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PREFACE

CHEMISTRY GRADE - 9 is developed according to the National Curriculum 2006 and
MNational Style Guide. It is being published since 2012 and in 2015 it was presented under the
new management and supervision of textbook development principles and guidelines with new
design and layout.

Chemistry is one of the most exciting and useful subjects. It may not be an easy subject
for you. If you develop a sound approach to thinking through an idea and solving problem, you
will find it easy. This textbook provides several ways to develop this approach.

This textbook has been made friendly by giving problem solving strategy. This strategy is
to facilitate reasoning, not memaorizing toward a solution. With each skill or concept, self-
assessment exercises have been given. These exercises would encourage students to think,
develop skills and use information for a variety of purpose.

It is caused of development of skills such as questioning, observing, inferring, and
predicting, measuring, hypothesizing, classifying, designing experiments, collecting data,
analyzing data and interpreting data. At the end of each chapter summary of the key points is
given. This provides quick reviews of the salient features of each chapter.

Science, Technology and Society connections have also been given in each chapter.
These will help to understand the impact of science and technology on society. Students will
learn how scientists decide what constitute seientific knowledge, how science is related to other
ways of knowledge and how people have contnbuted to and influenced developments in science.

This textbook has been developed according to Student-Centered Inquiry Based (SCIB)
criteria. It will encourage students to develop skills and think scientifically rather than simply
memorize and study scientific facts. |t is also expected from teachers that they will engage
students in scientific inguiry activities to develop such skills.

Our efforts are to make textbooks teachable with guality, i.e. maintaining of standards. It
is a continuous effort and we will get feedback of the yearly feasibility reports and redesign the
textbook every year. The test items given in the exercises are for learning reinforcement. The
examination questions should be prepared according to the SLO's and Bloom's Taxonomy.

Quality of Standards, Pedagogical Outcomes, Taxonomy Access and Actualization of
Style is our motto. With these elaborations, this series of new development was presented for
use, After educational feedback, research, NCC Standards 20186, the book is being published
again,

National Book Foundation
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FUNDAMENTALS OF
CHEMISTRY

This is a 15 days lesson
After completing this lesson, you will be

f able to:

Change atomic mass, molecular mass and formula mass
into gram atomic mass, gram maolecular mass and gram
formula mass.

Differentiate baetwean branchas of chemistry.
Differentiate between empirical and molecular formula.
Differentiate  among elements, compounds and
mixtures.

Differentiate between molecules and molecular ions
Define ions, molecular ions, formula units and free
radicals.

Define atomic number, atomic mass, alomic mass unit.
Define relative atomic mass based on C-12 scale.
Distinguish between atoms and ions.

Distinguish between ion and free radical, Classify the
chemical species from given examples.

Distinguish betweean matter and a substance.

Describe how Avagadro’'s number is related to a mole of
any substance. Distinguish among the terms gram
atomic mass, gram molecular mass and gram formula
mass.

|dentify the representative particles of slements and
compounds.

Identify and provide example of different branches of
chemistry.

Relate gram atomic mass, gram maolecular mass and
gram formula mass to mole.

; Pre- Reading

What are the simplest
components of wood, rocks and
living organisms? This is an
age-old question. Ancient
Greek Philosophers believed
that everything was made of an
elemental substance. Some
believed that substance to be
water, other thought it was air.
Some other believed that there
were four elemental substances.

As 19" century began,
John Dalton proposed an
atomic theory. This theory led to
rapid progress in chemistry, By
the end of the century however,
further observations exposed
the need for a different atomic
theory. 20" century led to a
picture of an atom with a
complex internal structure,

A major goal of this chapter
Is to acquaint you with the
fundamental concepts about

—————, . matter. |n this chapter you will
learn some basic definitions to understand matter. This knowledge will help you in grade X1,
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<-3 1 Fundamentals of Chemistry

1.1 BRANCHES OF
CHEMISTRY

Chemistry is defined as the science that
examines the materials of the universe and
changes that these materials undergo.

The study of chemistry is commonly
divided into eight major branches:

1. Physical Chemistry

The branch of Chemistry that deals
with laws and theories to understand
Physical Chemistry.

. Drganic Chemistry:
The branch of Chemistry that deals with
substances containing carbon ( Except
carbonates, bicarbonates, oxides and
carbides.

3. Inorganic Chemistry:

The branch of Chemistry that deals with

elements and their compounds except

organic compounds is called Inorganic

Chemistry.

4. Biochemistry:

The branch of Chemistry that deals with
physical and chemical changes that
occur in living organisms is called
Biochemistry.

Industrial Chemistry:

The branch of Chemistry that deals with
the methods and use of technology in
the large-scale production of useful
substances is called industnal
chemistry.

[ ]

LFi
"

ﬂ Teacher's Point

Do You Know?

Do you knaw the debate going on far cenfuries
about the corpuscular nature of matter? An ancient
Gresk philosopher, Empedocles thought that all
matarials are made up of fowr things callad elemants:

1. Earth 2. Air 3. Water 4. Fira

Plato adopted Empedocies theory and cained
the term alemeant 1o describe these four substances. His
successor, Arisiotle alzo adopted the concept of four
elements, He introduced the idea that elements can be
differentisted on the basis of properties such as hot
versus cold and wet versus dry. For exampla, heating
clay in an oven could be thought of as driving of water
and adding fira, transforming clay into & pot. Similarly
water {cold & wet) falls from the sky as rain, when air
(hot and wet) cools down. The Greek concept of four
alaments axisted for mora than two thousand years.

the structure and changes of matter is called

Society, Technology and Science

Archimedes was a Greek philosopher and
mathematician and inventor of many war
machines. Greek emperor gave him the task to
determine whether his crown was made of pure
gold or impure gold. Archimedes fook the task
and started thinking on it. He knew that the
volume of an object determines the volumea of the
liquid it displaces, when submerged in the liquid.
One day when he was taking bath, he observed
that more water overflowed the bath tank as he
sank deeper into the water. He also noticed that
he felt weightless as he submerged deeper in the
bath tank. From these observations he concluded
that the loss in weight is equal to the weight of
water overflowed. Thinking this he at once
designed an expariment in his mind to chack the
purity of crown. He thought, he shou'd weigh the
crown and equal weight of the pure gold. Both
should be dipped in water in separate containers,
since every substance has different mass to
volume ratio. If the crown was made of pure gold,
it would displace same weight of water as an
equa’ weight of pure gold. If the crown is impure,
it would displace different mass of water than the
pure gold. Thinking this, he was so excited that he
ran from the bath shouting “Eureka” which means
| have found it. Like Archimedes discovery,
science developed through observations and
expariments rathar than by speculation alone.

Teacher may give axamples of brancheas of Chermistry applied in daily lifa.
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5‘1 1 Fundamentals of Chemistry

6. Muclear Chemistry:
The branch of Chemistry that deals with the changes that occur in atomic nuclei is called
nuclear chemistry.

7. Environmental Chemistry:
The branch of Chemistry that deals with the chemicals and toxic substances that pollute
the environment and their adverse effects on human beings is called environmental

chemistry.

. Analytical Chemistry:

The branch of Chemistry that deals with the methods and instruments for determining the
composition of matter is called Analytical Chemistry.

1.1.1Differentiation between Branches of Chemistry

Vinegar contains 5% acetic acid. Acetic acid (CHaCOOH) is a colourless liquid
that has characteristic vinegar like smell. It is used to flavourfood. Various types of studies

on this compound can help you to
differentiate between various branches of
chemistry.

1. Explanation of its transformation into
gaseous state or solid state,
applications of laws and theories to
understand its structure is physical
chemistry.

2. Since this is a carbon compound, its
method of preparations and study of

its physical and chemical
characteristics IS organic
chemistry.

3. But the study of its component
elements, carbon, hydrogen and
oxygen is inorganic chemistry. This
1s because inorganic chemistry deals
with elements and their compounds
except carbon compounds,
However, some carbon compounds
such as CO,, CO, metal carbonates,

hydrogen carbonates and carbides
are studied in inorganic chemistry.

4. The study of chemical reactions that

Society, Technology and Science

Thearies are tentative, They may change
if they do not adeguately provide explanation of
the observed factz. The work of scientists help to
change existing theories of the time. In 1803, the
British chemist John Dalton presentad a scientific
theory on the existence and nature of matter. This
theary is called Dallon's alomic theary Main
postulates of his theory are as follows:

1. All elements are composed of ftiny
indivisible particles called atoms,

2. Aloms of a particular element are
identical. They have same mass and
same valumea,

3. During chemical reaction atems combine
Or separate of re-arrange. They combing
in simple ratios.

4. Afoms can  neither
destroyed,

Dalton was able o explain quantitative
rasults that scentists of his time had obtained in
their experiments. He nicely explained the law of
chemical combinations. His brilliant work became
tha main stimulus for the rapid progress of the
chemistry during nineteanth century, Howewver,
senes of experiment that were performed in
1850’z and beginning of twentieth cantury clearly
demonstrated that atom is divisible and consists of
subatomic particles, electrons, protons  and
neutrons. Also the atoms of an alemant may diffar
in masses (such atoms are called isotopes). Thus
some of the posiulates of Dalton's atomic theory
ware found defective and were changed.

be created nar

acetic acid undergoes in the bodies of human beings is biochemistry.
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5.

Use of technology and ways to obtain acetic acid on the large scale is industrial
chemistry.

The study of the effect of radicactive radiations or neutron on this compound or its
component elements is nuclear chemistry.

The study of any adverse effects of this compound or the compounds that are
derived from it, on the humans is environmental chemistry.

The method and instruments used to determine its percentage composition, melting
paint, boiling point ete is analytical chemistry.

Example 1.1: Identifying examples of different branches of chemistry

Identify the branch of chemistry in each of the following examples:

1.

B wN

6.

T
8.

Photosynthesis produces glucose and oxygen from carbon dioxide and water in
presence of chlorophyl and sunlight.

Plantation helps in overcoming green house effect.

Haber's process converls large quantities of hydrogen and nitrogen into ammaonia {NHW} :

Ammonia is a colourless gas with pungentirritating odour. It is highly soluble in water.
A chemist performed an experiment to check the percentage purity of a sample of
glucose (CH,.C,).

An analyst determines that NO_ is responsible for acid rain.

Chilorofluorocarbon compounds are responsible for the depletion of ozone layer.
a-particles (He™) when bombard on nitrogen atom, a proton is emitted.

Problem Solving strategy:
Concentrate on the basic definition of each branch of chemistry and identify branch of
chemistry in each example.

Solution:
1.

Biochemistry, since photosynthesis is a chemical reaction that occurs in plants
(living organism).

Environmental chemistry, since green house effect is an environmental problem.
Industrial chemistry, since large scale production of any substance is the subject of
industrial chemistry.

Inorganic chemistry, since it deals with properties of inorganic compounds.

Analytical chemistry, since it deals with analysis of a compound, whether organic or
inorganic in nature.

Environmental chemistry, since acid rain is an environmental problem.
Environmental chemistry, since depletion of ozone layer is environmental problem.
MNuclear chemistry, since nuclear change can emit protons.
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<i 1 Fundamentals of Chemistry

Self-Assessment Exercise 1.1

Identify the branch of chemistry that is related to the following information:

1. Hair contain a special class of proteins
' : Society, Technology and Science
r.:al_led keratins, whuqh are pr_asent_m tgmwmmﬂghﬂ[m
nails and wool. Proteins contain chains Warld is composed of a few more
of C-atoms. than & hundred elemenis, Elamenis are
2. Acetylene is the simplest hydrocarbon | PUilding blocks of all the substances that make
! ! up all living and non-living thingz. This means
that contains carban-carbon triple bond. | ajaments are building blocks far everything in
Hydrocarbons are the compounds of | the universe. The same elements that make
carbon and hydrogen. up earth also maks up moon. A caraful
" . ; . observation of the physical world reveals that
3. White lead is a pigment used by artists | q.ue; ysually securs as mixtures. Most of the
for centuries, the metal Pb in the | components of these mixtures are elements
compound is extracted from its ore, | and compounds that exist as molecules. Only
noble gases exist as monoatomic molecules,
galena {F'I:}S]. other =substances exisl as  polyatomic
4. Sulphuric acid (H;S0,) is extremely | molecules. Air consists of many elements and
, . compounds all existing in molecular form. For
corrosive to skin. instance Oz, Nz COz H:0 and the noble
5. (Gases can be compressed by applying | gases. Water a molecular substance cover
pressure. 70% of the earlh's crust. 1t alsa fills the.a mpty
under the earth. Rocks and earth are mixtures
6. MEEI[, Milk and eggs Eﬂﬂtﬂin'mg chains of numerous compounds. Clay and sand
of carbon compounds. consists of long chains of atoms called giant
) 7 moleculas. Petroleum and coal that are
f. Element radium decays by emitting a- complex mixtures also contain hundreds of
particles and is converted into another | thousands of molecular compounds. Living
element radon. things contain  thousands of different
; y : substances such as carbohydrates, proteins,
8 Calorimeter is a device that measures fats, lipids, OMA, RNA eato. Al these
the amount of heat, a substance | substances are molecular in nature.

absorbs on heating or emits on cooling.

1.2 BASIC DEFINITIONS

Some of the important definitions used to understand matter are given below:
1.2.1 Elements, Compounds and Mixtures

Anything that occupies space and has mass is called matter. Any matter that has a
particular set of characteristics that differ from the characteristics of another kind of matter is
called a substance. For instance, oxygen, water, carbon dioxide, urea, glucose, common salt
etc are different substances.
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A substance that cannot be converted to other simpler substances is called an
element. For example substances like oxygen, hydrogen, iron, copper, aluminium etc are
elements. An element is now defined as a substance whose all the atoms have the same atomic
number,

A compound is a pure substance that consists of two or more elements held
together in fixed proportions by natural forces called chemical bonds. The properties of
compounds are different from the properties of the elements from which they are formed. For
example, water, carbon dioxide, copper sulphate, sodium chloride etc are compounds, Elements
and compounds have unifarm compaosition throughout.

An impure substance that contains two or more pure substances that retain their
individual chemical characteristics is called a mixture. A mixture can be converted into two
or mare pure substances by a physical method. Examples of mixture are air, water containing
dissolved oxygen, table salt dissolved in water, salt + sand etc. A mixture that consists of two or
more visibly different components is called a Selance Tit Bits
heterogeneous mixture. For example sand + salt, oil Bad breath may be good for you.
floating on water etc. A mixture that mn;ists of only g‘fgﬂi”‘ii‘grg' %ﬁ:i: iﬁz'::g “"i;ﬂi'nfﬁ::f
one phase is caled a homogeneous mixture. Far | People who eat a lot of garlic have a lower
example, sugar mixed in water, salt dissolved in water, | chance of geting stomach cancer, suffering
Homogeneous  mixtures  also  have  uniform ST RS/ IS ot RN B o3

people who eat little or no garlic.
campaosition throughout.

In fact the entire physical world is made up of mixture of elements and compounds.
Most of its components are made up of molecules.

1.2.2 Atomic Number, Mass Number
The number of protons in the nucleus of an atom is known as its atomic number.
For example, there is only one proton in the nucleus of H-atom; therefore its atomic number is
1. All the atoms of a given element have the same
number of protons and therefore the same atomic
number. Do you think atemic number of He is 27 What
15 the mass number of C-atom? The total number of
protons and neutrons in an atom is known as its | H.atom He-atom C-atom
mass number.
Some atoms of an element have different number of neutrons, such atoms are called

isotopes. We will discuss isolopes in section 2.2.
No. of neutrons = mass number — atomic number

Example 1.2: Determining the number of protons and neutrons in an atom

Atomic number of an element is 17 and mass number is 35. How many protons and
neutrons are in the nucleus of an atom of this element?

Problem Solving Strategy:
Mumber of protons are equal to atomic number and
Number of neutrons = mass number — atomic number
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Solution:
Mumber of protons = atomic number = 17
Number of neutrons = mass number — atomic number
=35-17 =18

1.2.3 Relative Atomic Mass and Atomic Mass Unit

The first guantitative information about atomic masses came from the work of Dalton, Gay
Lussac, Lavoisier, Avogadro and Berzelius. By observing the proportions in which elements
combine to form various compounds, nineteenth century chemists calculated relative atomic
masses. An atom is extremely small particle; therefore we cannot determine the mass of a single
atormn. However, it is possible to determine the mass of one atom of an element relative to another
experimentally. This can be done by assigning a value to the mass of one atom of a given
element, so that it can be used as standard. By international agreement in 1961, light isotope of
carbon C-12 has been chosen as a standard. This isotope of carbon{C-12) has been assigned
a mass of exactly 12 atomic mass unit. This value has been determined accurately using mass
spectrometer. The mass of atoms of all other elements are compared to the mass C-12. Thus
“the mass of an atom of an element relative to the mass of an atom of C-12 is called its
relative atomic mass”.

One atomic mass unit (amu} is defined as a mass exactly equal to one-twelfth the mass
of one C-12 atom.
Mass of one C-12 atom = 12 amu

mass of one C-12 atom
12
A hydrogen atom is 8.40% as massive as the standard C-12 atom. Therefore, relative
atomic mass of hydrogen.

lamu=

—@x 12 amu

100
—1 .08 amu

Similarly, relative atomic masses of O, Na, Al are 15.9994 amu, 22 9898 amu, 26.9815
amu respectively. Table 1.1 shows the relative atomic masses of some elements.

Table 1.1 relative atomic masses of some elements

Elamnant Relat::gs astnmin:: Element Helatri:g 5Ens'r.mnir:.
H 1.008 amu Al 26.9815 amu
N 14.0067amu S 32.06 amu
O 15.9994amu Cl 35.453 amu
Ma 22.9898 amu Fe 55.847 amu
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1.2.4 Empirical Formula, Molecular Formula

Recall that the chemical formula of a compound tells us which elements are present in it
and the whole number ratio of their atoms. In a chemical formula element's symbol and
numerical subscripts show the type and the number of each atom in a compound. There are
several types of chemical formulas for a compound. Here you will learn about two types of
chemical formulas.
1. Empirical Formula

The empirical formula of a compound is the chemical formula that gives the
simplest whole-number ratio of atoms of each element. For example in compound hydrogen
peroxide there is one H atom for every O atom. Therefore, simplest ratio of hydrogen to oxygen
is 1: 1. So the empirical formula of hydrogen peroxide is written as HO.

The simplest ratio between C, H and O atoms in glucose is 1 : 2! 1. What is the empirical
formula of glucose?

2. Molecular Formula

A molecular formula gives the actual whole number ratio of atoms of each element
present in a compound. For example there are actually two H atoms and two O atoms in
each molecule of hydrogen peroxide. Therefore. actual ratio of hydrogen to oxygen atoms is
2 : 2. 5o molecular formula of hydrogen peroxide is H,0, .

The actual ratio between C, H and O atoms in a glucose molecule is 6 : 12 : 6. What is
the molecular formula of glucose?

An empirical formula shows the simplest number of atoms of each element in a compound

whereas the molecular formula shows the actual number of aotms of each element in the
molecule of a compound,

Benzene is a compound of carbon and hydrogen. It contains one C atom for every H atom.
There are actually six C atoms and six hydrogen atoms in each molecule of benzene, Identify
empirical and molecular farmula for benzene from the following formulas.

C.H, : CH
Molecular formulas for water and carbon dioxide are H,O and CO, respectively. What are
empirical formulas for these compounds?

e
'l Self-Assessment Exercise 1.2

Write the empirical formulas for the compound containing carbon to hydrogen in the
following ratios:

(a) 1:4 (b) 26 {c) 2:2 (d) 66
Far many compounds, empirical and molecular formulas are same. For example water
(H,O). carbon dioxide (CO,) ammonia (NH, ). methane {(‘_;H*}, sulphur dioxide {SD:} ete.

Can you show it why?

Pes| Teacher's Point_

& leacher may gve numerical exampla to determing E.F of a Compound.
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Self-Assessment Exercise 1.3

1. Aspirin is used as a mild pain killer. There are nine carbon atoms, eight hydrogen atoms
and four oxygen atoms, in this compound, Write its empirical and molecular formulas.

2. Vinegar is 5% acetic acid. It contains 2 carbon atoms, four hydrogen atoms and 2 oxygen
atoms. Write its empirical and molecular formulas.

3. Caffeine [E:_HI-LgNED?_] is found in tea and coffee. Write the empirical formula for caffeine.

 Foais

1.2.5 Molecular Mass and Formula Mass

Molecular mass is the sum of atomic masses of all the atoms present in the
molecule. All you have to do is to add up the atomic masses of all the atoms in the compound.

For example,

Molecular mass of water H,O = 2(atomic mass of H) + atomic mass of oxygen
= 2(1.008) + 16.00
=2.016 + 16.00
= 18.016amu

Example 1.3: Determining molecular mass
1. Determine the molecular mass of glucose C H.,O, which is also known as blood sugar.
2. Determine the molecular mass of naphthalene C, _H_, which is used in mothballs.

L

Problem solving strategy:
Multiply atomic masses of carbon, hydrogen and oxygen by their subscripts and add.

Solution:
1. Molecular mass of C_H,,O, = 6(12.00) + 12(1.008) + 6(16.00)
=180.096 amu
2. Molecular mass of C _H, =12x10+1x8

=120+ 8 =128 amu

The term molecular mass is used for molecular compounds. Whereas, the term formula
mass is used for ionic compounds. lonic compounds consist of arrays of oppositely charged ions
rather than separate molecules. So we represent an ionic compound by its formula unit. A
formula unit indicates the simplest ratio between cations and anions in an ionic compound. For
example, the commeon salt consists of Na*t and ¢/~ lons. It has one Na* ion for every i~ ion. So
formula unit for common salt is NaCl.

The sum of the atomic masses of all the atoms in the formula unit of a substance is called

formula mass.
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Example 1.4: Determining formula mass

1. Sodium Chlonde, also called as table salt is used to flavour food, preserve meat, and in
the preparation of large number of compounds. Determine its formula mass.
2. Milk of magnesia which contains |'|.n'|g(IEfIH]2 . 15 used to treat acidity. Determine its formula

mass.
Problem solving strategy:

Add the atomic masses of all the atoms in the formula unit.

Solution:
1. Farmula mass of NaCl

= HB8.5amu
2. Formula mass of Mg(OH)_ = 24 + 16x2 + 1x2

=24 $32+ 2
=58 amu

<,
. | F
’ Self-Assessment Exercise 1.4

1. Potassium Chlorate (KCIO,) is used

commonly for the laboratory preparation of
oxygen gas. Calculate its formula mass.

2. When baking soda, NaHCO, is heated

carbon dioxide is released, which is
responsible for the rising of cookies and
bread. Determine the formula masses of
baking soda and carbon dioxide.

3. Following compounds are used as
fertilizers. Determine their formula masses.

(i) Urea, (NH, ), CO

(i) Ammonium nitrate, NH,NOQ..

‘

=1 x Atomic mass of Na + 1 x Atomic mass of Cl
=1x23+1x355

Important information

Many scientists regarded atom as
merely a convenient mental construct and
nothing more, This = because afom is 50
small that it cannot be seen with the naked
eya. Today, however, we have sophistivated
instruments fo weigh atoms and even
visualize them. Figure 1.1 shows an image of
gold atoms on the surface.

Figure 1.1 view of surface atoms of gold

The image has been drawnm by
computer from signal sent © it by an
instrument called a scanning tunneling
microscopa. The computer has drawn gold

atoms as lopped peaks.

