


Preface

The Science Called Chemistry has two basic aims: to introduce students to the
fundamental principles of chemistry and to show them how chemistry affects their lives.
Studying The Science Called Chemistry, students will gain an understanding and
appreciation of the nature of chemistry and the methods by which chemical knowledge is
acquired. It develops an understanding of basic principles and continues to build on these
in a logical manner.

The word science is derived from the Latin word scientia, which means knowledge.
Science is a human activity which is directed toward increasing our knowledge about the
composition and behavior of matter, both living and nonliving. Matter is the material
which makes up the universe.

To live in the modern world is to be surrounded by the products of chemistry. We
all make use of these products. Synthetic fibres for clothing, carpeting, and many other
useful items. Grooming products such as deodorants, soaps, and hair sprays are products
of chemistry. In fact, the list of chemicals found in our homes seems endless.

Occasionally, a basic knowledge of chemistry can prevent people from making a tragic
mistakes. A knowledge of chemistry will probably not alter the course of your life, but it
may help you to avoid making a bad mistake. At the very least, a knowledge of chemistry

will teach you to be cautious when you use any of the chemical products available to you.
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1. ATOMS AND BONDING
1.1 What Is Chemical Bonding?

Look around you for a moment and describe what you see. Do you see the pages
of this textbook? A window? Perhaps trees or buildings? Your friends and classmates?
The air you breathe? All these objects—and many others not even mentioned—have one
important property in common. They are all forms of matter. And all matter—regardless
of its size, shape, colour, or phase—is made of tiny particles called atoms. Atoms are the
basic building blocks of all the substances in the universe. As you can imagine, there are
hundreds of thousands of different substances in nature.

There are only 109 different elements. Elements are the simplest type of substance.
Elements are made of only one kind of atom.

The 109 elements are each made of specific types of atoms. Atoms of elements
combine with one another to produce new and different substances called compounds.
You already know several compounds: water, sodium chloride (table salt), sugar, carbon
dioxide, vinegar, lye, and ammonia. Compounds contain more than one kind of atom
chemically joined together.

The combining of atoms of elements to form new substances is called chemical
bonding. Chemical bonds are formed in very definite ways. The atoms combine
according to certain rules. The rules of chemical bonding are determined by the
structure of the atom.

Electrons and Energy Levels

The atom contains a positively charged center called the nucleus. Found inside the
nucleus are two types of subatomic (smaller than the atom) particles: protons and
neutrons. Protons have a positive charge, and neutrons have no charge. Neutrons are
neutral particles. Thus the nucleus as a whole has a positive charge.

Located outside the nucleus are negatively charged particles called electrons. The
negative charge of the electrons balances the positive charge of the nucleus. The atom as
a whole is neutral. It has no net charge.

The negatively charged electrons of an atom are attracted by the positively charged

nucleus of that atom. This electron-nucleus attraction holds the atom together. The



electrons, however, are not pulled into the nucleus. They remain in a region outside the
nucleus called the electron cloud.

The electron cloud is made up of a number of different energy levels. Electrons
within an atom are arranged in energy levels. Each energy level can hold only a certain
number of electrons. The first, or innermost, energy level can hold only 2 electrons. The
second and third energy levels can each hold 8 electrons. The electrons in the outermost
energy level of an atom are called valence electrons. It is the valence electrons that play
the most significant role in determining how atoms combine.

When the outermost energy level of an atom contains the maximum number of
electrons, the level is full, or complete. Atoms that have complete (filled) outermost
energy levels are very stable. They usually do not combine with other atoms to form

compounds. They do not form chemical bonds.
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Fig. 1.2 The formation of an atom.
Turn to Appendix and study it carefully. You are looking at the periodic table of

the elements—one of the most important "tools" of a physical scientist. All the known
elements (109) are listed in this table in a specific way. Every element belongs to a family,
which is a numbered, vertical column. There are 18 families of elements. Every element

also belongs to a period, which is a numbered, horizontal row. Elements in the same



family have similar properties, the most important of which is the number of electrons in
the outermost energy level, or the number of valence electrons.

Look at Family 18 in the periodic table. It contains the elements helium, neon,
argon, krypton, xenon, and radon. The atoms of these elements do not form chemical
bonds under normal conditions. This is because all the atoms of elements in Family 18
have filled outermost energy levels. Remember, if the first energy level is also the
outermost, it needs only 2 electrons to make it complete.

2 10 18 36 54 86
He Ne Ar Kr Xe Rn
Helium Neon Argon Krypton Xenon Radon
4.003 20.179 39,948 83.80 131.29 (222)

Fia. 1.3 The elements which are members of Family 18.
Electrons and bonding

The electron arrangement of the outermost energy level of an atom determines
whether or not the atom will form chemical bonds. In Family 18 atoms of elements have
complete outermost energy level. These atoms generally do not form chemical bonds.

Atoms of elements other than those in Family 18 do not have filled outermost energy
levels. Their outermost energy level lacks one or more electrons to be complete. Some of
these atoms tend to gain electrons in order to fill the outermost energy level. Fluorine (F),
which has 7 valence electrons, gains 1 electron to fill its outermost energy level. Other
atoms tend to lose the valence electron and are left with only filled energy levels. Sodium
(Na), which has 1 valence electron, loses 1 electron.

In order to achieve stability, an atom will either gain or lose electrons. In other
words, an atom will bond with another atom if the bonding gives both atoms complete

outermost energy levels.
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Fig. 1.4 The outermost energy levels of a helium and a neon atoms.



Vocabulary notes:

property in common — crinbHa prca,
matter — matepis,

forms of matter — popmu marepii,
particle — yactka,

to combine — 00’ eanyBaTu(cs),
ammonia — amiax,

to determine — Bu3Hauatu ,

to investigate — mocmimKyBarH,
electron — enexTpoH,

energy level — enepreTrunmii piBeHb,
to contain — BmimryBaru,

positively charged -
3apsSIKECHUM,

nucleus — sapo,
subatomic — cybaToMHMiA,
proton — mpoToH,

ITIO3UTHUBHO

Neutron — HEUTpPOH,
neutral — HelTpaIbHU,

negatively charged -
3apsAIHKECHUH,

HCTAaTUBHO

net charge — moBHwmit (3aranbHMIA) 3aps,
to attract — nmpursarysary,

electron cloud — exekTponHa xMapa,

compound — pedoBHUHA, CIIOJIyKa, CYMIIII,
CKJIa],

carbon dioxide — Byriekucwii ras,
vinegar — orer,
lye — nyr,

innermost energy level — BHyTpimIHii
E€HEepPreTUYHUN PIBEHb,

outermost energy level — 30oBHimHIK
€HEepPreTUYHUI PiBEHb,

the periodic table of the elements —
nepioanvHa TabJIUIIS €JIEMEHTIB,

helium — remii,
Neon — HeoH,

argon — apros,
krypton — kpunron,
XeNnon — KCEeHOH,
radon — pajoH,

electron arrangement — po3MilcHHS
€JICKTPOHIB,

to gain electrons - mpuegHYyBaTH
€JIEKTPOHH,

fluorine — ¢rop.

1.2 lonic Bonds
As you have just learned, an atom will bond with another atom in order to achieve
stability, which means in order for both atoms to get complete outermost energy levels.
One way a complete outermost energy level can be achieved is by the transfer of
electrons from one atom to another. Bonding that involves a transfer of electrons is called
ionic bonding. lonic bonding, or electron-transfer bonding, gets its name from the word
ion. An ion is a charged atom. Remember, an atom is neutral. But if there is a transfer of

electrons, a neutral atom will become a charged atom.
Because ionic bonding involves the transfer of electrons, one atom gains
electrons and the other atom loses electrons. Within each atom the negative and positive
charges no longer balance. The atom that has gained electrons has gained a negative

charge.
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Fig. 1.5 The formation of a negative fluoride ion and positive sodium ion.
It is a negative ion. For example, fluorine (F) has 7 valence electrons. To

complete its outermost energy level, the fluorine atom gains 1 electron. In
gaining 1 negatively charged electron, the fluorine atom becomes a negative ion.
The symbol for the fluoride ion is F'". (For certain elements, the name of the ion
is slightly different from the name of the atom. The difference is usually in the
ending of the name—as with the fluorine atom and the fluoride ion.)

The sodium atom (Na) has 1 valence electron. When a sodium atom loses
this valence electron, it is left with an outermost energy level containing 8
electrons. In losing 1 negatively charged electron, the sodium atom becomes a
positive ion. The symbol for the sodium ion is Na!*. Figure 1-4 shows the
formation of the fluoride ion and the sodium ion.
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Transfer of electron

Fig.1.6 The transfer of an electron during the ionic bonding.

In nature, it is a general rule that opposites attract. Since the two ions Nal* and F*
have opposite charges, they attract each other. The strong attraction holds the ions
together in an ionic bond. The formation of the ionic bond results in the formation of
the compound sodium fluoride, NaF. See Fig. 1.6.

Energy for lon Formation

In order for the outermost electron to be removed from an atom, the attraction
between the negatively charged electron and the positively charged nucleus must be
overcome. The process of removing electrons and forming ions is called ionization.
Energy is needed for ionization. This energy is called ionization energy.

The ionization energy for atoms that have few valence electrons is low. Do you
know why? Only a small amount of energy is needed to remove electrons from the
outermost energy level. As a result, these atoms tend to lose electrons easily and to be-
come positive ions. What elements would you expect would have low ionization energies?

The ionization energy for atoms with many valence electrons is very high. These
atoms do not lose electrons easily. As a matter of fact, these atoms usually gain electrons.
It is much easier to gain 1 or 2 electrons than to lose 7 or 6 electrons! The tendency of
an atom to attract electrons is called electron affinity. Atoms such as fluorine are said to

have a high electron affinity because they attract electrons easily.
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Fig. 1.7 lon formation energy.



Arrangement of lons in lonic Compounds

lons of opposite charge strongly attract each other. lons of like charge strongly
repel each other. As a result, ions in an ionic compound are arranged in a specific way.
Positive ions tend to be near negative ions and farther from other positive ions.

The placement of ions in an ionic compound
results in a regular, repeating arrangement called a
crystal lattice. A crystal lattice is made of huge num-
bers of ions. A crystal lattice gives the compound
great stability. It also accounts for certain physical
properties. For example, ionic solids tend to have

high melting points. Fig. 1.8 shows the crystal lattice

structure of sodium chloride. o= Kl
lonic compounds are made of nearly endless ar-

rays of ions. A chemical formula for an ionic com- Fig.1.8 A crystal lattice.

pound shows the ratio of ions present in the crystal

lattice. It does not show the actual number of ions.

Each ionic compound has a characteristic crystal lattice arrangement. This lattice
arrangement gives a particular shape to the crystals of the compound. For example,
sodium chloride forms cubic crystals.

The crystal shape of an ionic compound is of great importance to
geologists in identifying minerals. There are more than 2000 different kinds of
minerals, and many of them look alike! One of the properties by which minerals
are classified is crystal shape. There are six basic crystal shapes, or systems, and
each of the thousands of minerals belongs to one of these systems.

Vocabulary notes:

transfer of electrons — mepemirenss ionic solid — ioxne TBepae Tizo,
CJIEKTPOHIB, melting point — Temmieparypa miaBiIeHHS,
OppOSite — MPOTHUICKHICTE, endless arrays of ions — Oe3kineuna
to overcome — monaty, KUIBKICTb 10HIB,

to repel — Bigmrosxysaru(cs), chemical formula — ximiuna ¢opmyia,
ionic compound — iorna crionyka, ratio — criBBiIHOWICHHS, NpPONOPLIs,

crystal lattice — kpucraniuna penrirka, KOCQILi€HT.

to account for — HecTu BiANOBIZAIBHICTD,



1.3 Covalent Bonds

Bonding often occurs between atoms that have high ionization energies
and high electron affinities. In other words, neither atom loses electrons easily,
but both atoms attract electrons. In such cases, there can be no transfer of
electrons between atoms. What there can be is a sharing of electrons. Bonding
in which electrons are shared rather than transferred is called covalent bonding.
Look at the word covalent. Do you see a form of a word you have just learned?
Do you know what the prefix co- means? Why is covalent an appropriate name
for such a bond?

By sharing electrons, each atom fills up its outermost energy level. So the
shared electrons are in the outermost energy level of both atoms at the same
time.

Nature of the Covalent Bond

In covalent bonding, the positively charged nucleus of each atom
simultaneously attracts the negatively charged electrons that are being shared.
The electrons spend most of their time between the atoms. The attraction between the
nucleus and the shared electrons holds the atoms together.

The simplest kind of covalent bond is formed between two hydrogen atoms. Each
hydrogen atom has 1 valence electron. By sharing their valence electrons, both hydrogen
atoms fill their outermost energy level. Remember, the outermost energy level of a
hydrogen atom is complete with 2 electrons. The two atoms are now joined in a covalent
bond. See Figure 1.8.

Chemists represent the electron sharing that takes place in a covalent bond by an
electron-dot diagram. In such a diagram, the chemical symbol for an element represents
the nucleus and all the inner energy levels of the atom—that is, all the energy levels
except the outermost energy level, which is the energy level with the valence electrons.
Dots surrounding the symbol represent the valence electrons.

A hydrogen atom has only 1 valence electron. An electron-dot diagram of a hydrogen
atom would look like this:



The covalent bond between the two hydrogen atoms
shown in Fig.1.9 can be represented in an electron-dot
diagram like this:

> "

Shared electrons
The two hydrogen atoms are sharing a pair of

Fig. 1.9 The covalent electrons. Each hydrogen atom achieves a complete

bond between 2 atoms of

outermost energy level (an energy level containing 2
hydrogen. gy ( 9y g

electrons).

Chlorine has 7 valence electrons. An electron-dot diagram of a chlorine atom looks
like this:

Cl°
The chlorine atom needs one more electron to complete its outermost energy level. If
it bonds with another chlorine atom, the two atoms could share a pair of electrons. Each

atom would then have 8 electrons in its outermost energy level. The electron-dot diagram for

this covalent bond would look like this:
. pe I

Covalent bonding often takes place between atoms of the same element. In addition
to hydrogen and chlorine, the elements oxygen, fluorine, bromine, iodine, and nitrogen
bond in this way. These elements are called diatomic elements. When found in nature,
diatomic elements always exist as two atoms covalently bonded.

The chlorine atom, with its 7 valence electrons, can also bond covalently with an
unlike atom. For example, a hydrogen atom can combine with a chlorine atom to form
the compound hydrogen chloride. See Fig.1.10. The electron-dot diagram for this

covalent bond isYou can see from this electron-dot diagram that by sharing electrons, each

atom completes its outermost energy level.

. Cl:
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Fig. 1.10 The compound hydrogen chloride
molecule formation.

Formation of Molecules

In a covalent bond, a relatively small number of atoms are involved in the sharing
of electrons. The combination of atoms that results forms a separate unit rather than the
large crystal lattices characteristic of ionic compounds.

The combination of atoms formed by a covalent bond is called a molecule. A
molecule is the smallest particle of a covalently bonded substance that has all the
properties of that substance. This means that 1 molecule of water, for example, has all the
characteristics of a glass of water, a bucket of water, or a pool of water. But if a molecule
of water were broken down into atoms of its elements, the atoms would not have the
same properties as the molecule.

Molecules are represented by chemical formulas. Like a chemical formula for an
ionic crystal, the chemical formula for a covalent molecule contains the symbol of each
element involved in the bond. Unlike a chemical formula for an ionic crystal, however,
the chemical formula for a molecule shows the exact number of atoms of each element
involved in the bond. The subscripts, or small numbers placed to the lower right of the
symbols, show the number of atoms of each element. When there is only 1 atom of an
element, the subscript 1 is not written. It is understood to be 1. Thus, a hydrogen

chloride molecule has the formula HCI. What would be the formula for a molecule that

has 1 carbon (C) atom and 4 chlorine (Cl) atoms?

: N
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Hydrogen Oxygen Nitrogen Chlorine
molecule molecule molecule molecule

Fig. 1.11 Diatomic elements.




Covalently bonded solids tend to have low melting points. Some covalent

substances, however, do not have low melting points. They have rather high melting

points. This is because molecules of these substances are very large. The molecules are

| POLYATOMIC IONS

|
:
| Name

|

| ammonium
?

acetate

chlorate

hydroxide
nitrate
nitrite
carbonate
sulfate
sulfite

phosphate

. Formula

| hydrogen carbonate = HCO,'~

Fig. 1.12 Polyatomic lons.

large because the atoms involved continue to bond to one
another. These substances are called network solids.
Carbon in the form of graphite is an example of a
network solid. So too is silicon dioxide, the main
ingredient in sand. Certain glues also form networks of
atoms whose bonds are difficult to break. This accounts
for the holding properties of such glues.
Polyatomic lons

Certain ions are made of covalently bonded atoms
that tend to stay together as if they were a single atom. A
group of covalently bonded atoms that acts like a single
atom when combining with other atoms is called a
polyatomic ion. Although the bonds within the
polyatomic ion are covalent, the polyatomic ion usually

forms ionic bonds with other atoms.

Fig.1.12 is a list of some of the more common polyatomic ions, and Fig.1.13

shows the atomic structure of several polyatomic ions. Some of these ions may sound

familiar to you. For example, the polyatomic ion hydrogen carbonate (HCO3'") bonded to

sodium produces sodium hydrogen carbonate (NaHCO3), better known as baking soda.

Magnesium hydroxide (MgOH.) is milk of magnesia. And ammonium nitrate (NHsNO;—

two polyatomic ions bonded together) is an important fertilizer.

Ammonium ion
NH,

> Sulfate ion
NO, SO/

- Nitrate ion

Fig.1.13 The atomic structure of several polyatomic ions.



Vocabulary notes:

sharing of electrons — dQopmyBanus graphite — rpadir,

CHUTBHUX €JIEKTPOHIB, silicon dioxide — nBookuc KpemHiro,
hydrogen — BojieHb, ingredient — KOMITOHEHT,

0XYQgen — KKCEHb, glue — ke,

chlorine — xJop, polyatomic ion — 6araToaToMHHMIA 10H,
bromine — 6powm, hydrogen carbonate — ByrieBoaeHb,
iodine — itox, sodium — Hatpii,

nitrogen — asor, magnesium hydroxide - rigpokcun
diatomic element -  gBoaromuui MarHiro,

€JIEMEHT, ammonium nitrate — a30THOKUCIIHNA
subscript — ingexc, aMOHI,

hydrogen chloride — xmoprigpar, fertilizer — no6puso.

carbon — Byriienp,
1.4 Metallic Bonds

You are probably familiar with metals such as copper, silver, gold, iron, tin, and
zinc. And perhaps you even know that cadmium, nickel, chromium, and manganese are
metals too. But do you know what makes an element a metal? Metals are elements that
give up electrons easily.

In a metallic solid, or a solid made entirely of one metal element, only atoms of
that particular metal are present. There are no other atoms to accept the electron(s) the
metal easily gives up. How, then, do the atoms of a metal bond?

The atoms of metals form metallic bonds. In a metallic bond, the outer electrons
of the atoms form a common electron cloud. This common distribution of electrons
occurs throughout a metallic crystal. In a sense, the electrons become the property of all
the atoms. These electrons are often described as a "sea of electrons.” The positive
nuclei of atoms of metals are surrounded by free-moving, or mobile, electrons
that are all attracted by the nuclei at the same time.

The sea of mobile electrons in a metallic crystal accounts for many properties of
metals. Metals are malleable, which means they can be hammered into thin sheets
without breaking. Metals are also ductile: They can be drawn into thin wire. The flexi-
bility of metals results from the fact that the metal ions can slide by one another and the
electrons are free to flow. Yet the attractions between the ions and the electrons hold the

metal together even when it is being hammered or drawn into wire.



The ability of the electrons to flow freely makes metals excellent conductors of
both heat and electricity. Metallic bonding also accounts for the high melting point of
most metals. For example, the melting point of silver is 961.9°C and of gold, 1064.4°C.

Vocabulary notes:

copper — mizp, metallic bonds — mertasiunuii 3B's130K,
silver — cpi6io, a sea of electrons — Mope eJeKTpOHIB,
gold — 305070, positive nuclei — mo3utusHe sAApO,

iron — 3aiiso, free-moving — TakuWii, MO0 BUIBLHO
tin — osoBoO, pyXxaerhcs,

ZiNC — UHK, mobile — pyxomuii,

cadmium — kaaMiii, malleable — xoBkuii,

nickel — mikens, ductile — emacTrunmii,

chromium — xpowm, flexibility - 1 IaTIINBICTb.

Mmanganese — Mmapratienp,

1.5 Predicting Types of Bonds

You have just learned about three different types of bonds formed between atoms
of elements: ionic bonds, covalent bonds, and metallic bonds. By knowing some of the
properties of an element, is there a way of predicting which type of bond it will form?
Fortunately, the answer is yes. And the property most important for predicting bond type
Is the electron arrangement in the atoms of the element—more specifically, the number
of valence electrons.

The placement of the elements involved in bonding in the periodic table often
indicates whether the bond will be ionic, covalent, or metallic. Look again at the periodic
table. Elements at the left and in the center of the periodic table are metals. These
elements have metallic bonds.

Compounds formed between elements that lose electrons easily and those that gain
electrons easily will have ionic bonds. Elements at the left and in the center of the
periodic table tend to lose valence electrons easily. These elements are metals. Elements
at the right tend to gain electrons readily. These elements are nonmetals. A compound
formed between a metal and a nonmetal will thus have ionic bonds.

Compounds formed between elements that have similar tendencies to gain electrons
will have covalent bonds. Bonds between nonmetals, which are at the right of the
periodic table, will be covalent.



Combining Capacity of Atoms

The number of electrons in the outermost energy level of an atom, the valence
electrons, determines how an atom will combine with other atoms. If you know the
number of valence electrons in an atom, you can calculate the number of electrons that
atom needs to gain, lose, or share when it forms a compound. The number of electrons
an atom gains, loses, or shares when it forms chemical bonds is called its oxidation
number. The oxidation number of an atom describes its combining capacity.

An atom of sodium has 1 valence electron. It loses this electron when it combines
with another atom. In so doing, it forms an ion with a 1+ charge, Na'*. The oxidation
number of sodium is 1+. A magnesium atom has 2 valence electrons, which it will lose
when it forms a chemical bond. The magnesium ion is Mg?*.The oxidation number of
magnesium is 2+.

An atom of chlorine has 7 valence electrons. It will gain 1 electron when it bonds
with another atom. The ion formed will have a 1- charge, CI*. The oxidation number of
chlorine is 1-. Oxygen has 6 valence electrons.

Using Oxidation Numbers

You can use the oxidation numbers of atoms to predict how atoms will combine
and what the formula for the resulting compound will be. In order to do this, you must
follow one important rule: The sum of the oxidation numbers of the atoms in a
compound must be zero.

