inorganic compounds.

Carbon atoms form part or all of the backbone for the major molecules of all living
things on Earth, including sugars, proteins, fats, and deoxyribonucleic acids
(DNA), the molecules that carry the genetic code of living organisms. Many of the
materials that we use in everyday life contain carbon-rich organic compounds. For
instance, we wear clothing made of organic compounds—either natural fibers,
such as wool, silk, or cotton; or synthetic ones, such as nylon or polyester. We
construct our houses and furnishings from organic materials, such as wood and
plastics. We burn carbon-rich fossil fuels, including gasoline, natural gas, and coal,
for heat and energy. In addition, we use organic compounds as pesticides and
medicines, and the foods we eat are carbon compounds.

PROPERTIES

Of all the elements, carbon is the only one suitable for building the variety of
molecules necessary to sustain life. Carbon atoms can attach to each other to form
chains, rings, or a crystal mesh. The chains may be thousands of carbon atoms long
and either linear or branched, and the rings usually contain from three to six carbon
atoms. Most organic compounds contain many carbon-hydrogen bonds. Some of
the other elements that bond to carbon include oxygen, nitrogen, fluorine, chlorine,
bromine, iodine, sulfur, and phosphorus.

ISOTOPES
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Every carbon atom contains six positively charged particles called protons in its
nucleus and six or more neutral particles called neutrons. The carbon atom’s
nucleus is surrounded by six negatively charged electrons. The number of neutrons
in a carbon atom’s nucleus determines which isotope it is. Isotopes are atoms of the
same element that have different numbers of neutrons in the nucleus. Three
different isotopes of carbon exist in nature. The important isotopes of carbon are
carbon-12, carbon-13, and carbon-14. Scientists identify them by their mass
number, which is the sum of the number of protons and neutrons in an atom.
Carbon-12 contains six protons and six neutrons, carbon-13 contains six protons
and seven neutrons, and carbon-14 contains six protons and eight neutrons.

Isotopes of an element are atoms of the element that have different numbers of
neutrons in their nuclei. Carbon has three naturally occurring isotopes, which are
shown here with the isotopes of hydrogen. The isotopes of carbon are carbon-12,
which constitutes 98.89 of all carbon atoms and serves as the standard for the
atomic mass scale; carbon-13, which is the only magnetic isotope, making it very
important for structural studies of compounds containing carbon; and carbon-14,
which is produced by cosmic rays bombarding the atmosphere. Carbon-14 is
radioactive, with a half-life of 5760 years. The amount of carbon-14 remaining in
historical artifacts can be used to estimate their age.
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In nature, carbon-12 accounts for about 98.89 percent of all carbon. Carbon-13 has
a natural abundance of 1.11 percent, and the amount of carbon-14 is negligible.
The atomic mass of carbon is 12.011 atomic mass units (AMU), which is the
average mass of the isotopes of carbon based on their abundance.
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Carbon-14 Dating

The approximate date a fossilized organism died can be determined through a
technique called carbon-14 (C-14) dating. All living organisms absorb C-14, an
unstable form of the element carbon that slowly decays into nitrogen-14 (N-14).
During its lifetime, an organism continually replenishes its supply of C-14 by
breathing and eating. After the organism dies and becomes a fossil, C-14 decays
without being replaced. Scientists know the rate at which C-14 decays and can
detect the electrons that C-14 emits as it decays. Counting these electrons dates the
fossil because older fossils contain less C-14 and emit fewer electrons.

Scientists have found some important uses for the less abundant isotopes of carbon.
The nucleus of carbon-13 is magnetic. This property enables scientists to detect
nuclei of carbon-13 atoms using a technique called nuclear magnetic resonance
(NMR). By detecting the location of carbon-13 atoms in carbon-based molecules,
scientists can learn about the structure of these molecules. Carbon-14 is
radioactive, that is, its nucleus is unstable and can spontaneously change into the
nucleus of another element (see Radioactivity). In a given sample, half of the
carbon-14 nuclei will disintegrate in about 5,730 years. Living organisms
constantly replenish carbon in their systems, so that the amount of carbon-14
remains constant as long as an organism is alive. Knowing the original amount of
carbon-14 in organisms, scientists can measure the amount of carbon-14 that has
disintegrated in a fossilized organism and determine the amount of time that has
passed since it died. This technique for determining the age of fossils is called
carbon dating.
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BONDING

Tetrahedral Bonding in
Methane

The methane molecule is the simplest
example of how carbon bonds to four
other atoms to form a tetrahedral shape.
The carbon atom sits at the center, with
the four hydrogen atoms at the points
of the tetrahedron. Carbon’s ability to
form four strong bonds 1s unique
among the elements and allows it to
form large molecules.

L2 arbon Hydrogen
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As with all atoms, the electrons in a carbon atom reside in layers, or shells, around
the nucleus. Carbon atoms have two electrons in their inner shell, and this shell can
only contain two electrons, so it is full. Carbon atoms have four outer, or valence,
electrons in their next shell. This outer electron shell can hold eight electrons, and
atoms in general are much more stable when their outer shell is full. To obtain a
full outer shell, carbon atoms form four covalent bonds with other atoms. A
covalent bond is a bond formed when two atoms share a pair of electrons. When
two atoms share one pair of electrons, the covalent bond is called a sigma bond and
it holds the electrons tightly between the two atoms. One pair of shared electrons is
also called a single bond. When two atoms share two pairs of electrons (creating a
double bond), the first shared pair forms a sigma bond, while the second pair forms
a pi bond. The pi bond does not hold electrons as tightly as the sigma bond holds
the first pair. When two atoms share three pairs of electrons (creating a triple
bond), two of the bonds are pi bonds. Electrons in pi bonds are much more reactive
than are electrons in sigma bonds. That is, pi electrons more easily split away from
the bond and create bonds with other atoms, adding those atoms to the molecule.

Carbon atoms can bond together in chains, rings, and meshlike networks. If a
carbon atom bonds with four identical atoms, those atoms will be equally distant
from each other—at the tips of an imaginary tetrahedron, or a pyramid with a
triangular base. Any two of the bonds form an angle of 109.5° when carbon is in a
tetrahedral form.

ALLOTROPES

Carbon has multiple allotropes. Allotropes are different physical forms of the same
element, such as a hard, highly structured crystal and a soft, less-structured
substance. Allotropes differ in the way the atoms bond with each other and arrange
themselves into a structure. Because of their different structures, allotropes have
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different physical and chemical properties. The three common allotropes of carbon
are diamond, graphite, and amorphous carbon (examples of amorphous carbon
include charcoal, soot, and the coal-derived fuel called coke). The density of
diamond is about 3.5 grams per cubic centimeter (g/cm’), graphite ranges from 1.9
to 2.3 g/cm’, and amorphous carbon ranges from 1.8 to 2.1 g/cm’. Diamond is one
of the hardest known materials, while graphite is one of the softest. These
differences arise from the differences in bonding between the carbon atoms.

In diamond, each carbon atom bonds tetrahedrally to four other carbon atoms to
form a three-dimensional lattice. The shared electron pairs are held tightly in sigma
bonds between adjacent atoms. Pure diamond is an electrical insulator—it does not
conduct electric current. It is colorless and, because of its hardness, is used in
industrial cutting tools. Cut diamonds sparkle brilliantly, which makes them
treasured gemstones in jewelry.

Allotropic Forms of Carbon

Atoms of the element carbon can link together in several ways to form substances
with very different properties. In diamond, the atoms form a three-dimensional
network that extends throughout a crystal and makes diamond the hardest naturally
occurring substance. Graphite is made up of layers of carbon that can slide over
each other easily, making graphite a useful lubricant. In the family of substances
called fullerenes, the atoms link to form spherical or cylindrical surfaces.

Diamond Graphite Buckminsterfullerene

© carbon atom

i) Microsoft Corporation, &l Rights Reserved,
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Diamond and
Graphite

Diamond (shown here cut and
uncut) and graphite are different
allotropes, or forms, of the element
carbon. These allotropes form at
different depths, and therefore

different temperatures and
pressures, within the earth. This
Fhaoto Researchers, Inc, /Charles D, Winters produces Substances Wlth Very

different crystal structures and physical properties.

Graphite is black and slippery and conducts electricity. In graphite, the atoms form
planar, or flat, layers. Each layer is made up of rings containing six carbon atoms.
The rings are linked to each other in a structure that resembles the hexagonal mesh
of chicken wire. Each atom has three sigma bonds (with 120° between any two of
the bonds) and belongs to three neighboring rings. The fourth electron of each
atom becomes part of an extensive pi bond system. Graphite conducts electricity,
because the electrons in the pi bond system can move around throughout the
graphite. Bonds between atoms within a layer of graphite are strong, but the forces
between the layers are weak. Because the layers can slip past each other, graphite
1s soft and can be used as a lubricant. Rubbing off layers of carbon in graphite is
easy; you do it every time you write with a “lead” pencil. The “lead” is not actually
lead at all but graphite mixed with clay. Diamond makers can transform graphite
into diamond by applying extremely high pressure (more than 100,000 times the
atmospheric pressure at sea level) and temperature (about 3000°C or 5000°F).
High temperatures break the strong bonds in graphite so that the atoms can
rearrange themselves into a diamond lattice. About 90 percent of the diamonds
used in tools in the United States are made this way.

Amorphous carbon is actually made up of tiny crystal-like bits of graphite with
varying amounts of other elements, which are considered impurities. For example,
the coal industry divides coal up into various grades depending on the amount of
carbon in the coal and the amount of impurities. The highest grade, anthracite,
contains about 90 percent carbon. Lower grades include bituminous coal, which is
76 percent to 90 percent carbon, subbituminous coal, with 60 percent to 80 percent,
and lignite, with 55 percent to 73 percent.

In 1985 chemists created a new allotrope of carbon by heating graphite to
extremely high temperatures. They named the allotrope buckminsterfullerene, after
American architect R. Buckminster Fuller. Fuller designed geodesic domes, rigid
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structures with a three-dimensional geometry that resemble this form of carbon.
Unlike diamond and graphite, which can have an unending crystal structure, the
original fullerene forms molecules of 60 carbon atoms (with a molecular formula
of Cg). The molecules are shaped like tiny soccer balls (called buckyballs), with
an atom at each point where the lines on a soccer ball would normally meet. The
60 carbon atoms bond in 20 six-membered rings and 12 five-membered rings. Each
carbon atom is at a corner where two six-membered rings and one five-membered
ring come together. Scientists have since discovered other fullerenes, including
very narrow, long tubes and the C,, fullerene, an elongated structure shaped more
like a football but rounded on the ends. After scientists discovered fullerenes in the
lab, geologists discovered fullerenes in nature—in ancient rocks in New Zealand
and in the meteorite-created Ries Crater in Germany.

Scientists, excited by the properties of these recently discovered materials, are
exploring ways to use them. When cooled, some fullerene-based compounds that
include other noncarbon atoms are superconductors, that is, they can conduct
electricity with no resistance. Some pure carbon fullerene tubes are stronger than
metals and conduct electricity. Someday we may use them as electrical wires or as
fibers to reinforce plastic, making materials that are even stronger than those
reinforced with current carbon fibers. Other compounds based on Cg4, appear to
inhibit the activity of the virus that causes acquired immunodeficiency syndrome
(AIDS).

OCCURRENCE

carbon dioxide in the atmosphere

Factory

soil and organism
FESpiFation
animal respiration
Flant respiration
Respiration by algae
and aguatic animals

assimilation by plants

Fhotosynthesis by algae

Carbon Cycle

Carbon, used by all living organisms, continuously circulates in Earth’s ecosystem.
In the atmosphere, it exists as colorless, odorless carbon dioxide gas, which is used
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by plants in the process of photosynthesis. Animals acquire the carbon stored in
plant tissue when they eat and exhale carbon dioxide as a by-product of
metabolism. Although some carbon is removed from circulation temporarily as
coal, petroleum, fossil fuels, gas, and limestone deposits, respiration and
photosynthesis balance to keep the amount of atmospheric carbon relatively stable.
Industrialization, however, has contributed additional carbon dioxide to the
environment.

Carbon is widely distributed in nature and the universe. We have already discussed
how carbon occurs as a pure element and in countless organic compounds on
Earth. But carbon also abounds in the Sun, stars, comets, and in the atmospheres of
most planets. The atmosphere of Mars i1s mostly carbon dioxide (carbon bonded
with two oxygen atoms, or CO;). Earth’s atmosphere contains only 0.03 percent
CO.,. Like virtually all atoms, carbon atoms are made in the interior of stars during
a supernova, an explosion of a star that emits vast amounts of energy. These
explosions build atoms in thermonuclear reactions, high temperature events that
fuse two nuclei together. Hydrogen atoms fuse together into a helium atom, then
helium atoms fuse into carbon. Carbon atoms can then fuse with helium into
oxygen.

The total mass of carbon on Earth is about 7.5 x 10" kg (about 1.7 x 10%° Ib).
When written out, 7.5 x 10" is 75 followed by 18 zeros. Only about 0.001 percent
of this total is found in living plants and animals. As noted earlier, carbon is found
in elemental form as amorphous carbon (mostly coal), graphite, and diamond.
Large deposits of coal are found in Europe, Asia, Australia, and North America.
Large deposits of graphite are found in China, India, North Korea, Mexico, Brazil,
the Czech Republic, and the Ukraine. Natural diamonds are found in deposits that
are believed to be the remains of ancient volcanic pipes, long tubes of rocky
material formed by volcanoes. Diamond-containing pipes occur in South Africa,
Russia, and the state of Arkansas in the United States, and in the ocean floor off
the Cape of Good Hope in South Africa. Some meteorites contain microscopic
diamonds.

Carbon is also found in inorganic compounds bound up in rocks and, most
importantly to living organisms, as carbon dioxide in the air and water. Rocks can
contain carbon-based inorganic compounds such as carbonates of calcium and
magnesium, which make up limestone. Carbon dioxide occurs as a gas in the
atmosphere of Earth and also as a dissolved gas in all natural water. Although the
percentage of carbon dioxide in Earth’s atmosphere is small, it helps keep the
planet warm enough to sustain life. Carbon dioxide traps some of the solar
radiation, in the same way that a greenhouse or a car with closed windows traps
heat (see Greenhouse Effect). Based on the distance from the Sun and the amount
of solar radiation, Earth would have an average temperature of —18°C (0°F)
without this blanket of carbon dioxide. The oceans would be frozen.
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How Coal Forms

The coal we find today formed from generations of plants that died in ancient
tropical swamps and accumulated on the swamp bottoms. The plant material first
formed a compact organic material called peat. As layers of sediment gradually
accumulated over the peat, the pressure and heat exerted by the thickening layers
gradually drove out the moisture and increased the carbon content of the peat,
forming coal.

Carbon dioxide also provides the carbon needed by living organisms to build
organic molecules. During the carbon cycle—the continuous exchange of carbon
among plants, animals, and their environment—plants capture carbon dioxide from
the air. With the aid of sunlight, the plants use the carbon to build complex organic
molecules, such as starches and sugars. This process is called photosynthesis.
When animals eat the plants or the plants otherwise decompose, the complex
organic molecules are broken down again. To complete the cycle, animals exhale
carbon dioxide back into the atmosphere. In addition, some carbon gets deposited
in rock, but as the rocks weather, they release the carbon. Carbon dioxide also
escapes through the vents of volcanoes. In natural processes, the total amount of
carbon dioxide returned to the atmosphere equals the amount extracted.

Plants, animals, and other life forms make carbon-based organic molecules that
range from small to enormous in size. Small molecules include acetic acid
(C,H40,), which gives vinegar its sour taste; the simple sugar glucose (C¢H;,0g);
and common table sugar, sucrose (C,H»,Oy;). The three basic energy-providing
nutrients of living organisms, carbohydrates, fats, and proteins, are all based on
carbon. Wood from plants is made of a very large carbohydrate, called cellulose,
which consists of many, many glucose molecules bonded together.
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The human body is about 18 percent carbon by mass, and the biologically
significant molecules (other than water) have carbon as part or all of the backbone
of their structure. Cell membranes are made up of lipids, which are large organic
molecules of carbon, hydrogen, oxygen, nitrogen, and phosphorus. Other large
organic molecules of the body are the proteins found in blood, muscle, skin, hair,
and every living cell. Ribonucleic acids (RNA) and deoxyribonucleic acids (DNA)
are gigantic carbon-based molecules that contain the genetic information, or the
blueprints, for a living organism. Biochemical processes, the chemical reactions
that create and sustain life, rely on the chemical reactions of carbon-based
substances. These life processes involve the complex and coordinated making or
breaking of carbon bonds.

Fossil fuels, such as coal, petroleum, and natural gas, are mainly hydrocarbons
(molecules containing only carbon and hydrogen). They most likely formed from
the remains of organisms that lived approximately 500 million years ago. Coal
formed from the remains of plants that were buried and subjected to high pressure
and heat over long periods of time. Petroleum, formed from microscopic sea plants
and bacteria, is a thick, dark liquid composed of a variety of hydrocarbons. Natural
gas, also formed from tiny sea creatures, is usually found with petroleum deposits.
It consists mostly of methane (CH,), but it also contains significant amounts of
ethane (C,Hg), propane (C3;Hg), and butane (C4H,(). Liquid petroleum is mainly
composed of hydrocarbon molecules that contain from 5 to more than 25 carbons.
Products made from petroleum include gasoline, kerosene, jet fuel, diesel fuel,
heating oil, lubricating oil, and asphalt.

USES OF CARBON

Scientists, industry, and consumers use different forms of carbon and carbon-
containing compounds in many ways. Scientists use the carbon atom as the basic
unit of mass and as a clue to the age of an object. Industries use carbon to make
steel from iron, purify metals, and add strength to rubber. In the form of diamond,
carbon can cut most other substances and shine more brilliantly in jewelry than
most other gems. Carbon compounds can be burned as fuel to heat food or homes,
as well as form many different molecules for all sorts of human needs.

In 1961 the international unions of physicists and chemists agreed to use the mass
of the isotope carbon-12 as the basis for atomic weights. Carbon-12 is defined to
have an atomic mass of exactly 12 atomic mass units (AMU). The atomic mass of
an element is the average mass of an atom of that element as compared to the mass
of a carbon-12 atom.

Carbon-14 dating, a technique originated by American chemist Willard F. Libby in
1947, uses carbon to estimate the age of things that were once alive or artifacts
made from them, such as wood sculptures or cloth. The carbon dioxide in the
atmosphere includes one atom of radioactive carbon-14 for every 10" (1,000
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billion) atoms of the nonradioactive carbon-12. While living, an organism contains
this same ratio because it is continuously exchanging carbon with the atmosphere
through photosynthesis or through eating and respiration. When an organism dies,
exchange with the environment stops, and no additional carbon-14 is taken in. The
radioactive isotope carbon-14 decays into nitrogen-14, and the carbon-14
concentration decreases with time. By measuring the carbon-14 to carbon-12 ratio
in an archaeological sample, a scientist can estimate how much time has passed
since the organism died.

Steel Production

Molten pig iron is poured into a basic oxygen
furnace (BOF) for conversion to steel. Steel is a
form of iron produced from iron ore, carbon-
based coke, and limestone in a blast furnace.
Excess carbon and other impurities are removed
to make a strong steel.

Photo Researchers, Inc./Farrel Grehan

Cut
Diamonds

The brilliance of
diamonds  makes
them treasured
gemstones. The
skill of the gem-
cutter lies in
angling the facets
of the stone so that
each light ray
entering it is
Photo Researchers, Inc./Spencer Grank reflected many
times before it emerges again. Colored flashes of light occur in a fiery diamond
when light is separated into colors.
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Carbon has many industrial uses. At high temperatures, carbon combines with iron
to make steel. The chemical composition of steel determines its physical
properties. Carbon steel with about 1.5 percent carbon is used to make sheet steel
and tools. Steel used for automobile and aircraft engine parts contains about 1
percent carbon. High strength steel used for transportation equipment and
structural beams contains about 0.25 percent carbon. Stainless steel for engine
parts or kitchen utensils contains from 0.03 to 1.2 percent carbon. Carbon, in the
form of coke, can also react with tin oxide and lead oxide to yield the pure metals
tin and lead. Carbon black, made of fine particles of amorphous carbon, is
produced by incomplete combustion of natural gas. It is mainly used as a filler and
reinforcing agent for rubber.

Natural and synthetic diamonds can cut nearly every other known material. Gem
cutters, surgeons, and manufacturers use diamond knives and drills. General
Electric Company produced the first synthetic diamond in 1955. Today tiny
synthetic diamonds are commonly used as abrasives. Producers of metal tools use
lasers to heat carbon dioxide over a metal surface, making the carbon atoms coat
the surface with a diamond film. This diamond coating can make cutting tools last
much longer than untreated tools.