1.3 CHEMICAL SPECIES

Most of the matter is composed of molecules or ions, formed by atoms.
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1.3.1lons (Cation, Anions), Molecular lons and Free Radicals

Atom is the smallest particle of an element that cannot exist in free state_ It is electrically
neutral. On the other hand an ion is a charged species formed from an atom or chemically
bonded groups of atoms by adding or removing electrons. Positively charged ions are called
cations, whereas, the negatively charged ions are called anions. An ionic compound
N contains anions and cations in such number that the compound is

electrically neutral. Metal atoms generally lose one or more
electrons and form cations. For example Na forms Na® by losing
ane electron, Ca forms Ca'”® by losing two electrons. The Non-metal
atoms usually gain one or more electrons and form anions. For

example a chlorine atom gains one electron and forms CI° ion. An
O-atom gains two electrons and forms O * ion.

Let us understand why an ion acquires a net positive or
negative charge. Consider the formation of Na* ion.

Fig.1.2 Na* ion

Figure 1.2 shows the sodium ion. Note that sodium has a nucleus of 11 protons and 12
neutrans. Thus its nucleus has a total charge of +11. Around the nucleus, there are 10 electrons,
with a total charge of -10. The charge on the ion is +11 + (-10) = +1

e,

. ! ,
Ll Self-Assessment Exercise 1.5

Explain Why?
1. An oxide ion O~ has -2 charge.
2. Magnesium ion, Mg~ has +2 charge.

3. Sulphide ion, 5° has =2 charge.

8] vesino

Molecular lon
When a molecule loses or gains one or more electrons, the resulting species is
called a molecular ion. For example O, when loses one electron it forms Q] ion, but when it

absorbs an electrons it forms O, ion. These ions are called molecular ions. Similarly N, N

etc are examples of molecular ions. These are shor lived species and only exist at high
temperature. Molecular ions do not form ionic compounds.

Free Radicals
A free radical is an atom which has an unpaired electron and bears no electrical
charge. For example

H , :Ck

are free radicals --
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When substances like halogens are exposed to sun light, their molecules split up into free
radicals.

Difference between lon and Free Radical
=01 el b}
Chlorine free radical Chloride ion

Which species has even number of electrons? Which species has odd number of
electrons?

A free radical has an unpaired electron, so it has odd number of electrons. A free radical
i5 an electrically neutral species. Whereas an ion has even number of electrons, so it has no
unpaired electrons.

Dot (.) indicates an unpaired electron.

-

o :
Wl Self-Assessment Exercise 1.6

|dentify ions, malecular ions and free radicals from the following species.

CN-, CN, He*2, N~3, CH}

B8 roaing

1.3.2 Representiative Particles of Elements and Compounds

The term representative particles refer to species present in a substance. These species
are atoms, molecules or formula units. For instance water exists as molecules, carbon exists as
atorms.

Example 1.5: Identifying representative particles of elements and compounds

Figure 1.3 shows some molecules. ldentify particles of

elements and compounds. w ; “

Problem Solving Strategy: A C
B
Elements have atoms of same sizes and compounds . L
have atoms of different sizes. &. i;r
Solution: D F

Particles of elements are A, C, D and E. Particles of  Fig 1.3 Some common molecules
compounds are B and F.
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Molecules can also be classified as monoatomic or polyatomic. Inert gases consist of
monoatomic molecules such as He, Ne, Ar, Kr, En. A molecule that contains only one atom
is called monoatomic. Molecules that contain two or more similar or different atoms are
called polyatomic molecules. For example, H,, O,, HCI, NH, etc are polyatomic molecules,

T
s '
’ Self-Assessment Exercise 1.7

1. Observe the given figure and identify the diagrams that represents the particles of :
a) An element whose particles are atoms.
b) An element whose particles are molecules.
c] A compound.
d) A mixture of an element and a compound.
&) A mixture of two elements.
f} A mixture of two compounds.
2. Observe the given figure and decide which diagram represents particles in an element,
a compound or a mixture.

v a9 R =
a P i:* \:ﬁﬁ{d ._;"'i ("] ,.}J;:;_;ﬁ
= =y o [ |

e @ e ' g
"'J ‘i“ - .\‘." - o df-“

Society, Technology and Science

During 600 — 1600 AD, Chamical histary
was dominated by a pseudo-science called
alchemy. Earlier alchemistz were cksessed with the
idea of turning cheap metals into gold. They
searched for ways t0 change less valued meaials
such as lead into gold. They could not succeed and
wasted their time and money. Therefore, the works

of earlier alchamists handicapped progress of
How do you count shoes? AS SNOES | seience. However, during that period they

come in pairs, so you would most likely count | discovered mar:ﬂ}' new pm&&sS_IFhs such as distillaticn,
‘ - o sublimation and extraction. These processas are
thern by pairs rather than '"dw'd!"'a”!"r' Similarly still in use today. Such processas are contributing a
eqgs, oranges etc. are counted in dozens, bul | iot in the progress of science. This means the works
paper by ream. Thus, the counting unit depends of different scientists at the same time handicap or
. promaole the growth of science.
on what you are counting.
Chemists also use a practical unit for counting atoms, molecules and ions. They use a
counting unit called mole to measure the amount of a substance.
A mole is an amount of a substance that contains 6.022 x 10%® particles of that
substance. This experimentally determined number is known as Avogadro’s number. It is
represented by Na. Just as a dozen eggs represent twelve eggs, a ream of paper represent 500

papers, a mole of a substance represents 6.022 x 10°? representative particles of a substance..

1.4 AVOGADRO'S NUMBER
AND MOLE
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For example a mole of carbon is 6.022 x 10*" atoms. A mole of sulphur is 6.022 x 10™ atoms. A
mole of water is 6.022 x 10* molecules.

A mole of S-atoms A mole of C-atoms A pair of Shoes &
(6.022 x 10%* S-atoms) (6.022 x 10%* C-atoms) a dozen eggs
ey .- &, ' iE
g | B =1 il
Figure 1.4 A mole of S-atoms, a mole of C-atoms & pair of Shoes & a dozen eggs
What is the mass of one maole C-atoms? Society, Technology and Seience
How many atoms are there in 32.1 g of Size of the Mole

Entire population cannot count ¥ mole of coins in a
S-atoms? year. They nesd aboul ong million year to count
Does a dozen eggs have same mass as a tham. So, when counting a pile of coins, it would not

dozen bananas? Does a mole of carbon atoms | P convenient to count them one by one. The
3 concept of mole has given a very simple method 1o
have a different mass than a mole of sulphur count large number of items. Mole s not only a

atoms? number but also reprezents definite amount of a
The mass of one mole of substance is ﬁ;h;'“?{fé 28 R le R L S out i)

called as molar mass. What are the maolar | mass So an easy way is to weigh them. If you know

maszes of carbon and sulphur? The term | the mass aof one coin, you can count tham by

representative particles in a substance are yponing.

atoms, molecules, formula units or ions. For instance water exists as molecules, therefore, one

mole of water contains 6.022 x 10~ molecules of water. Hydragen exists as H, molecules, so

one mole of hydrogen contain 6.022 x 10* molecules. Carbon exists as atoms so 1 mole of
carbon contains 6.022 x 10%atoms.

1.4.3 Gram Atomic Mass, Gram Molecular Mass and Gram Formula Mass

A mole of S-atoms A mole of C- atoms
(6.022 x mﬂl S-atoms) {6.022 x 1qﬂ C-atoms)
¥ v

m— —

. A
. e
32.1g 12.0 g
What is the mass of 6.022 x 10°? S-atoms? What is the mass of one mole of C-atoms?
Is this mass of S-atoms equal to its Is this mass of C-atoms equal 1o its
atomic mass? atomic mass?

] Teacher's Point

Teacher may give more examples of mole.
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Atomic mass of an element expressed in grams is called gram atomic mass.

Is the gram atomic mass of C-atoms 12 g7
What is the gram atomic mass of S-atoms?

If each of the carbon and sulphur sample shown above contains one mole of atoms, why do

the samples have different masses?
Atomicmassof C = 12amu
Atomic mass of Na = 23amu

Atomic mass of Zn

. gram atomic mass of C = 12g
.-.gram atomic mass of C = 23g

= 63.54amu - gram atomic mass of C = 63.54g

Gram atomic mass of an element contains 1 mole of atoms.

Therefore,
Mass of 1 mole of C-atoms
Mass of 1 mole of Na-atoms
Mass of 1 mole of Zn-atoms
A mole of H,0 -molecules
(6.022 x 102 H_O-molecules)

-18.016g

What is the mass of one mole of
water molecules?

Is this mass of water molecules
equal to molecular mass of water?

=12g
= 239
=63.54g

A mole of C H,,O, - molecules

[ I
(6.022 x 10%* C_H 0O, -molecules)

1z

180.096g

l

. N—
.{ .E..'ﬁ_ i )
Ek,_'*; L’

i

what is the mass of 6.022 x 10%
molecules of glucose?

i5 this mass of glucose molecules
equal to molecular mass of glucose?

Molecular mass of a substance expressed in grams is called gram molecular mass.

Molecular mass of H,O

So, gram molecular mass of HO
Molecular mass of CH O,

S0

. gram molecular mass of C H,0,

=2x1.008+ 16

= 18.016amu
= 18.016g

=6x12+12x1008+16x6

= 180.086amu
= 180.096g
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Formula mass of a substance expressed in gram is called gram formula mass.
An ionic compound is represented by the formula unit that represents the simplest ratio
between the ions of a compound. For example NaCl, KCI, CuS0, efc.

Formula mass of NaCl =23+355
= 58.5amu
Therefare, gram formula mass of NaCl = 58.5¢g = mole of NaCl formula units.
Formula mass of KCI =39+ 355
= 74 S5amu
So, gram formula mass of KCI = T4.5¢q

Difference between the Terms Gram Atomic Mass, Gram Molecular Mass And
Gram Formula Mass

(i) Gram atomic mass represents one mole of atoms of an element, gram molecular
mass represents one mole of molecules of a compound or an element that exists
in molecular state whereas gram formula mass represents one maole of ionic
formula units of a compound,

(i) Gram atomic mass contains 6.022 x 10” gtoms, gram molecular mass contains
6.022 x 10°* molecules whereas gram formula mass contain 6.022 x 107 formula
units.

(i) Al of these quantities represent malar mass. Mass of one mole of a substance
expressed in grams is called molar mass. “Therefore, mole can be defined as
atomic mass, molecular mass or formula mass expressed in grams”.

1.5 CHEMICAL CALCULATIONS

In this section, you will learn about the chemical calculations based on the concept of
mole and Avogadro's number.

1.5.1Mole-Mass Calculations
Example 1.5: Calculating mass of one mole of a substance

Calculate the molar masses of (a) Na  (b) Nitrogen (c) Surcose C.H_O,,

Problem solving strategy:

If an element is a metal then its molar mass is its atomic mass expressed in grams (gram
atomic mass). If an element exists as molecule, its molar mass is its molecular mass expressed
in grams (gram molecular mass).

Solution:
a) 1 mole of Na = 23g
b} Mitrogen occurs as diatomic molecules.

Molecular mass of N, =14x2
= 2Bamu
Therefore, mass of 1 mole of Nz =28¢q
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c) Molecular mass of C_H..O, =12x12 + 1x22 + 16x11

=144 + 22 + 176

Therefore, mass of 1mole of sucrose = 3429

-5

s P
. Self-Assessment Exercise 1.8

Calculate the mass of one mole of (a) Copper (b) lodine (c) Potassium (d) Oxygen

Example 1.5(a): Calculating the mass of a given number of moles of a substance

Oxygen is converted to ozone (O, ) during thunder storms. Calculate the mass of ozone
if 9.05 moles of ozone is formed in a storm?

Problem solving strategy:
Ozone is a molecular substance. Determine its molar mass and use it to convert moles
to mass in grams.

905molesof O, —» ?7gof O

Solution:
1 mole of O =16x3
=48 g
1 mole of O, = 484
So. 9.05 moles of O, = 48gx9.05
= 434 49 of 'D,_.

Example 1.6: When natural gas burns CO, is formed. If 0.25 moles of CO, is formed,
what mass of CO, is produced?

Problem solving strategy:
Carbon dioxide is a molecular substance. Determine its molar mass and use it to conwvert
moles to mass in grams

0.25 moles of CO, — 7 g of CO,

Solution:
Molar mass of CO, =12+16x 2
= 44q
1 mole of CO, =44q of CO,
So. 0.25 moles of CO, = 44 x 0.25
=11gof CO,
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Example 1.7: Converting grams to moles

How many moles of each of the following substance are present?
(a) A balloon filled with 5q of hydrogen.
{b) A block of ice that weighs 100g.

Problem solving strategy:

Hydrogen and ice both are molecular substances. Determine their molar masses. Use
the molar mass of each to convert masses in grams to moles.

s ——e 7 moles

Solution:
a) Molar mass of H, =1.008 x 2
= 2.016g
1 mole of H, =2.016g
So, 2.016g of H: =1 mole of H,
|
1gof H, - Emﬁmulasm‘ H.
1
5g of H, ~ x5moles of H,
= 2.48 moles of H,0
b) 1 mole of H:O =2x1008+16
=2.016 + 16
= 18.016g
1 mole of H, O =18.016g
So, 18.016gof H,O =1 mole
1gof H O =t moles
18.016
100g of H,O = x100moles
18.016
=555 moles of H,O

|1“| Self-Assessment Exercise 1.9

1. The molecular formula of a compound used for bleaching hairis H,0, . Calculate (a) Mass

of this compound that would contain 2.5 moles. (b) No. of moles of this compound that
would exactly weigh 30g.

2. Aspoon of table salt, NaCl contains 12 .5grams of this salt. Calculate the number of moles
it contains.

3. Before the digestive systems X-rayed, people are required to swallow suspensions of
barium sulphate BaSO, Calculate mass of one male of BaSO, .

' Teacher’s Point

A teachear may in courage students solve salf- assessmant axarcise thamseahas.
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1.5.2 Mole-Particles Calculations

Example 1.8: Calculating the number of atoms in given moles
1. Znis a silvery metal that is used to galvanize steel to prevent corrosion. How many atoms
are there in 1.25 moles of Zn.
2. A thin foil of aluminium (Al) is used as wrapper in food industries. How many atoms are
present in a foil that contains 0.2 moles of aluminium?

Problem solving strategy:
Remember that symbols Zn and Al stand for one mole of Zn and Al atoms respectively.

Solution:
1. 1 mole of Zn contains = 6.022 x 10" atoms
1.25 moles of Zn contain — 6.022 x 105 kTS5
=7.53x 107 Zn atoms
2. 1 mole of Al contains =6.022 x 10" atoms
5o 0.2 moles of Al will contain —-6022x 10" x0.2

= 1.2044 x 10" atoms

Example 1.9: Calculating the number of molecules in given moles of a substance

1. Methane (CH,) isthe majer component of natural gas. How many molecules are present
in 0.5 moles of a pure sample of methane?

2. At high temperature hydrogen sulphide (H,S) gas given off by a volcano is oxidized by
air to sulphur dioxide (SO,). Sulphur dioxide reacts with water to form acid rain. How
many molecules are there in 0.25 moles of S0,.

Problem solving strategy:

Remember that CH, is a molecular compound, thus 1 mole of methane will have
6.022 x 107" molecules. Similarly, SO, is a molecular compound, its one mole will also have
6.022x10* molecules.

Solution:

1. 1 mole of CH, contains

So, 0.5 moles of CH, will contain

6.022 x 10% molecules
6.022 x 107x 0.5

— 3.011 x 10 molecules

2. 1 mole of SO, contains — 6022 x 10" molecules

S0, 0.25 moles of SO, will contain = §.022 x 10°*%0.25
= 1.5055 x 10¢% molecules
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Example 1.10: Calculating the number of moles in the given number of atoms

Titanium is corrosion resistant metal that is used in rockets, aircrafts and et engines.
Calculate the number of moles of this metal in a sample containing 3.011 x 107 Ti-atoms.

Problem solving strateqgy:

Remember that 1 mole of an element contains 6.022 x 102% atoms.
Thus,

6.022 x 1022 atoms = 1 mole
3.011 x 107 atoms —= 7 moles

Solution:

6.022 x 10° Tj atoms = 1 mole of Ti

- 1 '
1 Ti atom = 02 % 102 moles of Ti

3011 x 107 Ti atomns = x3.011 x 107 moles of Ti

= 6.022x 10
= (0.5 moles of T

Example 1.11: Calculating number of moles in the given number of molecules

Faormaldehyde is used to preserve dead animals. Its molecular formula is CHO
Calculate the number of moles that would contain 3.011 x 10% molecules of this compound.

Problem Solving Strategy:
Remember that 1 mole of any compound contains 6.022 x 10% molecules.

Thus,

G022 % 10" molecules = 1 mole of compound

3011 x 107 mplecules — ?mMoles
Solution:

6.022 % 107 molecules = 1 mole of formaldehyde

I
1 molecule = 5" s moles of formaldehyde
3.011 x 107 1 z3011x107
: molecules = =5 = AL moles of formaldehyde

= 0.05 moles of formaldehyde
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Self-Assessment Exercise 1.10

1. Aspirin is a compound that contains carbon, hydrogen and oxygen. It is used as a
painkiller. An aspirin tablet contains 1.25 x 10% molecules. How many moles of this
compound are present in the tablet?

2. A method used to prevent rusting in ships and underground pipelines involves connecting
the iron to a block of a more active metal such as magnesium. This method is called
cathodic protection. How many moles of magnesium are present in 1 billion (1 x 109)
atoms of magnesium.

= Chemistry is the science of materials of the universe.

* The branch of Chemistry that deals with laws and theories to understand the structure
and changes of matter is called Physical Chemistry.
Crganic chemistry deals with carbon compounds (except bicarbonates carbonates oxides
and carbides.

+ The branch of Chemistry that deals with elements and their compounds except organic
compounds is called Inorganic Chemistry.

+ Physical and chemical changes that occur in living arganisms are studied in biochemistry.

= |ndustrial chemistry is concerned with the large scale production of chemical substances.

= An element is a substance all the atoms of which have the same atomic number,

= A compound consists of two or more elements held together in fixed proportions by
chemical bonds.

= An impure substance that contains two or more pure substances that retain their
individual chemical characteristics is called a mixture.

= The number of protons in the nucleus of an atom is known as its atomic number.

+ The total number of protons and neutrons in an atom is called its mass number.

« Atoms of an element that have different number of neutrons are called isotopes.

+ The mass of an atom of an element relative to the mass of an atom of C-12 is called
relative atomic mass.

= One atomic mass unit is defined as the mass exactly equal to one-twelfth the mass of
one C-12 atom,.

« Chemical formula of a compound that gives the simplest whole-number ratio between
atoms is called empirical formula.

= Molecular formula of a compound gives the exact number of atoms present in a molecule.

= Molecular mass is the sum of atomic masses of all the atoms present in the molecule.

+ Positively charged ions are called cations and negatively charged ions are called anions.

» When a molecule loses or gains electrons, the resulting species is called maolecular ion.
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= Free radical is an atom or group of atoms that contains an unpaired electron.

« The number of representative particles in one mole of the substance is known as
Avogadro’s number.

= The amount of matter that contains as many atoms, ions or molecules as the number of
atoms in exactly 12g of C-12 is called mole. Mole can also be defined as alomic mass,
molecular mass or formula mass expressed in grams.

« Atomic mass of an element expressed in grams is called gram atomic mass.

+ Molecular mass of an element or a compound expressed in grams is its gram molecular
Mass.

« (ram formula mass is the formula mass of a substance in grams.

REFERENCES FOR ADDITIONAL INFORMATION
« Zumdahl, Introductory Chemistry.
» Raymond Chang, Essential Chemistry.

o] Activity |

Take two balloons. Fill one balloon full of air and other half. Than weigh both and compare the masses
of both. It confirms that masses of gases increase with increasa in number of molecules in it.

1. Encircle the correct answer:
(i) Which of the following lists contains only elements?
(a) Air, water, oxygen (b) Hydrogen, oxygen, brass
(c) Air, water, fire, earth (d) Calcium, sulphur, carbon

(il  The diagrams below represent particles in four substances, which box
represent the particles in nitrogen.

a. .

(i)  What is the formula mass of CuS0,.5H,0 . (Atomic masses: Cu=63.5 5=32,
0=16, H=1)
(a) 159.5 (b) 1855  (c) 2495  (d) 1495

(iv) A compound with chemical formula Na,CX, has formula mass 106amu. Atomic
mass of the element X is

(a) 106 (b) 23 (e) 12 (d] 16
(v) How many males of molecules are there in 169 oxygen.
(&)1 (b) 0.5 (e) 0.1 (d) 0.05
(vi)  What is the mass of 4 moles of hydrogen gas.
(a) 8.064g (b) 4.032g (c)1g (d) 1.008q
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(vii)  What is the mass of carbon present in 44g of carbon dioxide.
(a) 12g (b) Bg (c) 249 (d) 44g

(viii) The electron configuration of an element is 1s°2s* An atom of this element  will
form an ion that will have charge

(a) +1 {b) +2 (c) +3 (d) -1
(i}  Which term is the same for one mole of oxygen and one mole of water?
{a) volume (b) (c) mass (d) atoms (e) molecules
(%) If one mole of carbon contains x atoms, what is the number of atoms contained in
12g of Mg.
{a) x (b) 0.5x (c) 2x (d) 1.5x

Give short answers.

(i) Ditterentiate between an ion and a free radical

(i) What do you know about corpuscular nature of matter?

(i)  Differentiate between analytical chemistry and environmental chemistry.

(ivi Whatis mole?

(v) Differentiate between empirical formula and malecular formula.

(vi)  What is the number of molecules in 9.0 g of steam?

(vii} What are the molar masses of uranium -238 and uranium -2357

(viii) Why one mole of hydrogen molecules and one mole of H-atoms have different
masses?

Define ion, molecular ion, formula unit, free radical, atomic number, mass number,

atomic mass unit.

Differentiate between (a) atom and ion (b) molecular ion and free radical.

Describe how Avogadro’s number is related to a mole of any substance.

Calculate the number of moles of each substance in samples with the following

masses:

(a) 2.4 g of He (b) 250mg of carbon {c) 15g of sodium chloride

(d) 40g of sulphur. (e} 1.5kg of MgO

Calculate the mass in grams of each of the following samples:

(a) 1.2 molesof K (b) 75moles of H, {c) 0.25 moles of steam

(d} 1.05 moles of Cu30,.5H,0 {e) 0.15moles of H,S0,

Calculate the number of molecules present in each of the following samples:
(a)} 2.5 moles of carbon dioxide (b) 3.4 moles of ammonia, NH,

(c) 1.09 moles of benzene, C H, (d) 0.01 moles of acetic acid, CH,COOH
Decide whether or not each of the following is an example of empirical formula:
(a) ALCI, (b) Hg.Cl, (c) NaCl (d) C,H,O

TNT or trinitrotoluene is an explosive compound used in bombs. It contains 7 C-
atoms, 5 H-atoms, 3 -N atoms and 6 O-atoms. Write its empirical formula.

A molecule contains four phosphorus atoms and ten oxygen atoms. Write the
empirical formula of this compound. Also determine the molar mass of this
molecule.
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12.  Indigo (C_H,N,O,), the dye used to colour blue jeans is derived from a compound

known as indoxyl (C,HON). Calculate the molar masses of these compounds.

Also write their empirical formulas.
13.  ldentify the substance that has formula mass of 133.5amu.