Sodium has an oxidation number of 1+. Chlorine has an oxidation number of 1-.
One atom of sodium will bond with 1 atom of chlorine to form NaCl. Magnesium has an
oxidation number of 2+. When magnesium bonds with chlorine, 1 atom of magnesium
must combine with 2 atoms of chlorine, since each chlorine atom has an oxidation
number of 1-. In other words, 2 atoms of chlorine are needed to gain the electrons lost by
1 atom of magnesium. The compound formed, magnesium chloride, contains 2 atoms of
chlorine for each atom of magnesium. Its formula is MgCl..

Vocabulary notes:
magnesium — marHi#, capacity — 31aTHICTb,
fluorine — ¢rop, calcium bromide - 6pomiz KasblIiiro,
sample — 3pa3ok, B3ipellb, sodium oxide — okuc Hatpiro.



TASKS
I. Key terms. Read, translate and memorize the following definitions:
Atom — amom — the smallest part of any element that retains all the properties of

that element.

Chemical bonding — ximiunui 36’130k — combining of atoms of elements to form
new substances.

Valence electron — sanrenmnuii enexmpon — electron in the outermost energy level
of an atom.

lon — ion — an atom that has become charged due to the loss or gain of electrons.

lonic bonding — ionnuii 36’30k — bonding that involves the transfer of electrons.

lonization — ionizayis — process of removing electrons and forming ions.

lonization energy — enepeis ionizayii - energy required for ionization.

Electron affinity — cnopionenicmo enexmponie — tendency of an atom to attract
electrons.

Crystal lattice — kpucmaniuna pewsimxa — regular, repeating arrangement of atoms.

Covalent bonding — xosarenmnuii 36's130x — bonding that involves the sharing of
electrons.

Electron-dot diagram - erexmponno-mouxosa oiacpama - diagram that uses the
chemical symbol for an element surrounded by a series of dots to represent the electron
sharing that takes place in a covalent bond.

Diatomic element — odeoamomnuii enemenm — element whose atoms can form
covalent bonds with another atom of the same element.

Molecule — monexyna — combination of atoms formed by a covalent bond.

Polyatomic ion — 6acamoamomnuii ion — group of covalently bonded atoms that
acts like a single atom when combining with other atoms.

Metallic bond — memaniunuii 36's30x - bond formed by atoms of metals, in which
the outer electrons of the atoms form a common electron cloud.

Oxidation number — cmynins okucnenns - number of electrons an atom gains, loses

or shares when it forms chemical bonds.



I1. Match the chemical terms on the left with their correct definitions on the right.

atom number of electrons an atom gains, loses or shares when it forms
chemical bonds;

ion combination of atoms formed by a covalent bond,;

valence electron | bonding that involves the sharing of electrons;

ionic bonding tendency of an atom to attract electrons;

chemical bonding | energy required for ionization;

ionization combining of atoms of elements to form new substances;

ionization energy

process of removing electrons and forming ions;

electron affinity

bonding that involves the transfer of electrons;

covalent bonding

electron in the outermost energy level of an atom;

molecule

an atom that has become charged due to the loss or gain of electrons;

oxidation number

the smallest part of any element that retains all the properties of that
element.

I11. Fill in the blanks from the words below. Translate the sentences into Ukrainian:

Atoms, compound, protons, neutrons, electrons, valence electrons, chemical bonds, gain,

lose, ion, molecule, polyatomic ion.

1.
2.

o o bk~ w

... are the basic building blocks of all the substances in the universe.

Atoms of elements combine with one another to produce new and different
substances called ....

Inside the nucleus are two types of subatomic particles: ... and ....

Outside the nucleus are negatively charged particles called ....
The electrons in the outermost energy level of an atom are called ... ....
The electron arrangement of the outermost energy level of an atom determines
whether or not the atom will form ... ....
In order to achieve stability, an atom will either ... or ... electrons.

lonic bonding, or electron-transfer bonding, gets its name from the word ....
A ...

properties that substance.

is the smallest particle of a covalently bonded substance that has all the

10. A group of covalently bonded atoms that acts like a single atom when combining

with other atoms is called a ....



IV. Answer the following questions:
What is chemical bonding?
What are valence electrons?
Describe the ionic bond. How does it differ from a covalent bond? A metallic bond?
What is the difference between an atom and an ion?

What physical form do ionic compounds usually have? Why?

o ok~ w D e

Give definitions or descriptions of the following:
a) ionic compound;
b) crystal lattice;
c) electron-dot diagram.

7. What is a molecule?

8. How can the oxidation number of an atom be used?

V. Make written translation into Ukrainian of the text “Covalent Bonds”.
V1. Translate into English:

1. AToM MICTUTBh TO3UTUBHO 3aPSIKEHHUI LIEHTP, SIKU Ha3UBAETHCS SIPOM.

2. Y cepeauHi sipa € aBa BUAU CyOATOMHUX YACTOYOK: MMPOTOHU W HEHTPOHHU.

3. IIpoToHM MarOTh MO3UTUBHUM 3apsijl, @ HEUTPOHU € HEUTPAIIBHUMHU YACTOUKAMH.

4. 1nst Toro, o0 AOCATHYTH CTAOLIBHOCTI, aTOMH 200 MPHUEIHYIOTh, 00 BIAJAIOTh
€JIEKTPOHU.

5. 3B's130K, 1110 niepeadayvae nmepeMillieHHs €JIEKTPOHIB, HA3UBAETHCSI 1I0HHUM.

6. Ilpu KOBaJICHTHOMY 3B’SI3Ky IO3UTUBHO 3apsIKEHE SIPO aTroMa OJHOYACHO
OPUTATYE HETaTUBHO 3aps/DKEHI  €JeKTPOHHW, sKI TepeOyBaloTh Y  CIUIBHOMY
KOPUCTYBaHHI.

7. ATOMHU MeTaJliB YTBOPIOIOTh METAJII4HI 3B’ SI3KH.

8. KUIBKICTh €JIEKTPOHIB, SIKYy aTOM MPUEIHYE, BIAJAE UM TOJIIISE, HA3UBAETHCA

CTYIICHCM OKHCJICHHA.



Chemical Reactions
2.1 Nature of Chemical Reactions

You have probably never given much thought to an ordinary book of matches. But
stop for a minute and consider the fact that a single match in a book of matches can
remain unchanged indefinitely. Yet if someone strikes that match, it bursts into a brilliant
flame. And when that flame goes out, the appearance of the match will have changed
forever. It can never be lighted again. The match has undergone a chemical reaction.
What does this mean? A chemical reaction is a process in which the physical and
chemical properties of the original substances change as new substances with
different physical and chemical properties are formed. The burning of gasoline, the
rusting of iron, and the baking of bread are all examples of chemical reactions.

Characteristics of Chemical Reactions

All chemical reactions share certain characteristics. One of these characteristics is
that a chemical reaction always results in the formation of a new substance. The dark
material on a burned match is a new substance. It is not the same substance that was
originally on the match.

Another chemical reaction that you can easily observe occurs when a flashbulb
lights. Because modern cameras have built-in flashes powered by a battery, you may not
be familiar with traditional flashbulbs. At one time, however, all cameras used flashbulbs
to provide the light necessary to take a photograph. Such flashbulbs can be used only
once.

Inside a flashbulb is a small coil of shiny gray metal. This metal is magnesium. The
bulb is filled with the invisible gas oxygen. When the flashbulb is set off, the magnesium
combines with the oxygen in a chemical reaction. During the reaction, energy is released
in the form of light, and a fine white powder is produced. You can see this powder on
the inside of the bulb. The powder is magnesium oxide, a compound with physical and
chemical properties unlike those of the elements that were originally present—magnesium
and oxygen. During the chemical reaction, the original substances are changed into a
new substance. Now you can understand why traditional flashbulbs can be used only

once.



The substances present before the change and the substances formed by the change
are the two kinds of substances involved in a chemical reaction. A substance that enters into
a chemical reaction is called a reactant. A substance that is produced by a chemical reaction
is called a product. So a general description of a chemical reaction can be stated as
reactants changing into products.

In addition to changes in chemical and physical properties, chemical reactions
always involve a change in energy. Energy is either absorbed or released during a
chemical reaction. For example, heat energy is absorbed when sugar changes into
caramel. When gasoline burns, hear energy is released.

Capacity to React

In order for a chemical reaction to occur, the reactants must have the ability to
combine with other substances to form products. What accounts for the ability of
different substances to undergo certain chemical reactions? In order to answer this
question, you must think back to what you learned about atoms and bonding.

Atoms contain electrons, or negatively charged particles. Electrons are located in
energy levels surrounding the nucleus, or center of the atom. The electrons in the
outermost energy level are called the valence electrons. It is the valence electrons that
are involved in chemical bonding. An atom forms chemical bonds with other atoms in
order to complete its outermost energy level. As you learned in Chapter 1, having a
complete outermost energy level is the most stable condition for an atom. An atom will
try to fill its outermost energy level by gaining or losing electrons, or by sharing
electrons. A chemical bond formed by the gain or loss of electrons is an ionic bond. A
chemical bond formed by the sharing of electrons is a covalent bond.

The arrangement of electrons in an atom determines the ease with which the atom
will form chemical bonds. An atom whose outermost energy level is full will not bond

with other atoms.
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Fig. 2.1 Formation of new bonds in products.
But an atom with an incomplete outermost energy level will bond readily. The ease
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with which an atom will form chemical bonds is known as the bonding capacity of an
atom. The bonding capacity of an atom determines its ability to undergo chemical
reactions. And the ability to undergo chemical reactions is an important chemical
property.

During a chemical reaction, atoms can form molecules, molecules can break apart
to form atoms, or molecules can react with other molecules. In any case, new substances

are produced as existing bonds are broken, atoms are rearranged, and new bonds are

formed.
Vocabulary notes:
indefinitely — neoomexeHo, reactant — peareHxr,
gasoline — razoutiH, product — mpoayKT XiM. peakitii,
rusting of iron — pxaBiHHs 3aii3a, to absorb — nornunatw,
flame — momym’s, to release — BunginaTy,
flashbulb — namna-cnanax, heat energy — Temoa eHepris,
coil — cripasb, caramel — kapamerns,
magnesium — MarHii, ease - JICTKICTb.

to enter — Bcrymnaru,

2.2 Chemical Equations
It is important to be able to describe the details of a chemical reaction—how the
reactants changed into the products. This involves indicating all the individual atoms
involved in the reaction. One way of doing this is to use words. But describing a chemical
reaction with words can be awkward. Many atoms may be involved, and the changes may

be complicated.



For example, consider the flashbulb reaction described earlier. A word equation
for this reaction would be: Magnesium combines with oxygen to form magnesium oxide
and give off energy in the form of light. You could shorten this sentence by saying:
Magnesium and oxygen form magnesium oxide and light energy.

Chemists have developed a more convenient way to represent a chemical reaction.
Using symbols to represent elements and formulas to represent compounds, a chemical
reaction can be described by a chemical equation. A chemical equation is an expression
in which symbols and formulas are used to represent a chemical reaction.

In order to write a chemical equation, you must first write the correct chemical
symbols or formulas for the reactants and products. Then you need to show that certain
substances combine. This is done with the use of a + sign, which replaces the word and.
Between the reactants and the products, you need to draw an arrow to show that the
reactants have changed into the products. The arrow, which is read "yields," takes the
place of an equal sign. It also shows the direction of the chemical change. The chemical
equation for the flashbulb reaction can now be written:

Mg +0, ——> MgO + Energy

Magnesium + Oxygen —> Magnesium oxide + Energy
Conservation of Mass

Chemists have long known that atoms can be neither created nor destroyed during
a chemical reaction. In other words, the number of atoms of each element must be the
same before and after the chemical reaction (that is, the number of atoms remains the
same on both sides of the arrow in a chemical equation). The changes that occur during
any chemical reaction involve only the rearrangement of atoms, not their production or
destruction.

Every atom has a particular mass. Because the number of atoms of each element
remains the same, mass can never change in a chemical reaction. The total mass of the
reactants must equal the total mass of the products. No mass is lost or gained. The ob-
servation that mass remains constant in a chemical reaction is known as the law

of conservation of mass.



Balancing Chemical Equations
The law of conservation of mass must be taken into account when writing a chemical
equation for a chemical reaction. A chemical equation must show that atoms are neither
created nor destroyed. The number of atoms of each element must be the same on both
sides of the equation.

An equation in which the number of atoms of each element is the same on both
sides of the equation is called a balanced chemical equation. Let's go back to the
chemical equation for the flashbulb reaction:

Mg + O.——>MgO + Energy

There are 2 oxygen atoms on the left but only 1 on the right. This cannot be
correct because atoms can be neither created nor destroyed during a chemical reaction.
How, then, can you make the number of atoms of each element the same on both sides
of the equation?

One thing you cannot do to balance an equation is change a subscript. Changing
the subscript would mean changing the substance. You can, however, change the number
of atoms or molecules of each substance involved in the chemical reaction. You can do
this by placing a number known as a coefficient in front of the appropriate symbols and
formulas. Suppose the coefficient 3 is placed in front of a molecule of oxygen. It would
be written as 30,, and it would mean that there are 6 atoms of oxygen (3 molecules of 2
atoms each).
| BALANCING EQuATIONs | Now let's return to the flashbulb equation. To balance

| 1 Wiite a chemical equatonwitn | this equation, you must represent more than 1 atom of

|  correct symbols and formulas.

H2.+02 '—>Hzo

2. Count the number of atoms of
each element on each side of
the arrow.

{
| 3. Balance atoms by using

‘ coefficients.
\

oxygen on the product side of the equation. If you place a
coefficient of 2 in front of the formula for magnesium
oxide, you will have 2 molecules of MgO. So you will have
2 atoms of oxygen. But you will also have 2 atoms of

magnesium on the product side and only 1 atom of

| 2H,+ O, —>21L0 . .

| e = ' magnesium on the reactant side. So you must add a
! 4. Check your work by counting " L - i

| atoms of each element. . coefficient of 2 to the magnesium on the reactant side of

Fig. 2.2 The stepsin  the equation. There—the equation is balanced:
balancing a chemical equation. 2Mg + O, ——> 2MgO + Energy



If you count atoms again, you will find 2 magnesium atoms on each side of the
equation, as well as 2 oxygen atoms. The equation can be read: 2 atoms of
magnesium combine with 1 molecule of oxygen to yield 2 molecules of
magnesium oxide. Notice that when no coefficient is written, such as in front of
the molecule of oxygen, the number is understood to be 1. Remember that to
balance a chemical equation, you can change coefficients but never symbols or
formulas.

Chemical equations are actually easy to write and balance. Follow the rules
in Fig. 2.2 and those listed here.

1. Write a word equation and then a chemical equation for the reaction.
Make sure the symbols and formulas for reactants and products are correct.

2. Count the number of atoms of each element on each side of the arrow.
If the numbers are the same, the equation is balanced.

3. If the number of atoms of each element is not the same on both sides of
the arrow, you must balance the equation by using coefficients. Put a
coefficient in front of a symbol or formula so that the number of atoms of that
substance is the same on both sides of the arrow. Continue this
procedure until you have balanced all the atoms.

4. Check your work by counting the atoms of each element to make sure
they are the same on both sides of the equation.

Vocabulary notes:

awkward — He3pyuHui, balance chemical equation — 30epexeHHs
chemical equation — ximiuHe piBHSHHS, piBHOBaAry,

to yield — naBatwn, coefficient — xoedimienr,

rearrangement — nepectaHoBka, procedure — npoueaypa.

conservation of mass — 36epesxenns macu,

2.3 Types of Chemical Reactions
There are billions of different chemical reactions. In some reactions, elements
combine to form compounds. In other reactions, compounds break down into elements.
And in still other reactions, one element replaces another.
Chemists have identified four general types of reactions: synthesis,
decomposition, single replacement, and double replacement. In each type of reaction,

atoms are being rearranged and substances are being changed in a specific way.



Synthesis Reaction
In a synthesis reaction, two or more simple substances combine to form a new,
more complex substance. So that you can easily identify synthesis reactions, it may be
helpful for you to remember the form these reactions always take:

A+B——>C
For example, the reaction between sodium and chlorine to form sodium chloride

IS a synthesis reaction:

2Na + Cl,——>2NaCl
Sodium + Chlorine—— Sodium chloride
Reactions involving the corrosion of metals are synthesis reactions. The rusting of

iron involves the chemical combination of iron with oxygen to form iron oxide. Reactions
in which a substance burns in oxygen are often synthesis reactions. Think back to the in
that occurs in a flashbulb.
Decomposition Reaction

In a decomposition reaction, a complex substance breaks down into two or more
simpler substances. Decomposition reactions are the reverse of synthesis reactions.
Decomposition reactions take the form:

C——> A+B

When you take the cap off a bottle of soda, bubbles rise quickly to the top. Why?
Carbonated beverages such as soda contain the compound carbonic acid, H,COs. This
compound decomposes into water (H,O) and carbon dioxide gas (CO,). The CO,, gas
makes up the bubbles that are released. The balanced equation for the decomposition of
carbonic acid is

H,COs—>H>0 + CO»
Carbonic acid—— Water +Carbon dioxide

Single-Replacement Reaction
In a single-replacement reaction, an uncombined element replaces an element that
Is part of a compound. These reactions take the form :

A+ BX——>AX+B
Notice that the atom represented by the letter X switches its partner from B to A.

An example of a single-replacement reaction is the reaction between sodium and
water. The very active metal sodium must be stored in oil, not water. When it comes in

contact with water, it reacts explosively. The sodium replaces the hydrogen in the water



and releases lots of energy. The balanced equation for the reaction of sodium with water
IS:
2Na + 2H,O—>2NaOH + H»

Sodium + Water —> Sodium hydroxide + Hydrogen
Most single-replacement reactions, however, do not cause explosions.

Fig. 2.3 The gradual buildup of silver metal on the coil.
Double-Replacement Reaction
In a double-replacement reaction, different atoms in two different compounds
replace each other. In other words, two compounds react to form two new
compounds. These reactions take the form:

AX+BY—AY+BX
Notice that in this reaction the atoms represented by both the letters X and Y

switch partners.

If you have ever had an upset stomach, you may have taken a medicine that
contained the compound magnesium carbonate. This compound reacts with the
hydrochloric acid in your stomach in the following way:

MgCOz+2 HCI ——MgCl; + H.CO3
Magnesium chloride Magnesium carbonate
+Hydrochloric acid + Carbonic acid
In this double-replacement reaction, the magnesium and hydrogen replace each other, or

switch partners. One product is magnesium chloride, a harmless compound. The other
product is carbonic acid. Do you remember what happens to carbonic acid? It decomposes
into water and carbon dioxide. Your stomachache goes away because instead of too much
acid, there is now water and carbon dioxide. You owe your relief to this double-
replacement reaction:

MgCOz+2 HCl ——> MgCl; + H.O + CO;
Magnesium carbonate Magnesium chloride+



+Hydrochloric acid —— Water + Carbon dioxide

Vocabulary notes:

billion — 6inpiion,

to break down — posmanarucs,

to replace — 3aminsTH, 3aMiIaTH,

to identify — Buznauaru,

synthesis — cunres,

decomposition — po3naa, po3yYeIICHHS,
single replacement reaction — peakiis
3aMIIIEHHS,

double replacement reaction — peaxiris
oOMiHYy,

to involve — cipuunHsTH,

corrosion of metal — kopo3is meTany,
reverse — 3BOpoTHiH,

carbonated beverage - ra3oBanuii
HAITiH,
carbonic acid — ByriibHa KUCIOTA,

uncombined element -  BinbHHUH
CJIICMCHT,

to switch — 3miHroBaTH,

hydrogen — rigporeH, BoieHb,
magnesium carbonate - kapOonat

MarHilo,

hydrochloric acid — consiHa kuciora,
magnesium chloride — xmopua marsiro,
1o owe — 3aBaAUyBaTH.

2.4 Energy of Chemical Reactions

Energy is always involved in a chemical reaction. Sometimes energy is released, or
given off, as the reaction takes place. Sometimes energy is absorbed. Based on the type of
energy change involved, chemical reactions are classified as either exothermic or
endothermic reactions.

In either type of reaction, energy is neither created nor destroyed. It merely changes
position or form. The energy released or absorbed usually takes the form of heat or
visible light.

Exothermic Reactions

A chemical reaction in which energy is released is an exothermic reaction. The
word exothermic comes from the root -thermic, which refers to heat, and the prefix exo-,
which means out of. Heat comes out of, or is released from, a reacting substance during
an exothermic reaction. A reaction that involves burning, or a combustion reaction, is an
example of an exothermic reaction. The combustion of methane gas, which occurs in a
gas stove, releases a large amount of heat energy.

The energy that is released in an exothermic reaction was originally stored in the
molecules of the reactants. Because the energy is released during the reaction, the
molecules of the products do not receive this energy. So the energy of the products is

less than the energy of the reactants. Energy diagrams, such as the ones shown in



Fig.2.4, can be used to show the energy change in a reaction. Note that in an exothermic

reaction, the reactants are higher in energy than the products are.

Endothermic Reactions

A chemical reaction in which energy is absorbed is an endothermic reaction. The
prefix endo- means into. During an endothermic reaction, energy is taken into a reacting
substance. The energy absorbed during an endothermic reaction is usually in the form of
heat or light. The decomposition of sodium chloride, or table salt, is an endothermic
reaction. It requires the absorption of electric energy.

The energy that is absorbed in an endothermic reaction is now stored in the
molecules of the products. So the energy of the products is more than the energy of the
reactants. See Fig. 2.4 again.

Activation Energy

The total energy released or absorbed by a chemical reaction does not tell the
whole story about the energy changes involved in the reaction. In order for the reactants
to form products, the molecules of the reactants must combine to form a short-lived,
high-energy, extremely unstable molecule. The atoms of this molecule are then
rearranged to form products. This process requires energy. The molecules of the
reactants must "climb" to the top of an "energy hill" before they can form
products.

The energy needed to "climb™ to the top of the "energy hill" is called
activation energy. After the reactants have absorbed this activation energy, they

can "slide down" the energy hill to form products.

Exothermic Reaction Endothermic Reaction
\
> e i e 2
) &)
o \ Heat ) Heat
& \_ y released G absorbed
Reactants Products Reactants Products

Fig.2.4 Energy diagram for an exothermic and endothermic reactions.
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Fig.2.5 Activation energy of an exothermic and an endothermic reactions.

An energy diagram indicates more than whether a reaction is exothermic
or endothermic. An energy diagram shows the activation energy of the reaction.
Fig. 2.5 shows an energy diagram for both an exothermic reaction and an
endothermic reaction.

All chemical reactions require activation energy. Even an exothermic reaction
such as the burning of a match requires activation energy. In order to light a
match, it must first be struck. The friction of the match against the striking pad

provides the necessary activation energy.