People burn fossil fuels to generate energy. Burning, or combustion, is the reaction
of a substance with oxygen to produce new substances and energy (in the form of
heat). When coal burns, carbon reacts with oxygen to yield carbon dioxide and
heat. The higher the carbon content, the greater the energy released in combustion.
Therefore, anthracite (containing the most carbon) is the most valuable coal, and
lignite (containing the least amount of carbon) is the least valuable. In petroleum,
oil, and natural gas, burning releases energy when bonds between the atoms break
and when carbon and hydrogen atoms recombine with oxygen to form carbon
dioxide and water.

Carbon compounds are the basis of the synthetic organic chemicals, which account
for many of the products of the chemical industry. Pharmaceuticals, pesticides,
paints, and coatings are among the products made from synthetic organic
chemicals. The synthetic fiber, synthetic rubber, and plastics industries depend
upon the unique ability of carbon to form stable, long chains, or polymers, made
from small organic molecules bonded together. Carbon-based polymers form
synthetic fibers, such as nylon, rayon, and polyester. All the plastics, from
polyethylene terephthalate (PET) in soft drink bottles to polyvinyl chloride (PVC)
in window frames to styrene in car parts, depend on the properties of carbon.

Exercises:

1. Answer the following questions:

What element is the fundamental building block of material in living organisms?
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Where does carbon occur in nature in pure form?

What Latin word is the name carbon derived from and what does it mean?

What are organic compounds?

Do inorganic compounds contain carbon?

Carbon atoms form part or all of the backbone for the major molecules of all living
things on Earth, including sugars, proteins, fats, and deoxyribonucleic acids, don’t
they?

What carries the genetic code of living organisms?

What are positively charged particles called in the nucleus?

What are neutrons?

Do isotopes of an element have different or equal numbers of neutrons in their
nuclei?

What do carbon atoms form when they attach to each other?

Allotropes are different physical forms of the same element, aren’t they?

Why do allotropes have different physical and chemical properties?

What are the main allotropic forms of carbon?

2. State whether these sentences are true or false using the following clichés:

I must disappoint you ....
If I’'m not mistaken ....
To my mind....

It seems to me....

I think that ....

Carbon is rarely distributed in nature and the universe.

Carbon atoms are made in the interior of stars during a supernova, an explosion of
a star that emits vast amounts of energy.

Diamond-containing pipes occur in Great Britain, Canada and India and in the
ocean floor off the shores of Australia.

Carbon helps keep the planet warm enough to sustain life.

Earth would have an average temperature of —18°C (0°F) without this blanket of
ozone.

3. Fill in the blanks with necessary prepositions:

The human body is ..... 18 percent carbon ..... mass.

Other large organic molecules ..... the body are the proteins found ..... blood,
muscle, skin, hair, and every living cell.

Carbon dioxide occurs as a gas ..... the atmosphere ..... Earth and also as a
dissolved gas ..... all natural water.

..... high temperatures, carbon combines ...... iron to make steel.

Stainless steel ..... engine parts or kitchen utensils contains ..... 0.03 ..... 1.2

percent carbon.
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Carbon compounds are the basis ..... the synthetic organic chemicals, which
account ..... many ..... the products ..... the chemical industry.

All the plastics, ..... polyethylene terephthalate (PET) ..... soft drink bottles .....
polyvinyl chloride (PVC) ..... window frames ..... styrene ..... car parts, depend
..... the properties ..... carbon.

4. Find the English equivalents to the Russian expressions:

YJICpO0COACPIKAIICC TOIIJINBO, OIIPCACIIATD XUMHUYCCKUC CBOﬁCTBa,
HCPpKaBCrOIlasA CTajadb, aJIMAa3HOC IIOKPBITHC, O6paSOBLIBaTBCH 3 OCTaHKOB
opraHnmsma, ImoABCPraTrb BBICOKOMY JaBJICHUIO, JAU3CIIBHOC TOIIIINBO

CMa3bIBAIOIIMECS Maclia, pa3pylaTh CBA3H.
5. Choose synonyms:

to produce, basic, property, to connect, to coat, to heat, valuable, to treat, to react.
to warm, to link, quality, main, to manufacture, to cover, to combine, to process,
precious.

6. Translate into English:
OKHUCh, OKUCJICHHE, OKUCIIIEMbIN, OKUCIISTH(CS), OKUCITUTENb.

NITROGEN

Nitrogen is of particular interest and service to man. The position of nitrogen in the
Periodic Table would make us expect this element to be active chemically, like its
neighbours oxygen and phosphorus, but this is not the case with nitrogen.

Nitrogen differs from all the other elements of this group in existing at ordinary
temperatures as a colourless gas, consisting of diatomic molecules. The strength of
the triple bond in the N-N molecule is remarkably great, as much as 274,000
calories being required to decompose a gram molecular weight. This large quantity
of energy accounts for the inactivity of the element.

This discharge tube contains nitrogen gas. When the
tube is connected to a high voltage source, electrons
flow from the cathode at one end of the tube to the
anode at the other end. Some of the electrons collide
with the nitrogen in the tube, exciting the nitrogen
f atoms. These excited atoms quickly shed their
s excess energy by emitting light, whose combined
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effect results in the purplish glow visible in this photograph.

Nitrogen is like oxygen and hydrogen in having neither colour, taste, nor odour;
but in other respects it is very different. Nitrogen does not burn, nor does it support
burning. At elevated temperature it combines to some extent with oxygen, forming
NO, and more readily with some of the active metals.

On account of its inertness it is difficult to make nitrogen combine with other
elements and its compounds are found to be unstable. When electric sparks are
passed through a mixture of nitrogen and oxygen, the nitrogen will combine with
oxygen to form oxides of nitrogen. In the presence of a suitable catalyst it will
combine with hydrogen at a moderately high temperature to form ammonia, which
is a gaseous compound of nitrogen and hydrogen. Although these last two
reactions take place with difficulty, yet they have recently become of great
importance because they enable us to transform the free nitrogen of the air into
compounds of nitrogen.

hiobobake WY CYoay Lewy

Liquid Nitrogen

Liquid nitrogen is poured like water to cool an electronic device to a temperature
of 77 K (-196° C/ -323° F). Liquid nitrogen is produced by liquefying air and is
widely used as an inexpensive cryogenic refrigerant. It can be stored for long
periods in special containers called Dewar flasks, named after Sir James Dewar,
the British scientist who first liquefied hydrogen in 1898. Liquid nitrogen has
many everyday uses ranging from the production of frozen foods to the removal of
warts. Sperm banks use liquid nitrogen to preserve genetic material. Research
laboratories commonly use this versatile refrigerant to trap volatile materials.
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Cooling in liquid nitrogen is often a starting point for reaching even lower
temperatures using liquid helium.

About one hundred years after the discovery of nitrogen a prominent
microbiologist wrote: “Nitrogen is more valuable from the point of view of general
biology than the rarest of the noble metals”. And he was quite right. Nitrogen is a
constituent of practically all protein molecules. Without nitrogen there is no
protein, and without protein there is no life.

Compounds of nitrogen are essential to plant life and animals. These nitrogen
compounds which occur naturally are called proteins; they are composed of
carbon, nitrogen, oxygen and hydrogen. The plant is able to build them up from the
water, carbon dioxide and the inorganic nitrates which it finds in the soil. The
protein in animals is obtained entirely from the plants or other animals which they
consume. The waste products of plant and animal life contain the nitrogen of the
original protein combined in a number of different compounds, which are easily
acted upon by bacteria in the soil and turned into ammonium compounds. These
ammonium compounds in turn are oxidized by other bacteria to nitrates, which can
be taken by plants. This nitrogen makes a cycle through plant and animal life and
the soil. Alas, this store is meagre. It holds few compounds containing nitrogen.
That is why the soil loses its nitrogen rapidly and requires the addition of
nitrogenous fertilizers. It was found that Chile saltpeter to be an excellent
nitrogenous fertilizer. Ships loaded with the valuable fertilizer deliver it to all parts
of the globe.

Attempts to cause carbon and nitrogen to combine to form cyanogen have always
met with failure. The use of a high voltage electrical discharge to which the
element is subjected enables an active nitrogen to be produced. Active nitrogen
combines readily with many elements, including sulphur and phosphorus with
which molecular nitrogen fails to react at all.

Most of the nitrogen used in the chemical industry is obtained by the fractional
distillation of liquid air. It is then used to synthesize ammonia. From ammonia
produced in this manner, a wide variety of important chemical products are
prepared, including fertilizers, nitric acid, urea, hydrazine, and amines. In addition,
an ammonia compound is used in the preparation of nitrous oxide (N,O) a
colorless gas popularly known as laughing gas. Mixed with oxygen, nitrous oxide
1s used as an anesthetic for some types of surgery.

Used as a coolant, liquid nitrogen has found widespread application in the field of
cryogenics. With the recent advent of ceramic materials that become
superconductive at the boiling point of nitrogen, the use of nitrogen as a coolant is
increasing.

66



The nitrogen of the air is of great importance and value to man and to all forms of
life. For example, it dilutes oxygen and therefore retards oxidation. Life, certainly
would be quite different from what it is if atmosphere were composed of pure
oxygen: it would probably be much shorter. The combustion of fuel in stoves and
furnaces would be difficult to control, the corrosion of iron and steel would
proceed so rapidly that their use would be impractical. The decay would also be
greatly accelerated.

There is plenty of free nitrogen in the atmosphere. Scientists have calculated that if
all the nitrogen in the atmosphere were transformed into fertilizers there would be
enough to nourish all the plants in the world for more than a million years.

Exercises:

1. Answer the following questions:

What accounts for the inactivity of nitrogen?

What is common between nitrogen and oxygen?

How many calories are being required to decompose a gram molecular weight of
nitrogen?

Why are reactions of nitrogen with hydrogen of great importance?

Who first liquefied hydrogen?

Where is liquid nitrogen used?

Compounds of nitrogen are essential to plant life and animals, aren’t they?
What are called proteins?

What elements are proteins composed of?

Why is the nitrogen of the air of great importance to man?

2. Remember the derivatives of the words:

to form, to perform, reform, to inform, deformation, performance, to transform.
to compose, composition, composer.
to expend, expenditure, expense, expensive.

3. State whether these sentences are true or false using the following clichés:

I must disappoint you ....
If I’'m not mistaken ....
To my mind....

It seems to me....

I think that ....

Nitrogen is like oxygen and hydrogen in having neither colour, taste, nor odour;
but in other respects it is very different.
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Most of the nitrogen used in the chemical industry is obtained by the fractional
distillation of liquid hydrogen.

If atmosphere were composed of pure oxygen: it would probably be much longer.
There is plenty of free nitrogen in the oceans.

4. Fill in the blanks with necessary prepositions:

..... elevated temperature it combines ..... some extent ..... oxygen.
Compounds ..... nitrogen are essential ..... plant life and animals.

These ammonium compounds ..... turn are oxidized ..... other bacteria .....
nitrates.

Most ..... the nitrogen used ..... the chemical industry is obtained ..... the
fractional distillation ..... liquid air.

Ships loaded ..... the valuable fertilizer deliver it ..... all parts ..... the globe.

5. Give three forms of the verbs:

to build, to find, to meet, to become, to make, to take.

6. Underline the Passive Voice constructions in the following sentences,
translate them and determine the tense:

These nitrogen compounds which occur naturally are called proteins; they are
composed of carbon, nitrogen, oxygen and hydrogen.

Liquid nitrogen is produced by liquefying air.

The use of a high voltage electrical discharge to which the element is subjected
enables an active nitrogen to be produced.

From ammonia produced in this manner, a wide variety of important chemical
products are prepared.

A wide variety of important chemical products of nitrogen are prepared,

PHOSPHORUS

Phosphorus was discovered about 1669 by the German alchemist Hennig Brand in
the course of experiments in which he attempted to prepare gold from silver. The
element’s name was drawn from the Greek word phosphoros, “light bearing,”
because many phosphorus compounds are phosphorescent: they store light and
give it off later.

Phosphorus is widely distributed in nature and ranks 11th in abundance among the
elements in Earth’s crust. It does not occur in the free state but is found mostly as a
phosphate, as in phosphate rock and apatite. It is also found in the combined state
in all fertile soil and in many natural waters. The element is important in plant and
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animal physiology and is a constituent of all animal bones, in the form of calcium
phosphate.

The element phosphorus is located below nitrogen in Group V of the Periodic
Table. As it is expected, these two elements resemble each other in many respects,
but there are many points in which they differ radically. The most striking
difference between these two elements is that nitrogen is quite inactive under
ordinary conditions, while phosphorus reacts readily both with metals and with
non-metals. They differ also in that nitrogen is gas at an ordinary temperature,
whereas phosphorus is a solid.

Ordinarily obtained phosphorus is a soft waxlike solid, white when first prepared
but slowly turning yellow. It is ordinary stick phosphorus which is called white
phosphorus to distinguish it from the other allotropic forms of the element. When
heated much above the boiling point, the molecules begin to dissociate, one per
cent of the molecules being dissociated at 800 °C and more than 50 per cent at
1200 °C. Phosphorus is almost insoluble in water, 0,0033 g. dissolving in a liter of
ice water. Phosphorus dissolves in many solvents, the best solvent being carbon
disulphide, one part of which will dissolve nine parts of phosphorus.

Phosphorus
Phosphorus 1s a
nonmetallic chemical

element that occurs as
three different allotropes.
Red, left, and white
phosphorus are shown
here. White phosphorus
ignites spontaneously in
air, and must be stored
hiito Researchers: InEfeharles B Winters . underwater.

One has to keep in mind that the most striking property of white phosphorus is its
activity with oxygen. When exposed to air at room temperature the oxidation of
phosphorus begins slowly and as the temperature rises spontaneous combustion
may result, the ignition temperature ranging from 35 °C to 45 °C. Because of the
ease with which it takes fire, it must be kept under water, and such operations as
cutting and moulding should be performed there.

White phosphorus is very poisonous, colourless, and practically water-insoluble
substance. When exposed out of contact with air, it melts readily, turning into a
colourless liquid. If one remains long in an atmosphere containing the vapour, the
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effect in chronic poisoning may result.

Upon exposure to air, white phosphorus undergoes slow oxidation even at ordinary
temperatures. When it oxidizes, white phosphorus glows like fire-flies, remaining
cold. The phenomenon is an example of the direct transformation of chemical
energy into light. White phosphorus is one of the most readily igniting substance in
existence. It ignites at the slightest heating(even at the temperature of the human
body) and burns, generating much heat and forming phosphorus pentoxide. Burns
caused by burning phosphorus heal with great difficulty, and white phosphorus
should therefore be handled with extreme caution.

Red phosphorus being a more stable form, its reactions are much less violent. It
doesn’t ignite in the air until heated to a temperature of 240 °C, but the products
formed are the same as those produced by white phosphorus. It is sometimes said
“Without phosphorus there is no thought”. This is true, because cerebral tissues
contain many complex phosphorus compounds. But neither is there life without
phosphorus. Without it respiratory processes would be impossible and muscles
could store no energy. Finally, phosphorus is one of the most important “bricks” of
any living organism. As a matter of fact, the principal component of bony tissues is
calcium phosphate. Calcium phosphate is a constituent of the skeleton and imparts
hardness to it. Organic compounds of phosphorus are constituents of nerve and
muscle tissues. Every flow of thought in our minds and every contraction of a
muscle involves chemical transformations of these compounds.

The most important commercial compounds of phosphorus are phosphoric acid
and the salts of phosphoric acid, called phosphates. The bulk of phosphorus-
containing compounds are used as fertilizers. Phosphorus compounds are also used
in clarifying sugar solutions, weighing silk, and fireproofing, and in such alloys as
phosphor bronze and phosphor copper. White phosphorus is used in the making of
rat poison, and red phosphorus is used in matches.

Exercises:

1. Answer the following questions:

Who discovered phosphorus?

What does the element’s name “phosphorus” mean?

Phosphorus is widely distributed in nature, isn’t it?

Does it occur in the free state?

Where is it found?

Does nitrogen resemble phosphorus in many respects?

What is the most striking difference between these two elements/
What is the most best solvent for phosphorus?

Why must phosphorus be kept under water?
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Why should white phosphorus be handled with extreme caution?
Explain why phosphorus is of great importance for life.

2. Remember the derivatives of the words:

to differ, different, difference, to differentiate.
to discover, discovery, discoverer.
to solve, solvent, solution, soluble.

3. State whether these sentences are true or false using the following clichés:

I must disappoint you ....
If I’m not mistaken ....
To my mind....

It seems to me....
I think that ....

Phosphorus was discovered about 1669 by the English scientist Roger Bacon.

It occurs abundantly in the free state.

The element is important in plant and animal physiology and is a constituent of all
animal bones, in the form of calcium phosphate.

Upon exposure to air, white phosphorus undergoes fast oxidation even at ordinary
temperatures.

Red phosphorus being a more stable form, its reactions are much more violent.
Cerebral tissues contain many complex phosphorus compounds.

The principal component of bony tissues is calcium phosphate.

4. Underline the Passive Voice constructions in the following sentences,
translate them and determine the tense:

Because of the ease with which phosphorus takes fire, it must be kept under water,
Such operations as cutting and moulding should be performed there.

White phosphorus should be handled with extreme caution.

Phosphorus compounds are used in clarifying sugar solutions, weighing silk, and
fireproofing.

The bulk of phosphorus-containing compounds are used as fertilizers.

5. Fill in the blanks with necessary prepositions:

Phosphorus was discovered ..... 1669 ..... the German alchemist Hennig Brand
.....the course ...... experiments.

The element phosphorus is located ..... nitrogen ..... Group V ..... the Periodic
Table.

These two elements resemble each other ..... many respects,

The most striking difference ...... these two elements is that nitrogen is quite
inactive ..... ordinary conditions.
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White phosphorus is used ..... the making ..... rat poison, and red phosphorus is
used ..... matches.

There is no life ..... phosphorus.

It ignites ..... the slightest heating

6. Insert the missing forms of irregular verbs:
draw ..... drawn

....gave .....
find found .....
.....began .....
leave ..... .....
.ocdeft left
strike ..... struck
.....kept .....
burn burnt .....
cut .....cut
undergo ..... .....
.....rose risen

7. Translate into English:

Oxoru, BbI3BaHHbIE TropsAmUM  (ochopoM, BbUICUMBAIOTCA C  OOJIBIION
TPYAHOCTHIO.

Ecnu ponro ocraBatbesi B arMmocdepe, coaepxauieil ucnapeHus ¢ocdopa, TO
MOJKET TIPOU30MTH XPOHUYECKOE OTPaBJICHHUE.

C 6enbim docopom crieayet ooparaThes ¢ MpeaeaIbHON OCTOPOKHOCTHIO.

8. Choose synonyms:

to heat, to begin, to occur, to expect, to resemble, to strike, to react, to obtain, to
store, to turn, to remain, to heal.

to start, to suppose, to hit, to get, to change, to treat, to warm, to happen, to look
like, to combine, to keep, to stay.

9. Put in English words instead of Russian words in the following sentences:

Upon exposure to air, white phosphorus undergoes MeUICHHOMY OKHUCIICHHIO even
at ordinary temperatures.

Calcium phosphate is a coctaBHo# yacThio of the skeleton and imparts hardness to
it.

White phosphorus is one of the most readily Bocmiamenstonmxcsi substance in
existence.
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As a matter of fact, the principal component of kocTHOW TkaHu is calcium
phosphate.

OZONE

Ozone is an allotropic modification of oxygen. In normal conditions, ozone is a
pale blue gas. It contains oxygen atoms, but the bonding of three atoms per
molecule gives it distinctive properties. Ozone boils at a higher temperature -
111,9°C than oxygen, its colour is more intense, and it is more soluble in water.
Ozone has a sharp irritating odour and is very toxic. Liquid ozone is dark blue; in
the solid state it is a dark violet crystal. The molecule of ozone is unstable, and
ozone decomposes explosively in large concentrations.

Your breath comes easier after a thunderstorm. The air is clear and charged with
freshness. This is not just a poetical image. Thunderclaps result in the formation of
ozone gas in the atmosphere, and it is this gas that makes the air seem cleaner.

Ozone is essentially oxygen. The difference is that the oxygen molecule contains
two atoms of the element while the ozone molecule contains three. One atom more
or one atom less of oxygen, should that make a big difference?

It does make a very big difference: ozone and oxygen are entirely different
substances. Without oxygen there is no life. On the other hand, ozone in large
concentrations kills all living things. It is a most powerful oxidizing agent, second
only to fluorine. On combining with organic substances ozone immediately
destroys them. When attacked by ozone all the metals, except for gold and
platinum, change rapidly into their oxides. It is two-faced! A murder of all living
things, ozone also promotes life in many ways. This paradox is easy to explain.

Ozone is formed in electrical discharges, and accounts for the freshness of the air
after thunderstorm or near electrical equipment. In natural conditions ozone is
formed from oxygen during fighting discharges, and at altitudes 10-30 km high
through the action of solar radiations. Solar radiations contain ultraviolet rays. If
they reached the Earth’s surface, life on Earth would be impossible because these
rays carry an immense amount of energy and are fatal to living organism.
Fortunately, only a very small fraction of the Sun’s ultraviolet rays reaches the
Earth’s surface. Most of them lose their force in the atmosphere at an altitude of
10-30 km. At this level there is a great deal of ozone. Ozone removes harmful
ultraviolet radiation from sunlight and absorbs the Earth’s own ultra-red radiation
thus protecting it against cooling.