(a) MgCl, (b) 5,Cl, (c) BCI, {d) AICI,
14.  Calculate the number of atoms in each of the following samples:
(a) 3.4 moles of nitrogen atoms (b) 239 of Na (d) 5g of H atoms
15. Calculate the mass of the following:
(a) 3.24 x 10"% atomns of iron (b) 2 x 10" molecules of nitrogen gas
(c) 1 x 10°° molecules of water (d) 3 x 10° atoms of Al

16. ldentify the branch of chemistry that deals with the following examples:
1. A comstalk grows from a seed.

Dynamite (C,H.N,O, ) explodes to form a mixture of gases.

2

3. Purple iodine vapour appears when solid iodine is warmed.

4. Gasoline { a mixture of hydrocarbons) fumes are ignited in an auto mobile engine.

5. A silver article tarnishes in air.

6. lce floats on water.

7. Sulphur dioxide is the major source of acid rain.

B. Many other light chlorinated hydrocarbons in drinking water are carcinogens.

9. In Pakistan most of the factories use wet process for the production of cement.

10.Carbon-14 is continuously produced in the atmosphere when high energy
neutrons from space collide with nitrogen-14.

r Think-Tank

: What mass of sodium metal contains the same number of atoms as 12.00g of
carbon.
2. What mass of oxygen contains the same number of molecules as 429 of
nitrogen.
3. Caleulate the mass of one hydrogen atom in grams. . b O .,_,..'i e
4. ‘Observe the given figure. It shows particles in a 0 # J"’
sample of air. J‘s @ o %
a) Count the substances shown in the sample ul . D
b} Is air a mixture or pure substance? Explain? " @ M @
c) Identify the formula of each substance in air. ¢ &) j o
d) Argue whether each substance in air is an element or a compound.
e} What is the most common substance in air?
5. Calculate the number of H-atoms presentin 18g H.O .
6. Calculate the total number of atoms present in18g H.O .
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STRUCTURE OF ATOMS

Thiz iz a 14 days lesson
After completing this lesson, you will
be able to;
Describe the contribution the Rutherdord Atomic
Theory in the structure of the atoms.
Explain how Bohr's Atomic Theory differed from
Rutherford’s Atomic theory,
Compare isotopes of an element.
Describe the structure of an atom including the
location of the proton, electron and neutron.
Deascribae the contribution that Rutherford made to the
devalopment of the atomic theory
Describe the presence of sub shells in a shell.
Define isotopes.
Distinguish between shells and sub shells.
Discuss the properties of the isotopes of H, C, CI, U.
Draw the structures of different isotopes from mass
number and atomic number.
State the importance and uses of isolopes in various
fields of life,
Write the electronic configuration of the first 18
elements in the Periodic Table.

4l Pre- Reading

The structure of atom tells how the
sub-atomic particles are arranged.
Atoms are so small that they can
only be visualized with a scanning
tunneling microscope. See figure
2.1 that shows an image of gold
atoms on the surface. In grade VI
you have learmned about the
structure of atom and sub-atomic
particles, electrons, protons and
neutrons. In this chapter you will
learn about the arrangement of
these particles in an atom. Atomic
structure was formulated from a
series of experiments during the
later part of nineteenth century and

e —, the beginning of the twentieth
century. We will discuss contributions of British physicist Rutherford and Danish physicist Neil

Bohr for determining the structure of an atom. Bohrs's structure of an atom nicely explains the
arrangement of elements in the periodic table and periodicity of properties. How? To understand
this you should know the structure of atoms.

'

2.1 THEORIES AND EXPERIMENTS RELATED
TO ATOMIC STRUCTURE

In grade VIl you have learned about the structure of atom and sub-atomic particles. You
have also learned the distribution of electrons in shells (KLM only) using 2n? formula. In this
section you will learn about theories and experiments related to atomic structure.
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2.1.1 Rutherford’s Atomic Model
In 1911 Rutherford performed an experiment in order to know the arrangement of

electrons and protons in atoms.

2.1.1.1 Rutherford’'s Experiment
Rutherford bombarded a very thin gold foil about ‘ \'\ f;“ e - i

0.00004cm thickness with a-particles. (figure 2.1). He |  wnlidi R —

used a-particles obtained from the disintegration of o

ek bl Fuiessrl
3 L]

palanium. d-particles are helium nuclei that are doubly
positively charged (He**). Most of these paricles e

passed straight through the foil. Only few particles were : s
slightly deflected. But one in 1 million was deflected D e, ST
through an angle greater than 90° from their straight "__“"—:":_:"‘ =
paths. Rutherford performed a series of experiments > =

using thin foils of other elements. He observed similar
results from these expenments.
Rutherford drew the following conclusions:

1. Since majority of the a-particles passed through the foil undeflected, most of the space
occupied by an atom must be empty.

2. The deflection of a few a-particles through angles greater than 907 shows that these
particles are deflected by electrostatic repulsion between the positively charged a-
particles and the positively charged part of atom.

3. Massive a-particles are not deflected by electrons.

On the basis of conclusions drawn from these experiments, Rutherford proposed a new
model for an atom. He proposed a planetary model (similar 1o the solar system) for an atom. An
atom is a neutral particle. The mass of an atom is concentrated in a very small dense positively
charged region. He named this region as nucleus. The electrons are revolving around the
nucleus in circles. These circles are called orbits. The centripetal force due to the revolution of
electrons balances the electrostatic force of attraction between the nucleus and the electrons.

2.1.1.2 Defects in Rutherford's Atomic Model

Rutherford's model of an atom resembles our solar system. It has following defects:

1. Classical physics suggests that electron being charged particle will emit energy
continuously while revolving around the nucleus. Thus the orbit of the revalving electron
becomes smaller and smaller until it would fall into the nucleus. This would collapse the

atomic structure.
2. If revolving electron emits energy continuously it should form a continuous spectrum for
an atom but a line spectrum is obtained.

m Teacher's Point

Tubea light is a discharge tuba

Figure 2.1 Rutherford's Experiment
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Bohr formulated new explanation and a new theory to remove defects from the
Rutherford's atomic model.

2.1.2 Bohr's Atomic Theory

IN1913 Neil Bohr, proposed a model for an atom that was consistent with Rutherford’s
model. But it also explains the observed line spectrum of the hydrogen atom. Main postulates of
Bohr's atomic theory are as follows:

1.

The electron in an atom revolves around
the nucleus in one of the circular orbits.
Each orbit has a fixed energy. So each
orbit is also called energy level.

The energy of the electron in an orbit is
proportional to its distance from the
nucleus. The farther the electron is from
the nucleus, the more energy it has

The electron revolves only in those orbits
for which the angular momentum of the
h
2a
where & is Plank's constant (its value is
6.626x10* J.s).

Light is absorbed when an electron jumps
to a higher energy orbit and emitted when
an electron falls into a lower energy orbit,
Electron present in a particular orbit does
not radiate energy,

glectron is an integral multiple of

Society, Technology and Science

Ruthedord was the first scientist
who proposed first atomic madel of an atom.
He suggested that all of the positive charge
and most of the mass of the atom is
concentrated in the nucleus. The remaining
valuma of the atom s occupied by alecirons
that revolve around the nucleus in circles
called orbits. These suggestions remained
unchallenged. But his model could not
explain the stability of an atom and line
spectium for an atom. Bohr leaped over
difficulty by using CQuantum Theory of
Radiation that was proposed by Max Plank.
Bohr proposed that an electron moves
araund tha nucleus in well defined circular
paths called orbits. An orbit has fixed
energy. Electron present in an orbit does not
emit energy. Bohr atomic theory explains
nicely the stabilty of an atom and also
explains why an atom gives line spactrum,
Development of Bohr's afomic madel
explains how interpretations of expermantal
results of other sclentists help chamists to
formulate new explanations and new
theories,

The energy of the light emitted is exactly equal to the difference between the energies

of the orbits.

AE-E,E,

Where AL is the energy difference between any two orbits with energies E]anr:f E_.

-1
g L o S ey
__.-"". e e
1 rF ._.- _|r;I

|| n 'HL
'._. I'. '._. Tidyn 'y, ’

.'-\._ .l\:\-'l.ﬁ'__"'- ___.-._. !-"\-"'ﬁ {
" T ps o

o _'__,_.,_._—rrEz
T I" I.'. i I_.".:_.-'. ' E |

O :-m'ms

Figure 2.2 Bohr's model of the atom
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<5,
E
i . Self-Assessment Exercise 2.1

Draw Bohr's Model for the following atoms
indicating the location for electrons, protons and

neutrons,
(a) Carbon (Atomic No. B, Mass No. 12)

(b) Chlorine(Atomic No. 17, Mass No. 35)

A g
Figure 2.3 Bohr's model for atom A and

‘ a

2.2 ISOTOPES

Figure 2.3 shows Bohr's Model for two atoms A

and B Soclety, Technology and Science
Dalton’s atomic theory
Can you identify three similarities and two differences in | explained data from many experiments.

these atoms? S0 it was widely accepted. Discovery of
. sub-atomic  particles  and  isotopes
You will find, proved that some of the Dallon's ideas

about atoms were not correct. Sciantists
did not discard his theory. Instead, they
(b) Both the atoms have same number of electrons. | revised the theory to take into account

(a) Both the atoms have same number of protons.

(c) Both have same atomic number. new discoveries. This shows how
; prevailing theories bring abowt changes
(d} Both have ditferent number of neutrons. in tham.

(e) Both differ in total number of protons and
neutron. This means they have different mass
numbers.

Since both the atoms have the same atomic number, they must be the atoms of same

element and are called isotopes. The word isotope was first used by Soddy. It is a Greek word
“isos” means same and “tope™ means place.

Isotopes are atoms of an element whose nuclel have the same atomic number but
different mass number. This is because atoms of an element can differ in the number of
neutrons. Isolopes are chemically alike and differ in their physical properties.

How does the discovery of isotopes contradicted Dalton’s atomic theory?

Isotopes of Hydrogen
Hydrogen has three isotopes. Hydrogen —1 (Protium) has no neutron. Almost all the hydrogen

is Hydrogen —1. Its symbol is .IH . Hydrogen — 2 (deuterium) has one neutron and hydrogen —3

(Tritium) has two neutrons. Their symbols are fH and iH respectively Because hydrogen —1
also known as protium has only one proton, adding a neutron doubles it mass.
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Protium / Hydrogen is a colourless, odourless, and tasteless gas. It is insoluble in water and is
highly inflammable gas. Water that contain hydrogen-2 atoms in place of hydrogen—1 is called
heavy water. Table2.1 Shows some physical properties of ordinary water and heavy water.

Table 2.1 - Comparision of ordinary water and heavy water.

Property Ordinary water Heavy water
Melting Point 0.00°C 3.81°C
Bioling point 100°C 101.2%C
Density at 25°C | 0.99701 g/em? 1.1044 glem?®

At what temperature would a sample of heavy
water freeze?

Maturally occurring hydrogen contains 99.99%

protium, 0.0015% Deuterium.  Tritium  is
Frotium Pathat ki Tritium radioactive and is rare. Tritium is not found in
naturally occurnng hydrogen because its nucleus
is unstable.

Figure 2.5 Isotopes of hydrogen

Isotopes of Carbon
Carbon has three isotopes. Carbon—12, carbon—13 and carbon —14. Almost all the carbon is

carbon—12. Its symbo! is .5( It has six neutrons and six protons. Carbon—13 has symbol ; “C.It has
seven neutrons and six protons. Carbon—14 has eight neutrons and six protons. [ts symbaol is
',:C- Different forms of carbon are black or greyish black solids except diamond. They are
odourless and tasteless. They have high melting and boiling points and are insoluble in water.

Activity 2.1
Carbon has three isotapes . C. .C. ,'CFigure , f
2.6 shows incomplete structure of isotopes of
carbon. Can you complete it? . @
Matural abundance of isotopes of carbon is as f \\
SC=088%, [JC=L1% PC=0009% Figure 2.6 Isotopes of Carbon

Isotopes of Chlorine

There are two natural isotopes of chlorine, chlorine-35 and chlorine-37. An atom of
chlarine-35 has 17 protons and 18 neutrons. An atom of chlorine-37 has 17 protons and 20
neutrans. Chlorine-35 occurs in nature about 75% and chlorine-37 about 25%. Chlorine is a
greyish yellow gas with sharp pungent irritating smell. 1t is fairly soluble in water.
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(P2 hoivivza

Chlorine has two isotopes. Figure 2.7 shows the
structure of isotopes of chlorine. Can you write isotope
symbol for each?

Isotope symbols: :
Matural abundance 757 7% 24 23%

Figure 2.7 Isotopes of chlorine

Isotopes of Uranium

1:2 IS

Uranium has three isotopes with mass number 234, 235 and 238 respectively.
1 135 138
u U U
et B | 1 n

The 5 U isotope is used in nuclear reactors and atomic bombs, whereas the 5 U

isotope |lacks the properties necessary for these applications. ."iU is rare. Natural abundance
of Uranium isotopes is as follows:
U = 0.006%, o U =0.72%, 20 = 99.27%
Fill in the blanks?
:‘_341-[ has . protons, __ electrons and ___ neutrons

fLi]
-~ Uhas protons, electrons and neutrons
il

o U has protons, electrons and ___ neutrons

When uranium—238 decays into thorium—234, it emits alpha particle. An alpha particle is
doubly positively charged helium nucleus.

23 2y 4

wld = i+ He
The fission of uranium-235 yields smaller nuclei, neutron and energy. The nuciear energy
released by the fission of one kilogram of uranium—235 is equivalent to chemical energy
produced by burning more than 17000 kg of coal.

Chemical properties of an element depend upon the number of protons and electrons.

MNeutrons do not take part in ordinary chemical reactions. Therefore, isotopes of an element
have similar chemical properties.

2.2.2 Uses of Isotopes
Stable and radioactive isotopes have many applications in science and medicines. Some
of these are as follows:

(i) Radioactive iodine -131 is used as a tracer in diagnosing thyroid problem.
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(i) Na-24 is used to trace the flow of blood and detect possible constrictions or
obstructions in the circulatory system.
(i)  lodine-123 is used to image the brain.
Ipeeiant inforation {iv) Cobalt-60 is commonly used to irradiate cancer
; cells in the hope of killing or shrinking the tumors.
e a‘;’gmmﬁn lsc';f:gn'_i;:tgﬁni; (v) Carbon-14 is used to trace the path of carbon in
substances. Carbon atoms circulate photosynthesis.

between the oceans, and livin . . oo :
organism &t a rate very much fastegr (vij  Radioactive isotopes are used to determine the

than they decay. As a result the molecular structure e.g. sulphur-35 has been used

SEBgoRicRc Gif G 1a in il Innig Singe in the structure determination of thiosulphate,
keep on increasing. After death s

organisms no longer pick up C-14. By 5.0, ° ion.

comparing the activity of a sampla of . : ; i
Ehu”pm jag.,.,. bones. H,h the acﬁ.f;w at | (viij Radicactive isotopes are also used to study the

living tissues, we can estimate how mechanism of chemical reactions.
long it has been since the organism , G ;
died. This process is callad dating. |::"|”||} Radioactive Isotopes are used to date rocks, sails,

archaeological abjects, and mummies.

2.3ELECTRONIC CONFIGURATION

To understand electranic configuration, you should know about shells and sub-shells.
2.3.1 Shells

According to Bohr's atomic theory, the eleciron in an atom revolves around the nucleus in one of
the circular paths called shells or orbits, Each shell has a fixed energy, So each shellis a'so called energy
level. Each shell is described by an nwvalug. n can have values 1,23... ..

When,
n=1,itis K shell
n=2,itis L shell
n=3,itis M shell etc.

As the value of n Increases the distance of electron from the nucleus and energy of the
shell increases.

2.3.2Sub-Shells

A shell or energy level is sub divided into sub-shells or sub-energy levels. n value of a
shell is placed before the symbol for a sub-shell. For instance

n =1, for K shell. It has only one sub-shell which as represented by 1s.
For L shell n =2, L shell has two sub-shells, these are designated as 2s and 2p.

For M shell n =3 So M shell has 3 sub-shells called 3s , 3p and 3d. While N shell has 4s, 4p, 4d
and 4f sub-shells.

5 sub-shell can accommodate maximum 2 electrons.
p sub-shell can accommodate maximum 6 electrons.
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d sub-shell can accommaodate maximum 10 electrons.
f sub-shell can accommodate maximum 14 electrons.

The increasing order of energy of the sub-shells belonging to different shells is given below.
18 <28 <2p<3s<3pcds<3d...

The arrangement of electrons in sub-shells is called as the electronic configuration.
We can fill the electrons present in various elements by using Auf Bau Principle. According to
this principle, electrons fill the lowest energy sub-shell that is available first. This means
electron will fill first 15, then 25, then 2p and so on.

2.3.3 Electronic Configuration of First 18 Elements.

Electronic configuration is the distribution of electrons among the different sub-
shells of an atom. We can do this by listing the symbol for the occupied subs-shells one after
another. Show the number of electrons in the sub-shell as a superscript to each symbol. Because
the energies of sub-shells increase in the order, 15, 25, 2p, 3s, 3p (as indicated in section 2.2.1),
the first five sub-shells fill in that order. Hydrogen has atomic number 1. So it has only one
electron that will occupy lowest energy sub-shell 1s. The electronic configuration of H is 1s”.

Helium has atomic number 2, so it has two electrons. Since s sub-shell can accommodate
two electrons, so electronic configuration of He is 157

Lithium has atomic number 3, so it has three electrons, two will fill 15 sub-shell and one
2s sub-shell. So electronic configuration of Liis 1s%2s.

Beryllium has atomic number 4, so it has four electrons. Two of these electrons go into1s
sub-shell and two will go to 2s sub-shell. Thus electronic configuration of Be is 1s5°2s°

Once 25 sub-shell is filled, the 2p sub-shell begins to fill. 2p sub-shell can hold maximum
6 electrons. So next six elements will have configuration in which 2p sub-shell will be
progressively filled. Therefare, these elements will have following electronic configuration.

B = 18728%sp’
JOo=T18728 2p
N =15"2:"2p

Ay 2 4
2O =15"25"2p
F =1s"2s"2p

! J-_| Ie 6
whie= 157157 2p

After 2p has completely filled, the additional electrons will fill 3s sub-shell, so electronic
configuration of Na & Mg would be
11Na = 15?25?2p3s°
12Mg = 15225°2p%3s?
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After 3s has completely filled 3p sub-shel begins to fil. So next six elements have
electronic configuration by filling 3p sub-shell.

]

- |F
Ul Self-Assessment Exercise 2.3

Write the complete electronic configuration for the following elements;

Al {atomic number 13)
Si (atomic number 14)
P {atomic number 15)
S (atomic number 16)
Cl (atomic number 17)

Ar {atomic number 18)

Figure 2.10 shows the electronic configuration in the sub-shell last occupied far the first
gighteen elements.

H He
a [ 1s?
Li Be B C N 0 F Ne
25t 25° 2572pt | 2szpt | 25°2p? | 25%2pt | 2P | 2572pF
Na Mg Al Si P 5 Cl Ar
35! 35? Isf3ap’ | 38%3p* | 33p? | 3sf3pt | 33pT | 3sTIpF

Figure 2.10 Valence shell configuration of first 18 elements

%

- F
¥ Self-Assessment Exercise 2.4

Write the electronic configuration for the following isotopes

@ EC%G 0. @ RO

Af Key Points

= Rutherford proposed a planetary model for an atom. The nucleus of an atom is composed
of protons. The electrons surround the nucleus and occupy most of the volume of the
atom.

= According to Bohr's atomic model, the electron in an atom revolves around the nucleus
in fixed circular orbits called shells. Energy is absorbed when an electron jumps to a
higher energy orbit and emitted when an electron falls into a lower enargy orbit.
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= |sotopes are atoms of an element that differ in the number of neutrons.
. hU isotope is used in nuclear reactors and atomic bombs.

= Radicactive isotopes have many applications in science and medicines such as killing
cancer cells, diagnosing thyroid problem, to image the brain, to detect cbstruction in the
circulatory system, to date rocks, soils, mummies etc.

+ A shell or energy level is divided into sub-shells.
+ The arrangement of electrons in sub-shells is called as the electronic configuration.
+ According to the Auf Bau Principle, electrons fill the lowest energy levels first.

REFERENCES FOR ADDITIONAL INFORMATION
= B.Earl and LDR Wilford, Introducion to Advanced Chemistry.
= |ain Brand and Richard Grime, Chemistry (11-14).

O Review Questions

1. Encircle the correct answer:

(il  According to Bohr atomic model:
(a) Each orbit has fixed energy, so each orbit is called sub-energy level.
(b) The energy of the electron is inversely proportional to its distance from the

nucleus.

(c) Light is absorbed when an electron jumps a lower energy orbit.
(d) The further the electron is from the nucleus, the more energy it has.

(i} Chlorine has two isotopes, both of which have
(a) same mass number. (b) same number of neutrons.
{c) different number of protons. {d) same number of electrons.

(i) Number of neutrons in ;M are

{a) 13 (b) 14 {c) 27 {d) 15
(iv) Which isotope is commaonly used to irradiate cancer cells?

(a) lodine-123 (b) Carbon-14 {c) Cobalt-60 (d) lodine-131
{v}) M shell has sub-shells:

(a) 1s, 2s (b) 2s, 2p {c) 3s, 3p, 3d (d) 1s, 25, 35
{vi} A sub-shell that can accommodate 6 electrons is

(@) s (b) d (c) p (d) f
(wil) ,,NH has electronic configuration:

{a) 18725%3s" (b) 1s2282p” (c) 1825%2p°3s®  (d) 15725°2p3s’
(viil) Rutherford used particles in his experiments.

{a) He atoms (b) He* {c) He** {d) He*
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10.
11.

12.

13.
14,

e
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(ix) Which of the following statement is not correct about isotopes?
(a) they have same atomic number {b) they have same number of protons
(c) they have same chemical properties (d) they have same physical properties
(x)  Which isotope is used in nuclear reactors?
(a) U-234 (b) U-238 {c) U-235 {d) All of these
Give short answers
i) Distinguish between shell and sub-shell
i) Why an atom is electrically neutral?
i} How many sub-shells are there in N shell.

i) Give notation for sub-shells of M shell.
v} List the sub-shells of M Shell in order of increasing energy
Wi) Can you identify an atom without knowing number of neutrons in it?

The electronic configurations listed are incorrect. Explain what mistake have been
made in each and write correct electronic configurations.

X = 1522522p*3p? . y = 152512p] - z = 15¢25?2p*3s’
Which orbital in each of the following pairs is lower in energy?
(a) 25, 2p (b) 3p, 2p (c) 3s, 45

Draw Bohr's Model for the following atoms indicating the location for electron,
protons and neutrons:

(a) Potassium (Atomic No 19, Mass No. 38)  (b) Silicon (Atomic No. 14 Mass No. 28)
(c) Argon (Atomic No. 18 Mass No. 39)

Write electronic configuration for the following elements:

T M n 4l
) (o) 8 Ol @)+
Describe the contribution that Rutherford made to the development of the atomic

theory.

Explain how Bohr's atomic theory differed from Rutherford's atomic theory.
Describe the presence of sub shells in a shell.

State the importance and uses of isotopes in various fields of life.

The atomic number of an element is 23 and its mass number is 56.

a. How many protons and electrons does an atom of this element have?

b. How many neutrons does this atom have?

The atomic symbol of aluminum is written as :.T#U. What information do you get

from it?

How the prevailing theories about testing bring changes in atomic theories?

How experimental results of some scientists help chemist to formulate new
theories and new explanation.
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r Think-Tank

15.