Vocabulary notes:

exothermic reaction — ek3orepmiunHa methane — meraH,

peakuisi, sodium chloride — xnopun Hatpito,
endOthermiC reaction — enmorepmiuHa activation energy — eneprist akTuBariii,
peaktid, friction — Teprs,

combustion reaction — peakiiist TOpiHHS, to provide _ 3aGe3neuyBaTH

2.5 Rates of Chemical Reactions

The complete burning of a thick log can take many hours. Yet if the log is ground

into fine sawdust, the burning can take place at dangerously high speeds. In fact, if the
dust is spread through the air, the burning can produce an explosion! In both these
processes, the same reaction is taking place. The various substances in the wood are
combining with oxygen. One reaction, however, proceeds at a faster speed than the other
one does. What causes the differences in reaction times?

In order to explain differences in reaction time, chemists must study Kkinetics.

Kinetics is the study of reaction rates. The rate of a reaction is a measure of how quickly



reactants turn into products. Reaction rates depend on a number of factors, which you
will now read about.
Collision Theory

You learned that chemical reactions occur when bonds between atoms are broken,
the atoms are rearranged, and new bonds are formed. In order for this process to occur,
particles must collide. As two particles approach each other, they begin to interact. During
this interaction, old bonds may be broken and new bonds formed. For a reaction to occur,
however, particles must collide at precisely the correct angle with the proper amount of
energy. The more collisions that occur under these conditions, the faster the rate of the
chemical reaction.

A theory known as the collision theory relates particle collisions to reaction rate.
According to the collision theory, the rate of a reaction is affected by four factors:

concentration, surface area, temperature, and catalysts.

Fig.2.6 Collisions of molecule.

Concentration

The concentration of a substance is a measure of the amount of that substance in a
given unit of volume. A high concentration of reactants means there are a great many
particles per unit volume. So there are more particles of reactants available for
collisions. More collisions occur and more products are formed in a certain amount of
time.

Generally, most chemical reactions proceed at a faster rate if the concentration of
the reactants is increased. A decrease in the concentration of the reactants decreases the

rate of reaction. For example, a highly concentrated solution of sodium hydroxide



(NaOH), or lye, will react more quickly to clear a clogged drain than will a less
concentrated lye solution.
Surface Area

When one of the reactants in a chemical reaction is a solid, the rate of reaction can
be increased by breaking the solid into smaller pieces. This increases the surface area of
the reactant. Surface area refers to how much of a material is exposed. An increase in
surface area increases the collisions between reacting particles.

A given quantity of wood burns faster as sawdust than it does as logs. Sawdust has
a much greater surface area exposed to air than do the logs. So oxygen particles from the
air can collide with more wood particles per second. The reaction rate is increased.

Many medicines are produced in the form of a fine powder or many small
crystals. Medicine in this form is often more effective than the same medicine in
tablet form. Tablets dissolve in the stomach and enter the bloodstream at a
slower rate.

Temperature

An increase in temperature generally increases the rate of a reaction. Here
again the collision theory provides an explanation for this fact. Particles are
constantly in motion. Temperature is a measure of the energy of their motion.
Particles at a high temperature have more energy of motion than do particles at
a low temperature. Particles at a high temperature move faster than do particles
at a low temperature. So particles at a high temperature collide more frequently.
They also collide with greater energy. This increase in the rate and energy of
collisions affects the reaction rate. More particles of reactants are able to gain
the activation energy needed to form products. So reaction rate is increased.

At room temperature, the rates of many chemical reactions roughly double
or triple with a rise in temperature of 10°C.

Catalysts

Some chemical reactions take place very slowly. The reactions involved
with digesting a cookie are examples. In fact, if these reactions proceeded at
their normal rate, it could take weeks to digest one cookie! Fortunately, certain
substances speed up the rate of a chemical reaction. These substances are



catalysts. A catalyst is a substance that increases the rate of a reaction but is not
itself changed by the reaction. Although a catalyst alters the reaction, it can be
recovered at the end of the reaction.

How does a catalyst change the rate of a reaction if it is not changed by the
reaction? Again, the explanation is based on the collision theory. Reactions often

involve a series of steps. A catalyst changes one or more of the steps.

Activation
— energy
without
catalyst

Energy

Activation energy
with catalyst

Reactants Products

Fig. 2.7 A catalyst changes the rate of a chemical reaction.

A catalyst produces a different, lower energy path for the reaction. In other words,
it lowers the "energy hill," or activation energy. A decrease in the activation energy
needed for the reaction allows more reactant particles to form products. Collisions need
not be so energetic. Therefore, more collisions are successful at producing products.

A catalyst is usually involved in one or more of the early steps in a reaction. The
catalyst is, however, re-formed during a later step. This explains why a catalyst can be
recovered at the end of the reaction.

Catalysts are used in many chemical processes. Certain automobiles contain devices
called catalytic converters. A catalytic converter speeds up the reaction that changes the
harmful gases produced by automobile engines into harmless ones. Some of the most
important catalysts are those found in your body. Catalysts in the body are called

enzymes. Each enzyme increases the rate of a specific reaction involved in the body's

metabolism.
Vocabulary notes:
rate of chemical reaction — wBMAaKicTb kinetics — kiHeTuKa,
XiMiYHOI peaKu,ii, to collide — 3iTKHYTUCA,
to be ground — 6yt nepemenenmm, precisely — TouHoO,
sawdust — Tupca, collision theory — Teopis 3iTKHEHHA.

to proceed — npoaoBKyBaTH, volume - 06’em,



sodium hydroxide — rigpoKcua HaTpito, catalyst — kaTanizaTtop,

clogged drain — KaHani3aujinHa Tpyba, digesting — TpaBneHHs,
charcoal — gepesHe Byrinns, catalytic converter - KaTaniTMyHUI
solid — TBepaa pe4voBuHa, KOHBepTep,
to expose — nigaaBaty, enzyme — pepMeHT,
bloodstream — noTik Kposi, metabolism — meTabonism.
TASKS

Chemical reaction — ximiuna peaxyis — process in which substances undergo
physical and chemical changes that result in the formation of new substances with
different properties.

Reactant — peacenm — substance that enters into a chemical reaction.

Product — npooyxm — substance produced by a chemical reaction.

Chemical equation — ximiune pisnsnns — description of a chemical reaction using
symbols to represent elements and formulas to represent equations.

Synthesis reaction — peakyis cunmesy — chemical reaction in which two or more
simple substances combine to form a new, more complex substance.

Decomposition reaction — peakyis poszuennennus - chemical reaction in which a
complex substance breaks down into two or more simpler substances.

Single-replacement reaction — peaxyisn 3amiwenns — chemical reaction in which an
uncombined element replaces an element that is part of a compound.

Double-replacement reaction — peaxyis oominy — chemical reaction in which
different atoms in two different compounds replace each other.

Exothermic reaction — exzomepmiuna peaxyis — chemical reaction in which energy
Is released.

Endothermic reaction — endomepmiuna peaxyis — chemical reaction in which
energy is absorbed.

Activation energy — enepeis akmusizayii - energy required for a chemical reaction
to occur.

Kinetics — kinemuxa — study of the rates of chemical reactions.

Reaction rate — wesuokicmo peaxyii — measure of how quickly reactants change into

products.



Collision theory — meopia 3imxnenns — theory that relates collisions among

particles to reaction rate; reaction rate depends on such factors as concentration, surface

area, temperature, and catalysts.

Catalyst — kamanizamop — substance that increases the rate of a chemical reaction

without being changed by the reaction.

I1. Match the chemical terms on the left with their correct definitions on the right.

reactant substance that increases the rate of a chemical reaction without

being changed by reaction

product measure of how quickly reactants change into products

exothermic reaction | energy required for a chemical reaction to occur

endothermic reaction | study of the rates of chemical reactions

activation energy chemical reaction in which energy is absorbed
Kinetics chemical reaction in which energy is released
reaction rate substance produced by a chemical reaction
catalyst substance that enters into a chemical reaction

I11. Fill in the blanks from the words below. Translate the sentences into Ukrainian:

Chemical reactions, reactants, products, bonding capacity, chemical equations,

conservation of mass, synthesis, decomposition, single replacement, double replacement,

exothermic, endothermic, reaction rate, concentration, surface area, temperature,

catalysts, enzymes.

1.

The burning of gasoline, the rusting of iron and the baking of bread are all examples

A general description of a chemical reaction can be stated as ... changing into ....
The ... ... of an atom determines its ability to undergo chemical reaction.

A ... is an expression in which symbols and formulas are used to represent a
chemical reaction.

The observation that mass remains constant in a chemical i1s known as the law of ...

.......




7. Based on the type of energy change involved, chemical reactions are classified as ...
and ... reactions.
8. ... ...1s ameasure of how quickly reactants turn into products.
9. According to the collision theory, the rate of a reaction is affected by four factors:
10. Catalysts in the body are called ....
IV. Answer the following questions:
1. Describe some factors that serve as evidence for chemical reactions.
2. Give some examples of chemical reactions.
3. Imagine a burning candle. Describe any evidence for chemical reactions that occur
when a candle burns.
4. What is meant by the rate of a chemical reaction?
5. What is a reactant? A product?
6. Tell how each of the following can alter the rate of a chemical reaction:
a) temperature;
b) state of subdivision;
C) concentration.
7. Suppose you want to burn some coal in air quickly. Explain how each of the
following factors can be changed to increase the rate of the combustion of coal:
a) temperature;
b) state of subdivision;
C) concentration.
8. What is a catalyst and how does a catalyst alter the rate of a chemical reaction?
9. What types of chemical reactions do you know?

What is the difference between exothermic and endothermic reactions?

V. Make written translation into Ukrainian of the text “Energy of Chemical
Reactions”.

V1. Translate into English:



1. XimiyHa peakuis — 1€ MpOLEeC, B pPe3ylbTaTi SKOro ¢i3uyHi Ta XIMIYHI
BJIACTUBOCTI MEPBUHHOI PEUYOBMHU 3MIHIOIOTHCS, TaK SIK YTBOPIOIOTHCS HOBI PEUOBHUHU 3
BiIMIHHIMH ()13MYHAMH Ta XIMIYHUMHU BIACTUBOCTSIMHU.

2. PedoBuHa, sika BCTYIAa€ B XIMIYHY PEAKIIII0, HA3UBAETHCS PEAreHTOM.

3. PeuoBuHa, sKa BHUPOOJSIETHCA BHACHIIIOK XIMIYHOI peakilii, Ha3HBA€ThCA
IPOTYKTOM.

4. BueHi BU3HAYWIM YOTUPH OCHOBHI THITM XIMIYHUX PEAKIIIA: 3aMIIIEHHs, OOMIHY,
PO3UEIIJICHHSI, CHHTE3Y.

5. XimiyHa peakxiiisi, B IKiii eHepris BUAUIIETHCS, € €K30TEPMIYHOIO.

6. Uepe3 Te, 1m0 eHeprisi BUAULIETHCS IMiJI Yac PeaKilii, MOJEKYIH MPOIYKTYy HE
OTPUMYIOTH LI}O €HEPTIIO.

7. TakuM YMHOM €HEPrisl MPOAYKTY € MEHIIIO0, HIXK EHEpTisl pearcHTa.

8. XiMIuHa peakiis, B K1 €eHepris MOIJIMHAETHCS, € EHA0TEPMIYHOIO.

9. BianoBigHO A0 Teopii 3ITKHEHHsS, HA IIBUJKICTh pPEaKiii BIUIMBAIOTh YOTUPH

(dbakTopu: KOHIEHTpAIlis, IJIOIIA MOBEPXHI, TEMIEpaTypa Ta KaTajli3aTopH.

Families of Chemical Compounds
3.1 Solution Chemistry

In this chapter you will discover how scientists have attempted to bring order to
the incredible number of different types of chemical compounds that exist. In other
words, you will learn about a system of classifying compounds into families based on
their physical and chemical properties.

One of the most important and abundant families of chemical compounds is the
family of acids, bases, and salts. This family may already be familiar to you. Have you
ever heard of acetic acid in vinegar? Magnesium hydroxide in milk of magnesia? Or
sodium hydrogen carbonate in baking soda? Acetic acid is an acid; magnesium hydroxide
IS a base; and sodium hydrogen carbonate is a salt. See—you do know something about
this family!

In order to better understand acids, bases, and salts, it will be helpful to take a few
steps back and look at an important process that produces these compounds. The process

involves making solutions.



What Is a Solution?

What happens when a lump of sugar is dropped into a glass of lemonade? What
takes place when carbon dioxide gas is bubbled through water? And where do mothballs
go when they disappear? The answer to these questions is the same: The sugar, gaseous
carbon dioxide, and mothballs all dissolve in the substances in which they are mixed.

Careful examination of each of these mixtures— even under a microscope—will
not reveal molecules of sugar in lemonade, carbon dioxide in water, or naphthalene in
the air. But the sweet taste of lemonade tells you the sugar is there. The "fizziness" of
soda water indicates the presence of carbon dioxide. And the smell of mothballs is
evidence of naphthalene. In each of these mixtures, the molecules of one substance have
become evenly distributed among the molecules of the other substance. The mixtures are
uniform (the same) throughout. Each mixture is a solution.

A solution is a mixture in which one substance is dissolved in another substance.
Different parts of a solution are identical. That is what is meant by the words uniform
throughout. The molecules making up a solution are too small to be seen and do not
settle when the solution is allowed to stand. A solution, then, is a "well-mixed" mixture.

All solutions have several basic properties. Let's go back to the glass of sweetened
lemonade to discover just what these properties are. A solution consists of two parts:
One part is the substance being dissolved, and the other part is the substance
doing the dissolving.

The substance that is dissolved is called the solute. The substance that does the dis-
solving is called the solvent. The solvent is sometimes called the dissolving medium. In
the sweetened lemonade, the solute is the sugar and the solvent is the lemonade. Even
without the sugar, the lemonade is a solution. It is made of water and lemon juice.

The most common solutions are those in which the solvent is a liquid. The solute can

be a solid, a liquid, or a gas. The most common solvent is water.
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Fig.3.1 Three types of solution.

When alcohol is the solvent, the solution is called a tincture. Have you ever heard
of tincture of iodine? It is an antiseptic used to treat minor cuts and scratches. What is
the solute in this solution?

The particles in a solution are individual atoms, ions, or molecules. Because the
particles are so small, they do not scatter light that passes through the solution. A liquid
solution appears clear.

Most solutions cannot easily be separated by simple physical means such as
filtering. However, a physical change such as evaporation or boiling can separate the
parts of many solutions. If salt water is boiled, the water will change from a liquid to a
gas, leaving behind particles of salt.

Another important property of a solution is its ability or inability to conduct an
electric current. An electric current is a flow of electrons. In order for electrons to flow
through a solution, ions must be present. As you learned, ions are charged atoms. A
solution that contains ions is a good conductor of electricity. A solution that does not
contain ions is a nonconductor.

Pure water is a poor conductor of electric current because it does not contain ions.
If a solute such as potassium chloride is added to the water, however, the resulting
solution is a good conductor. Substances which water solutions conduct an electric current
are called electrolytes. Potassium chloride, sodium chloride, and silver nitrate are

examples of electrolytes. Most electrolytes are ionic compounds.



Substances which water solutions do not conduct an electric current are called
nonelectrolytes. A solution of sugar and water does not conduct an electric current. Sugar
IS a nonelectrolyte, as are alcohol and benzene. Many covalent compounds are nonelectro-
lytes because they do not form ions in solution.

Making Solutions

Solutions abound in nature. The oceans, the atmosphere, even Earth's interior are

solutions. Your body contains a number of vital solutions. Every solution has a particular

solute and solvent.

TYPES OF SOLUTIONS

Solute Solvent | Example

Gas | Gas Air (oxygen in nitrogen)

Gas . Liquid | Soda water (carbon dioxide in water)

Gas | Solid | Charcoal gas mask
: (poisonous gases on carbon)

Liquid Gas Humid air (water in air)
Liquid Liquid Antifreeze (ethylene glycol in water)
Liquid Solid Dental filling (mercury in silver)
| P e
Solid ' Gas . Soot in air (carbon in air)
Solid | Liquid | Ocean water (saltin water)

Solid | Solid l Gold jewelry (copper in gold)
|

Fig.3.2 Types of solutions.
TYPES OF SOLUTIONS Matter can exist as a solid, a liquid, or a gas. From these

three phases of matter, nine different types of solutions can be made. Fig. 3.2 shows
these types of solutions.

The most common solutions are liquid solutions, or solutions in which the solvent
is a liquid. The solute can be a solid, a liquid, or a gas. Two liquids that dissolve in
each other are said to be miscible. Water and alcohol are miscible. Do you think oil and
water are miscible? Solutions of solids dissolved in solids are called alloys. Most alloys
are made of metals. Some common alloys include brass, bronze, solder, stainless steel,
and wrought iron. You might want to find out exactly what the solute and solvent are in

each of these alloys.



RATE OF SOLUTION Suppose you wanted to dissolve some sugar in a glass of
water as quickly as possible. What might you do? If your answer included stirring the
solution, using granulated sugar, or heating the water, you are on the right track.
Normally, the movement of solute molecules away from the solid solute and
throughout the solvent occurs rather slowly. Stirring or shaking the solution helps
to move solute particles away from the solid solute faster. More molecules of the
solute are brought in contact with the solvent sooner, so the solute dissolves at a faster
rate.

Solution action occurs only at the surface of the solid solute. So if the surface area
of the solute is increased, the rate of solution is increased. When the solid solute is ground
into a fine powder, more solute molecules are in contact with the solvent. Finely powdered
solids dissolve much faster than do large lumps or crystals of the same substance.

If heat is applied to a solution, the molecules move faster and farther apart. As a result, the
dissolving action is speeded up.

SOLUBILITY From experience, you know that table salt and sugar readily
dissolve in water. These compounds are described as being very soluble or having a high
degree of solubility in water. The solubility of a solute is a measure of how much of that
solute can be dissolved in a given amount of solvent under certain conditions. Although a
large amount of table salt dissolves in water, only a small amount of table salt dissolves in
alcohol. So although the solubility of salt in water is high, the solubility of salt in alcohol
is rather low. The solubility of a solute depends on the nature of the solute and of the
solvent. Solubility is usually described in terms of the mass of the solute that can be
dissolved in a definite amount of solvent at a specific temperature.

Two main factors affect the solubility of a solute. These factors are temperature and
pressure. Usually, an increase in the temperature of a solution increases the solubility of a

solid in a liquid. Just think how much more sugar dissolves in hot tea than in cold
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Fig.3.3 The influence of the pressure and the temperature
on the solubility of a gas solute.
The situation for a gas dissolved in a liquid is just the opposite. Raising the

temperature of a solution decreases the solubility of a gas in a liquid. Perhaps you
have observed this fact without actually realizing it. The soda goes flat, or loses its
fizz. The fizz in soda is carbon dioxide gas dissolved in soda water. As the
temperature of the solution increases, the solubility of the carbon dioxide
decreases. The gas comes out of solution, leaving the soda flat.

For both solids and liquids dissolved in liquids, increases and decreases in
pressure have practically no effect on solubility. For gases dissolved in liquids,
however, an increase in pressure increases solubility, and a decrease in pressure
decreases solubility. A bottle of soda fizzes when the cap is removed because
molecules of carbon dioxide gas escape from solution as the pressure is decreased.
The solubility of the carbon dioxide gas has been decreased by a decrease in
pressure.

CONCENTRATION The concentration of a solution refers to the amount of
solute dissolved in a certain amount of solvent. A solution in which a lot of solute
Is dissolved in a solvent is called a concentrated solution. A solution in which
there is little solute dissolved in a solvent is called a dilute solution. The terms
concentrated and dilute are not precise, however. They do not indicate exactly how
much solute and solvent are present.

Using the concept of solubility, the concentration of a solution can be
expressed in another way. A solution can be described as saturated, unsaturated, or

supersaturated. To understand these descriptions, remember that solubility



measures the maximum amount of solute that can be dissolved in a given amount of
solvent.

A saturated solution is a solution that contains all the solute it can possibly
hold at a given temperature. In a saturated solution, no more solute can be dis-
solved at that temperature. If more solute is added to a saturated solution, it will
settle undissolved to the bottom of the solution. In describing a saturated solution,
the temperature must always be given.

An unsaturated solution is a solution that contains less solute
than it can possibly hold at a given temperature. In an unsaturated
solution, more solute can be dissolved.

Under special conditions, a solution can be made to hold more
solute than is normal for that temperature. Such a solution is a
supersaturated solution. A supersaturated solution is unstable. If a
single crystal of solute is added to a supersaturated solution, the excess
solute comes out of solution and settles to the bottom. Only enough
solute to make the solution saturated remains dissolved.

SPECIAL PROPERTIES Why is salt spread on roads and
walkways that are icy? Why is salt added to cooking water? Why is a
substance known as ethylene glycol added to the cooling systems of
cars? The answers to these questions have to do with two special
properties of solutions.

Experiments show that when a solute is dissolved in a liquid
solvent, the freezing point of the solvent is lowered. The lowering of
the freezing point is called freezing point depression. The addition of
solute molecules interferes with the phase change of solvent
molecules. So the solution can exist in the liquid phase at a lower
temperature than can the pure solvent. Ethylene glycol, commonly
known as antifreeze, is added to automobile cooling systems to lower
the freezing point of water.

The addition of a solute to a pure liquid solvent also raises the
boiling point of the solvent. This increase is called boiling point



elevation. In this case, the addition of solute molecules interferes with the rapid
evaporation, or boiling, of the solvent molecules. So the solution can exist in the
liquid phase at a higher temperature than can the pure solvent. When salt is added
to cooking water, the water boils at a higher temperature. Although it takes a longer
time to heat the water to boiling, it takes a shorter time to cook food in that water.

Vocabulary notes:

a lump of sugar — rpyaka nykpy,

to bubble — my3upuTncs,

mothball — madraninosa xynpka,
gaseous — razoBaHuM,

MICroSCope — MiKPOCKOII,
naphthalene — nadramis,

fizziness — mmninzs,

evenly — piBHOMIipHO,

solute — po3unHHA peUOBHHA,
solvent — po3unHHUK,

dissolving medium — po3unHIOOYHIA
3acio,

solid — TBepae Tiso0,

liquid — pinuHa,

gas — ras,

tincture — HacTosHKa,

iodine — iion,

antiseptic — antucenTuk,

to scatter light — posciroBatu cBiTIIO,
filtering — inerpyBanHs,
evaporation — BunapoByBaHHs,
boiling — kuminms,

to conduct — npoBoauTH,

electric current — eleKTpUYHHI CTPYM,
conductor — nmpoBiHHUK,
nonconductor — HeMIPOBiTHUIK,

potassium chloride - xmopuctuii xamiu,
electrolyte — enexTpourir,

silver nitrate — miTpart cpibina,
nonelectrolyte — meenexrpomir,

benzene — 6enso.

to abound - Oyru (mepeOyBath) y
BEJIMKINA KIJIBKOCTI,

Earth’s interior — BHyTpilHS YacTHHA
3emu,

miscible liquid — cymicHi piauHwu,

alloys — crnas,

brass — naryns,

solder - cnaiika, npurii,

stainless steel — nepxagBitoua crais,
wrought iron — koBane 3aii30,

solubility — pozunnHicTB,

dilute solution — po36aBienuii po3unH,
saturated solution — nacuueHuiA PO3UMH,
unsaturated solution — HenacuueHwmii
pO34MH,

ethylene glycol -  erwneHrikob,
freezing point depression - 3HKEHHS
TeEMIIEpaTypHy 3aMep3aHHs,

boiling point elevation - migBuIIeHHS
TeMIlepaTypy KUITiHHS.