By the way, one of the present-day theories of the origin of life on Earth relates the
appearance of the first organisms to the time of formation of the ozone layer in the
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atmosphere. Chlorofluorocarbons, or CFCs, and some other air pollutants that
diffuse into the ozone layer destroy ozone. In the mid 1980s, scientists discovered
that a hole”- an area where the ozone is up to 50% thinner than normal-develops
periodically in the ozone layer above Antarctica. This severe regional depletion,
explained as a natural seasonal depletion, appears to have been exacerbated by the
effect of CFCs, and may have led to an increase in skin cancer caused by UV
exposure. Restrictions on the manufacture and use of CFCs and other ozone-
destroying pollutants were imposed in 1978.

MASAISYSTOMS

Ozone Layer Hole

The ozone hole over the South Pole is apparent in this false-color image taken by a
satellite in October 1999. Low levels of ozone are shown in blue. Ozone is a gas
that blocks harmful ultraviolet sunlight. Industrial chemicals released into the
atmosphere have caused ozone to break down, opening holes in the ozone layer
that tend to concentrate at the poles.
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Launching Ozone Balloon,
Antarctica

Scientists launch a balloon carrying scientific
instruments from the roof of a building at
McMurdo research base in Antarctica. The
balloon will be used to study Earth’s ozone
layer.

The chemical industry needs thousands and
thousands of tons of ozone very badly. Oil
industry workers use its strong oxidizing
power. The petroleum of many oil fields
' contains sulphur. Sour oils, as they are called,
| cause a great deal of trouble, for one thing, by
rapidly corroding equipment for instance,
boiler stokers at power stations. With ozone
such oils could be freed from sulphur, and the
sulphur removed could be utilized to double or
even treble the present production of sulphuric acid.

Corbisfizalen Rovwel

We drink chlorinated water. It is harmless, but its taste is inferior to that of spring
water. Being a powerful oxidizing agent, ozone is used to purify drinking water
and disinfect air, and in chemical synthesis of various kinds. Drinking water
treated with ozone is absolutely free from pathogenic bacteria and has no
unpleasant taste.

Ozone can renew old automobile tyres and bleach fabrics, cellulose, and yarn.
There are many other things it can do. And that is why scientists and engineers are
working on the design of high-capacity industrial ozonizers.

Exercises:

1. Answer the following questions:

What is the difference between ozone and oxygen?

Ozone and oxygen are entirely different substances, aren’t they?
Explain why ozone also promotes life in many ways.

What destroys the ozone layer?

What purposes is strong oxidizing power of ozone used for in industry?

2. State whether these sentences are true or false using the following clichés:
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I must disappoint you ....
If I’'m not mistaken ....
To my mind....

It seems to me....

I think that ....

Ozone is a most powerful oxidizing agent, second only to nitrogen.

On combining with organic substances ozone immediately reduces them.
Chlorofluorocarbons, or CFCs, and some other air pollutants that diffuse into the
ozone layer destroy ozone.

In normal conditions, ozone is a colourless, odourless gas.

Ozone has a sharp irritating odour and is very toxic.

3. Fill in the blanks with necessary prepositions:

..... combining ..... organic substances ozone immediately destroys them.

..... the other hand, ozone ..... large concentrations kills all living things.

Ozone 1s formed ..... electrical discharges, and accounts ..... the freshness ..... the
air ..... thunderstorm.

Thunderclaps result ..... the formation ..... ozone gas ..... the atmosphere.

When attacked ..... ozone all the metals, except ..... gold and platinum, change
rapidly ..... their oxides.

4. Put in English words instead of Russian words in the sentences:

The cBa3b of three atoms per molecule gives it oTTuYUTEILHBIE CBONCTRA.

Ozone paznaraetcs explosively in large concentrations.

A murder of all living things, ozone also criocoOctByerT life in many ways.

Ozone is formed in electrical pa3psinax, and oobsicusiet for the freshness of the air
after thunderstorm.

Ozone ynanser harmful ultraviolet radiation from sunlight and norjomaer the
Earth’s own ultra-red radiation thus protecting it against cooling.

5. Choose antonyms:

dark, easy, clean, big, different, powerful, rapid, living, natural, harmful.
helpful, artificial, slow, small, dirty, same, light, difficult, dead, weak.
6. Complete the sentences:

Ozone can renew old automobile tyres and bleach .........

Oil industry workers use its ...........

Chlorofluorocarbons, or CFCs, and some other air pollutants that diffuse ..........
Fortunately, only a very small fraction of the Sun’s ultraviolet rays ...........
When attacked by ozone all the metals, except for gold and platinum, ..........
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HYDROGEN

Lightest chemical element, chemical symbol H, atomic number 1.

A colourless, odourless, tasteless, flammable gas, it occurs as the diatomic
molecule H2. Its atom consists of one proton (the nucleus) and one electron; the
isotopes deuterium and tritium have an additional one and two nuclear neutrons,
respectively. Though only the ninth most abundant element on Earth, it represents
about 75% of all matter in the universe. Hydrogen was formerly used to fill
airships; nonflammable helium has replaced it. It is used to synthesize ammonia,
ethanol, aniline, and methanol; to treat petroleum fuels; as a reducing agent (see
reduction) and to supply a reducing atmosphere; to make hydrogen chloride (see
hydrochloric acid) and hydrogen bromide; and in hydrogenation (e.g., of fats).
Liquid hydrogen (boiling point —423 °F [-252.8 °C]) is used in scientific and
commercial applications to produce extremely low temperatures and as a rocket
propellant and a fuel for fuel cells. Combustion of hydrogen with oxygen gives
water as the sole product. The properties of most acids, especially in water
solutions, arise from the hydrogen ion (H+, also referred to as the hydronium ion,
H30+, the form in which H+ is found in a water environment). See also hydride;
hydrocarbon.

The Sun

The Sun outshines
everything else in the sky.
Hydrogen makes up the bulk
of the Sun and provides fuel
for the nuclear reactions that
make the Sun shine.

A star is a big ball of  hot,
' - glowing gas. The gas is
mostly hydrogen and helium. Stars give off heat, light, and other kinds of energy.

A star has several layers. The part at the center of a star is called its core. A star
shines because of its core. The core is so hot and tightly packed that atoms crunch
together. Atoms are tiny bits of matter much too small to see. Hydrogen atoms
crunch together and become helium atoms. This is called nuclear fusion. Nuclear
fusion gives off enough energy to make the stars shine.

The lightest and most abundant element in the universe, pure hydrogen is a gas
without taste, color, or odor. It is believed to have formed, with helium, all of the
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heavier elements and is estimated to compose three quarters of the mass of the
universe. On Earth, hydrogen occurs chiefly in combination with oxygen in water
(its name comes from the Greek for “water-forming”). It is also present in organic
matter such as living plants, petroleum, and coal, and sparingly as a free element in
the atmosphere. It combines with other elements, sometimes explosively, to form
hundreds of thousands of compounds. It reacts with other hydrogen atoms to form
hydrogen molecules (H2).

Hydrogen can be produced by passing steam over heated carbon (coke or coal).
When heated, natural gas decomposes into hydrogen and carbon black. Hydrogen
is also produced by the electrolysis of water, by displacement from acids, and by
the action of certain hydroxides on aluminum.

Hydrogen is a colourless, odourless, tasteless, flammable gas when pure. It is
sixteen times lighter than oxygen, being the lightest of all known substances. The
solubility of hydrogen in water is very slight, compared with that of oxygen. 100
volumes of water at 0C absorb about 2,15 volumes of gas. It is not poisonous. Its
atom consists of one proton and one electron; the isotopes deuterium and tritium
have an additional one and two neutrons, respectively.

Hydrogen is liquefied by compression when cooled below its critical temperature -
234C. Liquid hydrogen is also colourless, and when allowed to evaporate rapidly,
it freezes to a colourless solid. Hydrogen burns in the air forming water. Although
hydrogen is readily combustible, yet it is not a supporter of combustion, that is,
substances will not burn in it. At ordinary temperatures hydrogen is not an active
element. But under certain conditions it combines with many elements. For
example, if a mixture of hydrogen and chlorine is exposed to the sunlight, the two
gases will combine with explosion forming hydrogen chloride. Under the right
conditions hydrogen combines with nitrogen forming ammonia, and with sulphur
forming hydrogen sulphide. If a mixture of hydrogen and oxygen is heated to about
88C, a violent explosion occurs and water is formed.

Hydrogen doesn’t react at room temperature in the absence of catalysts. Hydrogen
combines with many non-metals, but doesn’t react with metals at all. The readiness
with which hydrogen will combine with oxygen and certain other non-metals
makes it able to remove oxygen and chlorine from their compounds with the other
elements. Thus, when hydrogen is passed over hot ferric oxide, lead oxide, nickel
oxide, etc., hydrogen combined with the oxygen of the oxide leaves behind the
metal.

For general laboratory work hydrogen is prepared by the action of dilute hydro

chloric acid or sulphuric acid on granulated zink. The most important industrial
methods for making hydrogen are extracting from water gas by electrolysis.
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Hydrogen was discovered by the famous English physicist Henry Cavendish in the
sixteenth century by the action of sulphuric acid on iron. R.Boyle at the end of the
18™ century proved that unlike air the gas was inflammable. Lavoiser suggested the
name hydrogen (water producer) in 1783, because when the gas burnt in air water
was formed.

Hydrogen was a most valuable find to chemists. It helped them to get an insight
into the structure of acids and bases. It became an indispensable laboratory reagent
for precipitating metals from solutions of salts, and for reducing metallic oxides.
Had hydrogen not been discovered in 1766, the progress of chemistry would have
been retarted for along time.

Horsehead Nebula

Stars are born from nebulas like the
Horsehead Nebula, which is more than
8 1,000 light-years from the Earth. The
¥ nebula consists mainly of hydrogen gas.
" Hydrogen is the most common element in
* the universe.

This gas also drew the attention of
physicists. And they found out a great deal
of information which enriched science
many times over. The hydrogen atom
. enabled the Danish physicist Niels Bohr to

“C anad France-Hawai Telescape.-. Cullandre]Coslum/201 work out a theory of the arrangement of
electrons around the atomic nucleus. Then the physicists passed the baton to their
close relatives by profession, to the astrophysicists who studied the composition
and structure of the stars. The astrophysicists stated that hydrogen is element
Number One in the universe. It is the main component of the Sun, the stars and the
basic “filler” of interstellar space. There is more hydrogen in outer space than all
the other chemical elements taken together. Nothing like on Earth, where its
content amounts to less than one per cent. Our Sun and all the stars are luminous
because of the thermonuclear reactions occurring in them, involving the
transformation of hydrogen into helium with the release of enormous amounts of
energy. A prominent chemist on Earth, hydrogen is an outstanding chemist in outer
space.

Another remarkable property of hydrogen is that its atom emits radiations having a
wave-length of 21 centimetres. This is called a universal constant because it is the
same throughout the universe. And scientists have taken up the problem of
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organizing radio communications with other inhabited worlds on the hydrogen
wave. If these worlds are inhabited by intelligent creatures, they should have an
idea of what 21 centimetres is.

Hydrogen is one also present in nearly all organic compounds and in many gases.
It is one of the main constituents of animal and vegetable tissue.

Rocket Fuel

Hydrogen is regularly used to power
space rockets. The Saturn V rocket, which
took astronanuts to the Moon, was
powered by liquid hydrogen and oxygen.

Photo Researchers, Inc,

Varieties of Hydrogen Atoms

Hydrogen is the lightest element because it is composed of only two particles—the
smallest number that can form a neutral atom. Its nucleus consists of a single
proton bearing a positive electrical charge. Associated with this nucleus is an
electron bearing a negative electrical charge.

This simple atom of two particles is the most common type, or isotope, of
hydrogen. Chemists call it protium. Two other isotopes have been found. Double-
weight hydrogen, with a mass number of 2, has one neutron as well as a proton in
its nucleus. It is called deuterium. “Heavy water,” which is denser than ordinary
water, can be prepared by burning deuterium. Triple-weight hydrogen, or tritium,
has two neutrons and one proton in its nucleus. It is radioactive and is produced
naturally in the Earth's upper atmosphere. It can be prepared artificially by
bombarding lithium with neutrons in an atomic reactor. Both deuterium and tritium
are used in the manufacture of hydrogen bombs.

In 1929 it was demonstrated that, apart from isotopes, hydrogen gas under ordinary

conditions is a mixture of two kinds of molecules, known as ortho- and para-
hydrogen. These forms of hydrogen differ from one another by the spins of their
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electrons and nuclei, and thus their physical properties differ as well. (For more
information on particle spin, see Nuclear Physics.) Normal hydrogen at room
temperature contains 25 percent of the para form and 75 percent of the ortho form.
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Common Molecules

Many common molecules contain hydrogen. In these molecules, butane contains
ten hydrogen atoms, ammonia contains three hydrogen atoms, and water contains
two hydrogen atoms.
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Hydrogen Isotopes

Atoms of an element that have different numbers of neutrons in their nuclei are
called isotopes of that element. Isotopes all usually share the same chemical
behavior, but have different masses. The isotopes of hydrogen are protium (with no
neutrons), deuterium (with one neutron), and tritium (with two neutrons).
Hydrogen always has one proton in its nucleus. These illustrations are schematic
representations of the atom and are not to scale.

Radiation zone

Canvection zZane

1 Microsaft Carparation, All Rights Reserved, Photosphere

Interior of the Sun

Regions of the Sun include the core, radiation zone, convection zone, and
photosphere.The Sun’s energy is produced in the core through nuclear fusion of
hydrogen atoms into helium. Gases in the core are about 150 times as dense as
water and reach temperatures as high as 16 million degrees C (29 million degrees
F).

Exercises:

1. Answer the following questions:

Is hydrogen the most abundant element on Earth?

Why did helium replace hydrogen to fill airships?

What purpose is liquid hydrogen used in scientific applications for?
What is nuclear fusion?

What makes the stars shine?

Describe the ways of preparing of hydrogen.
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How is hydrogen produced in for general laboratory work?

Who discovered hydrogen?

Why did Lavoiser suggest the name hydrogen?

Why would the progress of chemistry been retarted for a long time, had hydrogen
not been discovered in 17667

2. Practice in pronunciation:

proton, electron, isotope, deuterium, trittum, neutron, helium, hydrogen,
synthesize, ammonia, ethanol, aniline, methanol, fuel, hydride, petroleum, acid.

3. Remember the derivatives of the words:

purify, purity, pure, purification, impure, impurity
nuclear, nucleus, nuclei
flame, inflammable, flammable, flammability

4. State whether these sentences are true or false using the following clichés:

I must disappoint you ....
If ’m not mistaken ....
To my mind....

It seems to me....

I think that ....

Liquid hydrogen (boiling point —423 °F [-252.8 °C]) is used in scientific and
commercial applications to produce extremely high temperatures.

On Earth, hydrogen occurs chiefly in a free state in nature.

Hydrogen supports readily combustion.

The most important industrial methods for making hydrogen are extracting from
water gas by electrolysis.

The hydrogen atom enabled the British physicist Ernest Rutherford to work out a
theory of the arrangement of electrons around the atomic nucleus.

Both deuterium and tritium are used in the manufacture of hydrogen bombs.

5. Fill in the blanks with necessary prepositions:

The hydrogen atom enabled the Danish physicist Niels Bohr to work ..... a theory

..... the arrangement ..... electrons ..... the atomic nucleus.

Hydrogen is liquefied ..... compression when cooled ..... its critical temperature -
234C.

Hydrogen makes ..... the bulk ..... the Sun and provides fuel ..... the nuclear
reactions that make the Sun shine.

..... Barth, hydrogen occurs chiefly ..... combination ..... oxygen ..... water.
Scientists have taken ..... the problem ...... organizing radio communications .....
other inhabited worlds ..... the hydrogen wave.
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6. Insert English words instead of Russian words in the sentences:

The lightest and most pacnpocrpaHeHHbI element in the universe, YUCTBIN
hydrogen is a gas without Bkyca, 11BeTa Uiy 3anaxa.

Hydrogen was otkpbIT by the famous English physicist Henry Cavendish in the
sixteenth century by the action of cepHoO#l KHCIOTHI On iron.

It became an HeobxomuMmbiM laboratory reagent for Beimagenus metals from
pactBopoB of salts, and for BocctanoBnenus metallic oxides.

Our Sun and all the stars are luminous because of the thermonuclear reactions
npoucxonamux in them, involving the transformation of hydrogen into helium
with the BeIOpocom of enormous kosimuecTBa of energy.

7. Insert the verbs in brackets in the right form and translate the sentences:

But under certain conditions hydrogen (to combine) with many elements.
Hydrogen (to provide) fuel for the nuclear reactions that (to make) the Sun shine.
Hydrogen (to discover) by the famous English physicist Henry Cavendish in the
sixteenth century.

Under the right conditions hydrogen (to combine) with nitrogen (to form)
ammonia,

Scientists (to take up) the problem of (to organize) radio communications with
other inhabited worlds on the hydrogen wave.

8. Complete the sentences:

Its nucleus consists of a single proton bearing ............

It can be prepared artificially by bombarding lithium with ..........
“Heavy water,” which is denser than ordinary water, can be prepared by
There is more hydrogen in outer space than all the other ..........

It helped chemists to get an insight ..........

The most important industrial methods for making hydrogen are ..........
Nuclear fusion gives off enough energy ...........

CALCIUM

Calcium, symbol Ca, reactive, silvery-white metallic element. In group 2 (or Ila) of
the periodic table (see Periodic Law), calcium is one of the alkaline earth metals.
The atomic number of calcium is 20.

The British chemist Sir Humphry Davy isolated calcium in 1808 by means of
electrolysis.
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Phaoto Researchers, Inc,/Charles D, \Winkers

Calcium

Calcium, seen here in unrefined form, is one of the most common elements found
on Earth. Many familiar materials, including concrete, cement, marble, and chalk,
contain calcium.

PROPERTIES AND OCCURRENCE

Calcium has six stable and several radioactive isotopes. A malleable and ductile
metal, calcium rapidly tarnishes to yellow on exposure to air. Calcium melts at
842°C (1548°F), boils at 1484°C (2703°F), and has a specific gravity of 1.55; its
atomic weight is 40.08.

Calcium is fifth in abundance among the elements in Earth's crust, but it is not
found uncombined in nature. It occurs in many highly useful compounds, such as
calcium carbonate (CaCOs), of which calcite, marble, limestone, and chalk are
composed; calcium sulfate (CaSO,) in alabaster or gypsum; calcium fluoride
(CaF,) in fluorite; calcium phosphate (Ca;(PO,),) in rock phosphate; and in many
silicates. In cold, dry air, calcium is not readily attacked by oxygen, but when
heated it unites vigorously with the halogens, oxygen, sulfur, phosphorus,
hydrogen, and nitrogen. Calcium reacts violently with water, forming the
hydroxide Ca(OH), and releasing hydrogen.

CALCUIM COUNTS
Calcium is one of the earth's most abundant elements, found in compounds as

diverse as marble, gypsum, and chalk. Although its durability makes it an
important component of industrial products such as cement, calcium is probably

85



best known for its contributions to the health of our own teeth and bones. As this
article from the FDA Consumer suggests, women, in particular, must be especially
diligent in finding new ways to add calcium to their diets.

Your skeletal calcium bank has to last through old age. Frequent deposits to this
retirement account should begin in youth and be maintained throughout life to help
minimize withdrawals. Most women get much less calcium than they need—as
little as half.

Nutritionists recommend meeting your calcium needs with foods naturally rich in
calcium. Adequate calcium intake in childhood and young adulthood is critical to
achieving peak adult bone mass, yet many adolescent girls replace milk with
nutrient-poor beverages like soda pop. “Bone health requires a lot of nutrients and
you're likely to get most of them in dairy products,” says Connie Weaver, Ph.D.,
who heads the department of food and nutrition at Purdue University, Indiana.
“They're a huge package rather than just a single nutrient.” With so many low-fat
and nonfat dairy products available, it's easy to make dairy foods part of a healthy
diet. People who have trouble digesting milk can look for products treated to
reduce lactose. A serving of milk or yogurt contains about 350 milligrams (mg) of
calcium. Fortified products have even more.

“People who don't consume dairy foods can meet their calcium needs with foods
that are fortified with calcium, such as orange juice, or with calcium supplements,”
says Mona S. Calvo, Ph.D., in FDA's Office of Special Nutritionals. Other good
sources of calcium are broccoli and dark-green leafy vegetables like kale, tofu (if
made with calcium), canned fish (eaten with bones), and fortified bread and cereal
products.