16:

17:
18:

19:

20:

M-24 is a radioactive isotope used to diagnose restricted blood circulation, for
example in legs. How many electrons, protons and neutrons are there in this isotope.

Valence shell electronic configuration of M is 3s".

Two isotopes of chlorine are »Cland ﬁCI. How do these isotopes differ? How are

they alike?

How many electrons can be placed in all of the sub-Shells in the n=2 shell?
Mass number of an atom indicates total number of protons and neutrons in the

nucleus. Can you identify an atom without any neutron?

The table shows the nuclei of five different atoms.

Name of Number of Number of
atom Protons neutrons
A 5 &
B 6 5]
C 6 7
D ¥ T
E 8 8

a 0 o

Which atom has the highest mass number?
Which two atoms are isotopes?

Which atom has the least number of electrons?
Which atom will have electronic configuration 1s°2s?2p.
e. Which of the atom contains the most number of electrons?

Maturally oceurring nitrogen has two isotopes N-14 and N-15 select isotope that has
greater number of electrons.
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PERIODIC TABLE AND PERIODICITY

OF PROPERTIES

This is a 20 days lesson
After completing this lesson, you will be able to:

Classify the element (into two categories: groups and
periods) according to the configuration of their outer
most shell.

Distinguish between a period and a group in the
periodic table. (Understanding)

State the periodic law.

Determine the demarcation of the periodic table into
an s block and p block.

Determine the location of families in the periodic table.
Recogrize the similarity in the chemical and physical
properties of elements in the same family of elements.
Describe how electronegativites change within a
group and within a period in the periodic table,
Explain the shape of the periodic table.

Explain how shielding effect influences periodic
trends.

Identify  the relationship between  electronic
configuration and the position of an element in the
periodic table.

A ey

By the end of 18" century,
23 elements were known, by 1870,
65, by 1925, 88, today there are
109. These elements combing to
form millions of compounds. It is
very difficult rather impossible to
remember information concerning
reactions, properties and atomic
masses of elements. So we clearly
need some way to organize our
knowledge about them.

The periodic table is one of
the most important tools in
chemistry. It is wvery useful for
understanding and predicting the
properties of elements. For

chemical properties of one element in a group, you can predict about the physical and chemical

praperties of any other element present in the same group. You can use periodic table to relate
trends in the reactivity of elements with their atomic structure. You can also predict which
elements can form ionic or covalent bonds.

3.1 PERIODIC TABLE

One of the most important activities is the search for order. A large number of
observations or objects can be arranged into groups according to common features they share,
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it becomes easier to describe them. After the discovery of atomic number by Moseley in 1913,
it was noticed that atomic number could serve as a base for systematic arrangement of elements.
Thus elements are arranged in the order of increasing atomic number. A table showing
systematic arrangement of elements is called periodic table. It is based on the Perodic law that
states if the elements are arranged in the order of their increasing atomic numbers, their
properties are repeated in a periodic manner.

3.1.1 Periods and Groups of Elemetns.

The most commaonly used form of the periodic table is shown in figure 3.1. Note that the
elements are listed in order of increasing atomic numbers, from left to right and from top to
bottom. Hydrogen (H) is in the top left corner. Helium (He), atomic number 2, is at the top right
corner. Lithium (Li), atomic number 3, is at the left end of the second row.

The horizontal rows of the periodic table are called periods. There are varying
number of elements in periods. How many periods you find in the periodic table? There are
seven periods. The number of elements per period range from 2 in period 1 10 32 in period 6.
First three pernods are called short perieds and the remaining perods are called long periods.
The properties of elements within a period change gradually as you move from left to right in it
But when you move from one period to the next, the pattern of properties within a period repeats.
This is in accordance to the periodic law.

Activity 3.1

Lock at the periodic table and writeé number of elements present in the relevant period in the
table 3.1

Table 3.1  Number of elements in the periods of the periodic table

Period No. No. of elements
First
Second
Third
Fourth
Fifth
Sixth
Seventh

Beal Teachers Point

Teacher may ask students ta memornse elaments of 1% two Graups and 19 two perods.
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Figure 3.1: Periodic Table of Elements
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Elements that have similar properties lie
in the same column in the pericdic table. Each
vertical column of elements in the periodic
table is called a group or family.

Elements with similar valance shell
alectronic configuration are placed in the same
group. Each group is identified by a number and
the letter A or B. Group A elements are called
normal or representative elements. They are
also caled main group elements. Group B
elements are called transition elements.

Some groups of elements in the periodic
table have been given group names. For
example metallic elements in Group 1A are
called alkali metals. Group 1A elements are
called alkaline earth metals. The elements in
Group VIIA are halogens. The Group VIIA
elements are called noble gases because they
da not readily undergo chemical reactions.

e,
Self-Assessment Exercise 3.1

Society, Technology, Science
In 1864, John Mewland, an English chemist
arranged 24 slameants in order of increasing atomic
massas. He noticed that every eighth elamant,
starting from any point, has similar proparties. Faw
rows of his arangemeant are shown balow:

H Li Be B L M o
F Ma Mg [Al | Si P &

Cl K Ca Cr Ti Mn | Fe

Hiz scheme however, failed because many
elements were found out of place in  his
arrangement. For instance Ti doas not resembla C
and Si. Mn does not resambla M and P and Fe doas
not resamble O and 5. However his arrangamant of
elements in order of increasing atomic masses
formed basis for later classification of elements.

In 1868, Mendeleev, a Russian chemist
developed a classification scheme of elements, He
recognized that if elements were placed in order of
increasing  atomic masses, the properties of
elements repeated at regular intervals. He arranged
B5 elements in periods and groups. Development of
the pariodic table nicely explaing how scianfist can
build an ane another's wark

In which period and group the following elements are present in the periodic table. (a) Mg

(b)Ne ([c)Si [(d)B

Example 3.1: Identifying the group and period of an element

Identify the group and period of “Al, “B. "'Mg on the basis of electronic configuration.

Problem Solving Strategy:

Write electronic configuration of element. Identify its valence shell. Remember that n
value of the valence shell indicates period. Total number of electrons in the valence shells

represents group number,

Solution:

25" 2p°  3°.3p'
E L M

Valence shells is M

As n = 3, Al is present in the 3™ period. Since total number of electrons in the
valence sub-shells are 2+1=3, it must be present in Group Il1A.

Scanned with CamScanner



https://digital-camscanner.onelink.me/P3GL/g26ffx3k

Ve
46 I 3 Periodic Table And Periodicity Of Properties
% K L 1 2

Valence shell is L

Son = 2, B is present in the 2™ period. Since total number of electrons in the
valence shell are 2+1=3, it must be present in Group 1A,

. 1 ¥ & . K .L M
& "“\-‘Ig_ 25 2o 3x
K L M | 2 A

Valence shell is M

So n = 3, Mg is present in the 3 period. Since total number of electrons in the
valence shell are 2, it must be present in Group |1A.

M,

i
MBI Seif-Assessment Exercise 3.2

|dentify the group and period of the following elements on the basis of electronic
configurations.

(@) WSi, () TS, (o' & (@ TAr
Example 3.2: Classifying or dividing elements into groups and periods

Electronic configuration of atoms of some elements are given below. Classify them in
groups and periods.

A, 1s?2s?

B. 1s?28%2p®

C. 1s%28%2p°

D. 1s?2s5°2pf3s®

E 15°25°2pF3s23p®

F. 15425°2pt3s23p?
Problem solving Strategy:
Remember that:

1. The elements whose atoms have similar valence shel electronic configuration belong

to the same group.
The n value of the valence shell indicates period.
3. The elements whose atoms have same value of n for the valence shell lie in the same

period.

%)
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Solution:

Period
Parnod

<

A VA VIIA
A B c

25? | 25%2p? | 2522p5
D F E

3s? | 3523p? | 3573p°

]
- Bl Self-Assessment Exercise 3.3

Electronic configuration of atoms of some elements are given below. Place them into

groups and periods.
P = 15?25°2p?
R=1s°
T = 1s%2g’
X = 15°25?2p%3523p*
£ =15%2g°2p’
1A

A

G = 15%25%3p’

S = 15%28*

W = 15%252p"

Y = 15°25%2pF3523pF

VIllA

MA VA VA YIA VIA

3.1.9 s and p Blocks in the Periodic Table

On the basis of outer most valence sub shell, elements in the pericdic table can slso be
classified into four blocks. Elements of Group |A and Group lIA contain their valence electrons
in 5 sub-shell. Therefore, these elements are called s-block elements. The elements of Group
1A to VIIA (except He) are known as p — block elements, because their valence electrons lie
in p sub-shell. Figure 3.2 shows blocks in the periodic table
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3.1.6 Valence Shell Electronic Configuration and Position of an

Element in the Periodic Table

You can determine the valence shell electronic configuration of an element from its
position in the periodic table. Period number of element indicates n value of the valence shell.
Whereas group number of element indicates the number of electrons in the valence shell.

Example 3.3: Obtaining the valence shell configuration

Write the valence shell electranic configuration of the following elements from their position in
the periodic table.

(a) Phosphorus (b) Neon
Problem Solving Strategy:
Remember that
Period number - nvalue of valence shell
Group number = number of valence electrons
Distribute the electron in the sub-shells of valence shell.
Solution:
a) Period number of phosphorus is 3,
As n=3 therefore, valence shell is M
So valence electrans will be present in 3s and 3p sub-shells
The group number is 5, so there are 5 electrons in the valence shell
Twao electrons will fill 3s sub-shell and remaining 3p sub-shell. Thus, the valence shell
electronic configuration is 3s*3p°
b) Period number of Ne is 2. So, n = 2 and valence shell is L. Valence electrons will be
present in 2s and 2p sub-shells.
Group number for Ne is 8,

This means there are 8 electrons in the valence shell. Two electrons will fill 2s sub-shell
and remaining six 2p sub-shell. Thus the valence shell electronic configuration for Ne is 28°2p®,

Example 3.4: Obtaining the position of element in the periodic table from lectronic
configuration

Find out the position of the following elements in the penodic table from the electronic
configuration;

(a) Nitrogen (atomic number: 7) (b) Oxygen {atomic number: 8)

Teacher's Point

A taachar may ask student to draw Valence shells electronic configuration of somea commone slaments .
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Figure 3.2: Blocks in the periodic table

mA IvA VA VIA VIA

18
Atomic number VIIA
Symbol
Valence-shell configuration 13 14 15 16 17

*Lanthanides

**Actinides

Metal
Metalloid
MNonmetal
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Problem Solving Strategy:

Write electronic configuration of the element. Identify the valence shell configuration, co-
efficient of s or p sub-shell represents period number and total number of electrons in valence
shell is equal to the group number,

Solution:
a) Electronic configuration of N = 1522522p®
Valence shell has configuration = 2s22p?
Period number = 2
Group number = 2 + 3=5
~-. Nitrogen is present in the 2™ period of Group V-A
b) Electronic configuration of oxygen = 1s%2s?2p*
Valence shell has configuration = 2s22p*
So, Period number = 2
Group number=2+4=6
-. Oxygen is present in the 2 period of Group VI-A

?; Self-Assessment Exercise 3.4

1. Obtain the valence shell configuration of Al and S from their position in the periodic table.
2. Find out the position of Ne (At. No 10} and Cl (At. No. 17) in the periodic table.

3.1.7 Shape of the Periodic Table

Recall that the horizontal rows in the period table are called periods. How are these
periods formed?

Elements are arranged in order of increasing atomic number. First period contains only

two elements, H and He. Both these elements have valence electron in K shell. K shell can not
have more than two electrons. As K shell is completed at He, so the penod also ends at He,
Lithium (Li} atomic number 3 has one electron in L shell, 50 second period begins with Li. Since
L shell can accommodate § electrons, so eight elements come in the 2™ period. Second period
ends at Ne which has eight electron, in L shell (252 2 pf).
Next elements Na has valence electron in the third shell (M — shell ), in Na valence electron is
present, in 3s sub — shell, which has similar electronic configuration as Li ( 2s7), So it comes
under Li. Mg with 3s? valence shell electronic configuration come under Be (2s¢), Similarly next
six elements Al, 5i, P, S Cl and Ar on the bases of similar valence shell electronic configuration
come under B, C. N, O, F, and Ne respectively. Ar has 3s” 3p® valence shell configuration
similar to Me ( 2s? 2pf). Next element K has 4s' electronic configuration in the valence shell,
which is similar to Na(3s"). So K comes under Na and a new period (4") begins with K. In this
way elements having similar valance shell configuration come in the same group. The
arrangement of the elements into periods has an important consequence. The elements that
have similar properties end up in the same group in the periodic table.
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3.2 PERIODICITY OF PROPERTIES

In section 3.1.4 you learned that, the electronic configuration of elements show a periodic
variation with the increasing atomic number. Therelore, the elements also show periodic
variation in their physical and chemical properties. Elements having similar valence shell
electronic configuration have been placed in the same group, one below the other. Chemical
properties depend on the valence shell electronic configuration. Because all the elements of a
particular group have similar valence shell electronic configuration, they possess similar
chemical characteristics. Physical properties depend on the sizes of atoms. Since sizes of atoms
change gradually from top to bottom in a group. Therefore, elements show gradation in physical
praperties in the same group. In a period of periodic table the number of electrons present in the
valance shell increase gradually from |eft to right. Their chemical and physical properties also
show variation in the same manner. In this section you will learn variation in some of the physical
properties of elements in a group and across a period.

3.2.1Shielding Effect @
Figure 3.2 shows electronic configuration of Li, Be and Mg.

Which atom has more shells, Be or Mg? Which atom has

more electrons between the nucleus and the wvalence
electrons, Be or Mg?

Electrons present in the inner shells cut off attractive force
between the nucleus and the valence electrons.
The reduction in force of attraction between nucleus
and the valence electrons by the electrons present in the inner sub-shells is called
shielding effect.
Which atom has greater shielding effect, Be or Mg?
As you move from top to bottom in a group the number of electronic shells increase. So
the number of electrons in the inner shell also increase. As a result shielding effect increases.
Which atomn, Li or Be has greater number of shells? Which atom, Li or Be has greater
number of electrons between nucleus and valence electrons?
As you maove from left to right in a period the number of electrons in the inner shells
remains constant, therefore, shielding effect remains constant.

Fig 3.2 Electronic structure
of Li, Be and Mg

Example 3.5: Identifying the element whose atoms have greater shielding effect,
using periodic table

Choose the elements whose atoms you expect to have greater shielding effect.
(a) Be or Mg (b)) CorSi

] Toschors o

& teacher may ask student to draw shell of first lour elements group A fo shaw shielding affect.
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Problem Solving Strategy:
Look at the periodic table and find the relative position of given elements in the periodic

table. Apply the trend of increasing shielding effect in a group.

Solution:
(a) Mg atoms will have greater shielding effect.
(b) Si atorns will have greater shielding effect

-

-
Ul Self-Assessment Exercise 3.5

Choose the element whose atoms you expect to have smaller shielding effect.
(a) F or CI (b} Li or Na {c) B or Al

All the physical and chemical properties of the elements depend on the electronic
configurations of their atoms. Now we will discuss four properties of atoms that are influenced
by the electronic configuration: atomic size, ionization energy, electron affinity and
electronegativity. These properies are periodic. They generally increase and decrease in a
recurring or repeating manner through the periodic table. This means they show consistent
changes or trends, within a group or a period. These trends correlate with the behaviour.

3.2.2 Atomic Size

The size of an atom depends on its electronic configuration. The size of an atom is the
average distance between the nucleus of an atom and the outer electronic shell. Figure
3.3 shows atomic radii of the main group elements.

Figure 3.3 shows the variation in atomic radii in a period and within a group. You can see
two general trends in atomic radii.

(1) The atomic radius decreases in any given period as you move across the period. This
is because as you move from one element to the next on its right in a period. Ancther
electron is added to the same valence shell. At the same time positive charge on the
nucleus also increases by 1. The attractive force of the nucleus for the valence shell
electron increases. Therefore, the shell size and atomic radius decreases. For
example, in going from lithium to beryllium, atomic size decreases. This you can
understand from the valence shell electronic configuration of Li (28") and B (2s5°). In
geing from Li to Be, there is no change in the shell number n, but atomic number
increases from 3 to 4. Due to this the force of the nucleus for the valence shell electron
increases. Therefore, atomic radius decreases.

The atomic radius increases in any given main group as you move down the group of
elements. This is because the size of an atom is determined by the size of its valence shell. As
you move to the next lower element in the group, the atom has an additional =hell of electrons.
This increases atomic radius. For example, in going from Li to Na atomic radius increases.
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1A VII-A

* | WA| meA IV-A VA VA VIA| °

| Be 112 B s&5(C ??|M ::'5ic: 73 |F ?E_'I'IE. _?1i
| |
£ ® o o o o o
| |
i | Mg 180 Al 143 |Si 118 [P 110 |S 103 |CI 100 |Ar o8

Br 114 | Kr 112

In 167 [Sn 140/'Sh 140 | Te 142 |1 133 | Xa 131

Ca 197
8r 245
@ 0000 00
Ba 222

Ga 135 [ Ge 122 | As 120 | Se 118

Period

T 170 |Pb 146 | Bi 150 | Po 188 Atr14mfﬂn.;14n:

| | Ra t<20]

Figure 3.3: Atomic radii of the main group elements (in picometer)
Consider electronic configuration of Li (1s” 2s') and Na(1s?, 257, 2p® 3s'). A new electronic shell
has been added that increases atomic size.

Example 3.6: Identifying the element that has greater atomic radius

Choose the element whose atom you expect to have |arger atomic radius in each of the
following pairs.

(a) Mg, Al (b) C,Si

Problem Solving Strategy:
Remember that the larger atom in any:

(a) Period lies further to the left in the periodic table.
(b) Group lies closer to the bottom in the periodic table.
(¢} Check the periodic table and choose the element.
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Solution:

(a) The larger atom is Mg

{b) The larger atom is Si

Self-Assessment Exercise 3.6

Using the periodic table but without looking at the figure 3.3, choose the element whose
atom you expect to have smaller atomic radius in each of the following pairs.

fa) OorS (by OorF

3.2.3lonization Energy

L You have learned in section 1.3.1

how cations are formed. lonization
DA mA WA va via via [ energy is an important property of atoms
. & 1-:33 i o ;1 that ~ explains cation formation,
: ' | “lonization energy is defined as the
minimum amount of energy required
to remove the outermost electron
from an isolated gaseous atom”.

# s

i%

Bz

. P » Gl
1 1012 | 1000 | 1251

Mig) + ionization energy—— M (g) + ¢

5 117 lonization energy is a measure of

~ | the extent to which the nucleus attracts

& the outermost electron, A high value of

ionization energy means  stranger

Figure 3.4 lonization energies of the main group elements  iiraction between the nucleus and the

outermost electron. Whereas a low

ionization energy indicates a weaker force of attraction between the nucleus and the outermost

electran. Figure 3.4 shows the ionization energies of the main group elements. Values are given
in units of kJ/mole " or kJ/mole.

Trends in the values of ionization energies.

The ionization energy value decreases from top to bottom in a group. This is because the
shielding effect in atoms increases as you descend. Greater shielding effects results in a weaker
attraction of the nucleus for the valence electrons, So, they are easier to remove, This leads to
decrease in ionization energy from top to bottom in a group.

Which atom has greater shielding effect, Li or Na?

As you move from left to right in a period, the shielding effect remains constant. But
progressively nuclear charge increases. A stronger force of attraction between nucieus and the
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valence electron increases. This leads to increase in ionization energy from left to right in a
period.

Which atom has higher ionization energy, Li or Be?

Example 3.7: Identifying the element that has smaller ionization energy

Choose the element whose atom you expect to have smaller ionization energy in @ach of
the following pairs.

(a} B,C (b} NP

Problem Solving Strategy
Remember that ionization energy:

{a) Increases across a period. The element that has smaller ionization energy will be further
to the left in the periodic table.

(b) Decreases from top to bottom in a group. The element that has smaller ionization energy
will correspond to the element closer to the bottom.

(c) Check the periodic table 1o choose the element.

Solution:

(@) The atom with the smaller ionization energy is B
(b) The atom with the smaller ionization energy is P.

-

. ;
Ul Self-Assessment Exercise 3.7

Which atom has the smaller ionization energy?
(a)BorN (b) Be or Mg () CorsSi
3.2.4 Electron Affinity

Electron affirity explains the anion formation. Electron affinity is defined as the amount
of energy released when an electron adds up in the valence shell of an isolated atom to
form a uninegative gaseous ion.

X(g)+e —— X (g) + electron atfinity
Figure 3.5 shows electron affinities of main group elements.

As you move from left to right across a period, the electron affinity generally increases.
This is due to increase in nuclear charge and decrease in atomic radius, which binds the extra
electron more tightly o the nucleus. But shielding effect remains constant in each period.
Therefore, alkali metals have lowest and halogens have the highest electron affinities in each
periad.
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The electron affinity decreases from top to bottom in a group. This is due to increase in
shielding effect. Due to increase in shielding effect added electron binds less tightly to the
nucleus. As a result less energy is released.

H
-73

Li
-60

MNa

53

K
AR

Rb
-47

Cs
-45

cPlo? (=g -:::-E =3

He
{0

B C N 0 F Ne
=27 =122 +7 =141 =328 {

Al Si P 5 1 Ar
-44 134 | -FI1T7| =MD -349 Ll

o e As e Br Kr
-39 =120 =17 =195 <325 0

In Sn Sh Te 1 Xe
=29 =12 =101 =190 =205 {

T1 Ph Bi %? At En
=30 -110 ~11ﬂﬁ =2 Ml {

Figure 3.5 electron affinities of main group elements

There are several exceptions to the general trend of election affinity values. You will learn
reasons for it in grade X1

3.2.5 Electronegativity

Electronegativity is the ability of an atom to attract the electrons towards itself in a
chemical bond. Figure 3.6 shows as scale of electronegativities of the elements devised by
Linus Pauling. The American chemist Linus Pauling devised a method for calculating relative
electronegativities of elements.

Figure 1.6 the electroneqativities of elameants.

H He
>1

Li Ee B C N 0 ¥ Ne
1.0, 1.5 2.0 2.5 3.0 L] 4.0 2.1
MNa Mg Al Si P 5 1 Ar
0.9 1.2 15 1.8 21 2.5 3.0 3.0
K Ca za =] As Se Br Kr
(.5 1.0 1.6 1.8 2.0 2.4 1.8 2.1
Eh Sr In Sn 5h Te I Xe
n& 1.0 1.7 iR 1.9 >:1 25 T h
Cxs Ba Tl Ph Bi Po At En
0.7 ng 1.8 1.9 149 20 2.2

Fr Ra

n7 ng
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PR Aciviv

Determining the general trends in the electronegativities
You will need:

« Figure 3.6
Carry out the following:
1. Move across the second period from left to right and note down the variation in
electronegativity values.

2. Move across the 3" period from left to right and note down the wvariation in
electronegativity values.

3. Make generalization about the variation in electronegativites across a period and write
reason.

4. Move from top to bottom in Groups IA and IlA and note down the wvariation in
electronegativites value.

5 Move from top to bottom in Groups VIA and VIIA and note down the variation in
electronegativities value.

6. Make generalization about the trend in electronegativity values in a group. Give reason.

e

» When elements are arranged in the order of their increasing atomic number, their
properties are repeated in a periodic manner.

= A horizontal row of elements in the periodic table is called a period.

* A column of elements in the periodic table is called a group or a family.

= Group IA and Il1A elements are called s-block elements, since s sub-shell fills in these
elements.