3.2 Acids and Bases
If you look in your medicine cabinet and refrigerator and on your kitchen
shelves, you will find examples of groups of compounds known as acids and bases.
Acids are found in aspirin, vitamin C, and eyewash. Fruits such as oranges, grapes,
lemons, grapefruits, and apples contain acids. Milk and tea contain acids, as do
pickles, vinegar, and carbonated drinks. Bases are found in products such as lye, milk

of magnesia, deodorants, ammonia, and soaps.



Acids and bases also play an important role in the life processes that take place in

your body. Many industrial processes use acids and bases. The manufacture of a wide

variety of products involves the use of acids and bases.

Properties of Acids

As a class of compounds, all acids have certain physical and chemical properties

when dissolved in water. One of the physical properties all acids share is sour taste.

Lemons taste sour because they contain citric acid. Vinegar contains acetic acid. However,

you should never use taste to identify a chemical substance. You should use other, safer

properties.

Acids affect the colour of indicators. Indicators are compounds that show a definite

colour change when mixed with an acid or a base. Litmus paper, a common indicator,

COMMON ACIDS

Name and Uses
Formula

Strong
Hydrochloric ' Pickling steel;

HCI cleaning bricks
and metals;
digesting food

Sulfuric Manufacturing

H,SO, paints, plastics,

fertilizers;
dehydrating agent

Nitric Removing tarnish;

HNO4 making explosives
(TNT); making
fertilizers

Weak

Carbonic Carbonating

H,CO, beverages

Boric Washing eyes

HyBO4

Phosphoric Making fertilizers

HaPO, and detergents
Acetic Making cellulose
HC,H;0, acetate used in

fibers and films
Citric Making soft drinks
H3CeHs0;

Fig. 3.4 Common acids.

changes from blue to red in an acid solution. Another indicator,
phenolphthalein, is colourless in an acid solution.

Acids react with active metals to form hydrogen gas and a
metal compound. This reaction wears away, or corrodes, the
metal and produces a residue. For example, sulfuric acid in a car
battery often corrodes the terminals and leaves a residue.

Another property of acids can be identified by looking at
the list of common acids in Fig. 3.4. What do all these acids have
in common? Acids contain hydrogen. When dissolved in water,
acids ionize to produce positive hydrogen ions (H*). A hydrogen
ion is a proton. So acids are often defined as proton donors.

The hydrogen ion, or proton, produced by an acid is
quickly surrounded by a water molecule. The attraction between
the hydrogen ion (H™) and the water molecule (H,O) results in
the formation of a hydronium ion, H3O".

The definition of an acid as a proton donor helps to
explain why all hydrogen-containing compounds are not acids.



Table sugar contains 22 hydrogen atoms, but it is not an acid. When dissolved in
water, table sugar does not produce H" ions. Table sugar is not a proton donor. So it
does not turn litmus paper red or phenolphthalein colourless.

Common Acids

The three most common acids in industry and in the laboratory are sulfuric acid
(H2S0,), nitric acid (HNO3), and hydrochloric acid (HCI). These three acids are strong
acids. That means they ionize to a high degree in water and produce hydrogen ions. The
presence of hydrogen ions makes strong acids good electrolytes. (Remember, electrolytes
are good conductors of electricity.)

Acetic acid (HC;H30,), carbonic acid (H.COs), and boric acid (H3BO3) are weak

acids. They do not ionize to a high degree in water, so they produce few hydrogen ions.

Weak acids are poor electrolytes. Fig. 3.4 lists the
name, formula, and uses of some common acids. | COMMON BASES

Remember, handle any acid—weak or strong—with | Nameand  Uses

Formula
care!
p ti B Strong
roperties o ases Sodium Making soap;
When dissolved in water, all bases share | Y&ioxde  drancleaner
certain physical and chemical properties. Bases , ,

Potassium Making soft soap;
usually taste bitter and are slippery to the touch. Eg;ox'de Beiishylecnciyie
However, bases can be poisonous and corrosive. So

) ) Calcium Leather production;
you should never use taste or touch to identify bases. hydroxide making plaster

Ca(0OH),

Bases turn litmus paper from red to blue
Magnesium Laxative;

and phenolphthalein to bright pink. Bases | nydroxide antacid

. . . . Mg(OH)
emulsify, or dissolve, fats and oils. They do this by ]
. . . Weak
reacting with the fat or oil to form a soap. The »
Ammonium Household cleaner
base ammonium hydroxide is used as a household mfgﬁde
4
cleaner because it "cuts" grease. The strong base
. . . Aluminum Antacid;
sodium hydroxide, or lye, is used to clean clogged | hydroxide deodorant
Al(OH),

drains.
Fig. 3.5 Common bases.



All bases contain the hydroxide ion, OH". When dissolved in water, bases
produce this ion.

Because a hydroxide ion (OH") can combine with a hydrogen ion (H") and
form water, a base is often defined as a proton (H") acceptor.

Common Bases

Strong bases dissolve readily in water to produce large numbers of ions. So
strong bases are good electrolytes. Examples of strong bases include potassium
hydroxide (KOH), sodium hydroxide (NaOH), and calcium hydroxide (Ca(OH),).

Weak bases do not produce large numbers of ions when dissolved in water. So

weak bases are poor electrolytes. Ammonium hydroxide (NH,OH) and aluminum
hydroxide (AlI(OH)3) are weak bases. See Fig. 3.5.

Vocabulary notes:

pickle — cominns, borin acid — 6opna kucioTa,

deodorant — ne3omopaHr, to emulsify - meperBoproBaTH Ha
citric acid — nMMOHHA KHCIOTAa, EMYJIbCIIO,

indicator — inaukaTop, grease — xwup,

litmus paper — rakmycoBwuii martip, potassium hydroxide -— rigpokcun
phenolphthalein — penondranein, Kaiio,

to corrode — pxxasity, sodium hydroxide - rizpokcun Hatpiro,
residue — ocapn, calcium hydroxide - rizpokcu KablIifo,
proton — npoToH, ammonium hydroxide -  rigpokcua
proton donor - 10HOp MPOTOHIB, aMOHI¥O,

hydronium ion - ioH riAPOKCOHitO, aluminum hydroxide - rigpokcua
sulfuric acid — cipuana kucoTa, ATFOMIHITO.

nitric acid — a3orna kuciora,

hydrochloric acid - xmopoBoaHeBa,

COJIsIHa KHCJI0Ta,
3.3 Acids and Bases in Solution: Salts

As you have just learned, solutions can be acidic or basic. Solutions can also be
neutral. To measure the acidity of a solution, the pH scale is used. The pH of a solution
is a measure of the hydronium ion (H3O") concentration. Remember, the hydronium
ion is formed by the attraction between a hydrogen ion (H*) from an acid and a water
molecule (H,0). So the pH of a solution indicates how acidic the solution is.

The pH scale is a series of numbers from 0 to 14. The middle of the scale—7—is
the neutral point. A neutral solution has a pH of 7. It is neither an acid nor a base. Water
is a neutral liquid. A solution with a pH below 7 is an acid. Strong acids have low pH

numbers. A solution with a pH above 7 is a base. Strong bases have high pH numbers.



Determining Solution pH

The pH of a solution can be determined by using an indicator. You already know
about two indicators: litmus paper and phenolphthalein. Other indictors include pH
paper, methyl orange, and bromthymol blue. Each indicator shows a specific colour
change as the pH of a solution changes.

Common household materials can be used as indicators. Red-cabbage juice covers
the entire pH range. Grape juice is bright pink in the presence of an acid and bright
yellow in the presence of a base. Even tea can be an indicator. Have you ever noticed the
colour of tea change when you add lemon juice? For accurate pH measurements, a pH
meter is used.

Formation of Salts

When acids react chemically with bases, they form a class of compounds called
salts. A salt is a compound formed from the positive ion of a base and the negative ion of
an acid. A salt is a neutral substance.

The reaction of an acid with a base produces a salt and water. The reaction is called
neutralization. In neutralization, the properties of the acid and the base are lost as two
neutral substances—a salt and water—are formed.

The reaction of HCI with NaOH is a neutralization reaction. The positive hydrogen
ion from the acid combines with the negative hydroxide ion from the base. This produces
water. The remaining positive ion of the base combines with the remaining negative ion
of the acid to form a salt.

H*C1 + Na*OH——> H0O + NaCl

Many of the salts formed by a neutralization reaction are insoluble in water—that is,
they do not dissolve in water. They crystallize out of solution and remain in the solid
phase. An insoluble substance that crystallizes out of solution is called a precipitate. The
process by which a precipitate forms is called precipitation. An example of a precipitate
IS magnesium carbonate. Snow, rain, sleet, and hail are considered forms of precipitation
because they fall out of solution.

A neutralization reaction is a double-replacement reaction—and a very
important one, too! For a dangerous acid can be combined with a

dangerous base to form a harmless salt and neutral water



Vocabulary notes:
acidity — KHCIOTHICTb, neutralization reaction - peakmis
hydronium ion - ioH TiJIpOKCOHItO,

. o HelTpani3amii,
hydrochloric — consuuit, P I
determining — Bu3Ha4eHHH, insoluble — Hepo3zunHHNT,
methyl orange — meTrIIOBUIT OpaH)KEBHH, .
. o precipitate — ocan,
bromthymol blue - OpomrimMonoBuii
CHHIH, precipitation — BunagaHHs B ocaj.

3.4 Carbon and Its Compounds

Do you know what such familiar substances as sugar, plastic, paper, and
gasoline have in common? They all contain the element carbon. Carbon is present in
more than 2 million known compounds, and this number is rapidly increasing.
Approximately 100,000 new carbon compounds are being isolated or synthesized
every year. In fact, more than 90 percent of all known compounds contain carbon!

Carbon compounds form an important family of chemical compounds
known as organic compounds. The word organic means coming from life. Because
carbon-containing compounds are present in all living things, scientists once believed
that organic compounds could be produced only by living organisms. Living things
were thought to have a mysterious "vital force™ that was responsible for creating
carbon compounds. It was believed that the force could not be duplicated in the
laboratory.

In 1828, the German chemist Friedrich Wohler produced an organic compound
called urea from two inorganic substances. Urea is a waste product produced by the
human body. It was not long before chemists accepted the idea that organic
compounds could be prepared from materials that were never part of a living
organism. What is common to all organic compounds is not that they originated in
living things but that they all contain the element carbon. Today, the majority of
organic compounds are synthesized in laboratories.

There are some carbon compounds that are not considered organic compounds.
Calcium carbonate, carbon dioxide, and carbon monoxide are considered inorganic

(not organic) compounds.



The Bonding of Carbon

Carbon's ability to combine with itself and with other elements explains why
there are so many carbon compounds. Carbon atoms form covalent bonds with other
carbon atoms.

The simplest bond involves 2 carbon atoms. The most complex involves
thousands of carbon atoms. The carbon atoms can form long straight chains, branched
chains, single rings, or rings joined together.

The bonds between carbon atoms can be single covalent bonds, double
covalentbonds, or triple covalent bonds. In a single bond, one pair of electrons is
shared between 2 carbon atoms. In a double bond, two pairs of electrons are shared

between 2 carbon atoms.
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Fig.3.6 Sharing of electrons.

Carbon atoms also bond with many other elements. These elements include
oxygen, hydrogen, members of the nitrogen family, and members of Family 17. The
simplest organic compounds contain just carbon and hydrogen. Because there are so
many compounds of carbon and hydrogen, they form a class of organic compounds
all their own.

A great variety of organic compounds exists because the same atoms that bond
together to form one compound may be arranged in several other ways in several
other compounds. Each different arrangement of atoms represents a separate organic
compound.

Properties of Organic Compounds

Organic compounds usually exist as gases, liquids, or low-melting-point solids.
Organic liquids generally have strong odors and low boiling points. Organic liquids do
not conduct an electric current. What is the name for a substance whose solution

does not conduct electricity? Organic compounds generally do not dissolve in water.



Oil, which is a mixture of organic compounds, floats on water because the two liquids
are insoluble.
Structural Formulas

A molecular formula for a compound indicates what elements make up that
compound and how many atoms of each element are present in a molecule. For
example, the molecular formula for the organic compound ethane is C,Hg. In every
molecule of ethane, there are 2 carbon atoms and 6 hydrogen atoms.

What a molecular formula does not indicate about a molecule of a compound
Is how the different atoms are arranged. To do this, a structural formula is used. A
structural formula shows the kind, number, and arrangement of atoms in a molecule.
You can think of a structural formula as being a model of a molecule.

Fig.3.7 shows the structural formula for ethane and two other organic
compounds: methane and propane. Note that in a structural formula, a dash (-) is
used to represent the pair of shared electrons forming a covalent bond. In writing
structural formulas, it is important that you remember the electron arrangement in a
carbon atom.

Carbon has 4 valence electrons, or 4 electrons in its outermost energy level.
Each electron will form a covalent bond with an electron of another atom to produce
a stable outermost level containing 8 electrons. So when structural formulas are

written, there can be no dangling bonds—no dangling dashes.

| i e
H—C—H H—C—C—H H—C—C—C—H
g H H H H H
METHANE ETHANE PROPANE
CH, C,Hg C4Hg

Fig.3.7 The structural formula for ethane, methane and propane.



Isomers
Compounds with the same molecular formula but different structures are called
isomers. Fig. 3.8 shows two isomers of butane, CsHio. Notice that one isomer is a
straight chain and the other isomer is a branched chain. In a branched chain, all the
carbon atoms are not in a straight line. This difference in structure will account for

any differences in the physical and chemical properties of these two compounds.

T
S e
B B 45
L S« b=
1l
BUTANE ISOBUTANE
C4H1O C4H1O

Fig.3.8 Two isomers of butane.

Fig. 3.9 shows three isomers of pentane, CsHi, This time there is one straight
chain and two branched chains. To see the difference between the two branched
chains, count the number of carbon atoms in the straight-chain portion of each
molecule. How many are there in each branched isomer? What do you think
happens to the number of possible isomers as the number of carbon atoms in a

molecule increases? The compound whose formula is Cy5H3, could have more than 400

isomers!
H
i e H—é—H
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Fig.3.9 Three isomers of pentane.



Vocabulary notes:

organic compound -  opraHiyHa ethane — eram,

pEUOBHHA, structural formula - cTpykTypHa
to duplicate — ny6roBaTH, dopmyia,

urea — ceua, methane — meran,

single rings — Moo IMHOKI KiJIbIIA, propane — mporas,

rings joined together — ximbis 3’eaHaHi dangling — BimokpemieHui,

pasom, ISsomer — i3omep,

odor — 3anax, butane — Oyran,

to float — TpuMaTHCs Ha MOBEPXHI BOJIH, pentane — neHTaH.

3.5 Hydrocarbons

Have you ever heard of a butane lighter, seen a propane torch, or noticed a
sign at a service station advertising "high octane" gasoline? Butane, propane, and
octane are members of a large group of organic compounds known as hydrocarbons.
A hydrocarbon contains only hydrogen and carbon.

Hydrocarbons can be classified as saturated or unsaturated depending on the
type of bonds between carbon atoms. In saturated hydrocarbons, all the bonds between
carbon atoms are single covalent bonds. In unsaturated hydrocarbons, one or more of
the bonds between carbon atoms is a double covalent or triple covalent bond.

Alkanes
x | The alkanes are straight-chain or

| ALKANE SERIES i
| branched-chain hydrocarbons in which all the

T Name Formula
bonds between carbon atoms are single
Methane | CHy
- covalent bonds. Alkanes are saturated
Ethane CoHg
, hydrocarbons. All the hydrocarbons that are
| Propane C3Hg
| alkanes belong to the alkane series. The
Butane C4Hqo
~ simplest member of the alkane series is
Pentane CsHq2
methane, CH,4. Methane consists of 1 carbon
Hexane i CeH1a
e atom surrounded by 4 hydrogen atoms. Why
Heptane CsHqg
' are there 4 hydrogen atoms?
Octane CgH1g
- The next simplest alkane is ethane, C,Hes.
Nesgano Coltzo How does the formula for ethane differ from
) CuH the formula for methane? After ethane, the
10" 122

Fig.3.10 Alkane series



next member of the alkane series is propane, CszHg. Can you begin to see a
pattern to the formulas for each successive alkane? Ethane has 1 more
carbon atom and 2 more hydrogen atoms than methane does. Propane has
1 more carbon atom and 2 more hydrogen atoms than ethane does. Each
member of the alkane series is formed by adding 1 carbon atom and 2
hydrogen atoms to the previous compound.

The pattern that exists for the alkanes can be used to determine the
formula for any member of the series. Because each alkane differs from
the preceding member of the series by the group CH;, a general formula
for the alkanes can be written. That general formula is C,Hzn+2. The letter
n is the number of carbon atoms in the alkane.

Naming Hydrocarbons

Fig.3.10 shows the first ten members of the alkane series. Look at the names of
the compounds. How is each name the same? How is each different?

Often in organic chemistry the names of the compounds in the same series will
have the same ending, or suffix. Thus, the members of the alkane series all end "with
the suffix -ane, the same ending as in the series name. The first part of each name, or
the prefix, indicates the number of carbon atoms present in the compound. The
prefix meth- indicates 1 carbon atom. The prefix eth-, 2 carbon atoms, and the prefix
prop-, 3. According to Fig.3.10, how many carbon atoms are indicated by the prefix
pent-? How many carbon atoms are in octane? As you study other hydrocarbon series,
you will see that these prefixes are used again and again. So it will be useful for you

to become familiar with the prefixes that mean 1 to 10 carbon atoms.

Alkenes
Hydrocarbons in which at least one pair of carbon atoms is joined by a
double covalent bond are called alkenes. Alkenes are unsaturated hydrocarbons. The
first member of the alkene series is ethene, C,H.. The next member of the alkene
series is propene, CsHg. Fig. 3.11 shows the first seven members of the alkene series.

As you look at the formulas for the alkenes, you will again see a pattern in



the number of carbon and hydrogen atoms
added to each successive compound. The
pattern is the addition of 1 carbon atom and
2 hydrogen atoms.

The general formula for the alkenes is
CnHazn. The letter n is the number of carbon
atoms in the compound. What is the
formula for an alkene with 12 carbons? With
20 carbons?

In general, alkenes are more reactive
than alkanes because a double bond is more
easily broken than a single bond. So alkenes
can react chemically by adding other atoms

directly to their molecules.

Alkynes

Hydrocarbons in which at least one pair of carbon
atoms is joined by a triple covalent bond are called
alkynes. Alkynes are unsaturated hydrocarbons. The
simplest alkyne is ethyne, C,H,, which is commonly
known as acetylene. Perhaps you have heard of
acetylene torches, which are used in welding.

The first five members of the alkyne series are

listed in Fig.3.12. Here again,

member of the alkyne series differs by the addition
of 1 carbon atom and 2 hydrogen atoms. The general

formula for the alkynes is C,Hzn2. The alkynes are even

ALKENE SERIES
Name Formula
Ethene CoHy

R s Y
Propene | CaHg
Butene C4Hg
Pentene CsHio -
Hexene o
Heptene C7Hq4
Octene l 58%

|

each successive

Fig.3.11 Alkene series

more reactive than the alkenes.

ALKYNE SERIES
Name Formula
| Ethyne CoHo
Propyne | CaHy
Butyne CyHg
Pentyne CsHg
Hexyne CgH1o
i
H—C=C—H H~C_=_C—CI—H
H
ACETYLENE
(ETHYNE) PROPYNE
CoH, CaH,

Fig.3.12 Alkyne series.




Very little energy is needed to break a triple bond. Like the alkenes, alkynes can

react chemically by adding other atoms directly to their molecules
Aromatic Hydrocarbons

All the hydrocarbons you have just learned about—the alkanes,
alkenes, and alkynes—are either straight-chain or branched-chain
molecules. But this is not the only structure a hydrocarbon can have.
Some hydrocarbons are in the shape of rings. Probably the best-known
class of hydrocarbons in the shape of rings is the aromatic hydrocarbons.
The name of this class comes from the fact that aromatic hydrocarbons
share a common physical property. These compounds have strong and

often pleasant odors (or aromas).

The basic structure of an aromatic

hydrocarbon is a ring of 6 carbon atoms joined T

by alternating single and double covalent H—C/ \C_H
bonds. This means that within the 6-carbon H ‘ or
ring, there are 3 carbon-to-carbon double bonds. H—C\ /C‘H
The simplest aromatic hydrocarbon is called C|
benzene, CsHes. Fig.3.13 shows the structural It
formula for benzene. Chemists often abbreviate BE%IGZHEGNE

this formula by drawing a hexagon with a circle
in the center.

Fig.3.13 The structural
formula for benzene.
Vocabulary notes:

butane lighter — 0yranoswii jixTap, ethene — eTuteH,

propane torch — npomnanoBuii dake, propene — nporex,

high octane gasoline — BucokookTanoBuii alkyne — ankiu,

OCH3MH, acetylene — arurerneH,

hydrocarbon — rinpokap6oH, ByrieBogeub, Welding — 3BaproBaHHs,

hydrogen — rigporeH, Boi€eHb, aromatic hydrocarbon - apomarnunmii
alkanes — ankan, HaCHYCHHI BYTJIEBOI, BYTJICBOJICHB,

alkane series — psi ankasis, alternating — 3miHHuUi, 110 YePryeTHCS,
pattern — mozen, benzene — 6ensou,

alkene — anken, hexagon — 1iecTuKyTHUK.



3.6 Substituted
Hydrocarbons

Hydrocarbons are but one of several groups of organic compounds.
Hydrocarbons contain carbon and hydrogen atoms only. But as you have learned,
carbon atoms form bonds with many other elements. So many different groups of
organic compounds exist. The important groups of organic compounds include
alcohols, organic acids, esters, and halogen
derivatives. These compounds are called substituted hydrocarbons. A substituted
hydrocarbon is formed when one or more hydrogen atoms in a hydrocarbon chain or
ring is replaced by a different atom or group of atoms.