Nutrition labels can help you identify calcium-rich foods. But keep in mind that the
label value is a guideline based on a FDA's Daily Value for calcium, which is
1,000 mg, and your calcium needs may be greater, Calvo says.

What about too much calcium? As much as 2,000 mg per day seems to be safe for
most people, but those at risk for kidney stones should discuss calcium with their
doctors. Calcium is critical, but even a high intake won't fully protect you against
bone loss caused by estrogen deficiency, physical inactivity, alcohol abuse,
smoking, or medical disorders and treatments.

The metal is obtained mainly by electrolysis of fused calcium chloride, a costly
process. Until recently the pure metal had little use in industry. It is being used to
an increasing extent, however, as a deoxidizer for copper, nickel, and stainless
steel. Because calcium hardens lead when alloyed with it, lead-calcium alloys are
excellent for bearings, superior to ordinary lead antimony for grids in storage
batteries, and more durable as sheathing for lead-covered cable. Calcium is present
in the chemically combined state in lime (calcium hydroxide), cement and mortar
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(as calcium hydroxide or a variety of silicates of calcium), teeth and bones (as a
calcium hydroxyphosphate), and in many body fluids (as complex proteinaceous
compounds) essential to muscle contraction, the transmission of nerve impulses,
and the clotting of blood.

Exercises:

1. Answer the following questions:

Who isolated calcium?

Where does calcium occur?

How does calcium contribute to the health?
What products are rich in calcium?

What causes bone loss?

2. Insert English words instead of Russian words in the following sentences:

When heated it pearupyer ssepruuno with the halogens, oxygen, sulfur,
phosphorus, hydrogen, and nitrogen.

Calcium is probably best known for its Bkiazg to the health of our own teeth and
KOCTEMN.

Nutritionists recommend meeting your calcium needs with mumieii naturally
Ooratoii in calcium.

People who don't moTpe6ast0T MOJIOYHBIC MPOAYKTHI can meet their calcium needs
with foods that are fortified with calcium, such as orange juice, or with calcium
supplements.

As much as 2,000 mg per day seems to be 6e3omacHo for most people,
Lead-calcium cniaBsl are excellent for moammMnHUKOB.

Calcium mpucyrctByet in the chemically combined coctosthuu in lime, cement,
teeth and bones, and in many body fluids Heo6xonumbIx to muscle cokpaieHui,
the transmission of nerve impulses, and the clotting of blood.

SODIUM

Chemical element, one of the alkali metals, chemical symbol Na, atomic number
11.

A very soft, silvery white metal, the sixth most abundant element on Earth, it
occurs mainly as halite, never free. Extremely reactive, it is used as a chemical
reagent and raw material, in metallurgy, as a heat exchanger (in nuclear power
generators and certain types of engines), and in sodium-vapour lamps.
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Sodium is essential for life but rarely deficient in diets; high intake is linked to
hypertension. Sodium in compounds, many of great industrial importance
(including bicarbonate of soda, caustic soda, sodium nitrate [Chile saltpetre], and
sodium chloride), has valence 1. Sodium carbonate, one of the four most important
basic chemical commodities, is used in making glass, detergents, and cleansers.
Sodium hypochlorite, familiar as household bleach, is also used to bleach paper
pulp and textiles, to chlorinate water, and in some medicines. The sulfate is used in
the kraft process and also used to make paperboard, glass, and detergents. The
thiosulfate (hyposulfite, or “hypo”) is used to developed photographs.

Life could not exist without compounds of sodium. These compounds hold water
in body tissues, and a severe deficiency of sodium can cause death. Blood contains
sodium compounds in solution. Sodium compounds are used in industry in the
manufacture of chemicals and pharmaceuticals, in metallurgy, in sodium vapor
lamps, and in the production of hundreds of everyday products. One of the most
common sodium compounds is table salt, or sodium chloride (NaCl). In its pure
form sodium is a silver-white, soft and waxy metallic element. It is the sixth most
abundant element on Earth and occurs in more than trace amounts in the stars and
sun.

Potassium compounds are similar to the parallel sodium compounds. One can
generally be substituted for the other in industry. For example, sodium silicates,
potassium silicates, or both can be used in glassmaking .

Sodium and potassium are equally abundant in the Earth's crust, but sodium
compounds are more widely used in industry because they are less expensive. The
secret that led to low-cost production was learned in 1789, when the French
chemist Nicolas Leblanc discovered how to make soda out of common salt.
Chemists never matched this discovery in working with potassium compounds.

Salt Crystals

This scanning electron micrograph shows
pure salt, or sodium chloride, that has been
| recrystallized from distilled water. The crystal
is built up from a cubic lattice of sodium and
chloride ions.

The compound called soda is sodium
carbonate (Na2CO3). Crude sodium carbonate
is called soda ash. The carbonate also
combines with water in crystals known as
washing soda, or sal soda. Soda is used in

i, SO, Jerery
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manufacturing soap, glass, dyestuffs, and explosives and as the basis for making
other sodium compounds. Other sodium compounds, with some of their uses, are:
baking soda (sodium bicarbonate), an ingredient of baking powder; borax (sodium
borate), a food preservative; and caustic soda, or lye (sodium hydroxide), used in
soapmaking (see Soap and Detergent).

Sodium nitrate (NaNO3) is used as a nitrogenous fertilizer and as a component of
dynamite. It is commonly called Chile saltpeter, or Chile niter, because of the vast
deposits that exist in northern Chile, the principal source of the compound.

Sodium belongs to the group of elements known as alkali metals (see Alkali
Metals). It is never found uncombined in nature and was first isolated by the
English scientist Sir Humphry Davy in 1807. Lighter than water, pure sodium can
be cut with a knife at room temperature and is brittle at low temperatures. It
conducts heat and electricity easily and exhibits a photoelectric effect; that is, it
emits electrons when exposed to light. In its pure form, sodium oxidizes instantly
when exposed to the air and reacts vigorously with water, seizing the oxygen and a
part of the hydrogen to form sodium hydroxide. The remaining hydrogen is
liberated and may ignite from the heat of the reaction. Pure metallic sodium—
usually obtained by the electrolysis of sodium hydroxide—must be stored in
kerosene to keep it from air and moisture. One of the few uses of pure sodium is in
vapor lamps along highways (see Electronics).

The Leblanc process produces soda by first heating salt (sodium chloride) with
sulfuric acid. The sodium in the salt and the hydrogen in the acid change places,

Before bonding After bonding
Ma Ma+
l -

2 Microsoft Carporation, &l Rights Reserved.

producing hydrogen chloride, or hydrochloric acid, and sodium sulfate, or “salt
cake.” Additional steps yield a mixture of sodium carbonate and calcium sulfide.
The two are separated by washing out the sodium carbonate with water.
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Ionic Bonding: Salt

The bond (leff) between the atoms in ordinary table salt (sodium chloride) is a
typical ionic bond. In forming the bond, sodium becomes a cation (a positively
charged ion) by “giving up” its valence electron to chlorine, which then becomes
an anion (a negatively charged ion). This electron exchange is reflected in the size
difference between the atoms before and after bonding. Attracted by electrostatic
forces (right), the ions arrange themselves in a crystalline structure in which each
is strongly attracted to a set of oppositely charged “nearest neighbors” and, to a
lesser extent, all the other oppositely charged ions throughout the entire crystal.

Another manufacturing process, the Solvay process, was named after its developer,
a Belgian manufacturer. Put on a commercial basis in about 1863, it has largely
superseded the Leblanc process. In the Solvay method strong ammonia-saturated
salt brine 1s treated with carbon dioxide gas that is bubbled through the brine from
below. This causes reactions that produce ammonium chloride, or sal ammoniac,
and sodium bicarbonate (NaHCO3), or baking soda. The sodium bicarbonate forms
a crystalline precipitate, which is filtered out. This is then heated, driving off
hydrogen, carbon, and oxygen and leaving sodium carbonate (soda).

In an even newer process—the electrolytic process— an electric current is passed
through a solution of sodium chloride, splitting the salt molecules into atoms of
sodium and chlorine (see Electrochemistry). The sodium atom displaces one of the
hydrogen atoms of the water, forming caustic soda (NaOH).

Exercises:

1. Answer the following questions:

Where is sodium used?

What can a severe deficiency of sodium cause?

What are potassium compounds similar to?

Why are sodium compounds more widely used in industry?
What chemist discovered how to make soda out of common salt?

2. Translate explanations for the following adjectives:
soft 1. easily shaped, bent, or cut,
2. giving way to applied externally applied pressure or weight

(a soft  cushion)

abundant 1. plentiful: present in great quantities
2. well-supplied: providing a more than plentiful supply of something
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abundant in natural resources

essential 1. necessary: of the highest importance for achieving something
It's essential that we arrive on time.
an essential ingredient

2. basic: being the most basic element or feature of something
reinforcing the essential organizational framework

deficient 1. lacking: lacking a particular quality, element, or ingredient, especially
one that is expected or necessary
deficient in tact
2. inadequate: inadequate or not good enough

important having value or significance: worthy of note or consideration,
especially for its interest, value, or relevance
an important scientific discovery
an important author

basic most important: most important or essential
a few basic guidelines

severe  stern: looking stern or serious

common 1. everyday: often occurring or frequently seen
a common sight in cities
2. widely found: describes a widely found species of plant or animal
pure 1. not mixed: not mixed with any other substance
This jacket is pure wool.
2. free from contamination: clean and free from impurities
The water from the spring is completely pure

similar 1. like: sharing some qualities, but not identical
2. identical: exactly the same

equal identical: identical in size, quantity, value, or standard
equal quantities of flour and sugar
expensive costing a lot: costing a large amount of money

3. State whether these sentences are true or false using the following clichés:

I must disappoint you ....
If I’'m not mistaken ....
To my mind....

It seems to me....
I think that ....
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Attracted by electrostatic forces (right), the ions arrange themselves in a crystalline
structure.

Another manufacturing process, the Solvay process, was named after its developer,
an American manufacturer.

Sodium belongs to the group of elements known as alkali metals.

Sodium was first isolated by the English scientist Joseph Priestley in 1807.

Heavier than water, pure sodium can be cut with a knife at room temperature and is
brittle at low temperatures.

Pure metallic sodium must be stored in benzene to keep it from air and moisture.

4. Fill in the blanks with necessary prepositions:

The bond ..... the atoms ..... ordinary table salt (sodium chloride) is a typical ionic
bond.

This electron exchange is reflected ..... the size difference ..... the atoms ..... and
..... bonding.

An electric current is passed ..... a solution ..... sodium chloride, splitting the salt
molecules ..... atoms ..... sodium and chlorine

The Leblanc process produces soda ..... first heating salt (sodium chloride) ...,
sulfuric acid.

5. Insert English words instead of Russian one:

aerde than water, uncteiii sodium can be cut with a knife at room temperature and
1S Xpynkui at low temperatures.

The remaining hydrogen is BbLaensiercst and may BocmiaMeHnutbes from the heat of
the reaction.

It mpoBonuT Temno and electricity ierko and npossiser a photoelectric effect; that
is, it ucnyckaert electrons when BeicTaBienuu to light.

POTASSIUM

Chemical element, one of the alkali metals, chemical symbol K, atomic number 19.

It is a soft, silvery white metal, not found free in nature and rarely used as the
metal (except as a chemical reagent) because of its extreme reactivity. Potassium is
essential for life and is present in all soils. Potassium ions (K+) and sodium ions
act at cell membranes in electrochemical impulse transmission and in transport.
Potassium in compounds has valence 1. The chloride is used as a fertilizer and a
raw material for producing other compounds, and the hydroxide for making liquid
soaps and detergents and in preparing various salts. The iodide is added to table
salt to protect against iodine deficiency. The nitrate is also called saltpetre, and the
carbonate is called potash.
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The chemical element potassium is essential to life. In higher animals potassium
ions together with sodium ions act at cell membranes in transmitting
electrochemical impulses in nerve and muscle fibers and in balancing the activity
of food intake and waste removal from cells.

Discovered in 1807 by the English chemist Humphry Davy, who obtained it from
molten potassium hydroxide (KOH), potassium, a soft, silver-white metal, was the
first metal to be isolated by electrolysis. It belongs to the family of elements known
as the alkali metals (see Alkali Metals). It oxidizes rapidly in air and also reacts
violently with water, yielding potassium hydroxide and hydrogen gas (which
ignites). Because of this, potassium is stored submerged in mineral oil (see Metal
and Metallurgy). It is never found alone and is difficult to isolate from its
compounds. Most potassium is present in insoluble minerals, making it difficult to
obtain, but it can be prepared commercially by electrolysis from some refinable
minerals.

The major commercial source is salt deposits, but a small fraction is obtained from
plant and animal sources. Water-soluble potassium compounds are economically
recovered. They are frequently found as dry mineral deposits and as brines. Most
potassium is present in insoluble minerals, making it difficult to obtain, but it can
be prepared commercially by electrolysis from some refinable minerals.

Potassium

Potassium is a very soft, highly
reactive metallic element. It can be
cut with a knife and reacts violently
with water, producing potassium
hydroxide and hydrogen gas.

Potassium compounds have many
commercial  uses. Potassium
chloride (KCl) is used in preparing
other potassium compounds and in
*hato Researchers, Inc, jistrid and Hanns-Frieder Michler fertilizers. Electro IYSiS of
potassium chloride yields
potassium hydroxide, also called caustic potash, a water-absorbing substance used
in making soaps and detergents. Caustic potash is also used for preparing many
potassium salts, such as potassium carbonate (K2CO3), a water-absorbing
substance used in making glass and textile dyes and for cleaning and electroplating
metals.
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Potassium nitrate (KNO3), also known as niter or saltpeter, has wide use as a
fertilizer and in fireworks and explosives. It also serves as a food preservative.
Potassium chlorate (KC1O3), as a source of oxygen, is used in fireworks, matches,
and explosives. The iodide of potassium (KI) is added to table salt and animal feed
to protect against iodine deficiency. It is also used to treat goiter and certain fungal
infections. Applications for potassium sulfate (K2SO4) include use as a laxative
and in the production of fertilizer, rubber, and potassium carbonate. Potassium
cyanide (KCN) is a poison used in some insecticides and is a source for the
fumigant hydrogen cyanide. It is also used to extract gold and silver from their
ores. (See also Fertilizer; Sodium.)

Exercises:

1. Answer the following questions:

What is potassium essential for?

What chemist discovered potassium?
How did Humphry Davy obtain it?
Why is potassium stored on mineral o1l?
How does it react with water?

Where does potassium occur?

2. Practice in pronunciation:

alkali, essential, sodium, potassium, ion, fertilizer, various, saltpeter, isolate,
frequently, insoluble, electrolysis, submerge, violently.

3. Remember the derivatives of the words:

protect, protectant, protection, protector, protective, protectorate
include, inclusion, inclusive
violate, violation, violator, violence, violent

4. State whether these sentences are true or false using the following clichés:

I must disappoint you ....
If I’'m not mistaken ....
To my mind....

It seems to me....

I think that ....

It is a soft, silvery white metal, not found free in nature and rarely used as the
metal because of its extreme inertness.

Potassium ions (K+) and sodium ions act at cell membranes in mechanical impulse
transmission and in transport.
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The chloride is used as a fertilizer and a raw material for producing other
compounds.

Most potassium is present in insoluble minerals, making it difficult to obtain, but it
can be prepared commercially by distillation from some refinable minerals.
Potassium nitrate (KNO3), also known as niter or saltpeter, has wide use as a
fertilizer and in fireworks and explosives.

5. Underline Passive Voice constructions in the sentences and translate them
into Russian:

The chloride is used as a fertilizer and a raw material for producing other
compounds.

It can be cut with a knife and reacts violently with water, producing potassium
hydroxide and hydrogen gas.

The iodide is added to table salt to protect against iodine deficiency.

The nitrate is also called saltpetre, and the carbonate is called potash.

The major commercial source is salt deposits, but a small fraction is obtained from
plant and animal sources.

Potassiun is a soft, silvery white metal, not found free in nature and rarely used as
the metal.

Potassium can be prepared commercially by electrolysis from some refinable
minerals.

The major commercial source is salt deposits, but a small fraction is obtained from
plant and animal sources.

Water-soluble potassium compounds are economically recovered.

6. Fill in the blanks with necessary prepositions:

It can be cut ..... a knife and reacts violently ..... water, producing potassium
hydroxide and hydrogen gas.

Potassium chloride (KCl) is used ..... preparing other potassium compounds and
..... fertilizers.

Caustic potash is also used ..... preparing many potassium salts.

Most potassium is present ..... insoluble minerals, making it difficult to obtain, but
it can be prepared commercially ..... electrolysis ..... some refinable minerals.

7. Put the verbs in brackets in the correct Tense:

Potassium compounds ...... many commercial uses. (to have)

It ..... a soft, silvery white metal, not found free in nature. (to be)

The chemical element potassium ..... essential to life. (to be)

The English chemist Humphry Davy ..... it from molten potassium hydroxide. (to
obtain)

It ..... to the family of elements known as the alkali metals. (to belong)

It ..... rapidly in air and also ..... violently with water. (to oxisize, to react)
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8. Insert English words instead Russia one in he following sentences:

Most potassium OpHCYTCTBYET in HEPACTBOPSEMBIX minerals,

It okucnsercs rapidly in air and also reacts 6ypHo with water.
Potassium is Heo6xoaum for life and is present in all soils

Because of this, potassium is XpaHAT OTpykeHHBIM in mineral oil.

MAGNESIUM

Chemical element, one of the alkaline earth metals, chemical symbol Mg, atomic
number 12.

The silvery white metal does not occur free in nature, but compounds such as the
sulfate (Epsom salts), oxide (magnesia), and carbonate (magnesite) have long been
known. The metal, which burns in air with a bright white light, is used in
photographic flash devices, bombs, flares, and pyrotechnics; I is also a component
of lightweight alloys for aircraft, spacecraft, cars, machinery, and tools. The
compounds, in which it has valence 2, are used as insulators and refractories and in
fertilizers, cement, rubber, plastics, foods, and pharmaceuticals (antacids,
purgatives, laxatives). Magnesium is an essential element in human nutrition; it is
the cofactor in enzymes of carbohydrate metabolism and in chlorophyll.

Magnesium

Magnesium is a light-
weight, silvery,
metallic element. If
ignited in air, it burns
with a white light too
brilliant to look at.

R R N The lightest common
. metal is magnesium. It
% weighs one-third less
p L : than an equal volume
Shoneseardcrs e Pospne of aluminum and is the
eighth most abundant element in the Earth's crust. As a result, it has found
extensive use in the aerospace industry. An airplane component that would weigh
70 pounds (32 kilograms) if made of steel weighs only 15 pounds (7 kilograms) if
made of magnesium. Because the pure metal is not very strong, however, alloys
have been developed to improve its hardness, tensile strength, corrosion resistance,
and ability to be cast, welded, and machined. These alloys are used in making parts
for aircraft and spacecraft, rocket components, automotive equipment, light
machinery, portable tools, and household appliances.

y

96



Magnesium powder, filings, filaments, and foil burn fiercely and with a dazzling
white flame. Because of these properties, magnesium is used in flares, fireworks,
and photographic flashbulbs. Sir Humphry Davy, a British chemist, isolated
magnesium in 1808. He produced the metal by electrolyzing a mixture of moist
magnesia and mercuric oxide, then evaporatingthe magnesium from the mixture.

Magnesium does not occur uncombined, but there are many compounds of
magnesium in nature. Many soils and rocks contain magnesium compounds. Two
of the most common minerals containing magnesium are magnesite (magnesium
carbonate) and dolomite (calcium magnesium carbonate). In the digestive process
of animals the enzymes that change foodstuffs to nutrients are aided by magnesium
ions. A magnesium atom is part of every chlorophyll molecule. Seawater contains
the chloride and the sulfate of magnesium; it is the chloride that imparts the bitter
taste characteristic of seawater. Most metallic magnesium is now obtained by an
electrolytic process from seawater or brine from deep wells.

Some useful magnesium compounds include magnesium oxide, an ingredient of
plastics, synthetic rubber, fertilizers, cements, and refractory bricks for lining high-
temperature furnaces. Another is magnesium carbonate, which is a component of
insulating materials, some inks, and many cosmetics.

Magnesium chloride is used in making oxychloride cement, the binder in heavy-
duty flooring compositions. It is also an ingredient in some fertilizers. Magnesium
hydroxide (milk of magnesia) and magnesium sulfate (Epsom salts) are well
known for their medical applications; magnesium sulfate is also used in the
tanning, textile, and fertilizer industries. A complex compound of magnesium is
included in many silicones. (See also Silicones.)

Exercises:

1. Answer the following questions:

Where is magnesium used?

Is magnesium an essential element?

How does it burn in air?

In what way did Sir Humphry Davy produce magnesium?

2. Choose suitable nouns for the following adjectives:

bright use
essential flame
pure light
equal element
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abundant volume

dazzling taste

bitter application
complex tools
digestive compound
insulating process
extensive material
medical metal
portable mineral

3. State whether these sentences are true or false using the following clichés:

I must disappoint you ....
If I’'m not mistaken ....
To my mind....