= Elements in group 1A to VIIIA are called p-block elements, because filling of valence p
sub-shell oceurs in these elements.

= The length of a period in the periodic table depends on the type of sub-shell that fills.

= The decrease in force of attraction between nucleus and the valence electron by the
electrons present in the inner sub-shells is called shielding effect.

= The size of atom is the average distance between the nucleus of an atom and the outer
electronic shell.

# The atomic radii decrease from left to right in a period. Whereas these increase from top
to bottom in a group.

= |onization energy is the minimum amount of energy required to remove the outermost
electron from an isolated gaseous atom.
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Electron affinity is the amount of energy released when an electron adds up in the valence
shell of an isolated atom to form a uninegative gaseous ion.

REFERENCES FOR ADDITIONAL INFORMATION

B.Earl and LDR Wilford, Introducion to Advanced Chemistry.
lain Brand and Richard Grime, Chemistry (11-14).
Lawarie Ryan, Chemistry for you.

O Review Questions

Encircle the carrect answer:

(i) Number of periods in the periodic table are:
(a) 8 (b) 7 {c) 16 {d) 5

(i} Which of the following groups contain alkaline earth metals?
{a) 1A (b) 114 (c) VIIA {d) VA

(i)  Which of the following elements belongs to VIIIA?
(a) Na (b) Mg (c) Br {d) Xe

(iv)  Main group elements are arranged in groups.
(a) 6 (b) 7 (c) B {d) 10

(v)  Period number of ;. Alis:
{a) 1 (b) 2 (c)3 {d) 4

(vi) Valence shell electronic configuration of an element M (atomic no. 14) is:
(a) 2s?2p' (b)2s22p? - (c)2s22p®  (d) 3s23p?
(viiy  Which of the following elements you expect to have greater shielding effect?

(a) Li (b) Na (c) K {d) Rb
(vii) As you move from right to left across a period, which of the following does not
increase:
(a) electron affinity (b) ionization energy
(c) nuclear charge (e) shielding effect

(ix)  Allthe elements of Group 1A are less reactive than alkali metals. This is because
these elements have:

(a) high ionization energies (b) relatively greater atomic sizes
(c) similar electronic configuration {d) decreased nuclear charge
Give short answers
i) Write the valence shell electronic configuration of an element present in the 3™

period and Group 1A,
i) Write two ways in which isotops of an element differ.
i} Which atom has higher shielding effect, Li or Na?
V) Explain why, Na has higher ionization energy than K?
v} Alkali metals belong to S-block in the periodic table, why?
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- Arrange the elements in each of the following groups in order of increasing
ionization energy:
(a) Li, Na, K (b) CI, Br, 1

4, Arrange the elements in each of the following in order of decreasing shielding
effect.
(a) Li, Na, K ib) Cl, Br, | (c) CIBr

= Specify which of the following elements you would expect to have the greatest
electron affinity.

S, P, Cl
6. Electronic configuration of some elements are given below, group the elements in
pairs that would represent similar chemical properties.
A = 15725 B = 18728%2pF C = 15728°2p°
D=1s° E = 15‘25°2p®35°3p° F = 15425’
G = 15%25%2p%3s’ H = 15¢25?2p%3s?
7. Arrange the elements in groups and periods in Q. No. 6.
1A VIllA
A ma WA VA VIA VIA
8. For normal elements, the number of valence electrons of an element is equal to the

group number. Find the group number of the following elements.
AL B8 UKD

le*" 1 19

9. Write the valence shell electronic configuration for the following groups:
a. Alkali metals
b. Alkaline earth metals
c. Halogens
d. MNoble gases

10.  Write electron dot symbols for an atom of the following elements
faf Be (b K (c) N (@ 1
11.  Write the valence shell electronic configuration of the atoms of the following
elements.
(a)  An element present in period 3 of Group VA
(b)  An element present in period 2 of Group VIA
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12. Copy and complete the following table:

Atomic Mass No. of No. of Mo. of
number number protons | neutrons | electrons
11 12
14 15
47 25
27 13
13 Imagine you are standing on the top of Neon-20 nucleus. How many kinds of sub-atomic

particles you would see looking down into the nucleus and those you would see looking
out from the nucleus.

14.  Chlorine is a reactive element used to disinfect swimming pools. It is made up of two
isotopes Cl-35 and CI-37. Because Cl-35 is more than C|-37, the atomic mass of chlorine
is 35.5amu. is closer to 35 than 37. Write electronic configuration of each isotope of
chlorine. Also write symbol for these isotopes (atomic number for chlorine

is17)

15.  In which block, group and period in the periodic table where would you place each of the
following elements with the following electronic configurations?
(a) 15°25! (b} 1s25%2p° (c) 1522522pE3s? (d) 152

r Think-Tank

1. What types of elements have the highest ionization energies and what types of
elements have the lowest ionization energies. Argue.

2, Two atoms have electronic configuration 1s°2s?2pf and 1s°2s?2p®3s’. The ionization
energy of one is 2080kJ/mole and that of the other is 496kJ/mole. Match each ionization
energy with one of the given electronic configuration. Give reason for your choice.

¢ Use the second member of each group from Group 1A, [1A and VIIA to judge that the
number of valence electron in an atom of the element is the same as its group number.

4. Letter A, B. C, D, E, F indicates elements in the following figure:
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a. Which elements are in the same periods?
b. Write valence shell electronic configuration of element D.
¢c. Which elements are metals?
d. Which element can lose two electrons?
e. In which group E is present?
f. Which of the element is halogen?
g. Which element will form dipositve cation?
h. Write electronic configuration of element E
i.  Which two elements can form ionic bond?
j- Can element C farm Cz molecule? Interpret.
k. Which element can form covalent bonds?
l. Is element F a metal or non-metal?
5. Electronic configurations of four elements are given below:

(a) 15?28’ (b) 1s2252p" (c) 1s%25¢2p®3s? (d) 1s¢

Which of these elements is

il An alkali metal

i) An alkaline earth metal

i) A noble gas

iv) A halogen

6. Argue in what region of the periodic table you will find elements with relatively
a) high ionization energies
b) low ionization energies
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This is a 20 days lesson
After completing this lesson, you will be able
to:

Find the number of valence electrons in an atom using
the Periodic Table

Describe the importance of noble gas electronic
configurations.

Deszcribe the formation of cations from an atom of a
metallic element. Describe the formation of anions
from an atom of a non-metallic element.

Describe the ways in which bonds may be formed.
Describe the formation of a covalent bond betweaan
two nonmetallic elemants.

Describe with examples single. double and triple
covalent bonds.

Draw electron cross and dot structures for simple
covalent molecules containing single, double and
triple covalent bonds.

Explain how element attain stability.

Recognize a compound as hawving ionic bonds,
Identify characteristic of ionic compounds.

State the octet and duplet rules

State the importance of the noble gas electronic
canfigurations in the formation of ion.

%l Pre- Reading

All the matter in this world is
composed  of  almost  entirely
compounds and their mixtures.
Human, animal and plant bodies,
raocks, scil, petroleum, coal etc. are
all complex  mixtures of
compounds. In  compounds
dfferent kinds of atom are
bounded together. Few elements
also consist of unbounded atoms.
For instance helium, neon, argon,
xenon and krypton present in the
atmosphere consist of unbounded
atoms. The manner in  which
various atoms are bonded together
has a profound effect on the
properties of substances.

Some substances are hard

————————s, 3] tOUQh, others are soft and
flexible why? Resins are widely used to paint dams, bridges, buildings and automobiles. What

makes them sticky? How do adhesives such as glue bind two surfaces together? What is the
nature of such linkages? The answer lies in the nature of bonding and structure of their
molecules. Therefore, to understand the behaviour of various substances, you must understand
the nature of chemical bonding and structure of molecules,

4.1 WHY DO ATOMS REACT?

In chapter 3, you have leamed the arrangement of elements on the periodic table. You
noticed that each period on the periodic table starts with alkali metal (except period | that starts
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with hydrogen) and ends at a noble gas. The noble gases have ns“np® electronic configuration
in the outer most shell. These elemenis are sometimes called the inert gases. This is because
they do not participate in chemical reactions. Electronic configurations of first three noble gases
are shown below:

He = 152
Me = 1s?25%2p®
Ar = 1s? 25°2pf3s73p®

Note that these elements have completely filled outer most 5 and p sub-shells. Helium
cantains two electrons and remaining noble gases contain 8 electrons in the valence shell
Because of these configuration noble gases are stable and not active. In 1816 a chemist G.N.
Lewis used this fact to explain why atoms undergo chemical reactions. He called his
explanations as Octet Rule. An octet is a set of eight. In forming compounds, atoms tend to gain
electronic configuration of a noble gas. Remember that each noble gas (except He) has eight
alectrons configuration in the valence shell. Thus the octet rule takes its name from this fact
about noble gases.

The tendency of atoms to acquire eight electron configuration in their valence
shell, when bonding, is called octet rule.

Helium has two electrons in its valence shell and is also chemically inert. Some
elements that are close to He on the periodic table tend to achieve two electron configuration in
their valence shell. For example hydrogen, lithium and beryliium etc tend to achieve two electron
configuration in the valence shell.

The tendency of some atoms to acquire two electron configuration in their
valence shell, when bonding, is called duplet rule.

Example 4.1: Obtaining the number of valence electrons in an atom using the
periodic table.

Find the number of valence electrons in the following atoms using the periodic table.
(a) Carbon (b) Magnesium (c) Phosphaorus

Problem Seolving Strategy:

Remember that the group number of main group elements indicates the number of
valence electrons in an atom. Check the group number of the elements in the periodic table and
find the number of valence electrons.

Solution:
(a) Carbon belongs to Group IVA, so it contains four electrons in the valence shell.

(b) Magnesium belongs to Group 1A, s0 it contains two electrons in the valence shell,

(¢} Phosphorus is present in Group VA, so it has five electrons in the valence shell.

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

64 |<\ 4 Structure of Molecules

Self-Assessment Exercise 4.1

Find the number of electrons in valence shell of the following atoms using the periodic
table. (a) Silicon (b) Sulphur {c) Bromine (d) Argon (@) Potassium (f) Nitrogen

4.2. CHEMICAL BONDS

Atoms combine to form various types of substances. But what holds them together?
Fundamentally, some forces of attraction hold atoms together in substances. These forces are
called chemical bonds. Basically the forces of attraction that |ead to chemical bonding between
atoms are electrical in nature. Electronic structure of an atom helps us to understand how atoms
are held together to form substances. Atoms other than the noble gases have a tendency to
react with other elements. These elements are reactive because they tend to gain stability by
loosing or gaining electrons. When atoms gain or lose electron they acquire the configuration of
next noble gas element.

Atoms can also acquire the configuration of next nable gas element by sharing electrons.

4.3 TYPES OF BONDS

Depending on the tendency of an atom to lose or gain or share electrons, there are two
types of bonds:

1. lonic bonds
2. Covalent bonds

4.3.1 lonic Bonds

lonic bonds are formed between two atoms, when one atom loses electron to form
cation and the other atom gains this electron to form anion.

Example 4.2: Describing the formation of cations.

Describe the formation of Na* and Mg cations.

Problem Solving Strategy:
1. Sodium belongs to Group |A on the periodic table. It has only one electron in the valence
shell. Sodium atom loses its valence electron and is left with an octet. Represent this by
drawing the complete electronic configuration or using an electron dot structure.

2. Magnesium belongs to Group IA in the periodic table. It has two valence electrons.
Magnesium atormn loses these electrons to achieve noble gas configuration. Represent

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

{i 4 Structure of Molecules 63

this by drawing the complete electronic configuration or using an electron dot structure.
This number also corresponds to the Group number in the periodic table.

Solution: - :
{a) Formation of Na* ion .
| — ()] -+
Na 1s22s?2p°3s' — = s Na* 1s'2s5'2pf ‘

You can also represent this by following electron

dot structure, s & 3
(b) Formation of Mg*? ion ﬁ;\\ - e
Mg ‘\“},_,/ /
-2 =g -

1525 2p" 3 —— s Mp" 1525 2p°

You can also represent this by electron dot structure,
.
. Self-Assessment Exercise 4.2

1. Describe the formation of cations for the following metal atoms:
(a) Li{atomic no 3)
(b) Al{atomic no. 13)

2. Represent the formation of cations for the following metal atoms using electron
dot structures.

(a) K (b) Ca
Example 4.3: Describing the formation of anions.

Describe the formation of anions for the following non-metal atoms:
(a) Oxygen(atomic no.8) (b) Fluorine (atomic no. 9)
Problem Solving Strategy:
1. Write electronic configuration or dot structure.
2. Find the number of electrons needed to acquire eight electron configuration.
3. Represent addition of electrons.
Solution:
(a) Formation of anion by oxygen atom.

Oxygen belongs to Group VIA on the periodic table. So it has six electrons in its
valence shell. It needs two electrons to achieve noble gas configuration.
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O 152 2p" + 26 ——0° 15" 2" 2p"
"'\_\v_-'
nctet

| You can also represent this by electron dot structure,

- 2

@ i ; /E\. (b) Formation of anion by fluorine atom

'\w” Fluorine belongs to Group VIIA on the
periodic table. So it has seven electrons in the
valence shell. A fluorine atom therefore, requires

/e \, \ only one electron to complete octet.
\‘I:/ + g7 —- F i
o ]

F 1528 p'+w ——F 15 20°2p
"'\_\v_'
octet

-

You can also represent this by electron dot structure,

-,

3
¥ Self-Assessment Exercise 4.3

1. Describe the formation of anions by the following non-metals.
(a) Sulphur (atomic No. 16)
(b) Chlorine(atomic Mo. 17)

2. Represent the formation of anions by the following non-metals using electron
dot structures.

(@) N (b) P (e} Br (d) H

Anions and cations have opposite charges. They attract one another by
electrostatic forces. “The forces of attraction that bind oppositely charged ions are
called ionic bonds”. Compounds that consist of ions joined by electrostatic forces are
called ionic compounds. The total positive charge of the cations must be equal to the
total negative charge of the anions. This is because ionic compounds as a whole are
electrically neutral.

Example 4.4: Representing lonic bond formation.

Far each of the following pairs of atoms, use electron dot & electron cross structures to
write the equation for the formation of ionic compound.

{a) Na and CI (b) Mg and F
Problem Solving Strategy:
1. The metal atoms form cations and non-metal atoms form anions.

2. The number of electrons lost by metal atoms of group IA, IIA and 1A equals the
group number.
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3. To write the final form of the equation. you need to know the simplest ratio of cations
to anions that you require for the neutral compound.

4. Write equation using electron dot & electron cross structures.

Solution:
(a) Na is metal and Cl is non-metal.
Metal atom tends to lose electrons and non — metal atoms tends to gain electrans to
acquire electronic configuration of nearest noble gas. Since Na atom has one glectron in
the outer most shell. It losses one electron to farm Na® ion. Since Cl atom has seven
electrons in outermaost shell, it needs one electron to complete octet. So it gains one

electron to form CI” ion. Far every Na' ion, you need ane CI™ ion.

QO-GIC

(b) Mg is metal and F is non-metal.

Mg atom has two electrons in the outermost shell. It losses two electrons to form Mg*®
ian. Since F atom has seven electrons in the outermost shell, so it gains one electron to

form Fion.
For every Mg* ion you need two F ions.

-

- |
Bl Self-Assessment Exercise 4.4

Far each of the following pairs of atoms, use electran dot and electron cross structures to
write the equation for the formation of ionic compound.

(a) Mgand©O (b) AlandCl
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Example 4.5: Recognizing a compound as having ionic bonds.

Recognize the following compounds as having ionic bonds.
(a) MgO (b) NaF

Problem Solving Strategy:
1. The metal atom loses electrons to form cations and non-metal atom gains electrans to
form anions.

2. The number of alactrons lost by metal atoms of group 1A, 1A and 1A eguals the group numbear.
The number of electrons gained by the non-metal atoms is equal to 8 minus group
number.

3. Find the simplest ratio of cations to anions, to identify the compound.

Solution:
(a) MgQ
Mg is metal and O is non-metal. Mg atom has two electrons in outermost shell. So it loses
two electrons to form Mg™ ion. Since O atom has six electrons in outermost shel, so it
gains two electrons to form O ion. In this way beth the atoms acquire nearest noble gas
configuration. For every Mg™ion you need one O ion. Chemical formula of resulting
compound is MgO. Therefore MgO is an ionic compound.

(b] Na is metal and F is non-metal. Na atom has one electron in outmost shell. So it loses
one electron to form MNa’™ ion. Since F atom has seven electrons in outermost shell, so it
gains one electron to form Fion. Na atom by losing one electron and F atom by gaining

one electron acquire nearest noble gas electronic configuration. You need one Fion for
each Na* ion. Therefore, NaF is an ionic compound.

P
= ’ Self-Assesament Exercise 4.5

Recognize the following compounds as having ionic bonds:
{a) KCI (b) AICI, (c) MgF

f
4.3.2 Covalent Bonds

In the preceding section you have learned the formation of ionic bonds between two
atoms. lonic compounds such as NaCl, are crystalline solids with high melting points. However,
same compounds have very different properties. HC! is a gas at room temperature. Water (H,0)

is a ligquid. Such compounds are not ionic. These compounds are made up of non-metal atoms.
MNon—-metals have high ionization energies, therefore, they do not lose electrons. Non-metal
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atomns tend to share electrons among themselves or with other non—metal atoms to form a
chemical bond called covalent bond. A Covalent bond is formed by mutual sharing of
electrons between two atoms.

Consider the formation of covalent

bond in hydrogen maolecule. A hydrogen
atom has a single valence electron. Two % » e
hydrogen atoms share their wvalence

electrons to form a diatomic molecule.

H i1 H——sH:H shared pair of electrons

_—

In the formation of this molecule, each hydrogen atom achieves the electron configuration
of the noble gas, helium which has two valence electrons. An electron pair in the region between
the two atoms is attracted to both hydrogen nuclei. This means it is a more stable situation than
that exists in separate atoms. Because of this stability two atoms form a covalent bond.

We can represent the formation of a covalent bond between two atoms using electron-
dot and electron-cross symbols for the atoms and the resulting molecule. As already discussed
that valence electrons are represented by dots. Just to understand sharing, we represent
valence electrons in one atom by dots and in the other atom by crosses. However, remeamber
that all the electrons are identical and cannot be differentiated. A shared pair of electrons is also
represented by a dash (-) in a molecule.

Consider the formation of a bond between two fluorine atoms. Fluorine belongs to Group
VIIA, so it has seven electrons in the valence shell. It needs one more electron to attain the

electron configuration of a noble gas. Thus two F-atoms A, s
share an electron pair and achieve electron configuration | { « 1.4 « ¥ ok ¥ |-’. e 3
of Ne. For sharing each F-atom contributes one electronto | e’ e’ M
complete the octet. w i -B

Pairs of valence electrons which are not shared between atoms are called unshared
pairs or lone pairs.

Covalent bond that is formed by the sharing of one electron pair is called single
covalent bond. So H, and F, molecules contain a single covalent bond.

Can you explain the formation of covalent bond between H-atom and a F-atom?

Sometimes atoms may share two or three electron e e
pairs to complete octet. Double covalent bonds are the | | @ '« @ | = cic |
bonds that are formed by sharing of two electron pairs. S i -0l
Triple covalent bonds are the bonds that involve three e

shared pairs of electrons.

P Teacher's Point |

A leacher may show bonds to students by balls and springs.
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_ - Consider the formation of O, molecule.

2 l\\ ,fM E“lﬁ i ?‘fﬁ \ Oxygen is in Group VI A, so it has 6 electrons

i W ogs M ,/“I e Mg N in the valence shell. It needs two electrons to

- o complete its octet. So for sharing each O-atom
ar N = Ne contributes two electrons.

Can you explain the formation of N, molecule?

Example 4.6: Drawing electron cross and dot structures for simple covalent
molecules containing single covalent bonds

Draw electron cross and dot structures for (a) CH, that is a major eomponent of natural
gas (b) H,O that covers about 80% of the earth crust.

Problem Solving Strategy:

1. Decide from the chemical formula which atom is the central atom. An atom that
contributes more electrons for sharing is the central atom. Show its valence electrons by
dots. Note the number of electrons it needs to complete octet. If the number of electrons
needed equals the other atoms, each atom will form a single covalent bond,

2. Arrange other atoms around the central atom. Connect the central atom by single bonds.
Use cross to represent electrons of the other atoms.

3. Check whether the arrangement of electron satisfies the octet rule.

Solution:

{a) CH,

(i)  C has four electrons in the valence shell and needs four electrons to
complete its octet. H has only one valence electron and needs one
electron to complete duplet. So C can form four single bonds with four H-
atoms. C is the central element.

(il  Connect the atoms with a dot and a cross

H H H.O
H+C+H or H—a."I:—H

& ! (i) O has six valence electrons ‘O:and each hydrogen atom has one

valence electron H. So O-atom needs two electrons to complete octet.
Each H needs one electron to complete duplet.

(i) O is central atom and will form two single bonds with H-atoms.

(iii) Arrange H-atoms around O and connect them by a pair of electrons
(one dot and one cross)
o ] s =
; I

- H
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<

[
. F
L Self-Assessment Exercise 4.6

Draw electron cross and dot structures for the following molecules:
(a) NH, that is used to manufacture urea.

(b) CCl,. a dry cleansing agent.
(€} SiCl,. used to make smoke screens.

(d) H.S, a poisanous gas.

Example 4.7: Drawing electron cross and dot structures for molecules containing
multiple bonds

Draw electron cross and dot structures for the following molecules:
(a) CO,, a component of air and is responsible for green house effect.

(b) HCN, used as insecticide.

Problem Solving Strategy:
1. Decide from the farmula which atom is to be in the center. Show its valence electrons
by dots. Note the number of electrons it needs to complete octet.
2. Show valence electron of the other atoms by cross and find the number of electrons
each of the atoms needs to complete octet or duplet.
3. Connect central atom with the other atoms by electron pair or pairs to satisty the octet
rule.

Solution:
(a) CO,

(i) C has four electrons in the valence shell. It needs four electrons to complete octet.

(ii) Each oxygen atom has six valence electrons and needs two electrons to have an octet.

OO OC

(i) C is central atom, arrange O-atoms around it.

{iv) Since C needs four electrons and there are only two
oxygen atoms. So it will share its two electrons with each
oxygen atom.

or O -C=0:
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(b) HCN
(il  H has one, C has four and N has five electrons.

(ii) € needs four and N needs three electrons. So C shares one electron with H to form a
single bond and three electrons with N to form a triple bond. This will satisty octet rule.

OOG EW

r
Ml M Seif-Assessment Exercise 4.7

Draw electron cross and electron dot structures for the following molecules:
(@) CS, an organic solvent that dissolves sulphur, phosphorus ete

(b) N, a component of air.

4.4 INTERMOLECULAR FORCES

A covalent bond can occur between two similar atoms such as inH,, N,, O, Cl, etc. It
can also occur between two unlike atoms, such as in HCI, H,0, NH,, HCN, CQ, etc.

When two identical atoms share electron pairs, both the atoms exert same force on the
shared electron pairs. Such a covalent bond is called non-polar covalent bond. For example,
bond in H-H, O = O, N=N etc are non-polar covalent bonds. On the other hand, when two
different atoms share electron pair, both the atoms exert different forces on the shared electron
pair, More electronegative atom pulls shared electrons pairs with greater force towards itself
then the other. So more electronegative atom partially draws electron density towards itself. This
makes it partially negatively charged and other atom partially positively charged. Such a covalent
H - CI*. % o7 | boend is called polar covalent bond. The forces of attraction thus

Sl s €lC. | ereated between the molecules are called intermolecular forces.