Alcohols

Alcohols are substituted hydrocarbons in which one or more hydrogen atoms
have been replaced by an -OH group, or hydroxyl group. The simplest alcohol is
methanol, CH3OH. You can see from Fig. 3.14 that methanol is formed when 1
hydrogen atom in methane is replaced by the -OH group. Methanol is used to make
plastics and synthetic fibers. It is also used in automobile gas tank de-icers to prevent
water that has condensed in the tank from freezing. Another important use of
methanol is as a solvent. Methanol, however, is very poisonous— even when used
externally.

As you can tell from the name methanol, alcohols are named by adding the
suffix -ol to the name of the corresponding hydrocarbon. When an —OH group is
substituted for 1 hydrogen atom in ethane, the resulting alcohol is ethanol, C,HsOH.
Ethanol is produced naturally by the action of yeast or bacteria on the sugar stored in

grains such as corn, wheat, and barley.

H Ethanol is a good solvent for many organic compounds that do
\ : : : : .
H—c —on | notdissolve in water. Ethanol is used in medicines.
IL It is also the alcohol used in alcoholic beverages. In order to make
ethanol available for industrial and medicinal uses only, it must be
METHANOL made unfit for beverage purposes.

Fig 3.14 Structural formula



So poisonous compounds such as methanol are added to ethanol. The resulting
mixture is called denatured alcohol.

An alcohol can be in the form of a ring as well as a chain. When 1 hydrogen
atom in a benzene ring is replaced by an -OH group, the resulting alcohol is called
phenol. Phenol is used in the preparation of plastics and as a disinfectant.

Organic Acids

Organic acids are substituted hydrocarbons that contain the -COOH group, or
carboxyl group. Fig. 3.15 shows the structural formula for two common organic
acids. Notice that one of the carbon-oxygen bonds in the carboxyl group is a double
bond.

Organic acids are named by adding the suffix -oic to the name of the

corresponding hydrocarbon. Most organic acids, however, have

common names that are used more frequently. The simplest (“)

organic acid is methanoic acid, HCOOH. Methanoic acid is HF=—E
commonly called formic acid. Formic acid is found in nature in FORMIC ACID

the stinging nettle plant and in certain ants. Formic acid

produced by an ant causes the ant bite to hurt. *ﬂ %,)
i . . . H={—0—
The acid derived from ethane is commonly called acetic | i
H

acid. Acetic acid is the acid in vinegar. Citric acid, which is

found in citrus fruits, is a more complicated organic acid| ACETIC ACID

originally derived from the hydrocarbon propane.

Fig.3.15 Structural formula of
formic and acetic acids.
Esters

If an alcohol and an organic acid are chemically combined, the resulting
compound is called an ester. Esters are noted for their pleasant aromas and flavors.
Many esters occur naturally. Fruits such as strawberries, bananas, and pineapples
get their sweet smell from esters. Esters can also be produced in the laboratory.
Synthetic esters are used as perfume additives and as artificial flavorings.
Halogen Derivatives
Hydrocarbons can undergo substitution reactions in which one or more

hydrogen atoms are replaced by an atom or atoms of fluorine, chlorine, bromine, or



iodine. The family name for these elements is halogens. So substituted hydrocarbons
that contain halogens are called halogen derivatives. A variety of useful substances
result from adding halogens to hydrocarbons. The compound methyl chloride, CH3C1,
Is used as a refrigerant. Tetrachloroethane, C,H,C1,, which consists of 4 chlorine atoms
substituted in an ethane molecule, is used in dry cleaning.

When 2 hydrogen atoms in a methane molecule are replaced by chlorine
atoms and the other 2 hydrogen atoms are replaced by fluorine atoms, a compound
commonly known as Freon, CCI,F,, is formed. The actual name of this halogen
derivative is dichlorodifluoromethane. Freon is the coolant used in many

refrigerators and air conditioners.

Vocabulary notes:

alcohol — anxoroims,
organic acid — opraniyHa KucjoTa,

ester — edip,

halogen  derivative -  noxigHuii
raJIoreHy,

substituted hydrocarbon — samimenwuii
BYTJICBOACHD,

hydroxyl group — rizpokcuibHa rpyma,
methanol — meranon,

methane — meran,

plastics — mractMaca,

synthetic fibers — mTy4Hi BosiokHa,
solvent — po3unHHUK,

yeast — ApiKIK1, pO3YMHA,

bacterium (-ria) — Gakrepis,

barley — stuminb,

beverage — ankorosbHMIA HaTIIH,
denatured alcohol - nenarypoBanwmii
aJIKOT0JIb,

phenol — ¢penon,

disinfectant — ne3indikyrounii 3acio,

carboxyl group — kapOokcuibHa TpyTIa,
methanoic acid — meraHoBa KucioTa,
formic acid — mypaimHa KucIora,

nettle — kponuga,

ant — mypaika,

acetic acid — ouroBa kuciora,

citric acid — nuMoHHa KUcI0TAa,
hydrocarbon propane — ByrieBoaneBuii
IIpOTaH,

perfume additives — no6aBku 10 ayXiB,
artificial  flavoring -  mrTy4yHwii
apoMaTu3arop,

fluorine — ¢rop,

chlorine — xop,

bromine — 6pom,

iodine —iiox,

methyl chloride — metunxmnopun,
tetrachloroethane — rerpaxsmoperas,
Freon — ¢peon,
dichlorodifluoromethane —
nuxyiopaudiropMeTas.

I. Key terms. Read, translate and memorize the following definitions:

Solution — posuun — mixture in which one substance is dissolved, or broken down,

in another substance.

Solute — posuunena peuosuna — substance that is dissolved in a solution.
Solvent — poszuunnux — substance in a solution that does the dissolving.



Electrolyte — erexmpoaim — substance whose water solution conducts electric
current.

Nonelectrolyte — neerexmponim — substance whose water solution does not conduct
electric current.

Solubility — pozuunnicme — measure of how much of a solute can be dissolved in a
given amount of solvent under certain conditions.

Concentration — konyenmpayis — amount of a solute dissolved in a certain amount
of solvent.

Concentrated solution — xonyemmpoeanuii posuun — solution in which a large
amount of solute is dissolved in a solvent.

Dilute solution — posb6asnenuti poszyun — solution in which there is only a little
dissolved solute.

Saturated solution — nacuuenuii pozuun — solution that contains all the solute it can
hold at a given temperature.

Unsaturated solution — nenacuuenun posuun — solution that contains less solute
than it can possibly hold at a given temperature.

Supersaturated solution — nepenacuuenuit pozuun — unstable solution that holds
more solute than in normal for a given temperature.

Acid — xucroma — compound with a pH below 7 that tastes sour, turns blue litmus
paper red, reacts with metals to produce hydrogen gas, and ionizes in water to produce
hydrogen ions; proton donor.

Base — ocnosa — compound with ph above 7 that tastes bitter, is slippery to the
touch, turns red litmus paper blue, and ionizes in water to produce hydroxide ions; proton
acceptor.

pH — measure of the hydronium ion concentration of a solution; measured on a scale
from O to 14.

Salt — cine — compound formed from the positive ion of a base and the negative ion
of an acid.

Neutralization — neiumpanizayis — reaction in which an acid combines with a base
to form a salt and water.

Organic compound — opeaniuna cnoayka — compound that contains carbon.

Structural formula — cmpyxkmypua ¢gopmyna — description of a molecule that
shows the kind, number and arrangement of atoms in a molecule.

Isomer — izomep — one of a number of compounds that have the same molecular
formula but different structures.

Hydrocarbon — syeresooens — organic compound that contains only hydrogen and
carbon.

Saturated hydrocarbon — nacuuenuii eyenesooens — hydrocarbon in which all the
bonds between carbon atoms are single covalent bonds.

Unsaturated hydrocarbon — wenacuuenuii syenesooens — hydrocarbon in which
one or more of the bonds between carbon atoms is a double covalent or triple covalent
bond.

Alkane — azxan — straight-chain or branched-chain saturated hydrocarbon.



Alkene — azxen — unsaturated hydrocarbon in which at least one pair of carbon
atoms is joined by a double covalent bond.

Alkyne — anxin — unsaturated hydrocarbon in which at least one pair of carbon
atoms is joined by a triple covalent bond.

Substituted hydrocarbon — szamiwenuii syenesodenv - hydrocarbon formed when
one or more hydrogen atoms in a hydrocarbon ring or chain is replaced by a different atom
or group of atoms.

I1. Match the chemical terms on the left with their correct definitions on the

right.

solution measure of how much of a solute can be dissolved in a given amount

of solvent under certain conditions;

solute substance in a solution that does the dissolving;

solvent substance that is dissolved in a solution;

solubility mixture in which one substance is dissolved, or broken down, in
another substance;

acid one of a number of compounds that have the same molecular formula

but different structures;

base compound formed from the positive ion of a base and the negative
ion of an acid;
salt compound with ph above 7 that tastes bitter, is slippery to the touch,

turns red litmus paper blue, and ionizes in water to produce

hydroxide ions; proton acceptor;

isomer compound with a pH below 7 that tastes sour, turns blue litmus paper
red, reacts with metals to produce hydrogen gas, and ionizes in water

to produce hydrogen ions;

alkane unsaturated hydrocarbon in which at least one pair of carbon atoms is

joined by a double covalent bond;

alkene unsaturated hydrocarbon in which at least one pair of carbon atoms is

joined by a triple covalent bond;

alkyne straight-chain or branched-chain saturated hydrocarbone.

I11. Fill in the blanks from the words below. Translate the sentences into Ukrainian:




Solution, tincture, temperature, pressure, saturated, indicators, bases, salts,
hydrocarbons.
1. A mixture in which one substance is dissolved in another substance is a ....
2. When alcohol is the solvent, the solution is called a ....
3. Two main factors that affect the solubility of a solute are ... and ....
4. A ... ... is a solution that contains all the solute it can possibly hold at a given
temperature.
5. Compounds that show a definite color change when mixed with an acid or a base
are ....
6. ... turn litmus paper from red to blue and phenolphthalein to bright pink.
7. When acids react chemically with bases, they form a class of compounds called ....
8. Butane, propane and octane are members of a large group of organic compounds

known as ....

IV. Answer the following questions:

1. Define the following terms:

a) solution;

b) solvent;

c) solute.

2. Why does a solid solute usually dissolve faster when it is in the form tiny crystals?
Why do most solid solutes dissolve faster when the solute and solvent are stirred
together?

3. Define the following terms:

a) saturated solution;

b) solubility;

C) supersaturated solution;

d) unsaturated solution.

4. What are electrolytes and nonelectrolytes?

5. List the common properties of water solutions of acids.

6. List the common properties of water solutions of bases.

7. What is a neutralization reaction?



8. Give a definition of pH.

9. What are organic compounds?

10. What is the difference between a molecular formula and a structural formula?

11. Describe the group of compounds known as saturated hydrocarbons or alkanes.

12. What is the distinguishing characteristic of a compound that is classed as an alkene?

13. What is an alcohol? An organic acid? An ester?

V. Make written translation into Ukrainian of the text “Acids and Bases”.

V1. Translate into English:
1. OxHi€ro 3 HABaXIMBINIMX 1 HAOAraTIX POJAMH XIMIYHUX PEYOBUH € POJAMHA KHUCIIOT,
OCHOB 1 COJIEH.
2. Po3uuH — 11€ cyMilll, B SIKif OJTHa PEUOBHHA PO3UMHSIIETHCS B 1HIIIN.
3. HalimomwupeHiMy po34rMHaMHU € Ti, B SIKUX PO3YMHHUKOM € pPiJIMHA.
4. Yci po3unHU MatoTh Ki1IbKa OCHOBHUX BJIACTHUBOCTEH.
5. HaliBa)XJIMBIILIOIO BJIACTUBICTIO PO3YHMHY € MOr0 3JaTHICTh UM HE3JATHICTH IPOBOJUTH
EJEKTPUYHUN CTPYM.
6. Pe4yoBHMHHU, BOJHI PO3UMHHU SKHUX MPOBOJATH EJIEKTPUUHUA CTPYM, HA3UBAIOTHCA
€JICKTPOJTITAMHU.
7. Ha po34MHHICTH pO3YMHY BIUIMBAIOTH JIBA OCHOBHI (DaKTOpH: TeMIlepaTypa 1 TUCK.
8. Konu KKCIIOTH BCTyNaroTh B PEAKIII0 3 OCHOBAMHU, BOHU YTBOPIOIOThH KJIaC pEYOBUH, SIKi
HA3HMBAIOTHCS COJSIMMU.
9. Peakiiss KHCJIOTH 3 OCHOBOIO YTBOPIOE CUIb 1 BOJMY 1 HA3UBAETHCS PEAKIIIEIO
HeHTpam3anii.
10. PeuoBMHM 3 OJHAKOBOI MOJEKYJISPHOIO (OPMYJIOI ajie Pi3HOK CTPYKTYPOIO

Ha3UBAIOTHCS 130MEpPaMH.



Petrochemical Technology
4.1 What Is Petroleum?

Have you ever seen a movie in which a group of people gathered around a well
were shouting and cheering as a thick black liquid was rising up through the ground
and spurting high into the air? Or have you ever read about geologists who study the
composition of the Earth in an attempt to find oil? If so, you may have realized—
correctly so—that crude oil is a rather valuable substance. This sought-after crude oil,
one form of petroleum, has been called black gold because of its tremendous impor-
tance. Fuels made from petroleum provide nearly half the energy used in the world.
And thousands of products—from the bathing suit you wear when swimming to the
toothpaste you use when brushing your teeth—are made from this petroleum.

Petroleum is a substance believed to have been formed hundreds of
millions of years ago when layers of dead plants and animals were buried
beneath sediments such as mud, sand, silt, or clay at the bottom of the
oceans. Over millions of years, heat and great pressure changed the plant
and animal remains into petroleum. Petroleum is a non renewable
resource. A nonrenewable resource is one that cannot be replaced once it is
used up. There is only a certain amount of petroleum in existence. Once the
existing petroleum is used up, no more will be available.

Despite the huge variety of products obtained from petroleum, few people ever
see the substance itself. The liquid form that gushes from deep within the Earth is a
mixture of chemicals called crude oil. Petroleum can also be found as a solid in
certain rocks and sand. It has been called black gold because it is usually black or
dark brown. But it can be green, red, yellow, or even colourless. Petroleum may flow
as easily as water, or it may ooze slowly— like thick tar. The colour and thickness of
petroleum depend on the substances that make it up.

Separating Petroleum into Parts

By itself, petroleum is almost useless. But the different parts, or fractions, of
petroleum are among the most useful chemicals in the world. Petroleum is separated
into its useful parts by a process called fractional distillation. The process of
distillation involves heating a liquid until it vaporizes (changes into a gas) and then



allowing the vapor to cool until it condenses (turns back into a liquid). The differ-
ent fractions of petroleum have different boiling points. So each fraction vaporizes
at a different temperature than do the others. The temperature at which a substance
boils is the same as the temperature at which it condenses. So if each fraction
vaporizes at a different temperature, then each fraction will condense back to a
liquid at a different temperature. By removing, or drawing off, each fraction as it
condenses, petroleum can easily be separated into its various parts.

Fractional distillation of petroleum is done in a fractionating tower. The process
of separating petroleum into its fractions is called refining. Refining petroleum is
done at a large plant called a refinery. At a refinery, fractionating towers may rise 30
meters or more. Fig. 4.1 shows a fractionating tower. Petroleum is piped into the
base of the fractionating tower and heated to about 385°C. At this temperature, which is
higher than the boiling points of most of the fractions, the petroleum vaporizes.

When the petroleum vaporizes, the fractions

FRACTIONATING TOWER . .
rise up the tower. As they rise, they cool and

condense. Some fractions condense at high

temperatures. These fractions condense right away

near the bottom of the tower and are drawn off into

| @ Kerosene

4

““ collecting vessels. Other fractions continue to rise
in the tower. These fractions are drawn off at higher

levels in the tower. As a result of this vaporization-

condensation process, the various fractions of
petroleum are separated and collected.

You will notice in Fig. 4.1 that asphalt is

collected at the bottom of the fractionating tower.

Asphalt requires a temperature even higher than

385°C to vaporize. When the other fractions vaporize,
asphalt is left behind as a liquid that runs out of

the bottom of the tower. Which fraction in the

tower condenses at the lowest temperature?

Fig. 4.1 Fractionating tower



Petroleum Products

Asphalt—the main material used for building roads—is one product that comes
directly from petroleum. Wax, used in furniture polish and milk cartons, is another.
Asphalt and wax fall into the category of raw materials that come from the separation
of petroleum and are used in manufacturing. Many of the other raw materials in this
category, however, are converted to chemicals from which a variety of products—
ranging from cosmetics to fertilizers—are made.

Another group of petroleum products includes lubricants.

Lubricants are substances that reduce friction between moving parts of
equipment.

The oil applied to the gears of a bicycle is an
example of a lubricant. Lubricants are used in many machines— from delicate
scientific equipment to the landing gear of an aircratft.

The greatest percentage of petroleum products includes fuels. Fuels made
from petroleum burn easily and release a tremendous amount of energy, primarily in
the form of heat. They are also easier to handle, store, and transport than are other
fuels, such as coal and wood. Petroleum is the source of nearly all the fuels used
for transportation and the many fuels used to produce heat and electricity.

Vocabulary notes:

to spurt — 6utu ctpymeHem,
geologist — reoJior,

crude oil — Heounmena Hadra,
sought-after — 6axxanuii,
petroleum — Hadra,
sediment —
BIJIKJIaICHHS,

silt — mym, ocan,
nonrenewable —
BITHOBIIFOETHCH,
fuel — manuBo, maneHe,

to gush — ¢ponTanyBaru,
t0 00Z€ — MOBIJILHO TEKTH,
tar — cmoia,

ocaaoBa mnmopoaa,

TaKdM, 10 HE

fraction — ¢paxiis,

fractional distillation - dpakmiiina
JUCTHIIALS,

to draw off — BigBoauTH,

fractionating tower — ouncHa Bexa,
refining — ounmenHs,

refinery — ouniienus,

vessel — mocynuna,

asphalt — acanbt,

wax — napadiH, BiCK,

milk carton — maker mosoxka,

lubricant — mactuio,

friction — repTs,

years — mectepHs, 3y0dacTta mepenaya.



4.2 Petrochemical Products
Paint a picture, pour milk from a plastic container, or put on a pair of sneakers
and you are using a product made from petroleum, or a petrochemical product.

Polymer Chemistry

The petrochemical products that are part of |
Monomer

your life come from the chemicals produced from

petroleum. Petrochemical products usually consist

of molecules that take the form of long chains. N

Each link in the chain is a small molecular unit
called a monomer. The entire molecule chain is
called a polymer.

The types of monomers and the length and

Monomer

shape of the polymer chain determine the physical
POLYMER

properties of the polymer. Manufacturers of
petrochemical products join monomers together to  Fig. 4.2 Making up of a polymer.
build polymers. A general term for this process is polymer chemistry.
Natural Polymers
Most of the polymers are made from petrochemicals. Some polymers, however,
do occur in nature. Cotton, silk, wool, and natural rubber are all natural polymers.
Cellulose and lignin, which are important parts of wood, are natural polymers. In
fact, all living things contain polymers. Yes—that includes you! Protein, an essential
ingredient of living matter, is a polymer. The monomers from which proteins are
made are called amino acids. Combined in groups of one hundred or more units,
amino-acid monomers form many of the parts of your body—from hair to heart
muscle.
Synthetic Polymers
The first polymer was manufactured in 1909. Since then, polymerization has come
a long way. Polymerization is the process of chemically bonding monomers to form
polymers. Most early polymers consisted of fewer than two hundred monomers.

Today's polymers may contain thousands of monomers. The many ways in which



these monomers can be linked may be very complex. They include single chains,
parallel chains, intertwining chains, spirals, loops, and loops of chains!

Polymers produced from petrochemicals are called synthetic polymers.
Something that is synthetic does not exist naturally. Instead it is made by people.
Polymer chemistry has produced synthetic materials that are strong, lightweight, heat
resistant, flexible, and durable (long lasting). These properties give polymers a wide
range of applications.

Although the term polymer may be new to you, you will soon discover that
many polymers produced from petrochemicals are familiar to you. For example,
petrochemical products such as synthetic rubber and plastic wrap are synthetic
polymers. Synthetic polymers are used to make fabrics such as nylon, rayon, Orlon,
and Dacron. Plastics—used in products from kitchen utensils to rocket engines—are
petrochemical products made of polymers.

In medicine, polymers are used as substitutes for human tissues, such as bones
and arteries. These polymers must last a lifetime and must withstand the wear and tear
of constant use. Polymer adhesives, rather than thread, may be used to hold clothes
togather. Polymers are replacing glass, metal, and paper as containers for food. The
cup of hot chocolate you may have held today did not burn your hand
because it was made of a white insulating polymer. Polymer materials are also used to
make rugs, furniture, wall coverings, and curtains. Look around and see how many
polymers you can spot. And remember: You have petroleum to thank for all these
useful materials.

Polymer materials also can be mixed and matched to produce substances with
unusual properties.

Different plastics and synthetic fibers are combined to make puncture-proof tires
and bulletproof vests. Layers of polymer materials can be combined to make
waterproof rain gear.

Polymer chemistry is also important in the transportation industry. Every year
the number of polymer parts in cars, planes, and trains increases. A plastic car

engine has been built and tested. This engine is lighter, more fuel efficient, and



more durable than a metal engine. As you can see, polymers made from petroleum

are extremely important today. And they will be even more important in the future.

Vocabulary notes:

sneakers — kpociBku,

monomer — MmoHoMmep,

polymer — monimep,

natural rubber — npupoauuii kayuyxk,
natural polymer — npupoanuii mosimep,

cellulose — nienronosa,

lignin — mirxiHx,
protein — mporeiHx,
ingredient -

KOMITOHECHT,

amino acids — aMiHO KHCIIOTH,
polymerization — momimepu3artis,
intertwining — neperuieTeHHsI,

spiral — cmipaurs,

loop — nmeTs,

synthetic polymer — mry4nuii mosimep,
plastic wrap — mryyna o6ropTka,

CKJIaaoBa JaCTHUHA,

fabric — tkanuna,

nylon — wefinow,

rayon — Bicko3a,

Orlon — opioH,

Dacron — nakpoH,

kitchen utensils — kyxoHHe HauYKMHHS,
rocket engine — pakeTHui IBHUIYH,
human tissue — aroncpka TKaHUHA,

to withstand — nmpotucrosTH,

adhesive — xJieif, KJIeroua pedoBrHa,
insulating — i3omror0uni,

rug — KUJINMOK,

fiber — BosokHoO,

puncture-proof tire — HempoOuBHa
IIMHA,

bullet proof vest — kynenenpoOuBHUI
KHJICT.

I. Key terms. Read, translate and memorize the following definitions:

Petroleum — nagpma — substance believed to have been formed hundreds of millions

of years ago when dead plants and animals were buried beneath sediments such as mud,

sand, silt, or clay at the bottom of the oceans; crude oil.