It seems to me....

I think that ....

The silvery white metal occurs free in nature.

The metal burns in air with a bright white light.

Sir Humphry Davy, an American chemist, isolated magnesium in 1808.

Most metallic magnesium is now obtained by an electrolytic process from
seawater.

Alloys have been developed to improve its hardness, tensile strength, corrosion
resistance, and ability to be cast, welded, and machined.

4. Fill in the blanks with necessary prepositions:
The metal, which burns ..... air ..... a bright white light.

Magnesiuim is the eighth most abundant element ..... the Earth's crust.

These alloys are used ..... making parts ..... aircraft and spacecraft, rocket
components.

A magnesium atom is part ..... every chlorophyll molecule.

A complex compound ..... magnesium is included ..... many silicones.

Most metallic magnesium is now obtained ..... an electrolytic process
seawater.

5. Insert English equivalents instead of Russian ones:

Many soils and rocks cogepxar magnesium coeIMHEHUS.

Magnesium noporiok, filings, filaments, and foil ropsar fiercely and with a
oclienuTenabHoe white muams.

Because the umcthlii metal is not very strong, however, cmiaBel have been
developed to yayumiats its hardness, tensile strength, corrosion resistance.
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METALS

Since the earliest days the preparation of metals for mechanical use was vital to
the advance of civilization. Gold, silver and copper were the first to be used by a
primitive man, as they were found free in nature. Today we know over 65 metals
available in large enough quantities to be used in industry.

On the whole, metals resemble one another. They are mostly solids at ordinary
temperatures and possess comparatively high melting points with the exception of
mercury. They are for the most part good conductors of heat and electricity, and
silver is the best in this respect. They can be drawn into fine wires and hammered
into thin sheets.

Metals, group of chemical elements that exhibit all or most of the following
physical qualities: they are solid at ordinary temperatures; opaque, except in
extremely thin films; good electrical and thermal conductors; lustrous when
polished; and have a crystalline structure when in the solid state. Metals and
nonmetals are separated in the periodic table by a diagonal line of elements.
Elements to the left of this diagonal are metals, and elements to the right are
nonmetals. Elements that make up this diagonal—boron, silicon, germanium,
arsenic, antimony, tellurium, polonium, and astatine—have both metallic and
nonmetallic properties.

The common metallic elements include the following: aluminum, barium,
beryllium, bismuth, cadmium, calcium, cerium, chromium, cobalt, copper, gold,
iridium, iron, lead, lithium, magnesium, manganese, mercury, molybdenum,
nickel, osmium, palladium, platinum, potassium, radium, rhodium, silver, sodium,
tantalum, thallium, thorium, tin, titanium, tungsten, uranium, vanadium, and zinc.
Metallic elements can combine with one another and with certain other elements,
either as compounds, as solutions, or as intimate mixtures. A substance composed
of two or more metals, or a substance composed of a metal and certain nonmetals
such as carbon are called alloys. Alloys of mercury with other metallic elements
are known as amalgams.

As to their chemical properties the first point to be mentioned is that they vary
widely in degree of chemical activity. Some are enormously active and others are
inert. When two elements react, the outermost electron shells of their atoms are
rearranged. The atoms of one of the elements give away electrons, and those of the
other accept them. Now, generally speaking, which atoms part with their electrons
more easily and which accept them more readily? Atoms which have few electrons
on their outermost shell find it more convenient to give them away, and those
which have many of them find it more profitable to complete their electron octets
by acquiring them. The alkali metals have only a single electron on their outsides.
These metals think nothing of parting with it. Once they have done so they find the
stable electron shell of the nearest inert gas on their outside. That is why the alkali
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metals are chemically the most active of all known metals. And the “very most
active” among them is francium.

Metallurgists divide all metals into ferrous and non-ferrous. The ferrous metals
include iron and its alloys. All the rest are non-ferrous metals, except for the noble
ones, their “Majesties” Silver, Gold and Platinum and Co. This is a very crude
division and even the metals themselves object strongly to such lack of
discrimination. Each metal actually has its own particular hue. Its dark, dull, or
silvery base always has a definite tint. Scientists have become convinced of this by
studying metals in the very pure state. Many of them when left in the air become
coated sooner or later with a very thin film of oxide which masks their true
colours. The observant eye can discern metals with bluish, greenish-blue and
greenish shades, with a reddish or yellowish play of colours, dark-grey like sea
water on a cloudy autumn day, and shiny, silvery ones which reflect solar rays like
a mirror. Most metals are grayish in color, but bismuth is pinkish, copper is red,
and gold is yellow. Some metals display more than one color, a phenomenon called
pleochroism. The colour of a metal depends on many factors. Among others, it
depends upon the method of its production.

er Y, Bergman

Melting Gallium

Gallium metal has a melting point of 30° C (86° F), which is lower than our body
temperature. In this photo, a sample of gallium melts in a person’s hand. Gallium,
mercury, cesium, and rubidium are the only metal elements that melt near room
temperature.
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Within the general limits of the definition of a metal, the properties of metals vary
widely. The melting points of metals range from about -39° C (about -38° F) for
mercury to 3410° C (6170° F) for tungsten. Osmium and iridium (specific gravity
22.6) are the most dense metals, and lithium (specific gravity 0.53) is the least
dense. The majority of metals crystallize in the cubic system, but some crystallize
in the hexagonal and tetragonal systems. Bismuth has the lowest electrical
conductivity of the metallic elements, and silver the highest at ordinary
temperatures. The conductivity of most metals can be lowered by alloying. All
metals expand when heated and contract when cooled, but certain alloys, such as
platinum and iridium alloys, have extremely low coefficients of expansion.

Physical Properties

Metals are generally very strong and resistant to different types of stresses. Though
there 1s considerable variation from one metal to the next, in general metals are
marked by such properties as hardness, the resistance to surface deformation or
abrasion; tensile strength, the resistance to breakage; elasticity, the ability to return
to the original shape after deformation; malleability, the ability to be shaped by
hammering; fatigue resistance, the ability to resist repeated stresses; and ductility,
the ability to undergo deformation without breaking.

Chemical Properties

Metals typically have positive valences in most of their compounds, which means
they tend to donate electrons to the atoms to which they bond. Also, metals tend to
form basic oxides. Typical nonmetallic elements, such as nitrogen, sulfur, and
chlorine, have negative valences in most of their compounds—meaning they tend
to accept electrons—and form acidic oxides

Metals typically have low ionization potentials. This means that metals react easily
by loss of electrons to form positive ions, or cations. Thus, metals can form salts
(chlorides, sulfides, and carbonates, for example) by serving as reducing agents
(electron donors).

Answer the following questions:

What physical qualities do metals exhibit?

What are metals and nonmetals separated in the periodic table by?
What elements have both metallic and nonmetallic properties?
What metals do the common metallic elements include?

What are called alloys?

How do metals behave when heated and when cooled?

What properties are metals generally marked by?

What elements have negative valences?

What valences do metals have?
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IRON

How is a paper clip like a skyscraper? How is blood like a car? The answer to both
questions 1s the same. All of these things contain iron. Iron is one of the most
useful metals. Its strength makes it ideal for building things that will last. Yet it can
also be easily worked and shaped. People have been using iron for a long time.
Iron beads 6,000 years old have been found in Africa.

Of all metals to be utilized in industry iron remains by far the most important.
Modern industry needs considerable quantities of this metal either in the form of
iron or steel. Each year about 12 per cent of the metal produced is lost to mankind,
falls victim to a merciless enemy, corrosion. Chemists have studied all kinds of
corrosion mechanism in sufficient detail. Special organic and inorganic substances
called inhibitors are used to weaken or decrease corrosion. Hundreds of chemical
corrosion inhibitors of all kinds are known today.

WHERE IS IRON FOUND?

Our planet contains a huge amount of iron. Scientists believe that Earth’s core is
about nine-tenths iron. This giant ball of iron generates Earth’s magnetic field and
makes compasses work.

We can’t get at the iron at the center of the planet. But there is plenty of iron in
Earth’s outer layer, or crust. Iron is the second-most common metal in the crust
after aluminum.

Iron is rarely found in a pure state. The purest natural iron comes from meteorites
that have fallen from space. Meteorite iron was the first form of iron that ancient
peoples used. Iron is usually found combined with other elements in rocks. These
rocks are called iron ores. They are found in many parts of the world.

Iron often occurs in a mineral called
hematite. Hematite is made of iron
combined with oxygen. Once the hematite
has been mined and separated from other
minerals the iron has to be separated from
the oxygen.

Red-Hot Steel

Iron and steel have to be heated in
furnaces to temperatures of thousands of
degrees. This heat softens the metal and
Peter Armold, Inc./H.R, Bramaz makes it easier to shape by rolling or
pounding.
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HOW IS IRON USED?

Iron must be purified from its ores by smelting. In this process, rocks that contain
iron are crushed and melted in a very hot furnace. Molten iron is separated out.
People first discovered how to do this around 1350 BcC. Iron is much harder than
bronze, which was the most commonly used metal until that time. Iron made
stronger tools and weapons.

Photo Researchers, Inc, [Eunice HarrisiS

STEEL IS MADE FROM IRON

Blacksmith

In the past blacksmiths would forge, or shape,
hot iron by hand. They used a hammer and
chisel to cut the iron on a big chunk of metal
called an anvil.

Iron’s strength and abundance make it
especially useful. But most of the iron we use
today is in the form of steel. Today, steel is
used to make automobiles and ships. It is used
for tall buildings, bridges, and for making
many kinds of tools.

Pure iron breaks easily. It also combines with oxygen in the air. This combination
produces the flaky, reddish material we call rust. For this reason, most of the iron

we use today is not pure.

Ironbridge,
Telford, England

Ironbridge, in Telford,
England, was the first large
structure made of cast iron.
The bridge was considered a
remarkable feat of
engineering at the time of its
completion in 1779.

Robert Harding Pickure
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Iron can be made much stronger if it is heated together with a bit of carbon. Iron
and carbon combine to make steel. Nearly all the iron mined today goes into
making steel. Steel can be formed into many sizes and shapes, depending on how it
is used.

Small amounts of other elements can be added to steel. For example, adding
chromium and nickel makes stainless steel. Stainless steel stays shiny and resists
rust. It is used for many things, including pots and pans, forks, knives, and spoons.
It is also used to make surgical tools and to patch broken bones.

EATING IRON

Except for some bacteria, all living things require iron to live. That’s why people
are often told to add more iron to their diet. Of course, this does not mean gnawing
on a chunk of metal! Certain foods contain tiny amounts of iron combined with
other elements. Grains such as wheat, meat (especially liver), beans, and some
green vegetables are rich in iron.

Your body uses iron to carry oxygen from your lungs to the rest of your body. The
iron in hemoglobin, a substance found in blood, does that job. The iron combined
with oxygen in hemoglobin also gives blood its red color.

State whether these sentences are true or false using the following clichés:

I must disappoint you ....
If I’'m not mistaken ....
To my mind....

It seems to me....

I think that ....

Iron is one of the most useful metals.

Our planet contains a huge amount of iron.

Iron is the second-most common metal in the crust after copper.

Iron is rarely found in a pure state.

Hematite is made of iron combined with ozone.

Iron and carbon combine to make steel.

Stainless steel stays shiny and resists rust.

Grains such as wheat, meat (especially liver), beans, and some green vegetables are
rich in proteins.

The iron combined with oxygen in hemoglobin also gives blood its blue color.
Iron can be made much stronger if it is heated together with a bit of magnesium.
Iron 1s much harder than cobalt.

Adding chromium and nickel makes stainless steel.

Iron often occurs in a mineral called hematite.
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COPPER

Have you used anything copper today? If you bought something and received
change, there was copper in the coins. Did you use any electrical devices? The
electricity was carried to your home by copper wires. There are even tiny amounts
of copper inside you. Your body needs it for digesting food and keeping your
blood healthy.

Copper-Coated
Pennies

Most coins used the
. United States contain
copper. Pennies, shown
here, are made of zinc
with a thin coating of
copper. They actually
s have less copper than
W other U.S. coins!

Cortis™ Ve I GRSl \\V[IAT IS COPPER?

Copper is a reddish-yellow metal. When it’s found in pure form in the ground it’s
called native copper. Usually, though, copper is found combined with other
elements in rocks. These rocks are called copper ores.

When combined with other elements, copper is often greenish in color. The Statue
of Liberty is made mostly of copper. Its greenish color comes from copper
combined with the element oxygen from the air.

Copper was one of the first metals discovered by human beings. People were
making tools and jewelry from native copper over 10,000 years ago.

HOW COPPER IS USED

Pure copper is a soft metal. Early humans found that it made poor tools and
weapons. They discovered that copper is much stronger when mixed with other
metals. People made bronze by combining the metals copper and tin. They made
brass by combining copper with zinc. Today, bronze and brass often contain other
metals. But copper is still their main ingredient.
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Molten Copper

Glowing, melted copper pours into a mold in a factory. The copper is so hot that
the worker standing nearby has to wear special clothes as a shield from the heat.

Copper has long been used for making coins. Copper coins were always less
valuable than silver or gold coins, because silver and gold are rarer metals. Most
coins used in the United States today contain some copper.

Copper sheets were once used to cover the bottoms of wooden sailing ships. They
kept the wood from rotting or being eaten by sea animals.

Substances that contain copper are used to make blue-green inks and dyes. Other
copper compounds are used as insect and weed poisons on farms or to purify
water.

COPPER AND ELECTRICITY
Copper became more valuable in the late 1800s. That was when people discovered

how to use electricity. Of all metals, copper is the second-best conductor of
electricity. (Silver is better, but copper is much cheaper.)
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Most copper mined today is used in the electrical industry. The wires in power
lines are mostly copper. So is the wiring in electrical appliances and cords. Copper
can be stretched into wires as thin as 0.001 inch (about 0.025 millimeters).

WHERE DOES COPPER COME FROM?

In ancient times, copper came mostly from the island of Cyprus in the
Mediterranean Sea. (In fact, the name Cyprus means ‘“copper.”) The ancient
Egyptians, Greeks, and Romans made tools and weapons from Cyprus’s copper.

Copper Ore

This chunk of rock contains two common
kinds of copper ore: chalcopyrite, /eft, and
bornite, right. Copper ore 1s found
throughout the world.

Native Americans used copper too. They
mined copper in what is now Michigan.
Copper ornaments from this region were
traded all over America.

Today, much of the world’s copper comes
from Chile. Arizona, Utah, and New Mexico are leading copper-mining states.

Copper Mine in Chile
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Chile exports huge amounts of copper to other countries. This open-pit copper
mine is in the Atacama Desert of northern Chile.

Insert English equivalents instead of Russian ones:

When combined with other elements, wmeap is often greenish in mBery.
Yucras copper is a Markuit metal.

Its greenish color comes from copper B coenunenuu with the element kucnopogom
from the Bo3ayxa.

People made bronze by coeaunss the metals copper and o10Bo.

Copper monetsl were always less nmennbsiM than cepebpo or gold coins, because
silver and gold are pegkue metals.

Other copper coenunenusi are used as insect and weed poisons on farms or to

OUMIIATL water.
Of all metals, copper is the second-best npoBoanuk of electricity.

GOLD

“Gold! Gold! Gold!” screamed the
newspaper headlines. “Gold discovered in
California!” That was in 1848. The news
brought 100,000 people rushing to
California. They came seeking the yellow
metal that could make them rich.

Gold has been used as money since ancient
times. The metal is valuable because it is
beautiful and easy to form into jewelry and
other objects.

People since ancient times have used gold
for jewelry and money. They used it in
religious objects and works of art. Wars
have been fought over gold. And
sometimes, as in California, gold changed
Carbe D, Thareau the course of history.

WHY IS GOLD VALUABLE?

Gold is unusual among metals. It does not rust or farnish (grow dull and
discolored). Gold coins recovered from sunken treasures are still as shiny as when
they sank.
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Gold is soft enough to be easily shaped into jewelry and other items. An ounce (31
grams) of gold can be hammered into a sheet 16 feet (5 meters) on each side. It can
be stretched into a wire 62 miles (100 kilometers) long.

People find gold beautiful. And it is rare. All the gold in the world would fit in a
cube 65 feet (20 meters) on each side. Because it is so rare, its value doesn’t
change much from one year to the next. In ancient times, people could easily carry
a lot of wealth in the form of a small bag of gold.

MINING GOLD

The easiest way to mine gold is with a pan. You fill the pan with sand or gravel
that contains tiny bits of gold. Then you swirl the pan under a gentle stream of
water. The lighter gravel or sand gradually washes out with the water. The heavier
gold particles collect at the bottom of the pan. Gold is so heavy that it doesn’t take
many tiny flakes to make an ounce.

Fhoto Researchers, Inc./EB. and C. Alexander

Panning for Gold

Panning is a way to separate tiny bits of gold from sand or gravel. Swirling water
washes the sand and gravel away, but the heavy gold particles settle to the bottom
of the pan. Many people used this method during the gold rush in California.
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Gold in Quartz Rock

Gold can be found in its pure state
in layers of rock underground. The
gold veins here are in quartz rock.

Today, gold is most often  mined
by digging underground with
machines. Rock that contains gold
is treated with chemicals to

separate out the gold. Nuggets of ©

solid gold are quite rare. The
largest nugget ever found weighed
about 130 pounds (59 kilograms).
It was found in Australia in 1869.
About two-thirds of all gold mined
today comes from South Africa.

Corbis/Reuters

HOW IS GOLD USED?

Gold Nugget

Most gold is found as tiny particles in layers of
rock, but occasionally gold nuggets are found.
The nugget shown here weighs about 51
pounds (23 kilograms). It was found in
Australia in 1995.
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Gold is used for many things besides coins, decorations, and jewelry. Gold
conducts electricity very well. It is used in tiny electrical circuits. There are very
small amounts of gold in your computer.

Gold Leaf

Gold leaf covers this ancient Egyptian statue.
Gold leaf is made by hammering solid gold
metal until it is very thin.

Gold is also used to protect tall buildings and
spaceships from the Sun’s heat. The Sun's
| rays bounce off even a thin coating of gold.
Gold-coated mirrors are used in telescopes.
Dentists use gold for tooth fillings. Gold is
4 even used in medicine, to treat cancer and
arthritis.

Photo Researchers, Inc, [Erian Brake

GREEDY FOR GOLD

Gold has always made people who controlled it wealthy. Folktales of many
peoples tell of greed for gold. The ancient tale of King Midas tells of a greedy
king. Midas wished that everything he touched would turn to gold. But he was
sorry when his wish was granted. He could not eat because his food and water also
turned to gold.

Golden Treasure

The Incas of Peru were were famous for making
gold objects such as this mask. The Spanish
conquered the Incas during the 1500s and stole all
of their gold.
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Death Mask of M} |
Tutankhamun

The death mask of Egyptian pharaoh
Tutankhamun is made of gold inlaid with
colored glass and semiprecious stone. The
mask comes from the innermost mummy case
in the pharaoh’s tomb, and stands 54 cm (21 %8
in) high. =Y F

g =

,EiFin:I njEernan art Library, Lo ndon e ork,

Ancient Egyptians buried their pharaohs
(kings) with treasure and beautiful art. This golden death mask was found in the
tomb of the pharaoh Tutankhamun, who ruled Egypt about 3,300 years ago.

In the 1500s, the Spanish conquered Mexico and Peru while searching for gold.
They brought back tons of gold looted from native peoples. The peoples of those
regions had never considered gold very valuable.

Gold Bullion

Many people buy and sell gold bricks, known as bullion, in the stock market. Gold
is considered by many to be a safe investment during uncertain economic times.
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The discovery of gold in parts of western America and Australia brought in
thousands of people seeking quick fortunes. Many stayed on and settled those
regions.

1. Answer the questions:

When was gold discovered in California?

What have people used gold for?

Why doesn’t its value change much from one year to the next.
What is the easiest way to mine gold?

How is gold mined today?

Where and when was the largest gold nugget found?

2. Fill in the blanks with the proper adjectives:

They came seeking the ..... metal that could make them rich.

The metal is ..... because it is ..... and easy to form into jewelry and other objects.
Gold is ..... among metals.

It does not rust or tarnish (grow ..... and .....).

..... coins recovered from ..... treasures are still as ..... as when they sank.

Gold is ..... enough to be easily shaped into jewelry and other items.

Because itis so ...... , its value doesn’t change much from one year to the next.
Gold is so ..... that it doesn’t take many ..... flakes to make an ounce.
Bronze

Bronze is a metal compound containing copper and other elements. The term
bronze was originally applied to an alloy of copper containing tin, but the term is
now used to describe a variety of copper-rich material, including aluminum bronze,
manganese bronze, and silicon bronze.
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Bronze Age Weapons
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The Bronze Age in Europe occurred around 2200 to 700 BC. Bronze was used for weapons such as spearheads,
swords, and knives. The two swords, bottom, were cast with long blades for slashing. The upper sword is from
France. The Danish sword below it has been cleaned to show its original color.