H™ For example,
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These intermolecular forces are weaker than an ionic or a covalent bond. There are
several types of intermolecular forces. We will discuss two of these. Dipole-dipole interactions
occur between polar molecules. Figure 4.1 shows these interactions

You know that paints and dyes are
used to protect solid surfaces from the

! from o 5
atmaspheric effects. They also give visual w

appeal. Resins are used to coat materials -

that give toughness, flexibility, adhesion ] \ “?
and chemical resistance. For example 3 - 1 9
dams, bridges, floors, trains, buses, cars X :

etc are painted with resins. The synthetic |

resins are used where water resistance is | - - *
required. Chemically, resins are either w @

adhesive or they form bond linkages with

the material h&iﬂg bonded thEthEr. What Fig 4.1 :ﬂmjﬂmnh interactions
is the nature of these linkages? -

Motice that slightly negative end of polar molecule is weakly attracted to the slightly
positive end of another molecule. Such attracting forces are called dipole-dipole interactions.

Molecules in which hydrogen is covalently bonded to a very electronegative atom such
as oxygen, nitrogen or fluorine is also weakly bonded to a lone pair of electron of another
electronegative atom. This other atom
may occur in the same molecule orina H
nearby molecule. This intermolecular
interaction is called hydrogen bonding. b
Oxygen, nitrogen or fluoring makes
hydrogen very electron-deficient. Thus
interaction of such a highly electron
deficient hydrogen and lone pair on a
nearby electronegative atom
compensates for the deficiency. Figure
4.2 shows hydrogen bonding in water
molecules.

=X

The interaction of a highly H
electron deficient hydrogen and lone
pair on a nearby highly & .
electronegative atom such as N, O or H
F is called hydrogen bond. This
phenomenon is caled hydrogen
bonding. H

Fig 4.2: Hydrogen bonding in water

T
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74
Society, Technology and Science These intermolecular forces are extremely
Epoxy adhesives have excellent | important in  determining properties of water,
chemical  resistance, good adhesion | hiological molecules, such as proteins, DNA etc and

properies, good heat resistance and thay
form strong and tough coating. Therelora,
propellars and parts of aircrafi, boats, cars,
trucks etc are held together by epoxy
adhesives, Epoxy adhesives contain partially
positively charged H-atoms and oxygen
atoms containing lone  pairs  in their
maoleculas. Epoxy adhesivas are, therafora,
sticky and can make H-bonds with other
substances. Modemn aircraft, boats and
automobiles such as cars, trucks etc and
even in space craft epoxy adhesives are
used for assembling, saving money and
reducing weight. This means glues and
adhesives have become an essential itermn in
our dailv life,

synthetic materials such as glue, paints, resins etc.
The adhesive action of paints and dyes is developed
due to hydrogen bonding. Synthetic resins bind two
surfaces together by hydrogen bonding or dipole-
dipole interactions.

4.5 NATURE OF BEONDING AND PROPERTIES

Compounds that consist of ions joined by
electrostatic forces are called ionic compounds. At
room temperature most of the ionic compounds are
crystalline solids. Figure 4.3 shows arrangement of
ions in NaCl and CsCl crystals.

ﬂ
e

@ n

sadium chionde [RaCH

A
ad \!} _} b

Ceswim chlornds (G0l 3 i i

‘Fig 4.3: Arrangement of ions in NaCl and CsCl crystals

MNote that both NaCl and CsCl form coloriess cubic crystals. Each Na* ion is surrounded
by six CI ions and each CI ion is surrounded by six Ma™ ions. Internal structure of CsCl is
different from NaCl. In CsCl each Cs” ion is surrounded by eight Cl ions and each Cl" ion is
surrounded by eight Cs' ions. Thus in crystals each ion is attracted strongly to each of its
neighbours. The large attracting forces result in a very stable structure. So ionic compounds
hawve high melting points. For example, melting point of NaCl is 801%C.

A teacher may ask the students to make a model of MaCl
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When melted ionic compounds
conduct electricity, figure 4.4 shows
that NaCl melts and the Ma* and CI
ions are free to move throughout the
molten salt. When voltage is applied,
Ma' ions move towards negative
electrode. At the same time, Cl ions
move towards positive electrode. This
movement of ions inside a cell is
responsible for flow of electricity
between the electrodes in the external
wire,

Aqueous solutions of ionic
compounds also conduct electricity.
This is because when an

Prives zni e
K ._.—.E. .:- [ T "
[ I." - f L e ol
b " flolben sai ,J A T
(601 “G-1412*C) il Bl e
1o f g (e
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i O . o
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'\.F-.' ':".IF ,}-:\_ J '-):r# _-'E "—\.:

onic

Figure 4.4: conduction of electricity through molten NaCl

compaound dissolves in water, the ions are free to move about in the aqueous solution.

Hence thera i= a nead for more adhasivas.

Society, Technology and Science

Synthetic adhesives such as glues and epoxy resins are used in large scale industrial applications.

Glues are less costly than synthetic adhesives. Glues are extensively uzed as an adhesive for veneer, plywood,
corrugated cartons and laminated boards. Glues for glass and metal are also available. Epoxy resins are used
where water resistance is required. They form strong and tough coating. They also give flexibility and chemical
rasistance. For these reasons, dams, bridges, thermal power stations are coated with epoxy resing. In modarm
air craft and automobile epoxy resin adhasives are used for assembling, saving monay and reducing waight.

& ey roms

« Anoctetis a set of eight. In order to gain stability atoms tend to gain electron configuration

of nearest noble gas.

+ The tendency of atoms to acquire eight electron configuration in their valence shell, when

binding is called octet rule.

+ |onic bonds are formed between two atoms, when one atom loses electrons and other
atom gains these electrons. The force of attraction that binds oppositely charged ions is

called ionic bonds.

+ |onic compounds have high melting points. They conduct electricity in molten state.

= A bond that is formed by the sharing of electrons between two atoms is called a covalent
bond. A covalent bond can be single, double or triple.

« The interaction of a highly electron deficient hydrogen and lone pair on a nearby
electronegative atom is called hydrogen-bond.
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The adhesive action of paints and dyes is developed due to hydrogen bonding.
REFERENCES FOR ADDITIONAL INFORMATION

Lawarie Ryan, Chemistry for you.

lain Brand and Richard Grime, Chemistry (11-14).
Silberg, Chemistry.

Raymond Chang, Essential Chemistry.

O Review Questions

Encircle the correct answer:
(i) Which of the following atoms will form an ion of charge -27
Atomic Number Mass Number Atomic Number Mass Number
fa) 12 24 {b) 14 28
(€) 8 B _d 10 20
(i) Which of the following atorms will not form cation or anion.
a. A (Atomic No. 16)
b. B {Atomic No. 17)
c. C (Atomic No. 18)
d. D (Atomic No. 19)
(i)  Which of the following atoms will form cation.

Atomic Number Atomic Number
(a) 20 {b) 18
(c) 17 {d) 15
{vi) Which of the following atoms obey duplet rule?
(@ O, b}y F {c} F d) N,
(v)  Silicon belongs to Group IVA. It has ____ electrons in the valence shell
{a) 2 (b) 3 fc) 4 d) &

(vi)  Phosphorus belongs to third period of Group VA. How many electrons it needs
to complete its valence shell.

fa) 2 (o) 3 fe) 4 (d) 5
(vil}  In the formation of AlFs, aluminum atom loses electrons.
fa) 1 ) 2 fe) 3 (d) 4

(wiii)  Which of the following is not true about the formation of Na_5:

{(a) Each sodium atom loses one electron
(b) Sodium farms cation {c) Sulphur forms anion
(d) Each sulphur atom gains one electron
(ix) Identify the covalent compound
(a) NaCl (b}  MgO {€) H,0 (d) KF
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2.

0 Mo W

10.

11.

12.

13.

14,

15.
16.

Give short answers

i. State octet and duplet rules.

ii. Explain formation of covalent bond between two nitrogen atoms
ii. How does Al form cation?

iv. How does O from anion?

v.  Draw electron cross and dot structure for H.O molecule.

Describe the importance of noble gas electronic configuration.
Explain how elements attain stability?
Describe the ways in which bonds may be formed.
Describe the formation of covalent bond between two nan-metallic elements.
Explain with examples single, double and triple covalent bond.
Find the number of valence electrons in the following atoms using the periodic  table:
(a) Boron (b) Neon {c) Rubidium (d) Barium (e} Arsenic
Represent the formation of cations for the following metal atoms using electron dot
structures.
(a) Al {b) Sr (c) Ba
Describe the formation of anions for the following non-metal atoms:
(a) P {b) Br (c) H
Represent the formation of cations for the following metal atoms using electron dot
structures.
(a) Mg (b) Li (c) Be
For each of the following pairs of atoms, use electron dot and electron cross
structures to write the equation far the formation of ionic compound.
(a) Kand Cl (b) Caand S{c) Aland N
Recognize the following compounds as having ionic bonds.
(a) MgCl, (b) KBr (c) Mal
An atom of an element has atomic number 9 and mass number 19.
(a) State the number of protons and neutrons in the nucleus of this atom.
(b) State the number of electrons in this atom.
(c) Show with electron cross-daot diagrams, the formation of ions in the reaction of
this atom with sodium atom.
|s there a need for more adhesives?
What is the importance of glues and adhesives in our society?
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r Think-Tank

4 - Magnesium oxide is a compound made up of magnesium ions and oxide ions.
{a)  What is the charge on these ions.
(b}  How these ions get these charges.
(c) Show with electron cross-dot diagrams the formation of these ions.
2: The diagrams below show the electronic N
structures of an atom of calcium and an atom of - ]
oxygen. 07 i‘ f
|'.. \hl |I |". 'il 1
Draw structures of the ions that are formed when S £ 1.: L&
these atoms react. \ate / o
-\.,\_\_\_\_\_-:-..-::___
=

3:

4:

Draw electron cross and dot structure for the
following molecules:

(a) COCI,. a poisonous gas called phosgene that has been used in World War-11.

(b}  HOCI hypochlorous acid is unstable, decomposes to liberate atomic oxygen

that makes HOCI a strong oxidizing agent.
The table below shows the properties of four substances:

(b} Which substance is an ionic compound?

{c) Which substance is a covalent compound?
(d) Which substance is a non-metal?

Electrical Conductivity
Substance | Melting point | In solid In molten
state state
A High MNIL NIL
B High NIL Good
Cc Low MIL MIL
D High Good Good
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< Electronic configuration of two elements X and Y are given below:
X = 18%2g?2p®3s®
Y = 18°25°2p"
Predict which of the following compounds is likely to form when X and Y react?
Explain.
(a} A covalent compound of formula XY,

(b} An ionic compound of formula XY,

(c) An ionic compound of formula XY

(d} An ionic compound of formula XY

6: The following figure shows the electron dot and cross diagram of molecule AB, .
Which of the elements could be A and B? Aparise.

EGB

[+ llustrate the total number of shared electrons in a molecule of CO, ?
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.5 Physical States of Matter s

form a hollow spham{camun AlONTE 516 By .
anged in Di e

allotropes of carbon Pﬂmﬂguns and be g lamond, graphite and bucky ball are

xagons just like a soccer ball. { because all made of
carbon atoms and a |EFE SEII:IE The different forms of an element In(thu same PH:I:EII' 0

ra -

lotropic forms, known as white mnqﬁhuma and red pho

white phosphorus consists of teteraatomic molecules. P4.that are not bonded to each ﬁ
Whereas in red phosphorus, P4 molecules are bonded tn'l:lvl‘lﬁ another in long chains) Figure 5.20.

1 b |
# ”
i F
-
L -
%

(a) X (b) | @z

Sulphur consists of nml&mlas that contain eight atoms, Ss. Sulphur also exists in several

crystalline and an amnrphcus forms{ Rhombic and monoclinic forms are its im
rtant ¢
alliropes. Plastc sulphu s the amorphous form. ) (7, i

5.7 COHPARISON OF PHYSICAL STATES OF MATTER

We _n.a!g-:-diﬁgrenh three states of matter with regards to intermolecular forces praseni
between their particles. (There are no attractive forces between the moleculss of a gas. So

mﬂeﬂas can freely move in all directions. A gas has no definite shape and volume.)But
si nt attractive forces exist between the molecules of a liquid. These farces keep molecules
8 r. However these forces can't hold molecules in fixed positions. So molecules in liquid
can slide past one another. Because of this a liquid has definite volume but no definite shape
Whereas (in solids strong attractive forces exist between particles :
@nough to'hold particles in fixed positions. As a result a solj
definite vulumaf]

- These forces are strong
d has a definite shape as well as
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{57 5 Physical States of Man&
—

(f) Predict the boiling point ﬂf'ﬂ“‘“’“f?"“'ﬂtﬁfa"g;?qum?

(\).2 W11} Why does evaporation lower the temperature. 85 cm?, during the fall when
\“ /42, The air in a perfectly elastic balloon occUpios a particular day is -1

temperature is 20°C. During the winter, the temperature onap o hn:‘ m— i

the balloon occupies 794.39 cm®. If the pressuré '_“"“"“ = the Ch .mh*

given data proves the volume temperature relation BESCHDGIOTMe S3onst s L“

13.  In the past, gas volume was used as a way to measure tampi_lratul'_&___ ﬂslng device

called gas thermometers. An experimenter obtains foilowing data from a g

thermometer. : . £
Volume (dm?) | Temperature (* | =~
_ C) o
e 0°C .:—.::ﬂ-“' .
E.T' = 1'!]9”3 '_:._-:" :

5.7 3oo :
Show that gas thermometer ut:rtatriq;_l maut[s a:@in’; to Charles's law.
14.  In automobile engine the gaseous fuel-air mixture enters the cylinder and i
compressed by a moving piston before it is ignited. If the initial cylinder volume#
990 cm® After the piston moves up, the volume is 90 cm?, The fuel-air mixu!
| - ~initially has a pressure of 1.0 atm, a

and final pressure 11.0 atm, Do you think i
change occurs according to the Boyle's law, = i

2 e or oo s vlume f 1500 cr at s
i e ‘T IL1S pumped into the glass tube of the §¢

is 1213.74 cm?, Whll;l{ shows apml-ll‘ﬁuf'z S e 9
1 Boyle'slaw. Sure of 786 torr. Show that this data ote’
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SOLUTIONS

- Pre- Reading

Why selutions are importar f,
us? . We encounter  map,
sub nces in our daily life such s

, soft drinks, juices, shampo
petrol, natural gas, diesel, kerasen:
cough syrup and many others, &:
these substances solutions? Mi
of the chemical reactions that fa:
place in the bodies of v
organisms occur in  aqueds
solutions.

Brass, steel, German silver
solid solutions. These solutions &
widely used for making ccoh”
utensils, surgical tools, cull’
musical instruments and M
other objects. How can we ex®
their composition? This chapter

acquaint you of many things 3
solutions,

| ¥ Reving
6.1

SOLUTION,
AQUEOUS EDLUTlgﬂ‘
A solution is a hom SULUTE D EﬂLv |
thrnugh::t.u lnu:snfutiun ;?:::::;::mra “fi'-lhntan AN 7

iti
e that s ©es that has uniform comP®®
Whereas the substance that is present i, Iar;]arnrﬂEH N lesser amount is called *°
is a solution containing oxygen, carbon dioxide ;muunt 'S called solvent, For xa™ H
v N B >

i
M number of trace 9ases i
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EB Solutions

solution oxygen, COz and trace gases are solutes, since they are present in lesser quantities
whereas nitrogen is solvent, since it is present in larger amount, Consider another example;
you dissolve 10 g sugar in 100 g of water you will get sugar solution, Here sugar is solute and
watef is solvent. A solution in which water is solvent is called an aqueous solution. The
word aqueous |s derived from the Latin word agua meaning water. Aqueous solutions are A
frequently used to dispense substances such as medicines.

6.2 SATURATED, UNSATURATED, SUPERSATURATED
SOLUTIONS AND DILUTION OF SOLUTION

- [heivis

Take 100g water in a beaker. Add a tea spoon of sugar in it. Stirr it, the sugar will dissolve.
Repeat the process the added sugar will again dissoive in it. A solution which can dissolve
more of the solute at a given temperature Is called an unsaturated solution.

Go on adding sugar in the above solution ill it starts setfling down at the bottom of the
beaker at a particular temperature. The soiution which cannot dissolve more solute at a
particular temperature is called a saturated solution.

Now heat the solution, stir it, add more sugar, it will dissolve. Go on addihg more sugar
and stir it. A stage will reach when no more sugar will dissolve and will start settling down at the
bottom of the beaker. This solution is called supersaturated solution, A selution that contains
more of the solute than is contained in the saturated solution is called supersaturated
solution. How to know whether a selufion is saturated or supersaturated? A supersaturated
solution is not stable in the presence of crystals of solute. If you add a crystal of sodium
thiosulphate to its saturated solution, it will simply drop to the battomn, without dissolving, but if
you add a crystal of sodium thiosulphate to a supersaturated solution of sodium thiosulphate
(see figure 6.1a), crystallization will start. When crystallization has finished, you will have a
saturated solution in presence of sodium thiosulphate crystals. Figure 6.1(b) shows the
crystallization from a supersaturated solution of sodium thiosulphate,

L
Ty
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T

Activity 6.2

Differentiating saturated, unsaturated and supersaturated solutions.
* You will need:
= Three test tubes.

» Sodium thiosulphate, Na:520:
* Water

Carry out the following:

Take 20cm® water in each test tube and label them as A, B, C.
Add 4g Na2S20:in A, 129 in B and 16g in C and shake.

Heat test tubes C till Na2S20z is dissolved completely. :
Cool test tube C at room temperature without disturbing,

|
WWrite down what happens in test tube C before heating and after heating.
What do you observe in test tube C after cooling?

Compare test tubes B and C and notice difference.
ldentify test tubes containing unsaturated, saturated and supersaturated solution,

LRS- TS o

-

Self-Assessment Exercise 6.1

The maximum amount of sodium acetate that dissolves in 100g of water at 0°C is 119
and 170g at 100°C. o

(a) If you add 170g of sodium acetate in 100g of water at 0°G, how much will diceiocr |
(b) Is the solution satu?ﬁ::dmﬁturatad or supersaturated? ke il
{c) If the solution in heated to 10

0°C, Is the solution now ‘

supersaturated. 5‘="}"1¢'4E"’f-ﬂﬂl:|. unsaturate; or

(d) If the solution is cooled back to 0°C and ng erystals :

umammm.@_mpemtummd? rystals appear. Is the solution saturated.

o
| [y
.-“u--"
AL,

-——JJ’.-::#L I l_‘jﬁr{f_r

nly used by

A5€0Us mixture of N chemical industries

1o prepare chemical
itrogen (M) ang hydrogen (Hz) is used to
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prepare ammonia gas (NH:). Ammonia is used to prepare
fertilizers and nitric acid. Far preparing fertilizer Urea, a
gaseous mixture of NHs and COz is used. For preparing nitric |
acid, mixture of NHs1 gas and oxygen gas is used. In all these
cases a gaseous mixture or solution of gases is used. In these
solutions, solute and solvent both are gases. The gas which
is present in greater proportion is solvent and the other gas is
solute. You can identify this solution as gas in gas.

Gases when dissolved in liquid uce some
important solutions. For example (wa dE;f ves small |
amount of air giving a solution whose oxygen content (solute) is mpurtant»fnr the survival of fish
and other aquatic animals. Carbon dioxide gas dissolves raac:hr:,r i WE'[E"I' for this reason it is
used in making carbonated drinks /J

In food industries, vegetable oil is converted into vagatahia ghee by passing Hz gas
through the oil. Finely divided Ni is used as catalyst. Ni accelerates this process by adsorbing
H:z gas on its surface, producing a solution. What type of solution is this?

6.3.2 Solutions of Liquids —s so [u/e = (g 10/

Solution of liquid in gas, liquid or solid solvents are also very common. For instance, fog
is a solution of water vapours in air. Other examples of similar solutions are clouds, mist etc. In
these solutions solute is in the liquid stale and solvent in the gaseous state.

Fermentation of cane sugar produces 85% viv of ethyl alcohol called rectified spirit. This
means 100cm? of this solution contains 95¢cm® ethyl alcohol and Sem?® water. Vinegar is
5% veous solufion of ane’fmacrd In these solutions solute is a liquid dissolved in another
liquid. We call such a solution as liquid in liquid solution.

The metal mercury is the only metal that is liquid at room temperature. It dissolves a

number of metals to give a solution called amalgam. A solution of any metal in mercury is called
an amalgam. Silver and tin amalgams are widely used to make dental filling. When silver or tin

is dissolved in mercury, it forms a semi solid amalgam that can be shaped lo fill a cavity. On
standing it forms a hard solid and expands slightly. Therefore, it tightly fils within the cavity. Thus
in amalgams solute is a liquid and solvent is solid, we call such a solution as liquid in solid.

6.3.3 Solutions of Solids —= Jolute : sl

You must have observed smoke. It spreads in air forming solution that contains solid
carbon particles. In this solution zolid particles are solute and air is solvent. 'We call such a

Eﬂuﬁun as solid in gas.
Water dissolves a wide range of substances. It dissolves many minerals in small amounts,

For instance it dissolves limestone, which is a common component of well water. It contains

dissolved salts such as NaCl. You also prepare many solutions by dissolving sulid substances
in water, such as commen salt, sugar etc. In Laboratories mostly solutions are prepared by
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dissolving solid substances in water. 0.83% i NaCl solution is used in intra""f’mus_'. SOy
that is given to persons suffering from dehydration. such solutions that contain solid S0l
dissolved in a liquid are called as solids in liquids.

We often prepare a solution of solid in solid because thn::ry' are used cummen:_:a#_ ty

(copper is added to the gold. This produces 2 solid solution of gold that meits at lowertemper,,

than pure gold. Therefore, it is easier to cast, Most gommercial|metais are Xamples of 5
solutions of various metals calied alloys) For example| brass is an aligy,of G‘{F_%gd. Zine, S
is an alloy of iron containing small afhounts of carbon and silicon.(Many ly OCCung
gemstones are solid solutions. For example Ruby, Opal, in these solutions a solid wiy;
dissolves in a solid solvent. We call these solutions as solids in Sﬁﬁ’d? Table 6.1 shows nir
types of solution, we have discussed in sections 6.3.1, 6.3.2 ar 6:3.3.

=
Table 6.1: Common types of soli

Self-Assessment Exercise .2

What are the physical states of sojte a

dentify the type of solution. "l Solvent n each of the fojiowing oM™
(a) Deep saa divers use a breathip .

] i g mixture of hae 34

(b) Brass t':ﬂr_ltams 80% copper ang 20, zin:lf __I;_r_um and Oxygen, Su- G0’ .i'-_F.-, __

(c) Dental filling. *.I{.-:I.l','g.u_.-c;" e 5“’; 5_,},1_;" j- Tape ‘i.r gt
[dybneetsabiBWEED,, Solicl i Jon  BNecalod., Topr o 1
_..'_,l:j: R s ""-"-.‘;tna"r of Bets r'rm_.j i gl

o
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(e) Drinking water containing chlorine as disinfectant
(f) Gemstone, Ruby contains Cra0: and Alz0a
(g) Conc. H2504, we use in the laboratory

6.4 CONCENTRATION UNITS

When solid solutes are dissolved in water, their molecules or ions readily move about in

solution. They come in contact with one another readily in solution, so they combine easily. The

quantity of a solute present in a given amount of solvent or solution is called
concentration of solution. =Ty

is 98% H:S0s and contains only 2% Hz0.