Fraction — ¢ppaxyis — petroleum part with its own boiling point.

Refining — ouuwenns — process of separating petroleum into its fractions.

Petrochemical product — nagpmoximiunuit npooyxm — product made either directly

or indirectly from petroleum.

Monomer — mornomep — smaller molecule that joins with other smaller molecule to

form a chain molecule called a polymer.

Polymer — nonimep — large molecule in the form of a chain whose links are smaller

molecules called monomers.

Natural polymer — npupoowniu nonimep — polymer molecule found in nature, for

example, cotton, silk, and wool.

Polymerization — noximepuzayis — process of chemically bonding monomers to

form polymers.



Synthetic polymer — wmyunuit nonimep — polymer that does not occur naturally;

formed from petrochemicals by people.

I1. Match the chemical terms on the left with their correct definitions on the right.

petroleum large molecule in the form of a chain whose links are smaller
molecules called monomers;

monomer process of chemically bonding monomers to form polymers;

polymer substance believed to have been formed hundreds of millions of years

ago when dead plants and animals were buried beneath sediments

such as mud, sand, silt, or clay at the bottom of the oceans; crude oil,

natural polymer

polymer that does not occur naturally; formed from petrochemicals

by people;

synthetic polymer

smaller molecule that joins with other smaller molecule to form a

chain molecule called a polymer;

polymerization

polymer compound found in nature.

I11. Fill in the blanks from the words below. Translate the sentences into Ukrainian:

Petroleum, fractional distillation, fractionating tower, natural, synthetic, refining.
1. ... 1s called black gold.

. Petroleum is separated into its useful parts by a process called ... ....

. Fractional distillation of petroleum is doneina ... ....

. Cotton, silk, wool and natural rubber are all ... polymers.

2
3
4. The process of separating petroleum into its fractions is called ....
5
6

. Polymers produced from petrochemicals are called ... polymers.

> w e

IV. Answer the following questions:

What is petroleum? Why is it so important?
Describe the process of fractional distillation.
Give some examples of petroleum products.

What is the difference between monomers and polymers?




5. Give some examples of natural polymers.
6. How are synthetic polymers used?

7. What is polymerization?

V. Make written translation into Ukrainian of the text “Petroleum Products”.

Radioactive Elements
5.1 Radioactivity

Some discoveries are made by performing experiments to find out whether
hypotheses are true. Other discoveries are stumbled upon purely by accident. The
majority of scientific discoveries, however, are a combination of the two—both
genius and luck. One such discovery was made by the French scientist Henri Becquerel
in 1896. Becquerel was experimenting with a uranium compound to determine
whether it gave off X-rays. His experiments did indeed provide evidence of X-rays. But
they also showed something else—something rather exciting. Quite by accident,
Becquerel discovered that the uranium compound gave off other types of rays that
had never before been detected. Little did Becquerel know then that these mysterious
rays would open up a whole new world of modern science.

An Illluminating Discovery

At the time of Becquerel's work, scientists knew that certain substances glowed
when exposed to sunlight. Such substances are said to be fluorescent. Becquerel
wondered whether in addition to glowing, fluorescent substances gave off X-rays.

To test his hypothesis, Becquerel wrapped some photographic film in lightproof
paper (paper that does not allow light through it). He placed a piece of fluorescent
uranium salt on top of the film and the paper and set both in the sun. Becquerel
reasoned that if X-rays were produced by the uranium salt when it fluoresced, the X-
rays would pass through the lightproof paper and produce an image on the film. The
lightproof paper would prevent light from reaching the film and creating an image,
however.

When Becquerel developed the film, he was delighted to see an image. The

image was evidence that fluorescent substances give off X-rays when exposed to



sunlight. In order to confirm his results, he prepared another sample of uranium salt
and film to repeat his experiment the following day. But much to his disappointment,
the next two days were cloudy. Impatient to get on with his work, Becquerel decided to
develop the film anyway. What he saw on the film amazed him. Once again there was
an image of the sample, even though the uranium salt had not been made to
fluoresce. In fact, the image on the film was just as strong and clear as the image that
had been formed when the sample was exposed to sunlight.

Becquerel realized that an invisible "something" given off by the salt had gone
through the light-proof paper and produced an image. In time, this invisible
"something” was named nuclear radiation. Becquerel tested many more uranium
compounds and concluded that the source of nuclear radiation was the element
uranium. An element that gives off nuclear radiation is said to be radioactive.

Marie Curie, a Polish scientist working in France and a former student of
Becquerel's, became interested in Becquerel's pioneering work. She and her
husband, French scientist Pierre Curie, began searching for other radioactive
elements. In 1898, the Curies discovered a new radioactive element in a uranium ore
known as pitchblende. They named the element polonium in honor of Marie Curie's
native Poland. Later that year they discovered another radioactive element. They
named this element radium, which means "shining element." Both polonium and
radium are more radioactive than uranium. Since the Curies' discovery of polonium
and radium, many other radioactive elements have been identified and even artificially
produced.

The Nature of Nuclear Radiation

Nuclear radiation cannot be seen. So radioactive elements were difficult to
identify at first. But it was quickly realized that radioactive elements have certain
characteristic properties. The first of these is the property observed by Becquerel.
Nuclear radiation given off by radioactive elements alters photographic film.
Another property of many radioactive elements is that they produce fluorescence in
certain compounds. A third characteristic is that electric charge can be detected in
the air surrounding radioactive elements. Finally, nuclear radiation damages cells in

most organisms.



Today, scientists use the term radioactivity to describe the phenomenon
discovered by Becquerel. Radioactivity is the release of nuclear radiation in the
form of particles and rays from a radioactive element. The radiation given off by
radioactive elements consists of three different particles or rays. The three types of
radiation have been named alpha particles, beta particles, and gamma rays after the

first three letters of the Greek alphabet.

Paper Aluminum r
e p Concrete
container A

Radioactive >0 \. ]

sample

Fig.5.1 The three types of radiation.

ALPHA PARTICLES An alpha particle is actually the nucleus of a helium atom—2
protons and 2 neutrons. An alpha particle has a positive charge because it contains
2 positive protons and no other charges. Alpha particles are the weakest type of nu-
clear radiation. Although they can burn flesh, alpha particles can be stopped by a
sheet of paper.

BETA PARTICLES A beta particle is an electron. However, a beta particle should
not be confused with an electron that surrounds the nucleus of an atom. A beta
particle is an electron that is formed inside the nucleus when a neutron breaks
apart. Beta particles have a penetrating ability 100 times greater than alpha particles.
Beta particles can pass through as much as 3 millimeters of aluminum.

GAMMA RAYS A gamma ray is an electromagnetic ~ wave of extremely high
frequency and short wavelength. Gamma rays are the same kind of waves as the
visible light that enables you to see. That is, both are forms of electromagnetic

waves. Gamma rays, however, carry a lot more energy. They are the most penetrating



radiation given off by radioactive elements. Gamma rays can pass through several
centimeters of lead.

Vocabulary notes:

hypothesis — rimoTe3a, polonium — moJoHii,

to stumble upon — HatkHyTHCS Ha, radium — paniii,

uranium — ypasx, to detect — mocmipKyBaru,

X-ray — peHTI¢HIBChbKE IIPOMIHHS, radioactivity — pa1ioaKTHBHICTb,

to glow — cBiTuTHCH, alpha particle — anb(a yacrouka,
fluorescent — ¢uyopeceHTHHIA, beta particle — 6eTa yacTouka,

lightproof paper — cBiTioHenPOOUBHUIA gamma ray — rama IpOoMiHb,

narip, helium atom — aTom remiro,

film — mniBka, flesh — m'sico,

sample — 3pa3ok, aluminum — amomiHii,

nuclear radiation — sinepHa peakiiis, electromagnetic wave -
radioactive — paioakTHBHHIA, CJICKTPOMAarHiTHA XBHJIA,

pitchblende — ypasnir, lead - CBHUHEIIb, OJIOBO

5.2 Nuclear Reactions

Although Becquerel and the Curies observed radioactivity, they could not
explain its origin. The reason for this is understandable: The source of radioactivity
is the nucleus of an atom. But Becquerel discovered radioactivity well before the
nucleus was discovered. Several years after Becquerel's and the Curies' work, it was
determined that radioactivity results when the nuclei of atoms of certain elements
change, emitting particles and/or rays. What still remained unknown, however, was
what makes a nucleus break apart and why only some elements are radioactive.

Nuclear Stability

The answers to these puzzling questions would be found in the atom—
specifically, in the nucleus. The nucleus of an atom contains protons and neutrons.
Protons are positively charged particles. Neutrons are neutral particles; they have no
charge. It is a scientific fact that particles with the same charge (positive or negative)
repel each other. Thus protons repel each other. How, then, does the nucleus hold
together? A force known as the nuclear strong force overcomes the force of repulsion
between protons and holds protons and neutrons together in the nucleus. The
energy associated with the strong force is called binding energy.

The binding energy is essential to the stability of a nucleus. In some atoms, the
binding energy is great enough to hold the nucleus together permanently. The



nuclei of such atoms are said to be stable. In other atoms, the binding energy is not
as great. The nuclei of these atoms are said to be unstable. An unstable nucleus will
come apart. Atoms with unstable nuclei are radioactive.

Some elements that are not radioactive have radioactive forms, or isotope.

Fig.5.2 Nucleus structure of helium, lithium and carbon.

What is an isotope? The number of protons in the atoms of a particular element
cannot vary. An atom is identified by the number of protons it contains. (The
number of protons is called the atomic number.) Carbon atoms would not be carbon
atoms if they had 5 protons or 7 protons—only 6 protons will do. Yet there are some
carbon atoms that have 6 neutrons, and others that have 8 neutrons. The difference
in the number of neutrons affects the characteristics of the atom but not its identity.
Atoms that have the same number of protons (atomic number) but different numbers
of neutrons are called isotopes.

Many elements have at least one radioactive isotope. For example, carbon has
two common isotopes—carbon-12 and carbon-14. Carbon-12, which you are familiar
with as coal, graphite, and diamond, is not radioactive. Carbon-14, used in dating
fossils, is radioactive. Fig. 5.3 shows the radioactive and nonradioactive isotopes of
some common elements.

Becoming Stable
Imagine a large rock hanging over the edge of a cliff. How might you describe
the rock's precarious position? You would probably say it is unstable, meaning that it

cannot remain that way for long. Most likely, the rock will fall to the ground below,



where it will be in a stable condition. Once it has fallen, the rock will certainly never
move itself back to the cliff. Perhaps now you can think of an answer as to why an

unstable nucleus breaks apart

NONRADIOACTIVE AND RADIOACTIVE ISOTOPES
OF SOME COMMON ELEMENTS
Element Nonradioactive Radioactive
Isotope Isotope
Hydrogen 1 proton 1 proton
O neutrons 2 neutrons
Helium 2 protons 2 protons
2 neutrons 4 neutrons
Lithium 3 protons 3 protons
4 neutrons 5 neutrons
Carbon 6 protons 6 protons
. 6 neutrons 8 neutrons
L - - -
Nitrogen 7 protons 7 protons
7 neutrons 9 neutrons
Oxygen 8 protons 8 protons
8 neutrons 6 neutrons
Potassium 19 protons 19 protons
20 neutrons . 21 neutrons

Fig.5.3 Nonradioactive and radioactive isotopes of some common elements.
Becoming Stable

Imagine a large rock hanging over the edge of a cliff. How might you describe
the rock's precarious position? You would probably say it is unstable, meaning that it
cannot remain that way for long. Most likely, the rock will fall to the ground below,
where it will be in a stable condition. Once it has fallen, the rock will certainly never
move itself back to the cliff. Perhaps now you can think of an answer as to why an
unstable nucleus breaks apart.

A nucleus that is unstable can become stable by undergoing a nuclear
reaction, or change. There are four types of nuclear reactions that can occur. In

each type, the identity of the original element is changed as a result of the reaction.



Radioactive Decay

The process in which atomic nuclei emit particles or rays to become lighter and
more stable is called radioactive decay. Radioactive decay is the spontaneous breakdown
of an unstable atomic nucleus. There are three types of radioactive decay, each
determined by the type of radiation released from the unstable nucleus.

ALPHA DECAY Alpha decay occurs when a nucleus releases an alpha particle. The
release of an alpha particle (2 protons and 2 neutrons) decreases the mass number
of the nucleus by 4. The mass number is the sum of the number of protons and
neutrons in the nucleus. Each proton and each neutron has a mass of 1. The release
of an alpha particle decreases the number of protons, or the atomic number, by 2.
Thus the original atom is no longer the same. A new atom with an atomic number
that is 2 less than the original is formed.

An example of an element that undergoes alpha decay is an isotope of uranium
called uranium-238. The number 238 to the right of the hyphen is the mass number

for this particular nucleus. An isotope of an element is often represented by using the

element's symbol, mass number, and atomic number.

Alpha Decay
The mass number is written to the upper left of the ——
adioactive
symbol. At the lower left, the atomic number (or %éf”s 3 \@
number of protons) is written. Uranium has 92 e T
o . particle
protons. So this is the way uranium-238 would be
. Beta Decay
represented: r——
238 nucleus
20 B > B
The number of neutrons in the nucleus can be Sgitailcle
determined by subtracting the number of protons Gamma Decay
Radioactive

from the mass number. In this example, the number nucleus

of neutrons is the mass number 238 minus the @ £ @
Gamma

number of protons, 92, or 146 (238 - 92 = 146). rays

Fig.5.4 Three types of
decay processes
When uranium-238 undergoes alpha decay, or loses an alpha particle, it

changes into an atom of thorium (Th), which has 90 protons and 144 neutrons. What

is the mass number of thorium?



BETA DECAY Beta decay occurs when a beta particle is released from a
nucleus. As you have learned, a beta particle is an electron formed inside the nu-
cleus when a neutron breaks apart. The other particle that forms when a neutron
breaks apart is a proton. So beta decay produces a new atom with the same mass
number as the original atom but with an atomic number one higher than the
original atom. The atomic number is one higher because there is now an additional
proton.

An example of an element that undergoes beta decay is carbon-14. An atom
of carbon-14 has 6 protons and 8 neutrons. During beta decay it changes into an
atom of nitrogen-14. An atom of nitrogen-14 has 7 protons and 7 neutrons.

When a nucleus releases either an alpha particle or a beta particle, the
nucleus becomes stable. The process in which one element is changed into
another as a result of changes in the nucleus is known as transmutation. The
word transmutation comes from the word mutation, which means change, and the
prefix trans-, which means through.

GAMMA DECAY Alpha and beta decay are almost always accompanied by
gamma decay, which involves the release of a gamma ray. When a gamma ray is
emitted by a nucleus, the nucleus does not change into a different nucleus. But
because a gamma ray is an extremely high-energy wave, the nucleus makes a
transition to a lower energy state.

Radioactive Half-Life
A sample of any radioactive element consists of a vast number of radioactive
nuclei. These nuclei do not all decay at one time. Rather, they decay one by one over
a period of time at a fixed rate. The fixed rate of decay of a radioactive element is
called the half-life. The half-life is the amount of time it takes for half the atoms in
a given sample of an element to decay.

The half-life of carbon-14 is 5730 years. In 5730 years, half the atoms in a
given sample of carbon-14 will have decayed to another element: nitrogen-14. In yet
another 5730 years, half the remaining carbon-14 will have decayed. At that time,
one fourth—or one half of one half—of the original sample will be left. One fourth
of the original sample will be carbon-14, and three fourths will be nitrogen-14.



Suppose you had 20 grams of pure barium-139. Its half-life is 86 minutes. So
after 86 minutes, half the atoms in the sample would have decayed into another
element: lanthanum-139. You would have 10 grams of barium-139 and 10 grams of
lanthanum-139. After another 86 minutes, half the atoms in the 10 grams of barium-
139 would have decayed into lanthanum-139. You would then have 5 grams of

barium-139 and 15 grams of lanthanum-139.

1/2 Decay 3/4 Decay 7/8 Decay
element element element
|

Second
half-life
hadl Y

Third
i half-life

—

Radioactive 1/2 Radioactive 1/4 Radioactive 1/8 Radioactive
element element element element

Fig.5.5 The half-life of a radioactive element.

. ; N ) . . HALF-LIVES OF SOME
The half-lives of certain radioactive isotopes are useful in | RAPIOACTIVE ELEMENTS

Element Half-Life

determining the ages of rocks and fossils. Scientists can use the

Bismuth-212 60.5 minutes

half-life of carbon-14 to determine the approximate age of | cawonis 5730 years

organisms and objects less than 50,000 years old. The | ©Womese  o00veas

R . . . R Cobalt-60 5.26 years
technique is called carbon-14 dating. Other radioactive
lodine-131 | 8.07 days
elements, such as uranium-238, can be used to date objects | . s  1450ue
many millions of years old. Polonium-215 | 0.0018 second |
: !
Half-lives vary greatly from element to element. Some half- | == 2fes=end
Radium-226 1600 years
lives are only seconds; others are billions of years. For example, ,
Sodium-24 15 hours
the half-life of rhodium-106 is 30 seconds. The half-life of | venumess 710 milionyears
uranium-238 is 4.5 billion years! o e il sl

Fig.5.6 Half-lives of
radioactive elements.
Decay Series

As radioactive elements decay, they change into other elements. These elements
may in turn decay, forming still other elements. The spontaneous breakdown
continues until a stable, nonradioactive nucleus is formed. The series of steps by

which a radioactive nucleus decays into a nonradioactive nucleus is called a decay



series. Fig. 5.7 shows the decay series for uranium. What stable nucleus results from
this decay series?

Because of the occurrence of decay series, certain radioactive elements are
found in nature that otherwise would not be. In the 5-billion-year history of the solar
system, many isotopes with short half-lives have decayed quickly. Thus they should

not exist in nature today.
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Fig.5.7 The decay series for uranium-238.

This is hardly the case, however. For example, radium, whose half-life is 1600
years, should have disappeared long ago. Yet it still exists on Earth today. This is
because radium is part of the decay series for an isotope with a much longer half-
life: uranium-238. Recall that uranium-238 has a half-life of 4.5 billion years.

Artificial Transmutation

Once scientists understood how natural transmutation occurred, they worked to
produce artificial transmutation. The key was to find a way to change the number of
protons in the nucleus of an atom. Ernest Rutherford, the same scientist who
discovered the nucleus of the atom, produced the first artificial transmutation. By
using alpha particles emitted during the radioactive decay of radium to bombard (hit
forcefully) nitrogen nuclei, he produced an isotope of oxygen.

Getting the particles to hit the target nuclei with enough force to alter them is
extremely difficult. In order to more effectively bombard nuclei with high-energy

particles, scientists have developed devices for accelerating (speeding up) charged



particles. One such device is the supercollider. Other devices are the cyclotron,
synchrotron, betatron, and linear accelerator. These devices use magnets and electric
fields to speed up particles and produce collisions.

Before the discovery of the neutron in 1932, mainly alpha particles and protons
were used as the "bullets" to bombard nuclei. But because both these particles are
positively charged, they are repelled by the positive charge of the target nucleus. A
large amount of extra energy is required simply to overcome this repulsion.

Enrico Fermi, an Italian scientist, and his co-workers realized that because
neutrons are neutral, they are not repelled by the nucleus. These researchers
discovered that neutrons can penetrate the nucleus of an atom more easily than a
charged particle can. Neutrons can go through the nucleus without changing it; they
can cause the nucleus to disintegrate; or they can become trapped by the nucleus,
causing it to become unstable and break apart.

After a great deal of experimentation, the elements neptunium and plutonium
were created. They were the first transuranium elements. Transuranium elements (also
known as synthetic elements) are those with more than 92 protons in their nuclei. In
other words, transuranium elements have atomic numbers greater than 92. A whole
series of transuranium elements have been formed by bombarding atomic nuclei with
neutrons, alpha particles, or other nuclear "bullets."

Radioactive isotopes of natural elements can be made by using a similar
technique. Marie Curie's daughter, Irene, and Irene's husband, Frederic Joliot,
discovered that stable atoms can be made radioactive when they are bombarded with
neutrons. For example, by shooting neutrons at the nucleus of an iodine atom,

scientists have been able to make 1-131, a radioactive isotope of iodine.

Vocabulary note:

to emit — BunpomiHiOBaTH, fossil — ckam'sHiTiCTh, KOMAIMHA, BUKOII,
to repel — BigmroBxyBatu, precarious — HeOe3euHHiA,

force of repulsion — cuIIa mass number — MacoBe 4KcIIo,
BiJIIIITOBXYBAHHS, radioactive decay - pasgioakTUBHUIA
stable nuclear — crabinbHe sapo, po3sma,

unstable nuclear — necrabinbhe spo, spontaneous — MUMOBIIBHHUH,

isotope — i3oTor, breakdown — po3map,

atomic number — atoMHuit HOMep, to decrease — 3MeHIITyBaTH,



hyphen — nedic,

to subtract — Biguimary,

thorium — Topiii,

nitrogen — a3or,

transmutation — mepeTBopeHHs,
fixed rate — ¢ikcoBaHa MBHIKICTD,
half-life — nepion naniBpo3many,
barium — 6apiii,

lanthanum — nmanTan,

rhodium — poiit,

to bombard — 6om6apyBaTH,
to accelerate — mpuckoproBary,
cyclotron — mukIIOTPOH,
synchrotron — cuaXpoTpOH,
betatron — 6erarpos,

linear  accelerator -
IIPUCKOPIOBaY,

to disintegrate — po3namarucs,
neptunium — HeNnTyHii,
plutonium — mIyToHIiH,

JHHIAHUA

decay series — psag  pagioOaKTHBHHX transuranium element — TpancypaHoBHii
IEPETBOPEHb, CIIEMECHT.

artificial transmutation - mry4yHe

IICPETBOPCHHS,

5.3 Harnessing the Nucleus

Radioactive decay and the bombardment of a nucleus with particles are two
ways in which energy is released from the nucleus of an atom. The amount of
energy released, however, is small compared with the tremendous amount of energy
known to bind the nucleus together. Long ago, scientists realized that if somehow
they could release more of the energy holding the nucleus together, huge amounts of
energy could be gathered from tiny amounts of mass.

Nuclear Fission

During the 1930s, several other scientists built upon the discovery of Fermi
and his co-workers. In 1938, the German scientists Otto Hahn and Fritz Strassman
discovered that when the nucleus of an atom of uranium-235 is struck by a neutron,
two smaller nuclei of roughly equal mass were produced. Two other scientists, Lise
Meitner and Otto Frisch, provided an explanation for this event: The uranium
nucleus had actually split into two. What made the discovery and the explanation so
startling was that until then the known nuclear reactions had involved only knocking
out a tiny fragment from the nucleus—not splitting it into two!