Bronze was developed about 3500 BC by the ancient Sumerians in the Tigris-
Euphrates Valley. Historians are unsure how this alloy was discovered, but believe
that bronze may have first been made accidentally when rocks rich in ores of
copper and tin were used to build campfire rings (enclosures for preventing fires
from spreading). As fire heated these stones, the metals may have mixed, forming
bronze. This theory is supported by the fact that bronze was not developed in North
America, where natural tin and copper ores are rarely found in the same rocks.

@ m(_, Objects

> <) (-

A of the

N Bronze
Age

An alloy of tin and
copper, bronze is a
shiny gold color when
new, which made it
popular for objects
such as jewelry. This
neck ring was a
symbol of status in
the Celtic-speaking
world. It was made in
the 6th century BC
from a single strand
of twisted bronze. The
object on the left was
a decorative pin made after 2000 BC. The object in the center was an ornament worn around the waist.

Jorling Kindersley

Around 3000 BC, bronze-making spread to Persia, where bronze objects such as
ornaments, weapons, and chariot fittings have been found. Bronzes appeared in
both Egypt and China around 2000 BC. The earliest bronze castings (objects made
by pouring liquid metal into molds) were made in sand; later, clay and stone molds
were used. Zinc, lead, and silver were added to bronze alloys by Greek and Roman
metalworkers for use in tools, weapons, coins, and art objects. During the
Renaissance, a series of cultural movements that occurred in Europe in the 14th,
15th, and 16th centuries, bronze was used to make guns, and artists such as
Michelangelo and Benvenuto Cellini used bronze for sculpting See also
Metalwork; Founding.

Today, bronze is used for making products ranging from household items such as
doorknobs, drawer handles, and clocks to industrial products such as engine parts,
bearings, and wire.

Tin bronzes, the original bronzes, are alloys of copper and tin. They may contain
from 5 to 22 percent tin. When a tin bronze contains at least 10 percent tin, the
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alloy is hard and has a low melting point. Leaded tin bronzes, used for casting,
contain 5 to 10 percent tin, 1.5 to 25 percent lead, and 0 to 4.5 percent zinc.
Manganese bronze contains 39 percent zinc, 1 percent tin, and 0.5 to 4 percent
manganese. Aluminum bronze contains 5 to 10 percent aluminum. Silicon bronze
contains 1.5 to 3 percent silicon.

Liberty Bell

The Liberty Bell, which is a symbol of American
independence, is made of 943 kg (2,080 Ib) of bronze.
The metallurgical composition of the bell is approximately
4 70% copper, 25% tin, 2% lead, 1% zinc, and smaller
' amounts of other metals. As bronze weathers, a brown or
green film forms on its surface. The brown film that has
formed on the surface of the Liberty Bell inhibits
corrosion.

Bronze is made by heating and mixing

the molten metal constituents. When the

molten mixture is poured into a mold and

begins to harden, the bronze expands and

U Vo — Ml fills the entire mold. Once the bronze has
W Comeren ) 44l cooled, it shrinks slightly and can easily
Al m‘m i i PSS be removed from the mold.

\Photo Researchers, Inc.{Joseph P-Jetti::- 1 g

Bronze is stronger and harder than any other common metal alloy except steel. It
does not easily break under stress, is corrosion resistant, and is easy to form into
finished shapes by molding, casting, or machining.

The strongest bronze alloys contain tin and a small amount of lead. Tin, silicon, or
aluminum is often added to bronze to improve its corrosion resistance. As bronze
weathers, a brown or green film forms on the surface. This film inhibits corrosion.
For example, many bronze statues erected hundreds of years ago show little sign of
corrosion. Bronzes have a low melting point, a characteristic that makes them
useful for brazing—that is, for joining two pieces of metal. When used as brazing
material, bronze is heated above 430°C (800°F), but not above the melting point of
the metals being joined. The molten bronze fuses to the other metals, forming a
solid joint after cooling.

Lead is often added to make bronze easier to machine. Silicon bronze is machined
into piston rings and screening, and because of its resistance to chemical corrosion
it is also used to make chemical containers. Manganese bronze is used for valve
stems and welding rods. Aluminum bronzes are used in engine parts and in marine
hardware.

Bronze containing 10 percent or more tin is most often rolled or drawn into wires,
sheets, and pipes. Tin bronze, in a powdered form, is sintered (heated without
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being melted), pressed into a solid mass, saturated with oil, and used to make self-
lubricating bearings.

Insert English equivalents instead of Russian ones:

Bronze is a metal coenqnaenue coaepxkaiee meab and other elements.

The term bronze was originally npumensisics k criaBy of copper containing tin,

Historians are unsure how this alloy was discovered, but believe that bronze may
have first been made accidentally when mopompl Gorateie pyfaoil MEIH W OJIOBOM
were used to build campfire rings.

[lunk, cBUHEN U cepebpo gobaBisanck k bronze alloys by Greek and Roman
metalworkers for use in tools, weapons, coins, and art objects.

When a tin bronze contains at least 10 percent tin, the alloy is TBepablii U HMeeT
HU3KYIO TOYKY IIABJICHUS.

When the molten mixture is 3anuBaiotT B popmy and begins to harden, the bronze
pPaCIIMPSETCS W 3a0JHSICT BCIO (hopMy.

Once the bronze has cooled, it HeMHOTO jmaer ycaaky and can JISTKO BBIHYTH from
the mold.

Tin, silicon, or aluminum is often added to bronze mis Toro, 4YToObl YIYUYIIHTE €€
AHTHUKOPPO3UNHYIO CTOMKOCTb.

As bronze monepraercs arMocdhepHbIM BIUSHUSIM, a brown or green IJIEHKa
00pa3yercs Ha IIOBEPXHOCTH.

This film opengrcTByeT corrosion.

ALUMINIUM

Aluminum (in Canada and Europe, aluminium), symbol Al, the most abundant
metallic element in Earth's crust. The atomic number of aluminum is 13; the
element is in group 13 (IIla) of the periodic table (see Periodic Law). The
element’s name comes from the aluminum-containing compound alum, which was
known in ancient times.

Hans Christian Oersted, a Danish chemist, first prepared impure aluminum in
1825, using a chemical process involving potassium amalgam. Between 1827 and
1845, Friedrich Wohler, a German chemist, improved Oersted's process by using
metallic potassium. He was the first to measure the specific gravity of aluminum
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and show its lightness. In 1854 Henri Sainte-Claire Deville, in France, obtained the
metal by reducing aluminum chloride with sodium. Aided by the financial backing
of Napoleon III, Deville established a large-scale experimental plant and displayed
pure aluminum at the Paris Exposition of 1855.

Properties

Aluminum is a lightweight, silvery metal. The atomic weight of aluminum is
26.9815; the element melts at 660°C (1220°F), boils at 2519°C (4566°F), and has a
specific gravity of 2.7. Aluminum is a strongly electropositive metal and extremely
reactive. In contact with air, aluminum rapidly becomes covered with a tough,
transparent layer of aluminum oxide that resists further corrosive action. For this
reason, materials made of aluminum do not tarnish or rust. The metal reduces
many other metallic compounds to their base metals. For example, when thermite
(a mixture of powdered iron oxide and aluminum) is heated, the aluminum rapidly
removes the oxygen from the iron; the heat of the reaction is sufficient to melt the
iron. This phenomenon is used in the thermite process for welding.

Aluminum

Aluminum is a light-weight
metallic  element used
extensively in construction
® and as a packaging
. material. These aluminum
ingots are ready for
| shipping to factories that
will  turn them into
consume products.

T TR The oxide of aluminum is

. amphoteric—showing both

acidic and basic properties. The most important compounds include the oxide,

hydroxide, sulfate, and mixed sulfate compounds. Anhydrous aluminum chloride is

important in the oil and synthetic-chemical industries. Many gemstones—ruby and
sapphire, for example—consist mainly of crystalline aluminum oxide.

USES

A given volume of aluminum weighs less than one-third as much as the same
volume of steel. The only lighter metals are lithium, beryllium, and magnesium. Its
high strength-to-weight ratio makes aluminum useful in the construction of
aircraft, railroad cars, and automobiles, and for other applications in which
mobility and energy conservation are important. Because of its high heat
conductivity, aluminum is used in cooking utensils and the pistons of internal-
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combustion engines. Aluminum has only 63 percent of the electrical conductance
of copper for wire of a given size, but it weighs less than half as much. An
aluminum wire of comparable conductance to a copper wire is thicker but still
lighter than the copper. Weight is particularly important in long-distance, high-
voltage power transmission, and aluminum conductors are now used to transmit
electricity at 700,000 V or more.

The metal is becoming increasingly important architecturally, for both structural
and ornamental purposes. Aluminum siding, storm windows, and foil make
excellent insulators. The metal is also used as a material in low-temperature
nuclear reactors because it absorbs relatively few neutrons. Aluminum becomes
stronger and retains its toughness as it gets colder and is therefore used at
cryogenic temperatures. Aluminum foil 0.018 cm (0.007 in) thick, now a common
household convenience, protects food and other perishable items from spoilage.
Because of its light weight, ease of forming, and compatibility with foods and
beverages, aluminum is widely used for containers, flexible packages, and easy-to-
open bottles and cans. The recycling of such containers is an increasingly
important energy-conservation measure. Aluminum's resistance to corrosion in salt
water also makes it useful in boat hulls and various aquatic devices.

A wide variety of coating alloys and wrought alloys can be prepared that give the
metal greater strength, castability, or resistance to corrosion or high temperatures.
Some new alloys can be used as armor plate for tanks, personnel carriers, and other
military vehicles.

1. Answer the questions:

What chemist first prepared impure aluminum?

Who improved Oersted's process?

In 1854 Henri Sainte-Claire Deville, in France, obtained the metal by reducing
aluminum chloride with sodium, didn’t he?

What does aluminum rapidly becomes covered in contact with air?

Why don’t materials made of aluminum tarnish or rust?

Does aluminum reduce many other metallic compounds to their base metals?

What is used in the thermite process for welding?

Where is aliminum used?

2. Complete the sentences:

Friedrich Wohler, a German chemist, improved Oersted's process by ................
In 1854 Henri Sainte-Claire Deville, in France, obtained the metal by................
Aluminum rapidly becomes covered with a tough, transparent layer of ...............
Because of its high heat conductivity, aluminum is used in cooking ...................
An aluminum wire of comparable conductance to a copper wire is thicker ...........
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Aluminum siding, storm windows, and foil ........................
Aluminum's resistance to corrosion in salt water also makes it useful ................
Aluminum becomes stronger and retains its toughness as it gets colder ..............

Alloys

A metal made of two or more mixed and fused pure metals is an alloy. A few
alloys are made with a metal and one or more nonmetals. Alloys are used in
millions of ways each day: Airplanes, automobiles, building metals, and cooking
pots are typical objects made of alloys. We usually speak of metal articles as
though they were made of such pure elements as iron, aluminum, or copper, but in
fact almost all of them are alloys.

Metals in their pure states do not have a great many uses. A pure aluminum
cooking pot would be weak and soft and would wear away quickly. One made of
aluminum alloyed with copper or silicon can be used daily year after year. A pure-
iron knife blade would become dull with its first use because pure iron is relatively
soft. A knife made of iron alloyed with carbon and other elements, however, will
cut well and retain its sharp edge.

Atomic Structure

A pure metal consists of identical atoms packed closely together in an orderly
(lattice-like) arrangement. The atoms are held in place by electrostatic forces.

When elements are mixed to make an alloy, the metallic element present in the
largest amount by weight is called the parent metal and the others are the alloying
agents. The alloying agents are dissolved in the parent metal but do not combine
chemically with it. Instead, they also arrange themselves in a regular pattern, filling
the spaces between the atoms of the parent metal without disturbing its basic
atomic structure.

This need for orderly arrangement explains why some elements do not form alloys.
Imagine a large box in which many balls are to be stacked. If all the balls are the
same or nearly the same size, as basketballs and volleyballs, the job is easy. It is
impossible, however, to neatly stack balls that differ widely in size, such as
basketballs and golf balls. The same is true for atoms. For alloying to take place,
the diameters of the atoms of the parent metal and alloying agents cannot differ by
more than 15 percent. Thus, the number of possible alloys is limited.

Crystalline Structure

Alloys are made up of regularly shaped crystals, some of which are so large that
they can be seen with the naked eye. To study the crystals, scientists use
microscopes, spectroscopes, and X rays. They have discovered that alloy crystals
are collections of tiny grains between which there is a boundary material.
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Some grains are hard and some are soft, because of the different elements mixed in
the alloy. The hard grains support loads and resist wear. The soft grains, being
more pliable, permit the hard grains to move. Thus, if one attempts to bend a piece
of metal that has only hard grains, it breaks. But if hard and soft grains are
intermixed, the piece can be bent.

In general, fine-grained metals are tougher than large-grained metals. In large-
grained alloys, the boundaries may be continuous. Such a structure is weak
because fewer grains interlock. This makes most large-grained alloys brittle, for
they will fracture readily along their boundary lines.

The Steel Alloys

Iron 1s the major constituent of the most frequently used alloys, the ferrous alloys,
from the Latin ferrum, meaning “iron.” When carbon is dissolved in iron, the
resulting alloy is steel. The simplest such alloy, called plain carbon steel or
wrought carbon steel, has varying qualities depending upon its carbon content. It
can be given other qualities by including other elements. Steel containing
manganese is easier to shape in rolling mills; so most steels contain it. Steels with
nickel are rust resistant. Chromium steels are hard and strong. Silicon steels have
magnetic properties that make them ideal in electric generators and other electrical
devices.

Chromium

Chromium is a shiny
metallic element.
Brilliant, hard, and

corrosion-resistant,
chromium makes a
durable and attractive
coating for other
metals and is an
important component
of stainless steel.

Photo Researchers, Inc. /Charles D, Winters

Stainless steels, so called because they resist rust and acid corrosion, are usually
alloys of iron with 10 to 20 percent chromium and 5 to 10 percent nickel. They are
used to make eating utensils, lighting fixtures, decorative trim for automobiles, and
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many other articles. Stainless steels are also employed in machinery and vats for
processing and storing chemicals that would destroy ordinary steels.

Photo Researchers, Inc,/Russ Lappa

Tungsten

Tungsten is a metallic
element nearly twice
as dense as lead. The
melting  point  of
tungsten is 3422°C
(6192°F), higher than
for any other metal
element.

Automotive spring
steels, which
contain chromium,
are elastic and
absorb road

shocks well. High-speed tool steels, so named for their use in high-speed cutting
tools, retain a cutting edge even when red-hot. They can be made hard enough to
cut almost any material, including other very hard steels. High-speed tool steels are
made of iron, tungsten, chromium, and vanadium. Tungsten is the most important
element in these steels because of its high melting temperature of 3,370° C

(6,098° F).

Nonferrous Alloys

Ciorbis THE BETTMAMNN ARCHIVE
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Bronze
Vessel of the
Shang
Dynasty

The Bronze Age culture
of the Shang dynasty
(15707-1045? BC) in
China  developed a
sophisticated metallurgy
industry that produced
large numbers of bronze
ritual ~ vessels.  The
intricate designs were
achieved through the



piece-mold casting process, in which molten bronze was poured into clay molds that contained
impressions of the desired design.

Alloys that contain no iron are called nonferrous. Of these, the copper alloys are
the largest group. Most copper alloys are brasses and bronzes. Brass is copper
alloyed with zinc. Most kinds of brass are easily shaped and have a pleasing
appearance. Bronze originally meant copper alloyed mostly with tin. Many
different alloys classed as bronzes are now made by substituting other elements
(zinc, lead, aluminum, phosphorus, silicon) for part or all of the tin. Most bronzes
possess strength, toughness, and elasticity.

Alloys containing aluminum or magnesium are structurally strong and lightweight.
They are used in spacecraft, airplanes, kitchenware, and automobiles. Monel metal,
a very corrosion-resistant alloy, consists on the average of 67 percent nickel, 28
percent copper, and 5 percent other elements. Copper is often alloyed with
precious metals to make coins.

Fusible Alloys

Alloys with a low melting point are called fusible alloys. They are used in solders,
electric fuses, safety plugs such as those used in building sprinkler systems, and in
other special applications.

Babbitt metal is one of the most important fusible alloys. It is an alloy of tin,
antimony, and copper. It is used where a spinning steel shaft in a machine must be
supported. In general, less friction develops between dissimilar metals than
between metals that resemble one another, and Babbitt metal and steel are very
dissimilar. In addition, because Babbitt metal melts at a low temperature, it can be
poured into a mold fitted around a steel shaft without harm to the shaft. Once
cooled, the metal forms a bearing in which the shaft rotates with little wear.

Most kinds of solders are alloys of lead and from one third to two thirds tin.
Alloyed, these metals melt at a lower temperature than either does by itself.
Brazing solder, which forms stronger joints than ordinary solder, is made of equal
parts of copper and zinc. Silver is added for jewelry work.

Bismuth, lead, tin, and cadmium are combined to make Wood's fusible metal, an
alloy that melts at 71° C (160° F). This metal makes a good fuse in an electric
circuit, for when it is heated by an excess of current that might damage electrical
apparatus or cause a fire, it melts, stopping the flow of current. Safety plugs made
of similar alloys are used in boilers, water heaters, and pressure cookers. When the
internal heat in such vessels passes the danger point, the plug melts, allowing
steam to escape before the vessel explodes. Sprinkler systems hold water under
pressure with a safety plug that melts and releases the water when fire causes the
room temperature to rise. Some fire alarm systems use a similar safety plug.
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1. Answer the questions:

What is an alloy?

Do metals in their pure state have a great many uses?

What is called the parent metal?

Do the alloying agents combine chemically with the parent metal?
What scientists use to study the crystals?

Where is a boundary material?

What steels are rust resistant?

What steels are ideal in electric generators and other electrical devices?
Do nonferrous alloys contain iron?

What metals does babbitt metal contain?

What temperature does Wood’s fusible metal melt at?

What alloy is used in an electric circuit to stop the flow of current?

2. Find the Passive Voice constructions, underline them and translate into
Russian:

Alloys are used in millions of ways each day: Airplanes, automobiles, building
metals, and cooking pots are typical objects made of alloys.

The atoms are held in place by electrostatic forces.

When elements are mixed to make an alloy, the metallic element present in the
largest amount by weight is called the parent metal and the others are the alloying
agents.

The alloying agents are dissolved in the parent metal but do not combine
chemically with it.

Thus, the number of possible alloys is limited.

Alloys are made up of regularly shaped crystals, some of which are so large that
they can be seen with the naked eye.

When carbon is dissolved in iron, the resulting alloy is steel.

Stainless steels are used to make eating utensils, lighting fixtures, decorative trim
for automobiles, and many other articles.

Stainless steels are also employed in machinery and vats for processing and storing
chemicals that would destroy ordinary steels.

High-speed tool steels are made of iron, tungsten, chromium, and vanadium.
Alloys that contain no iron are called nonferrous.

Babbitt metal melts at a low temperature, it can be poured into a mold fitted around
a steel shaft without harm to the shatft.

Silver is added for jewelry work.

Bismuth, lead, tin, and cadmium are combined to make Wood's fusible metal.
Safety plugs made of similar alloys are used in boilers, water heaters, and pressure
cookers.
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AUDIO SUPPLEMENT

UNIT 1
PRETEXT EXERCISES:

1. Practice in pronunciation:

contain, atom, mean, break, element, change, discover, occur, naturally, artificial,
laboratory, combine, compound, chemically.

2. Read and translate the following international words:

Element, substance, contain, atom, naturally, laboratory, metal, combine.
3. Remember the derivatives of the words:

possibility possible possibly

combine combination combined combinative

contain container containable contained containing

Read the text “Element”

An element is a substance that contains only one kind of atom. Atoms cannot be
broken down by chemical means, so it is impossible to break up an element into
simpler substances by chemical changes. So far 109 elements have been
discovered; 92 occur naturally, the other 17 are artificial elements that can be made
only in the laboratory. There are two main kinds of elements - metals and
nonmetals. Some elements chemically combine with other elements to form
substances called compounds. play pause stop

ASSIGNMENTS:

1. Answer the questions:

What atom does an element contain?

What way can atoms be broken down by?

How many elements have been discovered?

How many elements can be made only in the laboratory?
What are two main kinds of elements?

124



What do elements form when they combine with other elements?

2. State whether these sentences are true or false using the following clichés:

As far as [ know .... Well, it seems ....

I suppose .... To start with ....

[ mean .... I think .....

I must confess .... I suggest ....

I must disappoint you .... I believe ....

The thing is .... In fact ....

I hope .... If I’'m not mistaken ....
Actually .... Frankly speaking ....
I guess .... The fact s ....

In my opinion .... I’'m afraid ....

They say ...,. To tell the truth ....
Unfortunately ..... Most likely .....

An element is a substance that contains only one kind of atom.

Atoms can be broken down by chemical means.