_ In grade V1, you have learned the difference between a dilute and a concentrated solution.
A dlII..IItE solution is that whose concentration is relatively low while a concentrated solution is that
solution whose concentration is relatively high. You can find dilute and concentrated solutions
of commen acids and bases in your chemistry laboratory. Chemists use many concentration

units. Here we wil| discuss only percentage and molarity, other concentration unit vou will leam
In grade XI. :

6.4.1 Percentage -

Commerciglly available solutions that contain the maximum available concentration of
solutes are referred as concentrated solutions. For example commercially available
concentrated HzS04 is 98% and uunjn}_l:lﬁ is 3?*3-?. This means concentrated HzS04 containg 98g
H250sin 100g of solution and concentrated solution of HCI contains 37g HCl in 100g of solution,
Thus percentage is the unit of concentration that specifies the quantity of solute in 100 parts of
solution. Quantity of solute and solvent can be expressed by mass in grams or volume in cm?,
Therefore, by the percentage of a solution we mean the mass or volume of solute
dissolved in 100g or 100cm? of solution. For example, if you dissolve 10g NaCl in 90g water
to make 100g of solufion, the concentration of solution will be 10% m/m. But if you dissolve
10cm?® of alcohal in water to make 100cm? of solution, the solution will be 10% viv. If
you dissolve 1':::; NaCl in sufficient water to mak:a 00cm? solution, the resulting solution will be
10% miv. If you dissolve 10em? of alcohal lf‘ll{'ﬁé&é? make 100g of solution, the solution will be
10% v/m. Therefore, there are four ways to express percentage of solutions.

Salf-Assessment Exercise 6.3

1. Write four ways to express percentage: of solutions.
2. A saline solution is administered intravenously to a person suffering from severe
- dehydration. This is labeled as 0.85%, miv of NaCl. What does it mean?

Scannad with CamScanres

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

B oo

-
| 5 e

6.4.2 Molarity (M)

If you read label on the bottle of concentrated H2S04 you will notice 98% H2S0: by mass
and also 18M HzSOs. What does 18M stand for? This means there are 18 moles of H280, in
each dm? of solution. Similarly cone. HCI is 37% and 12.1 M HCI. This means m_are are 12 1
moles of HCI in each dm? of solution. We can express the concentration in terms of moles of
solute in the given volume of solution. : Pon

Molarity is the concentration unit in which amount of solute is expressed in moles anc
quantity of solution in dm?, 3 )

“Molarity is defined as the number of moles of solute dissolved per dm?® of
Mathematically,
- maoles of solute
dm’ of solution_
6.4.3 Problems Involving the Molarity of a Solution
Urea (NHz2CONHz} is a white solid used as fertilizer and starting material for synthetic

plastic. A solution contains 40g urea dissolved in 500cm? of solution, Calculate the molarity of
this solution. ~

b

Problem Solving Strategy:
To calculate the molarity you need the number of mol

and the volume of solution in dm?. Convert volume of mlutm:aﬁgfua:nugﬁté‘;m? o i
moles of solute from its mass using its molar mass. : m=. Determine
Solution: O ‘
Mass of urea = 40g |
Molar mass of urea (NHz CONH) = 14.;;1 X2+12+16+14+1x
7 = 60g/mole
Moles of urea = wﬂfnk = 0.667moles-

ValL ¥ _ 00 -
DLH'I'II e of solution Eﬂﬂcm3_i___-_ ﬂ-r_.ﬂ 3
Now

dm’ of solution
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Solution:

Molarity = 0.25M

Moles of NaOH = 0.25

Volume of solution = 1dm?

Molar mass of NaOH = 23+16+1
=40g/mole

Moles of solute = mass of solute
s molar mass of solute(g/mole)

mass of NaOH
40g/mole
Mass of NaOH = 0.25 moles x 40g/mole

:'HJE
Thus, solution contains 10g NaOH per dm?.

0.25 moles =

. Pntassigm hydroxide (KOH) is used in the "iﬁanufa-:tura of shaving creams, painis &
varnish. An analyst makes up a solution by dissolving 5.8 of KOH in one dm? of salio
Calculate the molarity of this solution. ,

Problem solving strategy:

To calgulate the molarity, you need moles of solute
are not given. But mass of solute per dm?
by using its molar mass.

e e et dm* of solution. Moles of sl
of solution is given, Convert mass of solute into M¥

Solution:
Mass of KOH d‘u_;anhred in one dm? of solution = 5.6q
Molar mass of KOH = 39+16+1
. = 36g/mole
Molesof KOH = __MasofKOH(g)
molar mass of KOH(g)
_5n
" 56
Thus, soluti tains 0 e
us, solution contains 0.1 m
'| iy, ole of KOH in one dm? of Soluion), 20 molarity of $ olutio’”

- Teacher's F’_nint

Scannad with CamScanres

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

us Solutions _
e
Self-Assessment Exercise 6.5

1. Sodium hydroxide solutions are used to neutralize acids and in the preparation of soaps
and rayon. If you dissolve 25g of NaOH to make 1 dm? of solution, what is the motarity of
this solution?

2. A solution of NaOH has concentration 1.2M. Calculate the mass of NaOH in g/dm? in this
solution.
3. A solution is prepared by dissolving 10g of haemaglobin in enough water to make up

1dm® in volume. Calculate molarity of this solution. Molar mass pf haemoglobin is
6.51x10%g/mole. o Ny

AR

Prepare 0.2M KMnO4 solution. of (oo cne v lume

Problem Solving Strategy:

For preparing solution you need a volumetric flask (figure 6.2). A volumetric flask has a
long neck with an etched line. This line indicates the exact volume, when the flask is filled to this
line. Volumetric flasks of capacity 1 dm?® 500cm®, 250em?®, 100cm?®, 50cm? can be used.
Suppose you use a 100cm? volumetric flask. First find the mass of KMnOs to give 100 cm?® of
0.2 M KMnO4 solution, :

Solution:

Required volume of selution = 1uu:m*=%= 0.1dm?

0.2 M KMnQasmeans.
1dm? solution contains 0.2 moles of KMnQ4

So, 0.1dm® solution contains = 0.2 x 0.1 moles of KMnOy
=0.02 moles of KMnOs
Now canvert males of KMnO4 into mass using molar mass of KMnOa
Molar mass of KMnQa = 39+55+16x4
= 39+55+64
=158g/mole

mass of KMnO,
molar mass of KMnQO,
mass of KMn(O,
158g/mole
Mass of KMnO4 =3.16g

Moles of EMnl), =

0.02mole =
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To prepare 0.2M KMnOs in 100cm? volumetric flask, follow the following st EIED =

6.2 shows these steps. i

(a) ngh out 3. 1Eg=:r1‘ Hh'hl‘:ln 0 -
; 2
(b)  Add this solid into a beaker, : mules}

add some water i
(c)  Transfer this solution to the 100 cm? voly lﬂ,‘ﬁf:;he it
(d} Keep adding water unti| the voly netric and add more water.

solution. This is desired snduﬂnn

mﬂ“ﬁfsﬂtuhnn rises to the etched line and m:"

Self-Assessment Exercise 6.6

1. How can you prepare Eﬂﬂcma
2. How can you pmpare 25cm?

d i — ..:':.E . :
produce 250cm? of 0.1M Hz50,7 ® 18M Hzs0,, How Many
Problem Solving Strategy:

Find the volume of given
the molarity equation, °one HzS0s to be diluteq .
€10250cm3 1 mae 0,1 M H:50+
Solution: :
Give HaS0,
MaVy . Dﬁslnalj H2S0,
M1 = molarity of given cone HEED4 MEVI

V4 = volume of cone Hz80, need 18m

Mz = molarity of required H25D4 :h:: ﬂ“lﬂ'ﬂ =9
N =0 10

! e R e .
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Vz = volume of rEqﬁrﬁ H_zﬁ?zﬁﬂcma

MIVI '"M:""r.'
'||,'I B &E
M,
X250
&

=1.3%m’
Transfer 1.39em®of 18M Hz504 to a 250cm?
up to the mark and mix. Resulting solution is 0. 1M

volumetric flask and dilute it by adding water
Hz504

Self-Assessment Exercize .7

. |
1. A stock solution of hydrochloric acid is 12.1 M. How many cm? of this solution should |
you use to prepare 500cm® of 0.1 M HCL.

Potassium dichromate (KzCr207) is a red-orange compound. It is a strong oxidizing

agent and is used in the estimation of iron content in ores. A stock solution is 2.5M

Kzﬂrzgr. How many cm? of this solution you need to dilute to make 50 cm?® of 0.05 M
Kﬂcri T. |

2.

3. Commercial acetic acid is 17.8 Molar, How can you convert this into 0.1 M acetic acid.

6.5 SOLUBILITY

Recall that a solution that contains maximum amount of solute in a given amount of
solvent at a particular temperature is called saturated solution,

. Activity 6.3

Prepare saturated solution of sodium chloride In 100g of water, Take this solution in a
pre-weighed china dish. Place china dish on the burner and heat it slowly till water evaporates
completely. Coalchina dish and weigh it. Calculate the mass of sodium chloride present in it,

Selubllity of sodium chloride in 100g of water at room temperature is 35.7g. Similarly
solubility of sodium thiosulphate is 50g per 100g of water. If you add 60g of sodium thiosulphate
in 100g of water at 20%, what will happen?

The amount of solute that dissolves in 100g of a solvent at a particular temperature is
called its solubility. 5

Teacher's Point
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Reading

6.5.1 Solubility and Solute-Solvent Interactions

The chemistry saying that “like dissolves like" is @ guiding rule when considering 4,
solubility of substances, Recall nature of intermolecular forces discussed in section 4.4,

Mgf?.’;.?&‘ readily dissolves in water, Tofind the Measns
look imi&? ﬁg re of intermolecular forces amaong ..
molecules. r moleculés are polar. Two H.gy,
bonded to an O-atom are slightly positively chargeg 4,
‘O-atom has a slight negative charge. Water molacy..
form hydrogen bonds with one another. (Metha,
.| molecules are also polar and exhibit hydrogen-bondi;

This means water and methanol molecules have simix
structures and intermolecular forces. They can fom
hydrogen bonds with each other (see figure 6.3) Ths
methanol and water are miscihla.)_

Simifarly glucose, whose molecule has many -0+
bonds, is very soluble in water. When you place a cryst:
d‘ﬁ:idlum chioride in water, it dissolves. Sodium chicis
.. “in an onic Eﬂiﬂpﬂund_ Thﬂ I'IE!gafl*u'E end of wae
-~ | molecules is attracted 1o sodium ions and the posi’

?,:‘;E:awmﬂk m?EﬂUIEE is attracted to chloride (o
tiractive Orces are strong enough to over oo™
the strong aftractions = -

that exist ions in NaC
Thus sodiurn i between ions in

de dissolves readily. Figure
ows y. rg ;
= Gazmt’}fr 9N of Na* and C- jons for water molact”

0 i - .
| .,.,ELTE{&: 7 s Pasoline and oils do not dissc™*.
: nature of ling an< -
nn.:]tr e GEB’E EW non-poldl’
ﬂgm 5 eiadion between a water molecule and?

Ne molecule js v iquids &
insoluble in Watar’ = 15 very weak, so these QU™

Uctures ang
soluble, wh Eﬂ:;tﬁﬂmltecular forces tend to bé

Stuctures and i e SUbstances that have digsimilar
bl 2Cllar forces are insolublé
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Self-Assessment Exercizso 6,

1. Sodium Chloride and glucose both are soluble in water. But the Solubility of NaCl is

greater than glucose. Explain why?

2. In which liquid of each of the following pairs you would expect KCI, an ionic solid, to be

more.soluble. =
{aIH:HD CCl  (b) rr:H:E}ﬁ)nr Benzene

3. Which of the following DEIEHTMU|d5 are miscible?
(a) Water and benzene {h}ﬁenz&ne and CCl4

6.5.2 Effect of Temperature on Solubility

If you add 34.7g of KCI to 100g of water at 20°C, it will dissolve. If you add more than
34.7g of KCI at 20°C, it will not dissolve. However, if you increase temperature it will readily
dissolve. Keep on adding more KCI and increase temperature. You will observe that 56.7g of
KCl dissolves in 100g of water at 100°C, when temperature of this solution is decreased to 20°C,
22.0g of KCI will crystallize out. This means temperature has a profound effect on the solubility
of a substance. Flgure 6.5 shows the variation of solubility with temperature.

Note that the solubility of an ionic compound generally increases with the increase in
temperature. However, solubility of some solids decreases with lemperature. For instance,
solubility of Na:S04 decreases with increase in temperature.

Heat water in a beaker, you

({c) Bn cil and benzene

e

i T T T A

will see small bubbles form at the

side of the beaker before the

water boils. These bubbles are
composed of air. Since, air is less

soluble in hot water than in cold

.-",¥_,r,r" :
Lo el =
R e _}J’”ﬁ' L
L J-Ln,:r
P

water, air comes out of water in
the form of bubbles. This means

Solublity (M0 g H,0)

Sﬂiubﬂhy@ air in water decreases
with ll'ﬁ:reamng temperature. You

o
\

might have observed in a home
ﬂquahum, that the fish show signs

of siress on a hot day. This is
because |ess oxygen from air
dissolves in the warm water,
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H Self-Assessment Exercise 6.9

Use figure 6.5 and answer the following questions:

At what temperature the solubility of KNOsand KBr is same. 5& “~
What is the solubility of KBr at45°C. %29 / /oo Hs O
Which is greater at 40°C, the solubility of (NaNO3 pr Solubility of KBr.

Identify from the graph the compound whose solubility is little affected with increa.,
temperature. Mg ( /

6.6 COMPARISON OF SOLUTION, SUSPENSION
AND COLLOIDS'

In this section, you will learn the differences between solution, suspension and a calli;
6.6.1 Solutions ¢-g = el

BN =

u-‘{lfr.r.ﬂ.f lf_'ﬁl'rir &Mf.f i h-e:-r‘,l':'b"

A solution is a humuganmusqﬂl urﬂ;ﬁ mchjmé ;Jf;. rﬂné;;".r;‘ huies

: =1 are indivi o
ions distributed evenly throughout the su idual molecules

rrounding fluid. Sizes - ,
0.1-1nm. Therefore, these particles cannot be seen by of these particles are betw:

h ordi g
is unable to scatter light. . S inary and ultra filter papers. A souti

6.6.2 Colloids

In winter you often observe fog. Fog consists of

- - fin e

in air. Fog scatter light from the headiights of an Hutn::;::::d{:d droplets of water susPE”f;
sunlight shining through a window is scatterag by the dust part}u] ou ;nlght have observec'

; — — - €s. See figure 6.6.

Fog and dust particles suspendad in air

; dre m“u' - s
re 6.7). Solutio lds,t:._-, : seri
||g|'|t {SEE ﬂgu ] fut ns cannot Ecattﬂf Ilght “EHdE dlffﬂr 'ﬁ'f_‘,m solution in 5{;31' f

Scannad with CamScanres

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

s souins e

A hahruganunl ihu of tI -_».rrtl of a hn l:"EI'EEd through a
medium is called a colloid. .ﬁ.pparenm\Pa colloid looks h-ngngengus like solutions, In a colloid
A \

dispersed phase is like solute in solutions and dispersion —— il

generally opaque but some are transparént as well. The |

size of colloidal particles varies from 1-10°nm. These ||

particles can only be seen under electron microscope. [ asus

Colloids can scatter light. Milk, butter, cheese, jam, [ ew

jellies, halv ' re other examples of [EENSESEEE

colloids. You will learn more about colloids in grade XI. - B e
Faa

6.6.3 Suspensions X
Mix a small quantity of sand in a glass of water. You will observe sand particles remain

suspended at first, then gradually settle tu:.:\{hﬁ bottom. Such a heterogeneous mixture
containing particles large enough to hla;.spgh with the naked eye and clearly distinct from
the surrounding fluid is called a suﬁ@{j_ﬁnn. Particles of a suspension are bigger than 10°nm
and cannot pass through ordinary filtér paper. Because of their large size, they can scatter light
like colloids. Table 6.2 shows m@amun of solutions, suspensions and colloids.

Table 6.2: Comparison of properties of solutions, suspension and colloids.
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Review Questions

1. Encircle the correct answer-

(i) The maximum amount of sodium acstate that dissolves in 100gof water at 0°C is

113g and 170g at 100°C. If you placs 170g of sodium acetats in 100g of water at
UL, the resulting solution would be

() unsaturated @j}sa‘ruraled (c) supersaturated (d) 1M
(i) How many moles of sadium aloms are presentin 23gNa?  _ ,.» 00 -
= R dco.1 (d) 0.15 %5, e 2t
(i)  What is the mass of 5 moles of hydrogen gas? : .
~ (a)5g (b)5.04g  Achi0.08g (d)1.008g Llmel-- 2:0/d9
(iv) How many atoms are thera in 28q of nitrogen gas? . (Bl 26157 5 1h. .8
(a) 2 (b) 1 022x 102 (d) 120X 108 Mo =52, 1ei - jonsle

(v)  How many atoms are there in 0.1 mole of carbon? oo AL o, e
(a) 6.022 x 102 E.DEEx 1022 (c)B8.02290  (d)6.022 x 1 2%,

{vi) A solution of NaOH has a concentration of is the m:
(g Whal s the mass of NaOH

contained in 250cm? of this solution? e poile i
(ajog 205 (019 Ad)eg ey T
(wii) hich of the following solution is more diltite? ZEei = o
: 7 N - o o - E?— FH :
@1 B)2M () 0.1M. ((d))0.008iM e o
#

- {viil) A solution of NaOH contains 20g-of this compeound In 2dm® of solutian. What :?s et

the molarity of this solution?” 5 ¥ e : £ il
@zM BIM fel025M  (osM’T_TOY T G fe.2c

{ix) Which guantity is the same for one mole of hydrogen gas ahd one mole of water?
{(a) mass (b} number of atoms =
.:{_E;Dnum ber of malecules {d} number of gram atomic mass g

{x) If one mole of Ma contains % aloms of sodium, what is the number of moles
containad:n.46g of sodium?_ limole Moz = —22 g frnid
(@) x 0 (B)2 @g)ax OIS s 8 - 2nalers 2o

2. Give short answers 22

i. Differentiate between saturated and unsaturated solution?er, 25, séages. corveriion
fi. . Give example of a solid solution containing twa solids.
fii-" Can vou call colloid a solution?
,hr Casoline does not dissolve in water, why?
v, Are gem stones solutions?

3. Atiny crystal of a solid substance is added to an aqueous solution of the same
substance. What would happen if the original solution was:

(a) supersaturated {b) u EEltl!.JfﬂiEd {c} saturated
g}:;ji‘-rtff”’ sl r;f-:f‘”_’ﬂfﬂ Settles denn
wiou (o €CCur Lo lution Y 0
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How can you FWP“W SUCm™ O
Copy and complete the mm .
Mass of solute | Moles of solute Voiumaﬂf séluﬂm Molarity

209 | -ﬁ‘:‘:";f.-f "
‘, | —— detts
|

ﬁbln’ﬁ:lr nquanus snlﬂﬂuﬂ of NaOH.

025

Ii J u'...g'_ i I-.‘- _I
‘ 7.  Give examples of the followi

(a)  aliquid solution of a liqu vent and gasec
(b)  a solid solution mwﬁf 5
8. What is the molarity of a solu 54 :
enough water to ma“w.;.
‘ 9.  Formalin is an aqueous solution of fc : | ﬁ
i ity ‘EP‘“'“‘lang, \ biologist wants to “‘_.“'idm" of 11.5M formalin

=i

What mass uf_fumaldnh% :

10.  Asolution of Ca(OH)z is p
nf 1000cm?. l:;lnmfm

431157117 Calculate the number of r .-*‘r _ '_
47254 12, Calculate the new mol: v n 1] e
(i il 311 2 =-:-w 100cm? of 0.5M HCL

13.__ How are soluions usef “’Wﬂ?ﬂh&mmm' * Pg¥ 122

oIving 5.2 mg of Ca(OH): to a total volun:
on. x4

Sem? of _:q 5M H3POs solution

"' i
3= E -
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ELECTROCHEMISTRY

Bem

Whét ::Ir:I rusting of |
vof | :}hjau;ts,“\ combustion of fue
=i . ﬁl:i‘inhlle engine, forest fire 3
%_ abolism of food in human &
nimal bodies have in commaon?
of these important process
invelve oxidation-reduction reaci-
&) When you turn on a flash id
- mobile, calculator, electronic oyt
'a chemical reaction in & bate
generates a current of elec
House hold bleaching a0e™
decolourize the colour Dedl™
substances in  strains. M
Elecirochemical industries prot”
~ millions of tons of important nﬂli‘

" o S i - 'i:l -.
magneasium E%ﬂﬂi [:,_T_hgllr alsn produce cf y such as aluminium. copper, ¢
! carbide. %X ) sl chemicals sych .

in buildings now- a-days. Arot” "
duce metallic red. metallic blue 0"
chapter h

Will enahle g cher™
puna you to understan
Nt metals ang chemicals.

| 7.1 GK]DATIB
| N AN
| Oxidation and reduction gy By D REp UCTION

(a) Loss or gain of ned in
. ‘-"I!r'ﬁun "'E!"Ei
= (b) Loss or “'d hyd
| gain of Hlaul rogen

e — T S —
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u? Electrochemistry
"Hﬁ.'l Oxidation and Reduction in Terms of Loss or Gain of

Oxygen and Hydrogen

In steel mills iron ores, usually oxides of iron are converted
to the pure metal commercially by the reaction with coka (carbon)
in the blast furnace. The carbon first reacts with air to form carbon
monoxide, which in tum reacts with iron oxide as follows.

Fez Os + 300 ——# 2Fe + 3C0;

Which  substance in this reaction lozes oxygen? Which
substance gains.oxygen?

Oxidation is defined as the gain of oxygen atoms or
loss of hydrogen atoms by an element.

Which substance is oxidized, which substance is reduced in the above '.
reaction?

Acetylene (C:H:) is commercially used for cutting and welding mgt_qls‘. When ac:etg.liarbe_ bums.... it produces
a very hot flame known as oxy-acetylene flame. Following reaction takes place when it buma. e

s me 7.1: Buming caol

2CH: + 100 —* 4 COx +2H;
Which substance loses hydrogen?
Which substance gains hydrogen? .
Coal is burned in thermal power stations to produce electricity. When it burns, fg@wha ref.::tim
occurs. (Figure 7.1). :
c+0, —>C0,

In this reaction carbon atoms undergo oxidation, since they

gain oxygen atoms to farm COz
Another familiar example of an oxidation that does not involve
burning is rusting. In the rusting of iron following raaction

occurs (see figure 7.2) Figure 7.2: Rusting of iron
X, 4Fe + 30, —* 2Fe,0;

=L

~~Is iron oxidized in this reaction

you burn Suigas.
20, — CO,+ 2H,0 + heat

L e b - Bl

s whe

Fnl!nw'mg reaction ocour
- CH4 =

Idelﬂﬁfy tha element undergoingd oxidation. |
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In the
reduced

2Ca+0, — 2040

Problem solving strategy:

Ca being metal will form cat

3 ion by losi et :
metal will gain electrons (reduction ¥ losing electrons {oxidation) ‘.E'”d oxygen being non-

) to form anions. -
Solution:

:‘fe rlwwe Iaafnad that Group 11A metals form M*2 cations, and _ﬂ"l&T.:GFﬂUD VIA non-metals
.m."m }t: IEI'HDFIS- This means in this reaction each Ca atom loses two electrons to form Ca*2
itis oxidized. Each oxygen atom gains two electrons o form O, so itis reduced £

2Ca —— 2Ca'?+ 2¢" (oxidation)
0%+ 4e- ——*20?  (reduction)

u Self-Assessment Exercise 7.2

In the following reactions, identify which element is oxidized and which element is
reduced.