This reaction—the first of its kind ever to be produced—is an example of
nuclear fission. It was so named because of its resemblance to cell division, or
biological fission. Nuclear fission is the splitting of an atomic nucleus into two
smaller nuclei of approximately equal mass. Unlike radioactive decay, nuclear

fission does not occur spontaneously.



In one typical fission reaction, an uranium-235 nucleus is bombarded by a
neutron, or nuclear "bullet." The products of the reaction are a barium-141 nucleus
and a krypton-92 nucleus. Three neutrons are also released: the original "bullet"
neutron and 2 neutrons from the uranium nucleus.

The amount of energy released when a single uranium-235 nucleus splits is not
very great. But the neutrons released in the first fission reaction become nuclear

"bullets" that are capable of splitting otheruranium-235 nuclei.
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Fig. 5.8 Bombardment of a uranium-235 nucleus with a neutron.

Each uranium nucleus that is split releases 3 neutrons. These neutrons may
then split even more uranium nuclei. The continuous series of fission reactions is
called a nuclear chain reaction. Ina nuclear chain reaction, billions of fission reac-
tions may take place each second!

When many atomic nuclei are split in a chain reaction, huge quantities of
energy are released. This energy is produced as a result of the conversion of a small
amount of mass into a huge amount of energy. The total mass of the barium,
krypton, and 2 neutrons is slightly less than the total mass of the original uranium
plus the initial neutron. The missing mass has been converted into energy. An
uncontrolled chain reaction produces a nuclear explosion. The atomic bomb is an

example of an uncontrolled chain reaction.



All currently operating nuclear power plants use fission reactions to produce
energy. The energy is primarily in the form of heat. The heat is carried away and
used to produce electricity.

Nuclear Fusion

Another type of nuclear reaction that certain radioactive elements can undergo
Is called nuclear fusion. Like fission, this kind of nuclear reaction produces a great
amount of energy. But unlike fission, which involves the splitting of a high-mass
nucleus, this reaction involves the joining of two low-mass nuclei. The word fusion
means joining together. Nuclear fusion is the joining of two atomic nuclei of
smaller masses to form a single nucleus of larger mass.

Nuclear fusion is a thermonuclear reaction. The prefix thermo- means heat.
For nuclear fusion to take place, temperatures well over a million degrees Celsius
must be reached. At such temperatures, the phase of matter known as plasma is
formed. Plasma consists of positively charged ions, which are the nuclei of original
atoms, and free electrons.

The temperature conditions required for nuclear fusion exist on the sun and on
other stars. In fact, it is nuclear fusion that produces the sun's energy. In the sun's
core, temperatures of about 20 million degrees Celsius keep fusion going
continuously. In a series of steps, hydrogen nuclei are fused into a helium-4 nucleus.
See Fig. 5.9.

Nuclear fusion produces a tremendous amount of energy. The energy comes
from matter that is converted into energy during the reaction. In fact, the products
formed by fusion have a mass that is about 1 percent less than the mass of the
reactants. Although 1 percent loss of mass may seem a small amount, its conversion
produces an enormous quantity of energy.

Nuclear fusion has several advantages over nuclear fission. The energy
released in fusion reactions is greater for a given mass than that in fission reactions.
Fusion reactions also produce less radioactive waste. And the possible fuels used for
fusion reactions are more plentiful. Unfortunately, considerable difficulties exist

with producing useful fusion reactions on Earth.
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Fig.5.9 The process of nuclear fusion.

Fusion reactions are more difficult to begin, to control, and to maintain than
nuclear fission reactions are. After all, no known vessel can contain reactions
occurring at such tremendous temperatures. And such high temperatures are
extremely difficult to achieve. In fact, a hydrogen bomb, which uses fusion, is
started by an atomic bomb, which uses fission. It is the only way of achieving the
necessary temperatures.

Scientists are continuing their search for ways to control this powerful reaction
and to tap a tremendous energy resource. As an example, experiments using high-

powered laser beams and electrons as ways of starting fusion reactions are being

conducted.
Vocabulary notes:
Harnessing - Bukopucranss, nuclear explosion — spepuuii BHOYX,
startling — 1uBOBMXHMIA, atomic bomb — aromua 6oM0a,
nuclear fission — po3yernieHHs, MOILI nuclear fusion — 3auTrH,
aTOMHOTO sJIpa, thermonuclear reaction —
fission reaction - peaxiis TepMOsIZIEpHA peaKIlis,
PO3UYCTUICHHS, plasma — ma3ma,
nuclear chain reaction - saepna core — sapo,
JAHITIOTOBA PEaKIlis, laser beam - nasepHuit TpOMIiHB.

krypton — kpunToH,

5.4 Detecting and Using Radioactivity
Radioactivity cannot be seen or felt. Becquerel discovered radioactivity
because it left marks on photographic film. Although film is still used today to
detect radioactivity, scientists have more specialized instruments for this purpose.
The instruments scientists use to detect and measure radioactivity include the

electroscope, the Geiger counter, the cloud chamber, and the bubble chamber.



Instruments for Detecting and Measuring Radioactivity

ELECTROSCOPE An electroscope is a simple device that consists of a metal rod
with two thin metal leaves at one end. If an electroscope is given a negative charge,
the metal leaves separate. In this condition, the electroscope can be used to detect
radioactivity.

Radioactive substances remove electrons from molecules of air. As a result, the
molecules of air become positively charged ions. When a radioactive substance is
brought near a negatively charged electroscope, the air molecules that have become
positively charged attract the negative charge on the leaves of the electroscope. The
leaves discharge, or lose their charge, and collapse.

GEIGER COUNTER In 1928, Hans Geiger designed an instrument that detects and
measures radioactivity. Named the Geiger counter in honor of its inventor, this
instrument produces an electric current in the presence of a radioactive substance.

A Geiger counter consists of a tube filled with a gas such as argon or helium at
a reduced pressure. When radiation enters the tube through a thin window at one
end, it removes electrons from the atoms of the gas. The gas atoms become positively
charged ions. The electrons move through the positively charged ions to a wire in
the tube, setting up an electric current. The current, which is amplified and fed into
a recording or counting device, produces a flashing light and a clicking sound. The
number off lashes and clicks per unit time indicates the strength of the radiation. A
counter attached to the wire is able to measure the amount of radioactivity by
measuring the amount of current.

CLOUD CHAMBER A cloud chamber contains a gas cooled to a
temperature below its usual condensation point (point at which it becomes a liquid).
When a radioactive substance is put inside the chamber, droplets of the gas condense
around the radioactive particles. The process is similar to what happens in “cloud
seeding," when rain droplets condense around particles that have been injected into
the clouds. The droplets formed around the particles of radiation in a cloud
chamber leave a trail that shows up along the chamber lining. An alpha particle

leaves a short, fat trail, whereas a beta particle's trail is long and thin.



BUBBLE CHAMBER The bubble chamber is similar in some ways to the
cloud chamber, although its construction is more complex. A bubble chamber
contains a superheated liquid. A superheated liquid is hot enough to boil—but does
not. Instead, it remains in the liquid phase. The superheated liquid most often
contained in a bubble chamber is hydrogen.

When radioactive particles pass through the chamber, they cause the hydrogen
to boil. The boiling liquid leaves a trail of bubbles, which is used to track the
radioactive particle.

Putting Radioactivity to Work

Radioactive substances have many practical uses. Dating organic objects, which
you learned about earlier, is one such use. In industry, radioactive isotopes, or
radioisotopes, have additional uses. Radioisotopes can be used to find leaks or weak
spots in metal pipes, such as oil pipe lines. Radioisotopes also help study the rate of
wear on surfaces that rub together. One surface is made radioactive. Then the
amount of radiation on the other surface indicates the wear.

Because radioisotopes can be detected so readily, they can be used to follow an
element through an organism, or through an industrial process, or through the steps
of a chemical reaction. Such a radioactive element is called a tracer, or radiotracer.
Tracers are possible because all isotopes of the same element have essentially the same
chemical properties. When a small quantity of radioisotope is mixed with the naturally
occurring stable isotopes of the same element, all the isotopes go through the same
reactions together.

An example of a tracer is phosphorus-32. The nonradioactive element
phosphorus is used in small amounts by both plants and animals. If phosphorus-32 is
given to an organism, the organism will use the radioactive phosphorus just as it
does the nonradioactive phosphorus. However, the path of the radioactive element can
be traced. In this way, scientists can learn a great deal about how plants and animals
use phosphorus.

Another area in which radioisotopes make an important contribution is in the
field of medicine. The branch of medicine in which radioactivity is used is known as

nuclear medicine. Tracers are extremely valuable in diagnosing diseases. For example,



radioactive iodine—iodine-131—can be used to study the function of the thyroid gland,
which absorbs iodine. Sodium-24 can be used to detect diseases of the circulatory
system. Iron-59 can be used to study blood circulation.

Another procedure, known as radioimmunoassay, developed by Dr. Rosalyn
Yalow—who won the Nobel prize for her work—involves using tracers to detect the
presence of minute quantities of substances in the body. These tests can be used to
detect pregnancy as well as the early signs of a disease. Another powerful research
tool—nuclear magnetic resonance imaging (MRI)—has become invaluable in a
variety of fields, from physics to chemistry and biochemistry. MRI involves recording
changes in the energy of atomic nuclei in response to external energy changes,
without altering the cells of the body in anyway.

Radiation is also used to destroy unhealthy cells, such as those that cause
cancer. Radiation in large doses destroys living tissues, especially cells undergoing
division. Because cancer cells undergo division more frequently than normal cells do,
radiation Kills more cancer cells than it does normal cells. As early as 1904,
physicians attempted to treat masses of unhealthy cells, known as tumors, with high-
energy radiation. This treatment is called radiation therapy. Radioisotopes can also be
used to kill bacteria that cause food to spoil. Radiation was used to preserve the food

that the astronauts ate while on the moon and in orbit.
Dangers of Radiation

Although radioactivity has tremendous positive potential, radioactive
materials must be handled with great care. Radioactive materials are
extremely dangerous. Radiation can ionize—or knock electrons out of—
atoms or molecules of any material it passes through. For this reason, the
term ionizing radiation is sometimes used. So, oddly enough, the same radi-
ation that is used to treat disease can also cause it.

lonization can cause considerable damage to materials, particularly to
biological tissue. When ionization is produced in cells, ions may take part in
chemical reactions that would not otherwise have occurred. This may
interfere with the normal operation of the cell. Damage to DNA is

particularly serious. An alteration in the DNA (substance responsible for



carrying traits from one generation to another) of a cell can interfere with
the production of proteins and other essential cellular materials. The result
may be the death of the cell. If many cells die, the organism may not be
able to survive.

Large doses of radiation can cause reddening of the skin, a drop in the white
blood cell count, and numerous other unpleasant symptoms, including nausea,
fatigue, and loss of hair. Such effects are sometimes referred to as radiation sickness.
Large doses of radiation can also be fatal. Marie Curie's death in 1934 was caused by
exposure to too much radiation.

Even metals and other structural materials can be weakened by intense
radiation. This is a considerable problem in nuclear-reactor power plants and for
space vehicles that must pass through areas of intense cosmic radiation.

We are constantly exposed to low-level radiation from natural sources such as
cosmic rays from space, radioactivity in rocks and soil, and radioactive isotopes that
are present in food and in our bodies.

Today, people who work with radioactive materials take extreme precautions.
They wear radiation-sensitive badges that serve as a warning of unsafe levels of
radiation. Specially designed clothing is worn to block radiation. Scientists continue to
search for greater understanding and control of radiation so that its benefits can be
enjoyed without the threat of danger.

Vocabulary notes:

electroscope — exekTpockor, leak — Teua,

Geiger counter — mumisHuK [eiizepa, rate of wear — piBeHb 3HOIIYBaHHS,

cloud chamber - xamepa Binbcona, tracer — pamioakTHBHUH 1HAMKATOP,
KOHJICHCAIliliHa KaMmepa, phosphorus — docdop,

bubble chamber - Oynp6amkosa nuclear medicine — saepHa MeauIMHA,
Kamepa, thyroid gland — muronoaiona 3amo3a,
metal rod — meraneBuii CTpUKEHB, circulatory system — KkpoBOHOCHa
to collapse — cTuckaTucs, CHCTEMA,

argon — apros, radioimmunoassay -paaioiMMyHOaHaII3,
helium — remii, nuclear magnetic resonance imaging —
to set up — cipuuuHATH, AlepHa Mar”iTHO-pE30HaHCHA
to amplify — mommproBaTucs, Tomorpadis,

droplet — kparms, cancer — pak,

trail — ciip, tumor — nyxJuHa,

to date — naryBarwu, bacterium (pl. —ria) — 6akrepis,

radioisotope — paxuioizoTorr,



onizing  radiation -  ioHi3yroue fatigue — yroma,
BUIIPOMIHIOBaHHS, precaution — oGepexHiCTb,
nausea — Hy0Ta, threat of danger — 3arpo3a HeOe3mekH.

I. Key terms. Read, translate and memorize the following definitions:

Nuclear radiation — so0epna paoiayis — particles and energy released from
radioactive nucleus.

Radioactive — paoioaxmusnuui — description for a nucleus that gives off nuclear
radiation in the form of mass and energy in order to become stable.

Radioactivity — paodioaxmusenicms — release of energy and matter that results from
changes in the nucleus of an atom.

Alpha particle — arvgha uacmouxa — weakest type nuclear radiation; consists of a
helium nucleus released during alpha decay.

Beta particle — 6ema wacmouxa — electron, created in the nucleus of an atom,
released during beta decay.

Gamma ray — eama npomins — high-frequency electro-magnetic wave released
during gamma decay; strongest type of nuclear radiation.

Binding energy — 36 s3yrouu enepeis — energy associated with the strong nuclear
force that holds an atomic nucleus together; related to the stability of a nucleus.

Isotope — izomon — atom that has the same number of protons (atomic number) as
another atom but a different number of neutrons.

Radioactive decay - paodioaxmuenuii posnao — process in which a nucleus
spontaneously emits particles or rays to become lighter and more stable.

Transmutation — nepemeopenns — process in which one element is changed into
another as a result of changes in the nucleus.

Half-life — nepioo nanieposnady — amount of time it takes for half the atoms in a
given sample of an element to decay.

Decay series — cepis posnady — sequence of steps by which a radioactive nucleus
decays into a nonradioactive nucleus.

Artificial transmutation — wmyune nepemsopenns — changing of one element into
another by unnatural means; involves bombarding a nucleus with high-energy particles to

cause change.



Transuranium element — mpancypanosuti  enemenm — element formed
synthetically; has more than 92 protons in its nucleus.

Nucleus fission — posuennenns, nooin amomnozo sopa — splitting of an atomic
nucleus into two smaller nuclei of approximately equal mass.

Nuclear chain reaction — s0epna nanyrocosa peaxyis — series of fission reactions
that occur because the products released during one fission reaction cause fission reactions
in other atoms.

Nuclear fusion — sdepnuii cunmes — joining of two atomic nuclei of smaller mass to
form a single nucleus of larger mass.

Electroscope — exexmpockon — device consisting of a metal rod with two thin metal
leaves at one end that can be used to detect radioactivity.

Geiger counter — miuunvnux [eticepa — device that can be used to detect
radioactivity because it produces an electric current in the presence of a radioactive
substance.

Cloud chamber — kamepa Binvcona — device to study radioactivity, which uses a
cooled gas that will condense around radioactive particles.

Bubble chamber — 6yav6awrosa kamepa — device that uses a superheated liquid to
create bubbles when radioactive particles pass through it.

Radioisotope — padioaxmuenuii izomon — artificially produced radioactive isotope,
often used in medicine or industry.

Tracer - pamioaktuBHHH iHaMKaTtop - radioactive element whose pathway can be

followed through the steps of a chemical reaction or industrial process.

I1. Match the chemical terms on the left with their correct definitions on the right.

nuclear radiation splitting of an atomic nucleus into two smaller nuclei of

approximately equal mass;

alpha particle electron, created in the nucleus of an atom, released during beta
decay;
beta particle weakest type of nuclear radiation; consists of a helium nucleus

released during alpha decay;




gamma ray amount of time it takes for half the atoms in a given sample of an

element to decay;

isotope amount of time it takes for half the atoms in a given sample of an

element to decay;

half-life atom that has the same number of protons (atomic number) as

another atom but a different number of neutrons;

nuclear fission particles and energy released from a radioactive nucleus.

I11. Fill in the blanks from the words below. Translate the sentences into Ukrainian:
Radioactive, X-rays, polonium, alpha particles, beta particles, gamma rays, repel,

transmutation, electroscope, nuclear medicine.

1. An element that gives off nuclear radiation is ....

2. H. Becquerel, a French scientist, experimented with uranium to determine whether
it gave off ....

3. In 1898 Marie Curie and her husband discovered a new radioactive element in
uranium ore known as ....

4. The three types of radiation are: ... ..., ... ..., ... ....

5. Particles with the same charge (positive or negative) ... each other.

6. The process in which one element is changed into another as a result of changes in
the nucleus is known as ....

7. A simple device that consists of a metal rod with two thin metal leaves is an ....

8. The branch of medicine in which radioactivity is used is known as ... ....

IV. Answer the following questions:

1. Define radioactivity.

2. The isotopes of some elements are radioactive. What does the term radioactive
mean?

3. Describe an alpha particle, a beta particle, and a gamma ray. How are they alike?

How are they different?




4. Define the following terms:

a) transmutation;

b) half-life;

c) decay series.

5. Describe nuclear fission and a nuclear chain reaction.

6. Describe nuclear fusion. How do fusion and fission differ?

7. What instruments do scientists use to detect and measure radioactivity?

8. What is the composition of an electroscope? How does it work?

9. Why is nuclear radiation dangerous to humans and other living organisms? Which
type of radiation is most dangerous?

10. How are cancer, genetic damage, and mutation associated with nuclear radiation?

V. Make written translation into Ukrainian of the text “Nuclear Reactions”.

V1. Translate into English:

1. Snpa aTtomMiB MOXYTh NEPETBOPIOBATUCA BHACIHIIOK CaMOPYWHYBaHHA ab0 iXHBOI
B3a€EMO/IIT 3 €IEMEHTAPHUMHU YaCTUHKAMU.

2. Ilix yac spepHUX peakiiii oJIHI XIMIYHI €JIEeMEHTH MEePEeTBOPIOIOTHCS Ha 1HIIII.

3. [lepmry sinepHy peakitito 3aiiicHuB Pezepdopn y 1919 p., mryuno 6omOapayrouu sapa
aTOMIB HITPOT€HY aTOMaMHU Tellii0 (O-4aCTUHKAMHM).

4. Tlpu momomo31 MTYYHUX SAEPHUX PEaKI[iil Bajgocs 100yTH PI3HOBUAM aTOMIB, SIKUX HE
BHSIBJICHO B IIPUPO/II.

5. EnemeHTH, £KI CKJIQAalOThCA JHIIE€ 3 PAAIOAKTUBHUX 130TOMIB, HA3UBAIOTHCS
paaioaKTUBHUMH.

6. SnepnHi peakxiii CyNpOBOKYIOTHCS PaJl0AKTHUBHUM BHUIPOMIHIOBAHHSM, SIKE Mae
BEJIMKY IPOHUKHY 3/IaTHICTh, 30KpeMa Yy KHUBI CHCTEMH 3 IXHIM HaCTYITHUM PYHHYBaHHSIM.
7. Ocob6MBO HETaTUBHO pajliallis BIUIUBAE HA 3I0POB'S JIIOJICH.

8. HaBiTh MeTa)I MOXKYTh MTOCTA0IIOBATUCS CUIILHOIO PaJlIaIli€lo.



ADDITIONAL READING

Joseph Gay-Lussac was born in France in 1778.
In 1795, he moved to Paris where he received an
excellent education at the Ecole Polytechnique.

One day in Paris, he noticed that a young lady
behind the counter of a linen drapery was
reading a chemistry book. He was so intrigued
that his visits to the store became more and more
frequent. Eventually he proposed, and in 1808
she became his wife.

Gay-Lussac was a versatile person. In 1802, he
published an excellent paper on the effect of heat
on gases (Charles' Law and Gay-Lussac's Law),
but gave full credit for the principles to Charles.
In 1804, he made a solo balloon flight to a height
of 7 km and confirmed that the earth's magnetic
field persists at that height. He also showed that
samples of air from this altitude have the same
composition as at sea level. In 1805, he
collaborated with Humboldt to show that gases
combine chemically in simple whole-number
ratios. He published his Law of Combining
Volumes in 1808, and it has since become a
fundamental proposition of chemistry.

In 1808, Gay-Lussac and Thenard devised a
method for obtaining sodium and potassium in
large quantity by the action of red-hot iron on
their molten carbonates. They wused the
potassium to isolate boron from boracic acid. At
the time the announcement of its isolation was
made, Gay-Lussac was seriously ill because of
an explosion involving potassium which nearly
cost him his sight.

In 1832, he became a professor at the Jardin des
Plantes. Throughout his career, his talents were
devoted entirely to the cause of science. As a

Joseph Louis Gay-Lussac

(1778-1850)




lecturer, he always used clear and simple
language well adapted to the subject under
discussion.

The son of a Swedish school principal, Berzelius
became interested in natural history and
medicine at the age of 14. Two years later he
began medical studies at Upsala. He actually
failed the chemistry exam, but his professor gave
him a passing grade on the basis of the strength
of his knowledge in physics. Berzelius then
studied chemistry in his free time, and learned
how to blow glass and make barometers and
thermometers.

In 1802 he received his degree and moved to
Stockholm, where he took up hospital work and
devoted his spare hours to experiments on the
chemical action of voltaic cells.

By 1807, Berzelius had begun a lifelong attempt
to determine with utmost accuracy the
combining weights of the elements. In about a
decade he prepared, purified, and analyzed at
least 2000 compounds of 43 elements. He had to
prepare or purify his own reagents, and the
atomic weights calculated from his results were
usually within about 0.3% of those determined a
century later. His results also placed the Law of
Multiple Proportions on a firm basis.

Jons Jakob Berzelius

(1779-1848)




John Dalton was the son of a poor English
weaver. He started keeping meteorological
records at the age of 11 and continued until the
day before his death. He was the first person to
make systematic studies of the weather. At the age
of 12 he began his career, as a school teacher. He
then worked at a boarding school and when he
was 19 became its principal. He devoted every
spare minute to intellectual pursuits.

In 1793 he became a tutor in mathematics and
natural philosophy at New College, Manchester. It
took so much time that he resigned six years later
to support himself as a private tutor and spend his
time in scientific pursuits. For financial reasons he
was forced to construct his own crude
instruments. Furthermore, he was a poor
experimenter. Nevertheless he managed to
discover several laws at the very foundations of
chemistry.