It is possible to break up an element into simpler substances by chemical changes.
There are two main kinds of elements - metals and nonmetals.

Some elements chemically combine with other elements to form substances called
liquids.

3. Fill in the blanks with necessary prepositions:

Atoms cannot be broken ..... ..... chemical means.

It is impossible to break ..... an element ..... simpler substances ..... chemical
changes.

17 artificial elements can be made only ..... the laboratory.

Some elements chemically combine ..... other elements to form substances called
compounds.

4. Insert the missing forms of the irregular verbs:
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broke .....

... made
5. Find the English equivalents to the Russian expressions:
An element is a substance that comepxwut only one Buz of atom.

Some elements chemically pearupyror with other elements to form BemiecTBa
called coenunenus.

So far 109 elements have been oTkpbIThI; 92 BeTpedaroTcs B mpupose, the other 17
are HCKyccTBeHHBIE elements that can be made only in the laboratory.

Atoms cannot be broken down ¢ IIOMOIIbIO XHMHUYECKUX CPEICTB, SO 1t 1S

HEBO3MOXKHO to break up an element into mpoctbie substances by chemical

changes.

6. Choose synonyms:

break, substance, occur, combine, call.

name, destroy, react, matter, happen

7. Complete the sentences:

Some elements chemically combine with other elements ......................
Atoms cannot be broken down by chemical means .........................

So far 109 elements have been discovered ...........coovveeieia....

UNIT 2
PRETEXT EXERCISES:

1. Practice in pronunciation:

carbon, scientist, fossil, however, produce, industry, example, pesticide, plastics,
synthetic.

2. Read and translate the following international words:

chemistry, organic, laboratory, industry, plastics, pesticide, synthetic, substance.
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3. Remember the derivatives of the words:
chemistry, chemist, chemical

differ different, difference

produce product, production, productive producer

Read the text “ Organic Chemistry”

Organic chemistry is the study of compounds containing carbon. It is called
"organic" because scientists used to think that these compounds were found only in
living things or fossils. However, vast numbers of different carbon-containing
compounds can now be produced artificially in laboratories and factories, for use
in industry. For example, drugs, plastics, and pesticides are all synthetic organic
substances. About 4.5 million of the 5 million compounds known today contain
carbon. play pause stop

ASSIGNMENTS:

1. Answer the questions:

What does organic chemistry study?

Why is it called “organic’?

Vast numbers of different carbon-containing compounds can now be produced
artificially in laboratories and factories, can’t they?

Are drugs, plastics, and pesticides synthetic organic substances?

How many organic compounds are known today?

2. State whether these sentences are true or false using the following clichés:

As far as [ know .... Well, it seems ....

I suppose .... To start with ....

I mean .... I think .....

I must confess .... [ suggest ....

I must disappoint you .... I believe ....

The thing is .... In fact ....

I hope .... If I’m not mistaken ....
Actually .... Frankly speaking ....
I guess .... The fact is ....
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In my opinion .... [’'m afraid ....

They say ...,. To tell the truth ....

Unfortunately ..... Most likely .....

Organic chemistry is the study of compounds containing nitrogen.

It is called "organic" because scientists used to think that these compounds were
found only in nature.

Vast numbers of different carbon-containing compounds can now be produced
artificially in laboratories and factories.

Drugs, plastics, and pesticides are all synthetic organic substances.

3. Fill in the blanks with necessary prepositions:

..... example, drugs, plastics, and pesticides are all synthetic organic substances.

It 1s called "organic" because scientists used to think that these compounds were

found only ..... living things or fossils.
Vast numbers ..... different carbon-containing compounds can now be produced
artificially ..... laboratories and factories, ..... use ..... industry.

4. Insert the missing forms of the irregular verbs:
think .....
.....found .....
veee ..... known
5. Find the English equivalents to the Russian expressions:

It is called "organic" because yuenbie used to think that these compounds were
found only in living things or okameHenoCTX.

Vast numbers of pasuwix carbon-containing coenuneHui can now be produced
HCKYCCTBEHHO in laboratories and factories

For example, nekapctBa, miactmacca, and pesticides are all synthetic organic
BEIIIECTBA.

About 4.5 million of the 5 million compounds known today cogepxat carbon.
6. Choose synonyms:

study, call, find, produce, artificial, factory, substance.
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plant, matter, man-made, manufacture, learn, name, seek.

7. Complete the sentences:

Organic chemistry is the study .......................

For example, drugs, plastics, and pesticides.......................

However, vast numbers of different carbon-containing compounds ..............

It is called "organic" because scientists used ...............

UNIT 3
PRETEXT EXERCISES:

1. Practice in pronunciation:

carbon, occur, naturally, allotrope, graphite, diamond, buckminsterfullerence,
different, size.

2. Read and translate the following international words:

element, naturally, form, allotrope, graphite, combination, atom.

3. Remember the derivatives of the words:

importance important

form formation formative

differ difference different differential

occur occurrence occurrent OCCllI’I'il’lg

Read the text *“ Carbon”

An important nonmetallic element, carbon occurs naturally in three forms, or
allotropes. There are graphite, diamond and buckminsterfullerence. Carbon can
form millions of different compounds (combinations of elements). This is because
a carbon atom can bond with up to four atoms (of carbon or other elements) and
because the carbon atoms can link up in chains and rings of different sizes and

patterns. play pause stop
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ASSIGNMENTS:

1. Answer the questions:

In what forms does carbon occur in nature?

Carbon can form millions of different compounds, can’t it?
Why can carbon form millions of different compounds?
How can the carbon atoms link up?

2. State whether these sentences are true or false using the following clichés:

As far as [ know .... Well, it seems ....

I suppose .... To start with ....

I mean .... I think .....

I must confess .... I suggest ....

I must disappoint you .... I believe ....

The thing is .... In fact ....

I hope .... If I’m not mistaken ....
Actually .... Frankly speaking ....
I guess .... The fact s ....

In my opinion .... I’'m afraid ....

They say ...,. To tell the truth ....
Unfortunately ..... Most likely .....

An important nonmetallic element, carbon occurs naturally in three forms, or
allotropes.

The carbon molecules can link up in chains and rings of different sizes and
patterns.

A carbon atom can break with four atoms (of carbon or other elements).

3. Fill in the blanks with necessary prepositions:

The carbon atoms can link ..... ..... chains and rings ..... different sizes and
patterns.
A carbon atom can bond ..... ..... ..... four atoms.
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Carbon can form millions ..... different compounds.
An important nonmetallic element, carbon occurs naturally ..... three forms.

4. Find the English equivalents to the Russian expressions:

An important nonmetallic element, carbon BcTpeuaercs B npupose in three forms.

This 1s because a carbon atom can coeauHATHCA ¢ four atoms.

The carbon atoms can link up nensro u konbitamu of different pasmepos and dhopm.

5. Choose synonyms:

occur, different, bond, link.
connect, various, happen, bind.

6. Make up sentences:

element, an, occurs, important, three, in, naturally, forms, nonmetallic, carbon.
can, of, compounds, different, millions, form, carbon.

the, rings, and, carbon, atoms, in, up, can, chains, link.

7. Complete the sentences:

An important nonmetallic element, carbon occurs ......................

Carbon can formmillions ................ccooe. ...

This is because a carbon atom can bond with up to four atoms ................

UNIT 4
PRETEXT EXERCISES:

1. Practice in pronunciation:

certain, property, conduct, heat, electricity, similarity, determine, suitable,
particular, rarely, pure, usually, alloy.

2. Read and translate the following international words:
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metal, group, element, conduct, electricity, structure, mix, form, combination,

3. Remember the derivatives of the words:

Read the text “ Metals ”

Metals are a group of elements that share certain properties. They conduct heat and
electricity well, which is why cooking pans and electrical wires are made of metal.
They are also strong and can be shaped easily; this is why they are used to make
structures such as bridges. Although there are many similarities between metals,
there are also differences that determine how suitable a metal is for a particular
use. Of the 109 elements known today, 87 are metals. They are rarely used in their
pure state - they are usually mixed with other metals or nonmetals to form
combinations known as alloys. play pause stop

ASSIGNMENTS:

1. Answer the questions:

Metals share certain properties, don’t they?

Do metals conduct heat and electricity well?

Why are cooking pans and electrical wires made of metal?
Where else are metals used?

What determines the suitability of a metal for a particular use?
How many metals are known today?

Are metals often used in their pure state?

What are they mixed with?

What are alloys?

2. State whether these sentences are true or false using the following clichés:

As far as [ know .... Well, it seems ....

I suppose .... To start with ....

[ mean .... I think .....

I must confess .... I suggest ....

I must disappoint you .... I believe ....

The thing is .... In fact ....

I hope .... If I’m not mistaken ....
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Actually .... Frankly speaking ....

I guess .... The factis ....

In my opinion .... I’'m afraid ....
They say ...,. To tell the truth ....
Unfortunately ..... Most likely .....

Metals are a group of elements that share certain properties.

They conduct water and gases well, which is why cooking pans and electrical
wires are made of metal.

They are rarely used in their pure state - they are usually mixed with other metals
or nonmetals to form combinations known as alloys.

Metals are also strong and can be shaped hardly.

3. Fill in the blanks with necessary prepositions:

Cooking pans and electrical wires are made ..... metal.

There are many similarities ..... metals.

Differences ..... metals determine how suitable a metal is ..... a particular use.
They are rarely used ...... their pure state.

They are usually mixed ..... other metals or nonmetals to form combinations

known as alloys.

4. Insert the missing forms of the irregular verbs:

make .....

5. Find the English equivalents to the Russian expressions:

They npoBonsat Temio and electricity well.

CxoBopojku and electrical mpoBona are made of metal.

They are also strong and can be npunaBats dhopmy easily.

Differences that onpenenstor how npurogen a metal is for a particular use.

They are penko used in their Y4UCTOM COCTOSIHUMU.
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They are usually mixed with other metals or nonmetals to form combinations
known as CIJIaBBlI.

6. Choose synonyms:

share, conduct, make, shape, suit, pure.
clean, form, pass, divide, manufacture, fit.

7. Complete the sentences:
They conduct heat and electricity well, ............................
They are rarely used in their pure state ...................ooeeeeeenn.

Although there are many similarities between metals, .........................

Metals are a group of elements that ............................
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Audio Supplement

Acids are substances that release hydrogen ions in water. Alkalis are substances
that release hydroxide ions (ions made up of hydrogen and oxygen) in water. If
acids and alkalis are mixed, the two types of ions cancel each other out, and a new
substance called a chemical salt i1s formed. The acidity or alkalinity of a substance
can be measured using the pH (potential for hydrogen) scale, which runs from 1 to
14. All acids have a pH lower than 7; the stronger the acid, the lower the pH. All
alkalis have a pH greater than 7; the stronger the alkali, the higher the ph. Neutral
substances, such as water, are neither acidic nor alkaline. They have a pH of 7.
play pause stop

An important nonmetallic element, carbon occurs naturally in three forms, or
allotropes. There are graphite, diamond and buckminsterfullerence. Carbon can
form millions of different compounds (combinations of elements). This is because
a carbon atom can bond with up to four atoms (of carbon or other elements) and
because the carbon atoms can link up in chains and rings of different sizes and
patterns. play pause stop

Organic (carbon-containing) compounds can be divided into two major groups -
aliphatic and aromatic compounds - according to the way in which the carbon
atoms bond. In aliphatic compounds, the carbon atoms are linked in chains. These
chains can contain anything from two to many thousands of carbon atoms, with
other types of atoms attached to each carbon atom. In aromatic compounds, the
carbon atoms are joined in a ring. play pause stop

A chemical reaction occurs when substances change into new substances. For this
to happen, the bonds between atoms and molecules must break and re-form in
different ways. Because the bonds can be strong, energy, usually in the form of
heat, is often needed to start a reaction. The new substances (products) have
properties different from those of the original substances (reactants). Chemical
reactions do not occur only in laboratories; they happen all around us - for
example, when cars rust and when food is cooked. play pause stop

Metals are a group of elements that share certain properties. They conduct heat and
electricity well, which is why cooking pans and electrical wires are made of metal.
They are also strong and can be shaped easily; this is why they are used to make
structures such as bridges. Although there are many similarities between metals,
there are also differences that determine how suitable a metal is for a particular
use. Of the 109 elements known today, 87 are metals. They are rarely used in their
pure state - they are usually mixed with other metals or nonmetals to form
combinations known as alloys. play pause stop
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Many substances form crystals. A crystal is a type of solid matter that always
forms the same shape. For example, crystals of common salt always for tiny cubes,
and emerald crystals are always hexagonal (six-sided). Crystals often form when
molten rocks cool down and solidify or when solutions containing minerals
evaporate. Crystals can also be made in the laboratory. Some crystalline
substances, such as rubies and diamonds, are used in jewelry. Others are useful in
industry; quartz, for example, is used in watches. play pause stop

A solid is a compact substance, created by closely packed atoms that form a
regular pattern called a lattice. There are strong forces holding the atoms together,
which allow only slight movement. The hardness of a solid depends on the pattern
and movement of its atoms. The element carbon, for example, can exist in a soft
form called graphite, or in one of the hardest solid forms on Earth, the diamond.
play pause stop

A solution forms when one substance (usually a solid) dissolves in another (usually
a liquid). The solid (called the solute) breaks up into tiny particles and spreads
throughout the liquid (the solvent) so that you can no longer see any solid.
Solutions are always clear; if the mixture is cloudy, it is a suspension. In a
suspension, solid particles spread throughout the liquid, but the particles are bigger
than those of a solution. If you leave a suspension to stand, most of the solid
particles will eventually sink. A solution will not separate out in this way.
play pause stop

At room temperatures, water is a clear, tasteless, and odorless liquid. It is made up
of hydrogen and oxygen atoms grouped together as molecules. The molecules
draw together at the surface of water to from surface tension, which acts like a kind
of skin. They are also drawn to the molecules of other substances, which is why
water "wets" things, like drinking glasses, or our bodies when we swim.

play pause stop

A compound is a substance in which the atoms of two or more elements are joined
together by chemical bonds. Because of these bonds, it is very difficult to split a
compound into its individual elements. The type and number of bonds formed
depend on the electrons (particles with a negative electrical charge) in each atom.
The properties of a compound can be very different from those of the elements it
contains. For example, the salt we use in our food is a harmless compound, yet it is
made up of two dangerous elements - sodium, which reacts violently with air; and
chlorine, which is poisonous in large quantities. play pause stop
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A molecule is group of atoms joined together by chemical bonds. The molecules of
an element are identical and contain atoms of one type only. Oxygen gas, for
example, has molecules made up of two oxygen atoms. The molecules of a
compound are also identical, but in this case each molecule contains atoms of more
than one type. In water, for example, each molecule is made up of two hydrogen
atoms and one oxygen atom. All gases, most liquids, and many nonmetallic solids
consist of molecules. play pause stop

Organic chemistry is the study of compounds containing carbon. It is called
"organic" because scientists used to think that these compounds were found only in
living things or fossils. However, vast numbers of different carbon-containing
compounds can now be produced artificially in laboratories and factories, for use
in industry. For example, drugs, plastics, and pesticides are all synthetic organic
substances. About 4.5 million of the 5 million compounds known today contain
carbon. play pause stop

All substances are made up of tiny particles called atoms; they are the building
blocks of everything on Earth. Atoms are so small that a pinhead contains about 60
billion of them. The ancient Greeks first guessed that matter might be made up of
small particles. Atoms contain even smaller particles called protons, neutrons, and

electrons. play pause stop

Isotopes are different forms of the same element (simple type of substance). They
have identical chemical properties and occupy the same place in the periodic table
(the word isotope means "same place"). It is their physical properties that differ,
because their atoms (tiny particles) have different masses. Each "isotopic form"
has a different number of neutrons, in the nucleus (center) of its atoms, which
gives it a different mass. Hydrogen gas, for example, can exist naturally in three
1sotopic forms: common hydrogen, heavy hydrogen, and radioactive hydrogen.

play pause stop
There are two types of nuclear reactions: nuclear fission and nuclear fusion.
Nuclear power stations use fission to produce their energy. Fast-moving atomic
particles called neutrons are fired at the nucleus (center) of an atom to split it. This
splitting is called fission and it causes other atoms to split in a chain reaction.
Some mass (the number of heavy particles inside an atom) is lost in the process.
This is converted into large amounts of nuclear energy.

play pause stop
The study of the nucleus (center) of an atom is known as nuclear physics. As a
result of this study, scientists have discovered ways of splitting the nucleus to
release huge amounts of energy. One nucleus is split, causing many others to split,
in what is called a nuclear chain reaction. A controlled nuclear reaction inside a

power station can be used to provide heat and light for our homes.
play pause stop
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Everything consists of tiny atoms, which are made up of even smaller particles.
Particle physics is the study of these smaller particles, which form the most basic
building blocks of all matter in the univers. The study of particles enables scientists
to learn more about the univers and the nature of all matter. Scientists generally
agree that the universe started with a huge explosion in space, which they call the
"big bang". play pause stop

Matter is anything that occupies a space, including everything on the Earth and
throughout the universe. Drops of water and specks of dust are kinds of matter, and
so are plants, animals, and even planets. All matter has a mass, which is a measure
of the particles (atoms and molecules) that is consists of. Particles can group
together in many different ways, varying the structure of matter. That is why so
many different kinds of matter exist. All kinds can be classified as either solid,
liquid, or gas. play pause stop

An element is a substance that contains only one kind of atom. Atoms cannot be
broken down by chemical means, so it is impossible to break up an element into
simpler substances by chemical changes. So far 109 elements have been
discovered; 92 occur naturally, the other 17 are artificial elements that can be made
only in the laboratory. There are two main kinds of elements - metals and
nonmetals. Some elements chemically combine with other elements to form
substances called compounds. play pause stop

The Earth provides all the raw materials we need. The problem is to separate the
substances we want from the mixtures in which they naturally exist. Chemists use
a variety of different methods of separation, depending on the type of mixture and
the properties of the substances it contains. We sometimes need to separate
substances at home, too. In a coffee-maker, for example, a filter separates the
ground coffee beans from the liquid coffee. This is known as filtration.

play pause stop
Gases, like other forms of matter, are made up of atoms that form groups called
molecules.Gas molecules move very freely, spinning around at high speeds and
filling up large spaces. As they move, the energetic gas molecules collide with one
another and with the walls of their containers. Vapour can also be classified as a
gas, although it behaves slightly differently. play pause stop

Heat is a form of energy that transfers from one object or body to another if there is
a difference in temperature between the two. When you are hot, for example, and
the air outside your body is cooler, you lose heat to the air. A change in a body's
level of heat results in a change in the energy of its molecules. This gives rise to a
temperature change, which may in turn lead to a change of state.

play pause stop
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Nuclear Fusion is a type of nuclear reaction that creates huge amounts of energy. It
takes place naturally inside the sun, creating the heat energy that we need to
survive on Earth. At temperatures of about 25 million F dgr. (14 million C dgr.) the
nuclei (centers) of two hydrogen atoms fuse, or join together. In the process, some
mass (the number of heavy particles inside an atom) is lost and converted into
energy. Scientists are trying to develop this form of nuclear reaction as a safer
alternative to the nuclear fission that takes place in power stations.
play pause stop

We determine how hot or cold something is by a measure called temperature. This
tells us how much energy the atoms (tiny particles) inside a body contain. The
more energy the atoms contain, the faster they move, and the higher the
temperature. For each element (simple type of substance), there are specific
temperatures at which changes of state occur. These are known as melting and
freezing points. Scientists believe that absolute zero is the lowest possible
temperature, below which atoms would have no energy.

play pause stop
A liquid is a substance that moves more freely than a solid, but not as freely as a
gas. The tiny particles that make up liquids have more energy than those of solids,
but not us much as those of gases. Liquids also differ from gases because they
cannot be compressed into smaller spaces. The ability of a liquid to resist flowing
is called its viscosity. Thick liquids, like syrup, have a high viscosity and flow
slowly, whereas thin, runny liquids, like water, have a low viscosity.

play pause stop
Most animals are ectothermic, which means that their body temperature changes
according to the outside temperature. Ectothermic animals are more active in the
heat because chemical reactions inside cells work faster at higher temperatures.
Animals behave in particular ways to control their body temperature. For example,
lizards lie out on the rocks in the morning sun to gain heat. They burrow at night to
conserve heat. Birds and mammalas are able to maintain a constant high body
temperature. Such animals are called endothermic. play pause stop

Unlike current electricity, static electricity does not flow. It is created when an
electrically neutral substance loses or gains electrons (negatively charged
particles), making it, respectively, positively or negatively charged. You can create
static electricity by rubbing a balloon on your clothing. Electrons will move from
the clothing to the balloon, making the balloon negatively charged and the clothing
positively charged. The resulting static electricity on each will attract small, light
objects such as pieces of paper. play pause stop
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Everything happens because of energy: without it, there would be no life on Earth.
Scientists classify energy into several different types, including chemical energy,
light energy, and nuclear energy. Most types of energy can switches from one form
to another. It is when energy switches form that things happen, or work is done. In
a car, for example, gasoline provides chemical energy, which turns into mechanical
energy, heat energy, electrical energy, and sound energy when the engine is
started. play pause stop

An object made of metal is usually much heavier than a wooden one of the same
volume. They are both occupying the same amount of space, but the metal object
has a greater density. Density is the amount of mass, or atoms, that an object
contains in a given space. The metal object contains more tightly packed atoms
than the wooden therefore it has a greater density. play pause stop

The different behavior of matter in its solid, liquid, and gaseous states is explained
by kinetic theory. The state of any particular matter is determined by the amount
of energy contained inside its atoms (the tiny particles that make up all matter).
Changes of state occur when the energy levels of atoms change. The atoms in a gas
have the most energy, those in a solid the least. The total amount of energy
contained by the atoms of a substance is known as the kinetic energy of the
substance. The substance's temperature and the pressure it is under affect its kinetic
energy; so does the volume of its container. play pause stop

Almost any form of energy can be converted into electricity. The most common
methods of producing electricity are those used in batteries or generators. Power
from batteries is generated by converting chemical energy into electrical energy.
Most generators convert heat energy (from burning fuel) into electrical energy.
Some generators exploit such natural resources as sunlight or wind to obtain
electrical energy. play pause stop

Magnets are attracted to iron and to any material that contains iron. Magnets have
two poles, a north pole and a south pole. Unmagnetized iron and steel have
magnetic regions of atoms called domains that are jumbled up and point in lots of
different directions. When iron or steel becomes magnetized, the domains become
aligned and they all point in the same direction. One end of each domain points
toward the magnetic north pole. play pause stop
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Rays of light, like all forms of energy that travel in waves, can be reflected. Light
rays are reflected when they hit a shiny or silvered surface, such as a still pool of
water or a mirror. Reflection involves two light rays - the incident, or incoming
ray, from an object, and the reflected, or outgoing, ray, which bounces off the
reflecting surface. The two rays are at identical angles to the reflecting surface on
either side of an imaginary line. play pause stop

Refraction is a property of all types of energy that travel in waves, including light.
Light waves normally travel in straight lines, but when they pass from one
transparent material to another, they usually refract, or bend. Refraction occurs
because light travels at different speeds in different materials. As light from a
material with a low density, such as air, enters a material with a high density, such
as water, its speed is reduced. This causes it to bend (except when it enters a
material at a right angle). play pause stop

White light is a combination of lights of different colors: red, orange, yellow,
green, blue, indigo, and violet. These colors are known as the spectrum and are
revealed when white light passes through a prism. When an object is heated it
begins to glow, giving off electromagnetic waves that we see as colors. The object
changes color as it gets hotter (starting at red and ending at white) because the
wavelengths become shorter. play pause stop

Electricity is a flow of negative charges called electrons. (Electrons are particles
that form a part of all atoms.) These electric charges are measured in units called
coulombs. Electricity is a very versatile form of energy that can be converted into
many other forms of energy, including light and heat. There are two types of
electricity: direct current (DC), which flows in one direction only, and alternating
current (AC), which changes direction 60 times per second.

play pause stop
The Earth is one of nine planets that travel around the sun in the solar system. Of
these planets, the Earth is the third nearest the sun. It is the only planet known to
support life. About 5 billion years ago, a cloud of gas and dust began to condense
into a solid mass - the young Earth. At first, this mass was very cold, but later it
was melted by radioactivity. Heavy metals collected at the center and rocks floated
near the surface. After millions of years, the rocks formed a hard crust and the
oceans and the atmosphere appeared. play pause stop

Of all species, humans have the greatest effect on the environment. Some of our
activities threaten the world's habitats and therefore the Earth's biodiversity (its
range of plants and animals).The balance of nature is upset by activities such as
overfishing, overhunting, and cutting down too many trees. We also damage the
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environment by polluting the land, the air, and oceans, rivers, and lakes. One of the
causes of over-activity is the sheer number of people in the world. This number is
rising. play pause stop

Living things are sensitive to their surroundings. They can detect a stimulus and
respond in a suitable way. Animals have sense organs, such as eyes and ears that
rapidly send information to the nervous system's control center, the brain. The
brain processes the information and responds by sending instructions to the parts of
the body that need to react. These may be the muscles that make the animal
produce sounds, or the muscles that enable it to bite into food.

play pause stop

Living organisms consist mostly of water. It is the substance in which chemicals
are transported around the organism, and all the cells' chemical reactions happen in
water. Whatever the conditions outside, a constant balance of water must be
maintained inside the organism. The amounts of water taken in and lost have to be
carefully controlled. Plants depend on water not only for cell metabolism and
transporting chemicals, but also for cooling and support. Plants without water wilt
and die. Plants close pores in their leaves to avoid losing water when it is in short
supply and when the weather is hot. play pause stop

Air is a mixture of gases that surrounds the Earth and supports all life on it. We
breathe in air to stay alive, and rely on it for heat, as fire cannot burn without it.
The layer of air that we breathe stretches for only 7 miles above the Earth's surface.
The gases that make up air are mixed in approximately the same proportions all
over the planet. Oxygen and nitrogen are the key elements, with water vapour,
carbon dioxide, and other gases making up the total. The amount of water vapour
in the air varies and is referred to as humidity. play pause stop

The sun and the nine planets in orbit around it make up the solar system. The nine
planets, which are drawn to the sun by its gravity, are Mercury, Venus, Earth,
Mars, Jupiter, Saturn, Uranus, Neptune, and Pluto. The sun is the heaviest of these
bodies. play pause stop

There are billions of stars in the univers. Stars are massive, energy-filled globes of
fiery gases. The force of gravity holds these gases together. At a star's core, atoms
of hydrogen join together to form helium in a process called nuclear fusion. The
energy generated by this process produces a star's heat and light. Collections of
stars are called galaxies, and each galaxy contains many different types of stars.
play pause stop
The part of the Earth and its atmosphere that can support living organisms is called
the biosphere. This consists of the air and land, as well as lakes, rivers, and oceans.
Organisms usually live alongside other members of the same species to form a
population. Lots of different populations share the same habitat. Together, they all
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form a community. The members of a community constantly react with one
another and their environment, creating a balanced, living system called an
ecosystem, such as an ocean or a rain forest. The study of all these interactions is
called ecology. play pause stop

Some bacteria, viruses, protists, and fungi (often called germs) can invade living
tissues, and may kill the organism unless it defends itself. Animals' skins act as
germ-proof barriers, but if germs get into the body through cuts, breathing, or food,
two defense mechanisms fight infection. One is nonspecific: germs are hunted and
eaten by white blood cells that patrol the body. The other, the immune system, is
specific: chemicals called antibodies are produced by white blood cells to destroy
specific germs. Plants have only a protective epidermis, or "skin," to keep germs
out. play pause stop
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VOCABULARY

A

ability - cmocoOGHOCTh
abound in - ©300MJIOBaTH
absorb - moromare
abundant - pacrpocTpaHeHHBIN
abundance -uzoouime
accelerate - yCKOpsITh
according to -coriacHo
account - OTYET

on account of - BcieacTue
accurate - TOUHBIM

achieve - focTurarhb

acid - kucioTa

acquire -nmpuoopeTaTh

act - IeMCTBOBATh

add - 106aBNATH

addition — no6aBiieHNE
admixture - mpumech
affect —Bo3elicTBOBaThL Ha
air - BO3ayX

alkali - memoun

alkaline - menounomn

alloy - criaB

alter -u3MeHATH

alternate - nepeMeHHbI
ammonia - aMMHaK
amount -KOJIHUYECTBO
apparently - oueBHIHO
appear — OsIBIIAThCS

apply - npuMeHsThH
application - mpuMeHeHue
appreciate - OIICHHUBAaTh
aqueous - BOJIHBIN

argent - cepeOpo

arrange - pacroJjiaraTh
arrangement - pacIioJI0KeHue
artificial - uckycCTBEHHBIH
as — B Ka4eCcTBE

ash -3oma

attack — Bo3zericTBoBaTh Ha
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attract - IpuTATHUBATH
available - qocTyHBIN
average — CpeIHui

B

balance - Becbl

band - nuamazon

base — 6a3a ocHOBaHHE
basic - OCHOBHOM

bath - BanHa

behave — BecTu cebs
benzene - 6eH3011
benzene - OeH3UH

besides - kpome

bleach - orOenuBaTh
body - Teno

boil - KUTATUTH

boiler - koTen

boiling - kunsueHue
boiling point — Touka KUMEHUS
bond - cBs3b

bottle - OyTblIKa

bottom - 1HO

bowl - gama

branch - otpacib

break down - pa3nararscs
brief - kopoTkuit

bright - spxuit

brittle - xpynkuii

bronze - 6poH3a

bubble - my3bIpex

burn - ropethb

burner -ropenka

burning - ropenue
by-product — mo60YHBIN POTYKT

C

calculate - BBIUHCIATH
capacity -eMKOCTb
carbon -yriepon
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carry out - OCyleCTBJISTh
cause - BbI3bIBATh

chain - nemnp

chamber - kamepa

change — u3MeHAITH

charcoal — npeBecHbIN yroib
charge - 3apsn

chemist - XuMuk

chemistry -xumus

chlorine - xyop

chlorate — xmopat

chloride - xnopun

clear - mpo3pauHbIil

cloud — MmyTuThH

coal - yromip

coat - MIOKpPhIBATh

coating - IOKpBITHE

colour - et

combination - coelMHEHNE
combine — COeTUHSITHCS
combustible - roprounii
combustion - ropeHue
cOmMMoON - pacpoCTPaHEHHBIN
common salt — moBapeHHas CoJb
complex - clIoXHbBIN
complicate - yCIOXHSTh
component — cocTaBHast 4acCTh
COMpOoSe - COCTaBIATh
composition - cocTas
compound - coeTMHEHNE
compress - CKUMaTh
condenser -X0JIOAWIBHUK
condition - ycioBue

conduct - TpOBOAUTH
conductor - MPOBOJAHUK
connect - COEAUHATh
connection - COEAUHEHNE
CONSErve - COXpaHsITh
consist of —cocTosITh U3
constituent - cocTraBHas 4acTh
constitute -coCTaBIATh
contain - cofiep>KaTh
container - cocyn

content - coaepkaHue
convert - IpeBpamarb
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cool - oxnaxxaaTh
corrode - p>KaBeTh
corrosion - p>kaB4MHa
crucible -Turens
crust - Kopa

current — TOK

D

deal - kommaecTBO

decay - pacnan

decompose - pa3naratbcs
decrease - yMeHbIIIATHCS
define - onpenenarTsb

dense - TUIOTHBIH

density - mIO0THOCTH
depend on — 3aBuceThb OT
design - mpoeKkTUpOBaTh
dessicator - meccukarop
destroy - yHUUYTOXaTh
determine -onpeaensaTh
develop — pa3pabaThiBaTh
deviate - OTKJIOHSThLCSA
diamond - anma3s

differ from — otnuuatbcs ot
diffuse - nudppynnuponats
dilute - pa36aBisaTH

dilution - paz0aBnenue
dioxide - TByOKHUCH
disappear - ucuezatb
discharge - pa3psn

discover - OTKpbIBaTh
disintegrate - pacmamatbcs
displace - BEITECHSTh
display — BBICTaBISATH MPOSBIISITh
distinct - OTYETIUBBIM
distinctive - OTINYNUTEIBHBIN
distinguish — paznuuats(cs)
distribute - pacnpenensite
divide - nenuTh

double - nBoitHOM

drop -xaruis

droplet - kanenpka
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dry - cymmTs
due to - 6imarogaps
durable - mpouHbIit

E

earth —3emJis

easily - jerko

effect - neiicTBue

emit - BEIICIISTH

enrich -oboramars
equal -paBHATBCA
equation - ypaBHEHHUE
equip - 060pyI0BaTh
equipment -000pyi0BaHuE
essential - HeOOXOAMMBIN
estimate - onpeeNsTh
ether - adup

evaporate - ucrnapsTbcs
evident - OueBUIHBIH
evolve - BBIIEIATh
exact(ly) - Touno
examine - UCCJIEJ0BAaTh
example - mpumep
exceed - mpeBbIIATH
except - Kpome

eXxcess - U30BITOK

exert - OKa3bIBaTh
exhibit - mposBIATH
exist - CyIIecTBOBaTh
expand - pacupsaThCs
explode - B3pbIBaThH
explore - ucciaenoBath
explosion - B3pbIB
€XpOse — BBICTABJIATH HA
extent - CTETIEHb

to some extent — 10 HEKOTOPOW CTENIEHU
external - BHEITHUH
extract - U3BJIEKATh

K

facilitate -cmocoOCTBOBATH
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failure - Heymaua
fertilizer -ynoOGpenue
fiber - BOJIOKHO

fill - HammoIHATE

fine - Mmenkui

fire - oroub

firm - mpoYHBIA

fit - ronguThECS

fix - ycTanaBnuBath
flame -nams

flask - xosi0a

force - cnna

form - oOpa3zoBbIBaTH
fraction - ppakius
frequency - yactoTa
full - momHLBIH

fume - IBIMUTE
fumes -napsi

furnace - meun

fuse — mIaBUTH

G

gain - npruoOpeTaTh

gas -ra3

gaseous - ra3000pa3HbIil
gasoline -OeH3uH

gauze — MeTaJJTndecKas perieTka
glass - cTekso

grade - mapka

graduated - rpagynpoBaHHBII
ground - 3emiis

H

handle - o6pamarscs

hard - TBepapIii

harmful - BpenHbIit

heat - Temo

heavy - TsDKembIi

hydrocarbon - yriaeBoaopos
hydrochloric acid — consiHast kucnota
hydrogen - Bosiopon
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hydrogen peroxide — nepexkucs Bogopoaa
hydroxide - rugpookucs

I

1dentical - oqMHAKOBBIN
ignite - BOCIIaMEHATHCS
immerse - Iorpy>kaTh
impurity - mIpuMech
incandescence - HaKa
increase -yBeJIM4HUBAThH
indicate - yka3bIBaTh
indivisible - HegeTUMEBIN
inflame - BocItaMeHSIThCSA
inflammable - roprounii
influence — BusgHue
initial - HaYaILHBIH

Insist on — HacTauBaTh Ha
insoluble - HepacTBOpUMBIi
instance - npumep
instead - BMecTO

invent - u3o0peTaThb
invisible - HeBUINMBII1
1odine - Hion

1ron - JKeJIe30

1solate — BEIIEIATH

K

kind — Bux copt
kindling temperature - Temmeparypa BOCIIAMEHECHUS

L

lacquer - nmak

lattice - pemeTka
layer - cioii

lead - cBuHen
length - nuna
level - ypoBeHb
liberate - BBIIETATH
light — cBeT nerkuit
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lime - n3BecThb

link - cBs13B

liquefy - cxxmxaTh
liquid - x&uaKOCTH
lustre - Geck
lustrous — OJecTAIIUI

M

machinery - mamuHHOE 000pyIOBaHUE
make - mpou3BOAUTH
manner - crocoo
manufacture - TpoU3BOAUTH
marble - Mpamop
matter - BEMIECTBO
means - cpeJiCTBa
by means of - mocpeacTBomM
measure - U3MepsITh
melt - maBUTHCS
melting point — TOYKa TIABJICHUS
mercury - pTyTb
mica - clioa
mix - CMEIIUBaTh
mixture - cMech
mode - cnoco6
modify - BUIOU3MEHSTh
moist - BIaKHBIN
moisture - Biara
mould - popmoBath
move - IBUTaThCs
movement - IBIKECHHUE
multiply —ymHOXaTh

N

narrow -y3Kuu

necessary - He0OX0IUMBIi
natrium - HaTpuit

nitrate - HUITPUPOBATh

nitric acid — a30THast KUCIIOTa
nitric oxide — okucCh a3oTa
nitrogen - a3oT
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nitrous acid — a30THas KUCJIOTa
non-conductor - H30JIATOP
note- 3amMe4darhb

notice — 3aMe4aTh

nuclear — saepHBIH

nuclei - sipa

nucleous — sapo

O

object - npenmeT
observe - HaOJIIOIAThH
obtain - moiyyatb
obvious - OYeBHIHBIN
occur - MPOUCXOANTh
odour - 3amax
odourless — 0e3 3amaxa
ore - HeTh

owing to - 6iaromaps
oxidation - OKHCIIEHHE
oxide - OKUCh
oxidizing agent - OKUCITUTEND
oxygen — KUCJIOPO.I

P

paint - Kpacka
particle- yactuua

pass - MpomycKaTh
pattern - ctpoeHue
pentoxide - MATHOKUCH
per cent - IpONEHT
peroxide - nepekuch
petroleum - He1h
phenomenon — siBeHUE
plant- pacTenue 3aBoj
plastics - mactMacca
plate - mnactuHka
point - Touka

poison - s

poisonous - sIIOBUTHIN
porcelain - dapdop
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possess - 001a1aTh
potassium - Kajaui
powder -mopoIIok
pOwer — MOIIlb DHEPTHSI
precipitate - ocaxaatb
precise - TOYHBII
prepare - IpUroTOBJIATh
pressure - TaBJICHHUE
proceed - mpoTeKaTh
produce - TpOU3BOANTH
production - MpoOU3BOACTBO
property - CBOMCTBO
protect -3aIuIIaTL
prove -10Ka3bIBaTh
provide — cHaGXkaThb
pure - YUCTHIN
purification - ouncTka
purify — ounmarp

Q

quality - kauecTBO
quantity - KOJJUYECTBO
quantum -KBaHT
quick- ObICTpBII

R

raise - MOBBIIIATh

range — IUara3oH

rapid - OBICTPBIN

raw -CbIpou

readily - nerko

reduce - BocCTaHaBJIMBaTh
reducing agent - BOCCTaHOBUTEIh
reduction - BOCCTaHOBJICHHE
refine - ounaTh

reflect - oTpaxxkaThb

replace - 3ameniaTh

require - TpeboBaTh

research - uccienoBarnb
resemble in — OBITH MOXO0KUM
resist - COMPOTUBIIATHCS

153



resistance - CONpOTHUBIICHUE
retard - 3aMeqIISATh

reveal - oOHapyXUBaTh
rock — ropnast mopojia

rod - majiouka

rubber - pe3uHa

rust - p>xaB4nHa

S

safe - Ge3omacHbI

salt -conb

sample - oOpa3zery
saturateHachIIaTh

scale - HaKuIIb
semiconductor - MOTyPOBOAHUK
separate - pa3aenaTh

settle - ocenatp

shape - hopma

shell - o6onouka

silicon - kpemMHMI

silver - cepedbpo

similar - moxoxwit

size - pa3Mep

slightly - cnerka

smell - 3anmax

sodium - HaTpui
sophisticated - crmoxHBII
soft - MsTKHiA

soil - mouBa

solar - cotHeUHbIH

solid — TBepHOE BEIIECCTBO
solubility - pacTBOpuMOCTh
soluble- pacTBOpUMBIit
solute — pacTBOpsieMO€ BEIIECTBO
solution - pacTBOp

solve - pacTBOPSITH

solvent - pacTBopuTEIH
spark - ckpa

species - o0paserl

specific gravity — yZeJIbHBII BeC
specimen - oOpasenn

speed - CKOpPOCTH

stage — (paza cragus
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steadily - mocTostHHO
steam - ap

steel - cTaib

stone — KaME€Hb
sublimate - BO3roHsTH
suitable - rogHbIi
sulphur - cepa

sulphuric - cepHbIii
sulphurous - cepHUCTBIH
surface — MOBepXHOCTh

T

table -Tabnuna

tap -KpaH

taste - BKycC

test — UCIIBITHIBATH
test-tube - mpobupka
tin - 0JIOBO

tint - OTTEHOK

top - BepmInHa

trace - ciuen

treat - 0OpabaTbIBaTh
tube — Tpy0Oa

U

undergo - noJBepraThCs
unit - eAMHUIA

unless — ecinu He

until - 10 Tex mop, MoKa He
use - UCTOJIb30BaTh

utilize — mpUMeHSTH

vV

valence - BaJleHTHOCTb
valuable - neHHbIl
value - 11eHHOCTh
vaporize - uicnapaTbCs
vapour - rap

variety - pazHoobOpasue
various - pa3JIMYHbINA
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vary - U3MEHSThCS
velocity - ckopocThb

vessel -cocyn

vigorously — a3HepruuHO OypHO
violently — sHepruuno OypHO
visible - BUGuMbIi

volatile - neTyunii

volume - 06bem

\Y4

warm - HarpeBaTh
water - Boaa

wave - BOJIHa

wax - BOCK

weak - ciraObIit

weigh - BecUTh

weight -Bec

withstand - BeIIEpKaTh
wood - 1epeBo

wool - mepcThb

wrong - OIIMOOYHBIN

Y, Z

yield - BpIxont
ZEero-HyJIb
ZINC - IINHK
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