By 1801 Dalton had discovered several laws
involving the behaviour of gases, including his
Law of Partial Pressures, all of which stemmed
from his meteorological observations. His
attempts to explain these led to the development
of his Atomic Theory, which he published in 1808
in his book New System of Chemical Philosophy.
He then endeavoured to determine atomic
weights. This led to the discovery of the Law of
Multiple Proportions. In 1826, he received a
Royal Medal from the King.

Dalton's health began to fail in 1837, and in 1844
he died peacefully, having laid the basis for the
development of chemistry as a science.

John Dalton

(1766-1844)




Robert Bunsen was born in Gottingen, Germany
in 1811. During his childhood he was so
opinionated that he drove his parents and
teachers to despair. He attended university at
Gottingen and obtained his doctorate in 1830.

He carried out brilliant studies on certain
compounds of arsenic, and discovered an
antidote against arsenic poisoning. In 1836, one
of the arsenic compounds exploded in a closed
glass tube. He lost the vision of one eye because
of a glass splinter. This wound and the
poisonous vapours almost killed him.

He became full professor at the University of
Marburg in 1841. In 1852, he moved to
Heidelberg University. Students and chemists
came from all over the world to work with
Bunsen.

In 1855, he constructed the more efficient gas
burner that now bears his name. He invented the
spectroscope and used it as a tool of chemical
analysis. His first spectroscope consisted of a
prism, a cigar box, and two ends of old
telescopes. Bunsen was the first person to
prepare pure compounds of potassium, sodium,
lithium, barium, strontium, and calcium.

Bunsen and his colleague, Kirchoff, predicted
that spectrum analysis could be used to discover
new elements which would be difficult to
discover by other methods. This prediction was
proven correct. Rubidium and cesium, which
occur in nature in minute quantities, were
discovered with the aid of a spectroscope.

Bunsen retired in 1889. He showed no further
interest in chemistry. However, he did continue
an interest in his first love, geology, until his
death in 1899.

Robert Wilhelm Bunsen

(1811-1899)




Joseph Priestley was born in Yorkshire, England,
of humble parents. He was fond of books and
acquired a knowledge of many languages. In
1752, he began studies for the Presbyterian
ministry, but he was never a success as a cleric
because of his liberal views. He turned to the
study of gases, for which he was well able to use
his unusual manipulative skills.

Priestley lived near a brewery, so he began his
experiments on the readily available "fixed air"
(CO,). He found it dissolved in water, thereby
inventing soda water, for which he received the
Copley Medal from the Royal Society.

Priestley's great improvement in  the
manipulation of gases was that he used mercury
instead of water in his pneumatic troughs. This
enabled him to study gases which were soluble
in water. He worked with great intensity, and in
quick succession he isolated NO, N,O, NHs,
HCI, SO, and SiF,.

In 1774, Priestley was heating all the substances
he could find by means of a large burning lens,
in an attempt to prepare new gases and study
their properties. One of the substances he heated
was HgO. This led to his discovery of oxygen—
an important milestone in the history of
chemistry.

Priestley supported the French Revolution. He
became so unpopular with his fellow citizens
that they sacked his house and the chapel where
he preached. His religious views, too, were still
disapproved of, so in 1794 he sailed to the
United States. He settled in Pennsylvania, where
he died peacefully a decade later.

Joseph Priestley

(1733-1804)




Henry Cavendish was born in France of a noble
English family. Educated at Cambridge University,
he lived as a recluse and devoted almost all of his
time to research. Although he inherited a fortune in
middle life, he continued his frugal habits.

Cavendish was a magnificent experimenter,
with a mathematical turn of mind. Thus, most of his
researches were quantitative. He studied the various
"airs" (gases), such as CO,, H,, and CO, that had
been discovered. He was the first to study
"inflammable air" (H,). He showed that different
airs had different specific gravities.

He demonstrated the composition of water by
passing a spark through a mixture of “inflammable
air" and "dephlogisticated air" (O,). Although he
didn't realize it, he showed that ordinary air
contains not only "dephlogisticated air" and
"phlogisticated air" (N,), but also another ™air"
amounting to about ~ of the total. This work led
Lord Rayleigh to the discovery of argon a century
later. Cavendish also showed that ordinary air has a
constant composition.

Cavendish was interested in many areas of physics
also. He published a paper on electricity, and
showed that the effects of the torpedo (a
Mediterranean fish) on the human body are
electrical in nature. He determined the melting
point of mercury and derived an extremely accurate
value for the average density of the earth.

Henry Cavendish

(1731-1812)




Svante Arrhenius was born in Wijk, Sweden, in
1859. His father was employed by the University of
Upsala, and the family moved to Upsala in 1860. In
1876, Arrhenius entered the University of Upsala to
study mathematics, chemistry, and physics. He was
not satisified with the instruction he was receiving
in physics, so he went to Stockholm to study at the
Academy of Sciences.

While in Stockholm, Arrhenius tried to gain an
understanding of what occurs in a solution when an
electric current is passed through it. From the
results of his experiments, Arrhenius decided that
electrolytes become split into positive and negative
ions when they dissolve in water. He recorded his
theory of ionization in the doctoral thesis which he
submitted to the University of Upsala. The science
faculty at Upsala were not impressed with his
theory, and he was just barely awarded his
doctorate.

Arrhenius believed in the theory of ionization,
and he eventually gained the support of Ostwald
and van't Hoff, two respected scientists. The Battle
of the lons began. Ostwald led the army of lonians;
his lieutenants were Arrhenius and van't Hoff. Their
opponents included Lord Kelvin. The enemies of
the lonians were able to postpone temporarily the
appointment of Arrhenius as professor at the
University of Stockholm.

The lonians were eventually victorious, and
Arrhenius was appointed professor and two years
later president of the University of Stockholm. In
1903, Arrhenius was awarded the Nobel Prize in
Chemistry. In 1905, the King of Sweden formed the
Nobel Institute for Physical Research at Stockholm,
and Arrhenius was made director. The stormy
period of his career had ended. He had progressed
from being a scientific outcast to being a scientific
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oracle

Johannes van der Waals was born in Leyden, the
Netherlands in 1837. After he finished his
elementary education in Leyden, he became a
schoolteacher. Because he had no knowledge of
the classical languages, he was not allowed to take
examinations in order to graduate from university.
However, he continued to study physics and
mathematics at Leyden University in his spare
time.

Eventually, university science students were
exempted from the requirement of having a
classical education, and in 1873, van der Waals
wrote the thesis which gained him a doctorate
from Leyden University. This thesis was an
outstanding piece of work, which established him
at once as a first-rate physicist.

In 1877, van der Waals was made professor of
physics in the University of Amsterdam. He had
great influence on the development of Dutch
physics. For 24 years, he was a driving force behind
the Amsterdam Royal Academy of Sciences.

Van der Waals was the first person to state that
molecules of the gaseous and the liquid state are
identical and exert identical forces. He also realized
the importance of considering molecular volumes
and intermolecular forces in establishing the
relationship between the pressure, volume, and
temperature of gases and liquids. These
intermolecular forces of attraction are now called
van der Waals forces. According to van der Waals,
"particles of matter must always show attraction."
In 1910, van der Waals was awarded the Nobel
Prize in Physics.

Johannes Diderick van der Waals
(1837-1923)




Linus Pauling was born in Portland, Oregon in
1901, the son of a druggist. He entered Oregon
State College in 1917 and received his B.Sc. in
chemical engineering in 1922. He was appointed a
Teaching Fellow in Chemistry in the California
Institute of Technology while a student there from
1922 to 1925. In 1925 he received his doctorate
(summa cum laude) in chemistry, with minors in
physics and mathematics.

Pauling's approach to research was marked by
intuition and intelligent guesses. In 1922, he began
the experimental determination of the structures of
certain crystals and also started theoretical work on
the nature of the chemical bond. He was one of the
first persons to use quantum mechanics to explain
the chemical bond. His work also included the
areas of molecular structure determination,
hydrogen bonding, metallic bonding,
electronegativity, and the structure of proteins. He
attempted to explain the chemical nature of sickle
cell anemia and general anesthesia. Pauling is well
known for his theory that large doses of Vitamin C
can prevent or lessen the severity of the common
cold.

He has published many books and articles. In
1931, he became the first recipient of the American
Chemical Society Award in Pure Chemistry. He
was awarded the 1954 Nobel Prize in Chemistry for
his research into the nature of the chemical bond
and the application of his bonding theory to the
structural determination of complex substances.
Pauling was awarded the Nobel Peace Prize in
1963 for his efforts on behalf of a nuclear test ban
treaty. He became at that time only the second
person to win the Nobel Prize twice. (Marie Curie
was the first) In 1981, he was still active in
research.

/
Linus Pauling (1901)




Gilbert Lewis was born in West Newton,
Massachusetts, in 1875, the son of a lawyer. He
received his early education at home from his
parents. He was able to read at the age of three
and attended university preparatory school in
Nebraska in 1889. He later went to the University
of Nebraska and after two years transferred to
Harvard University. In 1899, he obtained his
doctorate, doing research into electrochemistry.
After studying in Germany, he returned to teach at
Harvard and then at the Massachusetts Institute of
Technology. His early research was in the area of
thermodynamics.

In 1912, Lewis became dean and chairman of
the College of Chemistry at the University of
California at Berkeley. There he recruited many
people who would later make great contributions
to chemistry and to chemical education. Lewis'
work in chemical education set the standard for
other chemists to follow and is one of his greatest
achievements.

In 1916, he proposed a theory of chemical
bonding in which electron pairs were shared
between atoms. An octet of valence electrons
resulted in stability for an atom.

In 1918, Lewis became a major in the Chemical
Warfare Service in France. He was later decorated
for his war efforts. Lewis went on to work in the
areas of acid-base theory, heavy water, and
photochemistry. He died in 1946 in Berkeley,
California.

Gilbert Newton Lewis
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Niels Bohr was born in Copenhagen, Denmark in
1885, the son of a university professor. He was the
second of three children in a wealthy family. He
was given much encouragement at home and grew
up in a social and intellectual environment. Bohr
showed his skill as an investigator while a student
at the University of Copenhagen, where he won a
gold medal from the Academy of Sciences for his
precise measurement of the surface tension of
water. He received his doctorate in 1911 for his
electron theory of metals.

For a time he worked with Rutherford at
Manchester. As a result of this contact with
Rutherford, Bohr laid the foundations for the
quantum theory of the atom in 1913 and 1914. His
work on the structure of the atom won him the
Nobel Prize in Physics in 1922.

Bohr visited the United States in 1939 and
brought with him the news that Hahn and
Strassman in Germany had been able to split the
uranium atom. This prompted the Americans to
increase their own research efforts in the same
direction. Bohr returned to Denmark in 1940. Three
years later, he was forced to leave Denmark in
order to escape Nazi occupation. He fled to
Sweden, then to England, and finally went to the
United States. There he acted as an adviser to the
physicists working on the development of the
atomic bomb. However, he did not work directly on
the bomb, and he was opposed to its use. After the
war, he returned to Denmark. In 1950, he wrote an
open letter making a plea for world peace to the
United Nations. He spent most of the rest of his life
working as a director of the Institute for Theoretical
Physics in Denmark. He died in Copenhagen in
1962 at the age of 77.

Niels Bohr
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Ernest Rutherford was born in New Zealand, the
fourth in a family of twelve children.

After graduating in mathematics and physics
from the University of New Zealand, Rutherford
was the first research student to join J.J. Thomson
at Cambridge University. One of his research
projects at Cambridge involved ingenious methods
for measuring the velocities of ions. Rutherford
once said: "lons are jolly little beggars, you can
almost see them!"

From 1898 to 1907 Rutherford was professor
of physics at McGill University in Montreal, where
he worked on radioactivity. In 1903, he published
important results on the nature and properties of
alpha particles which led him to believe that they
are helium ions.

Rutherford became a professor of physics at
the University of Manchester in 1907. It was there
that he proved that alpha particles are helium ions.
However, Rutherford's greatest contribution to
atomic theory came in 1911, when he proposed the
nuclear model for the atom.

Rutherford spent the years from 1919 until he
died in 1937 at Cambridge University. In 1919, he
became the first person to change one element into
another, when he bombarded nitrogen with alpha
particles to produce oxygen atoms. Changing
elements into other elements was the crowning
achievement of his life's work and held for
Rutherford a deep fascination.

Rutherford was awarded the Nobel Prize in
Chemistry in 1908, and he was knighted in 1914. In
1931, he was made Baron Rutherford of Nelson
and took his seat in the House of Lords. Sir James
Jeans said, "Rutherford was ever the happy
warrior—happy in his work, happy in its outcome,

Ernest Rutherford
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and happy in its human contacts." Rutherford had
great energy, intense enthusiasm, and an immense
capacity for work.

A writer once said to him, "You are a lucky
man, Rutherford, always on the crest of the wave."
Rutherford laughingly replied, "Well! I made the
wave, didn't 1?"

Antoine Lavoisier was born in Paris, where he
studied mathematics and the physical sciences. He
was so productive that at the age of 23 he received
a gold medal from the Academy of Sciences for his
work on the problems of lighting a large town. Two
years later he was admitted to the Academy.

Lavoisier became a member of the Ferme
Generate, a hated financial company which was
allowed to collect taxes on the condition that it pay
an annual fee to the state. Lavoisier received a large
income which enabled him to equip his lab fully.

Lavoisier was always interested in some great
or far-reaching principle, not in isolated facts.
Furthermore, his experiments were usually
quantitative— he preferred to weigh and measure.
By careful measurements of the masses involved
during the reactions of metals and nonmetals with
air, he concluded that combustion involves the
combination of a substance with oxygen. Lavoisier
was a pioneer in the analysis of organic
compounds—he burned the compounds and
determined the masses of their products to calculate
their percentage composition. He also wrote the
first modern textbook on chemistry.

In 1793, the French revolution was sweeping
the country. All members of the Ferme Generate
were arrested and tried. Lavoisier was denounced
by a chemist named Fourcroy as a
counterrevolutionary, sentenced to death, and
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executed by guillotine in 1794.

Humphrey Davy was born in Cornwall, England,
the eldest of eight children. He did badly at school,
mainly because of his love of sport. At age 16 he
started assisting a local physician with the
preparation of remedies, but his taste for startling
experiments and explosions quickly got him fired.

At 19, he began his study of chemistry, using
materials and apparatus at hand. He made such
progress that he was placed in charge of patients at
the Pneumatic institution, which had been
established to study the medical effects of the gases
discovered in the previous twenty years. He inhaled
many gases such as N,O, CH4, CO;, Ny, Hy, and
NO. Somehow, he managed to survive.

He prepared N,O in large quantities by heating
NH4NO;. Sniffing N,O became a fad, and Davy's
resulting popularity led to his appointment at the
age of 22 as an assistant lecturer at the Royal
Philosophical Institution of London. Here he
prepared a treatise on agricultural science which
was the authority for the next 50 years.

He began studies on electrolysis, and quickly
isolated for the first time the elements K, Na, Ba,
Sr, Ca, and Mg. He discovered H,Te and PH,,and
proved that Ci, and I, were elements. He invented
the safety lamp for miners. He also discovered that
he could protect the copper sheathing of naval
vessels from corrosion by attaching to it a more
reactive metal. At the age of 34 he was knighted
and six years later he was made a baronet. At age
42 he became President of the Royal Society.

His health began to decline in 1826, and in
1829 at the age of 51 he died, one of the most
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remarkable men of his time.

Dmitri Mendeleev was the fourteenth and
youngest child of a Siberian teacher. He studied at
a teacher's training college in St. Petersburg and at
the University of St. Petersburg. After he obtained
his doctorate in chemistry, he became Professor of
General Chemistry in the University of St.
Petersburg in 1866.

Mendeleev is best known for his work on the
periodic law. He treated the periodic law not only
as a system for classifying the elements according
to their properties, but as a "law of nature" which
could be used to predict new facts. He presented
his periodic law in 1869, and two years later gaps
in his tables led him to predict the existence of
three new elements. He called them eka-boron,
eka-aluminum, and eka-silicon, and he predicted
their properties. Within 15 years he was proven
correct by the discovery of gallium in 1871,
scandium in 1879, and germanium in 1886.

Mendeleev was one of the greatest teachers of his
day. His lecture room was always crowded with
students. His students thought of him as a
comrade, and on more than one occasion he
supported students in their disputes with the
university administration.

Mendeleev had strong views about the Russian
education system. He believed that education
should not be based on a study of the classics. He
wrote, "We could live at the present day without a
Plato, but a double number of Newtons is required
to discover the secrets of nature, and to bring life
into harmony with the laws of nature."

Dmitri Mendeleev
(1834-1907)




In 1890, because of a dispute with the university
administration, Mendeleev resigned his
professorship at St. Petersburg. A probable cause
of this resignation was his outspoken criticism of
the classical system of education which irritated
officials in the Ministry of Education. However, in
1893 he was appointed Director of the Bureau of
Weights and Measures, and he retained this
position until his death in 1907.

Marie Sklodowska was born in Poland. She
dreamed of a career in science, and at the age of
24 she moved to Paris to study and teach. After
graduating from the Sorbonne, she met Pierre
Curie in the Municipal School of Physics and
Chemistry and worked beside him in the
laboratory. They were married in 1895.

In 1896 Becquerel found that pitchblende, a
uranium ore, darkened a photographic plate more
than could be accounted for by the amount of
uranium present. He asked Madame Curie, a
trained and gifted experimenter, to undertake the
search for the element responsible.

The Curies boiled and cooked a ton of the ore,
filtered and separated impurity after impurity.
When the poison fumes threatened to stifle them
under the leaky roof of their improvised lab, Mme.
Curie herself moved large vats of liquid to the
adjoining yard. For hours at a time she stood
beside the boiling pots stirring the thick liquids
with a great iron rod. That bitter winter of 1896
Mme. Curie caught pneumonia. It was three
months before she could return to work. Later, she
became pregnant, but even then she continued
working. During the later stages of their work,
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both the Curies were continually ill. Finally, after
two years, they had a small quantity of material
about 300 times as potent as uranium. From this,
Mme. Curie isolated a new element which she
named polonium in honour of her native land,
Poland.

Mme. Curie kept working with the residues,
which seemed to be even more radioactive than
polonium. After a long series of fractional
crystallizations, she isolated a very small amount
of a radium salt.

Mme. Curie studied every property of this
strange new element. After five more years of
research, she presented her thesis in 1902. Her
examining committee unanimously agreed that it
was the greatest single contribution of any doctors
thesis in the history of science. The Curies became
world-famous and, along with Becquerel, were
awarded the Nobel prize.

In 1906, Pierre Curie was killed in a traffic
accident. Marie Curie was asked to accept the
chair in physics he had held at the Sorbonne,
where no woman had ever held a professorship.
She also retained the professorship at the normal
school in Sevres which she had held since 1900.
Mme. Curie continued to work with radium.
Finally, in 1910, she isolated pure radium by
electrolysis of radium chloride. For this she was
awarded a second Nobel prize in 1911. She was
the first person to win the Nobel Prize twice.




Kekule was born in 1829 at Darmstadt, Germany.
He studied architecture at the University of
Giessen. However, the lectures of Justus von Liebig
won him over to chemistry. He obtained his
doctorate in 1852. Following study in Paris and
London, Kekule returned to Germany in 1856 and
became a lecturer at the University of Heidelberg.
In 1858, he became a full professor of pure
chemistry at the Belgian State University of Ghent.
In 1867, he became a professor of chemistry at
Bonn. He held that post until his death in 1896.

Kekule made important contributions to
chemical theory, especially with regard to the
structures of carbon compounds. He published a
famous paper in which he stated that carbon is
tetravalent. In another paper, he explained the large
number of carbon compounds in terms of the ease
with which carbon atoms bond to one another to
form chains.

In 1865, as the result of a dream concerning
benzene, Kekule made "the most brilliant
prediction to be found in the whole of organic
chemistry.” He had dozed off while writing his
textbook. In his strange dream, chains of carbon
atoms appeared as snakes. "And look, what was
that? One snake grabbed its own tail, and
mockingly the shape whirled before my eyes." He
had hit upon the idea of assuming that the six
carbon atoms of benzene were arranged in a ring. In
this way, he opened up the field of aromatic
chemistry.

Kekule was a great promoter of chemistry. He
was a good lecturer, combining the abilities of a
great researcher with those of an impressive
speaker. In order to help his students understand his
theories of chains and rings of carbon atoms,
Kekule invented atomic models. These consisted of
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coloured wooden spheres which could be attached
to one another. Similar models are still used in
classrooms today.

Alfred Nobel was born in Stockholm, Sweden, in
1833. His father was a builder, industrialist, and
inventor. Nobel attended school in Stockholm from
1841 to 1842. When his family moved to St.
Petersburg in Russia, he was given private
instruction by Russian and Swedish tutors from
1843 to 1850. He then made a two year trip to study
chemistry in Italy, France, Germany, and North
America. Nobel became interested in the explosive
nitroglycerine, and in 1863 he made his first
important invention, a detonator for nitroglycerine.
In 1865, he set up the world's first nitroglycerine
factory. Because of the large number of accidents
involving the explosive he experimented with ways
of reducing the danger of handling it. He found that
it could be adsorbed on (mixed with) a powder
called kieselguhr, which is made up of the remains
of marine organisms called diatoms. Mixing
nitroglycerine with kieselguhr made the explosive
harder to detonate and enabled it to be transported
much more safely. This mixture is called dynamite.
Nobel went on to invent other types of explosives.
He also did work in the areas of optics,
electrochemistry, biology, and physiology. He held
over 350 patents throughout the world. As a result
of his many inventions and factories, he became
quite wealthy. Nobel died in 1896 in Italy, leaving
his whole fortune of millions of dollars to be used
to establish the Nobel Prizes in literature, science,
and international understanding.

Alfred Nobel
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Robert Boyle was the seventh son and fourteenth
child of fifteen born to the Earl of Cork. He was
sent to Eton at age 8 and to Geneva three years later
for completion of his studies. He returned to
England in 1644 to reside in Dorset. Here he was
admitted to the invisible college, the forerunner of
the Royal Institution. In the same year he moved to
Oxford, where young Robert Hooke assisted him in
his investigation of "The Spring of the Air."

By 1659 he had constructed a new and superior air
pump, which he used to prove that air pressure
supports the column of a mercury barometer and to
demonstrate the connection between pressure and
the boiling point of water. Criticism led him to
conduct further experiments, which resulted in the
publication of his famous law two years later.

In addition to the formulation of his Law, Boyle
taught the value of experimentation. In his book
The Sceptical Chymist, he examined the pretensions
of the chemists of his time and exposed the mixture
of error and imposture in most of their writings. He
was the first to use the term "chemical analysis" in
its modern sense. He showed that not only fire is to
be used in the analysis of compounds, but other
substances may also be necessary. He laid the
foundations of modern analytical chemistry.

In 1669, Boyle moved to London and lived as an
invalid, the victim of a lifelong kidney disorder
which led to his death in 1691.

Robert Boyle
(1627-1691)
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