Mg+5 — Mgs

dNa+ 0, —— INa, 0
2A1+ 3CL, —— 2AICI,
Mg + H, — MgH,

.

7.2 OXIDATION STATES AND RULES FOR ASSIGNING
OXIDATION STATES -

7.2.1 Oxidation States
Oxidation state or oxidation number Is defined as the number of charges an atom

will have in a molecule or a compound.
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The elemenis that show an increase in oxidation number are oxidized. The slgmen
show a decrease in oxidation number are reduced. Do you think H in HCl is oxidized an;fﬁth 23
. reduced? Comparasion of oxidation and reduction processes is given in table 7.1, Ui

Table 7.1 Process leading to oxidation and reduction

_'—._-..._ L i AN iy -~y s

7.2.2 Rules for Assigning Oxidation States or-Numbers

1. The oxidation state of any uncombined or free el qiﬁ }E-.always ZEMD €.9., oxidsin
state of Zn, Na, H in Hz, S in S etc is zero. 3:1‘ |

2. In simple ions, oxidation state is same as ﬂ*bair,_qﬁérée ©.9., oxidation state of Nan h"
and Ca in Ca*?is +1 and +2 respectively. o

3. In a complex ion the total sum of oxi i tes of atq;ms is equal to the charge cn e
ion. €.g.,in CO7, the sum of u:ig:it:latpﬁétates of C and 30 atoms is 2. Similarty, in NH:
the sum of oxidation states of N and 4H atoms is +1. '

4. The oxidation number of ﬂﬂiﬂ;‘“trfﬂm atoms in a molecule or compound is couTE

separai:e}y and their algehr_ﬁh'éum is zero

~ Lo 0 €g.. In HCI, the sum of oxidation stztes
and Cl atoms is zero. @gﬁ&sdy in CO2, the sum of oxidation T
atomsiszero. () iation st

Table 7.2 shows the oxidation states of
rarely change. .~

some of the Elémgants in binary m::rr1|:|~a:n.|1'|':|5“"ij

Table r:_;?.'_'gildatinn states of some elements in binary compounds that rarely
change B
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G

m =N s ElE':trﬂChEmlgh_l
e overall oxidation state for O is _h"““iﬂ__
8

2. There are 3 O-atoms, therefor
3(-2) = -6

3. Suppose the oxidation state for B is X.

4. The total oxidation states for all the atoms must he zero.
+3+x+(-6)=0
+3+x-6=0
x=3=0
x=3

Thus the oxidation state for B in HiBOa is 3.

Self-Assessment Exercise 7.3

One major prablem of air poliution is the formation of acid rain. Air pollutants such as

502 and NO:z combine with oxygen and water vapours in the air 1o form Hz804 and HNO:,
These acids fall to the ground with the rain, making the rain acidic. Clouds can also absot fre
acids and carry them hundreds of kilometer away from wlhere the pollutants are released.
Determine the oxidation number of N in NOz and HNO3, S in SOz and Hz80s.

| roaing
7.3 OXIDIZING AND REDUCING AGENTS

An oxidizing agent is the reactant containing the element that is reduced (g3
electrons) in a chemical reaction. A reducing agent is the reactant containing the eleme"
that is oxidized (loses electrons) in the chemical reaction.

For example, in the reaction between sodium and chiorine to form sodium chioride
2Na + Cl, —— 2NaCl

Na s reducing agent as it is oxidised whereas Cl, is oxidizing agent as it is reduced

7.3.1 Identifying Oxidizing and Reducing Agents

0!
(KK s

separagiiff saIL:rtiuns of ferrous sluphate (FeS04) and potassium psrmangﬂﬂﬁtﬂ A
100m®of il HSOu i . Nogs ey LT f efTous suiphate solution in a test 02 e
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n? Electrochemistry !
f..--ﬂ-""'_ FeS04 reduces KMnO. | sg g ‘

Purple colour is discharged. KMnOu oxidizes Fesm in this
ereas KMnQ: is oxidizing agent,

How can you identify oxidizing and red ucing agents in a chemical

reaction. FeSQ0a is reducing agent wh

: reaction?
Consider the following reaction that takes place in the manufacture of steel,

Fe20a + 3C0 —— 2Fe + 3C0;

To identify the oxidizing and rad ucing agents, work out the axidation states of all the
elements involved in the reaction

dHE 2 422 a +Hi[-2)2
Fe:0a+ 3CO —» 2Fe + 3C0:

' (i) Carbon is being oxidized because there is an increase in its axidation state.
: (i} Feis being reduced because there is a decrease in its oxidation state.
(i)  The reactant CO contains the C that is being oxidized, so CO is reducing agent.

(ivl  The reactant Fe:0s contains the Fe that is being reduced. So FezOs is oxidizing
agent.

Oxidizing or reducing agent is the whole molecule or formula unit and not the atom that has
undergone change in oxidation number.

Tungsten is used lo make filaments for eleciric bulbs because it has the highest melting
point and high electrical resistance. This metal is obtained from tungsten (VI) oxide, WO by
reducing it with hydrogen gas:

WO, +3H, — W+3H,0

Identify the oxidizing and reducing agents in this reaction.

Problem solving strategy:
Step 1: Waorkout the oxidation states of all the elements involved in the reaction.

| Et-;ap 2. Note the element that is undergoing an increases in its oxidation state. Since it is being
oxidized. The reactant that contains this slement is reducing agent.

Step 3; Note the element that is undergoing a decrease in its oxidation state. Since it is being
reduced. The reactant that contains this element is oxidizing agent.

Solution:
First assign oxidation numbers to each atom.
5 1-213 a 0 2+1) -2
WO, +3H, —— W+3H,0

Scannmad with CamScanner

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

@ 7 Electrochemistr,

5, so WOsis an oxidizing agent. Similary

crease
Because the oxidation number of W de H = reducing agent.
the oxidation number of H increases, therefore 2 2

u

ey n oxid
1° The torch cell discharges electricity because ofa

place between zinc and manganese dioxide. ;- ¢ 2 ¢

S aE ot e~ ZN(EH) > Ml
S J
n this reaction.

A :
Identify the oxidizing and reducing agents | o
2. Identify oxidizing and reducing agents in the following

a) ' 28+Cl, — S:Ch

=1

b) | 2Nas Br, ——» 2NaBr

Self-Assessment Exercise 7.4 . -
ation- reduction reaction that takes

L o al 3 -
¢) H,#S — HS

op

o
7.4 OXIDATION REDUCTION REACTIONS

in section 4.3.1 you have leamed the formation of cations from metallic elements .and
formulation of aniens from non-metallic elements. You have also leamed that anions and canqn&
e to form ionic compounds. Censider the formation of CacClz by the reaction of calcum

-

combin
and chlorine.

Ca+ I, =»Cald,

Calcium and chiorinie contain neutral atoms. Since
CaClz is known to contain Ca*? and CI ions, this reaction
must involve a transfer of electron from calcium atom to
chlorine atom.. Such a reaction which involve transfer of
alectrons is known an oxidation-reduction reaction. These
reactions are also called redox reactions. Such reactions are

commercially very important. Most of the metals are recovered
fram their ores by redox reactions.

7.4.1 Method of Recovering Metals from

their Ores

The process of producing a metal from its ores,
always involves oxidation-reduction reaction. Most of the
metals are found in nature as oxides or sulphide ores, After
mining the ore, desired mineral is separated from the other
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7.5.2. Concept of Electrolytes

When an ionic compound is dissolved in water, it splits up into its positive and NEgative
ions, these ions are capable of conducting electricity. Such compounds are referraq =3
electrolytes.

A substance that conducts electricaly when it is dissolved in water or in the Molter,
state is called electrolyte. Whereas, a substance that cannot conduct electricity yjp,,
dissolved in water or in the molten state is called non-electrolyte.

Examples of electrolytes are NaCl, KCI, HCI, NaOH etc.
Emmple of non—electrolyles are urea, glucose, SUCTOSE, benzene elc.

Passing electricity through agueous solution
You will need:

L]

Carry out the following:

Graphite rod
A battery and Conducting wires
Aqueous solutions of NaCl, NaOH, urea and

%{‘j ElEI':'lr{:u_r,'l'IE!'nIEI:-:u

*-u,_l.

~§

—

1. Set up the circuit as shown in the figure 7.4,
2. Fill beaker with one of the given solutions.

3. Dip graphite rods in the solution.
4. Note if the bulb is lighted or not.

5. Repeat the experiment with other soluticn one
by one.

6. Identify electrolytes.

Figure 7.4 shows an easy methoc ﬂ:;
distinguishing between electrolytes a9 " #
electrolytes. When graphite electrodes a® d"::_-'r" !
in pure water, no current flows. But Y EJ||:f:u$
small quantity of solution of KCI, the bu 70,
KCi is an ionic compound. It breaks UP “_‘t” o
Cl ions, as it dissolves in water. Thesé ’Dni e
towards the opposite electrodes. T"°

flows through the solution.

A
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7.5.3 Electrolytic Cells

An electrochemical cell in which electrical energy is used to drive a chemical reaction is
called an electrolylic cell. Figure 7.5 shows the sketch of an electrolytic cell. e

An electrolytic cell consists of
{a) A vessel containing an electrolyte
(MX)
{b) Two inert electrodes
(c) A battery
The figure shows that electrons move
from anode to cathode in the outer circuit,
in the solution the cations move towards
cathode and anions towards anode. At
anode anions oxidize by loosing electrons.
At cathode cations reduce by gaining
glectrons. This means oxidation accurs at
anode and reduction at cathode.

At Anode X+ X+l

At cathode Mr+le—a M :

Self-Assessment Exercise 7.3

1. Sketch an electrolytic cell for the electrolysis of
fused KCI

2. Electrolytic cell shown in figure 7.6 is used for the
electrolysis of fused sodium chloride. Indicate the
direction of flow of electrons. Identify ancde and

ode.

cath
| [Resaa| f

7.5.4 Uses of Electrolytic Cells
Possible uses of electrolytic cells are as follows:
() Down's Cell is used for the commercial preparation of sodium metal. It produces

chiorine gas as by product.
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5
{8)  Nelson’s Cell is used for the commercial preparation of sodium hﬁ’drﬂximﬁi\x.
produces chlorine and hydrogen gas as by product.

(€} Electrolytic cells are usad for the commercial preparation of calcium and Magnesi,,
melais. . ;

(d)  Itis used to produce aluminum metal commercially.
{€)  Itis used for the purification of copper.
() Electrolytic cells are used to electroplate metals such as tin, silver, nickel ete on slae|
(9)  Electrolytic cells are used to prepare anodized aluminum. Anodized alurmiinum ca,
absort dyes. Dyeing of anodized aluminum can produce metallic red. metallic biue g
- other metallic colours on the metal surface. :

7.5.5. Galvanic Cells (Daniel Cells) (Volfac Cells) <5 Gy ¢,y

~ The cell which involves spontansous redox reaction to generates electricity is calleq 5
galvanic or voltaic cell. The name Voltaic is given to th_is sl use Alessandro Volta
d.lsmverad first such cell. The English chamist Fradrick Dani 1_ structed first voltaic cell using
zinc {(Zn) and copper (Cu) electrodes. Therefore this cell Ig%ﬁ:? as Daniel Cell. A galvanic or

Daniel cell %\5 own in figure 7.7.

N __ | Augalvanic cell consists of the following parts:
il (1) ﬁ: bar dipped into a 1M Zn SO. solution.

| (2 A rbar dipped into a 1M Cu SO solution,

=5 x{@j‘h salt bridge which is inverted U tube containing

N inert electrolyte such as KCI. Its ions do not reac
with the EIBEH‘DI;':!'BEE or with the ions in solution. I
makes the electrical contacts between the solutions
through which ions can moye.

- (4) A voltmeter to measure current,

N Each compartment - ||
Thus a Daniel cell consisis of two half-cell joined in series, Wh::t m?fc:if IilsI:u:;ﬁ: erli:;rfnsl

begin to flow from %"nﬁrj through the external wires 1o ¢y rod. Thus Zn half-cell acts as anote

and Cu half-cell. ode. Note that a half cal : S
its salt. % :}  consists of a metal rod dipped in the solution @

Self-Assessment Exercise 7.5

Sk&feh a voltaic cell labeling the cathade, the _
; thea
Use the foliowing chemicals; node and

Silver, Zing, Silver Nitrate (AgNOs) and zine sulphate (ZnSO,
(Hint: Zn is more active than Ag) i

| Jreachers ron — [SUARE AR Y

the direction of flow of the alectrons:
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7.5.6 Reactions in a Daniel Cell

In Daniel cell, electrons flow from Zn rod thraugh the external wire to Cu rod. This s,
because Zn has more tendency to undergo oxidation than Cu. Zn atoms from the rod go inta the
solution as Zn*? ions leaving electrons on the rod. These electrons flow in the external cireuit.
Thus oxidation half reaction occurs at anode compartment. Cu™? jons in copper sulphate solution
capture electrons from Cu electrode and are reduced. Reduction half reduction Beeurs at the
cathode compartment. Such oxidation and reduction reactions are called haif cell reactions.

!

At Anode (Oxidation half reaction): o
Zn(s) — Zn"(aq) + 2¢ N
At Cathode (Reduction half reaction): .

Culag) + 2& —— Cus)

ﬁ Self-Assessment Exercise 7.6

Identify the half-cell in which oxidation
oecurs and the half cell in which redu:;t:‘::-n
accurs in the following voltaic cell (figure 7.8).

Following reactions occur in the cell.
At Anode Zn (s) —*Zn* (ag)+ 2
At cathode 2H*(ag) + 2. —* Ha(g)

7.5.7 Battery-a Source of Electrical Energy

A battery is a galvanic cali or 2 group of gaivanic cells joined in series. It generates
alectric current by a redox reaction. When connected in 2 circuit its anode oxidizes by releasing
electrons. These electrons through the external circuit begin to fiow towards the cathode. At
cathode these electrons reduce oxidizing agent present in the electrolyte. Examples of batteries

are dry cell, storage cell, mercury battery etc

DRY CELL
The dry cell batteries are used 10 power many flashlights, toys and small appliances, The .
8N0de s the zinc metal of the container and ihe cathode is an inert graphite rod at the center of
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the container in contfact with a mixture of MnO2 and carbon I[ET;; f'fﬁ:'r;ei?g 7.9. The elecirgy;
is a mixture of moist NHYC| and ZnClz. Following reactions take p '

[ Etdiolgle
At Anode o radie :
TR Evny x.zn*ﬂ'-rz.é !
At Cathode e
i Qﬁei.hi_';.;é R AR .nl_n;f@;*ﬂﬂﬁh-*Hzﬂ DN

This eell produces a potential of 1.5V.
x 19 - 11 _,-

7.6 ELECTROCHEMICAL INDUSTRIES

Electrical energy is ex_tansiuﬁ!y consumed by the chemical process industres
Electrachemical industries use electricity to bring chemical change and produce wide variely
of substances. Such industries are called electrolytic industries. These industries produce
substances that cannot be made economically in another way, For example, aluminum and
calcium carbide, sodium hydroxide, magnesium and hydrogen. These industries alsa includ
electralytic refining and electroplating industries. Electricity is also used to produce heat that
produces hlgh temperature required in the electrotharma] chemical industries.

We will discuss the electrochemical Preparation of the following:

1. Manufacture of sodium metal from fused sodium chioride

2= Manufacture of NaOH from brine,
3 Electrolytic refining of copper,
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e . Thes :3 ?TE iron cathode and graphite anode, Chiorine is obtained as by-product.
In molten sodium chioride (NaCl), Na* and CI ions are free to mave about. Under the influence

of electric current, Na™ ions move towards the cathode and CI ions towards the anode. At the
electrodes following reactions occur:

At anode: €I — Cl(g)+2¢”  (oxidation)

At cathode: Na"+2 —— 2Na (reduction)

Molten sodium is collected into a
sodium collecting ring, from where it is
periodically drained. Whereas, chiorine gas
is collected into the funnel at the top of the
cell.

Other alkali metals can also be
obtained by the electrolysis of their fused
zalts. For this purpose ores are first
purified than electrolyzed.

7.6.2 Manufacture of Sodium
Hydroxide from Brine

Electrolysis of brine, a concentrated =
aqueous solution of sodium chloride is- used fc:-rl the
industrial production of sodium hydroxide. E|Ect!'ﬂ|y5l5 .Df
brine produces simultanecusly t_r]mg important :ndus?nal
chemicals, chlorine gas, hydrogen gas and sodium
hydroxide. The electrolytic cell called Nelson's cell is
shown in figure 7.11, '

During electrolysis chloride fons move towards
anode. At anode chioride ions are oxidized to produce
chlorine gas.  Sodium ions move towards c-amud?,
However sodium ions do not reduce to sodium metal in Figure 7.41: h ST
this process. This is because water molecules are more easily reduced than sodium lons. The
reduction of water molecules produces hydroxide ions and hw_lrcrgan gas. Thus the alacf.ruhrta
in solution becomes sodium hydroxide (NaOH). Following re in the alectrolytic cell.

At . 201 (ag) — Cl.(g) +2¢°
At anode: lag . 2H0 — it

At cathode: 2+7+ 2e = H, Eél-llCH:ﬂ +2e" — H,(g) +EDH£‘:?L,--"
201 (ag) + 28,0 () — Cl{g) +Hy(g) + 20H (ag)

Overall Reaction: i 3
A @ p 200 — 4, s
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The solution cantains Na* and OH- ions. Evaporation of water from this solution

produces relatively pure solid sodium hydroxide.

7.6.3 Electrolytic Refining of

Copper

The copper metal obtained from its ores is Usiially
impure. It contains impurities such as zing, iron, silver an
gold. These impurities are removed by th?_mas o
electrolysis. In this process impure copper bars act as anoge
and pure copper bars as cathode. EuSIDf; _sguu'tinn containing
lithe sulphuric acid is used as the electrolyte. (See figure
742)  mow lecbopeslienlon €% easl,.

- On passing electricity, mpg%?:énuﬂg dissolves forming
Cu'? jons. Catiorjs move towards the cathode at which only

i)

Conditions fdr,@:éﬂ alectropl

ﬂﬁ}fﬁ Low temperature.

: I At annde;"-éc_” ;

Cu*? ions are freduced. Thus pure copper deposits at
cathode. The less e sitive metals, silver and gold fal

|| tothe bottom of the cell, Copper obtained in this process is

£

Q_Q.«E% plre. Fn_lwﬁg reaction occur in this process.

Cu (s) — Cu™(ag)+2¢
At ﬂi ' B&‘ {‘Ju"-:[aq‘,l_ +2% — 3 Cufs)
ot ftic process used to deposit one metal on
,Iéﬂ'lﬂ r metal is called electroplating. An object can be
| slectroplated by making it cathode in an electrolytic tank
containing ions of the plating metal. The plating metal is
ﬁa anode. On passing electricity through the electrolytic
ﬂf':[_;u a thin 'ﬂﬁ;ﬂ;_m_anqﬂ_a metal is deposited on the surface
1€ object. Figure 7.13 shows silver plating of a teaspoo”

ating are as follows:
h current density.

: {{m High concentration of metal inits elactrolyte
._E,’é';dl Electroplating on(S Cathy o 7 §
O steol obiects e atten proEa: 5 St o
. o P from corrosion by alectmplating with "ii‘fd'r_ﬂ-?;” 'T:-I
Zinc Plating L :

Zinc plating on steel is done by usi i
S N9 Zinc metal as anode, 4 soluti

cyanide Kz[Zn(CN)] conta

ng

: ¢
an of potassium ol

ittle sog
ium Cyanide is Usad gg ﬂ"aﬂml:.rtﬂ The steel object B
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fﬁm&. During the electrolysis zinc at the anode enters the solution as Zn*? ions, which
are deposited at the cathode. The electrolyte ionizes as follows.

K;[Zn(CN),] (2q) s=——— zlﬂmj % Rn[:Hl.ﬁ-“I}

Z(CN),I"(ag) s===== 2zn(ag) + 4CN {:qj
Following reactions occur at the electrodes:

At anode: Zn(s) — Zn"(ag)+ 2"

At cathode: Zn"(aq) +2¢ — Znfs)
Spdium cyanide prevents the hydrolysis of electrolyie.
(Awareness against pollution)

Cyanide jons are extremely toxic. Therefore, solution
containing cyanide ions must not be dropped into rivers and |53
streams. This is responsible for killing fish and other animals.

Tin Plating - it
Food cans are generally tin plated. Tin plating on qgaEI is done by using tin as anudﬂ and

a solution of stannous sulphate, (SnS04 as electrolyte, Few drops of dil H2S04 z:re added in the
electrolyte to prevent its hydrolysis. The electrolyte ionizes as follows.
sn50, {ag) mﬂé ; Snﬂiﬁll + sr_f{aqg.
During the electrolysis following reactions occur:

At anode: Sn () ﬁ*-. 8n™(aq) + 2¢
At cathode: Sn"fag)+ 2e” — Sn(s)
Chromium Plating Q’,

Since chromium. | does not adhere strongly to the

steel therefore steel is first plated with copper or nickel and then
with chromium. For electroplating chromium, chromium metal is
used as anode-and chromium sulphate, Cra{SO4)z as an
electrolyte. Few drops of dil Hz250. are added in the elecirolyle
to prevent. its hydrolysis. The electrolyte ionizes as follows:

Flgure 7.14: Miyor bike

cﬁ_{!ﬂ"]: (ag) s=———=m 2cr> {ag) + 350;21':1:]}
D'D-Fm.l agree that the following reactions will occur at the electrodes?

At anode: Cr [l} _— CJ":q' +3e

At ﬁﬂﬂ'"]de: cl::q] "HEH'- ——  Cr (s)
Chromium plated steel is used to make automabile parts (see figure 7.14).
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7.7 CORROSION AND ITS PREVENTION

Corrosion is the process in which a metal reacts with oxygen and moisture in th,
atmosphere. It is a natural process that converts refined metals to the more stable metal oxiges

7.7.1 Rusting of Iron

Most familiar example of corrosion is the formation of rust on iron. Oxygen and water grs

necessary for iron to rust. A region of metal surface that has relatively less moisture, acts a5
anode. Will Fe oxidize in this region?

Fe (s) — Fe(aq) +2¢

Another region on the surface of metal that has relatively more moisture acts as cathode
The electrons released in the oxidation process reduce atmospheric oxygen to hydroxyl ions,

0, + 2H,0 + 4 —— 40H"

The Fe'? jons formed at the anodic regions flow to the cathodic regions through the
moisture on the surface. Here Fe'? ions further reactwith oxygen to form rust, Fez0s.xH:0

7.7.2 Corrosion of Aluminum

Corrosion is not limited to iron. Aluminium is extensively used in the construction of aircraft,
ships, cars, cooking utensil, window frames, soda canes etc. Aluminium has much higher

tendency to oxidize than iron. Therefore, we might expect to see aircraft ships, cars, cooking
utensils, soda canes transformed into piles of comoded aluminium. However I

i ; this does not oceur.
This is because a tough layer of insoluble aluminium oxide (Al203) forms on its surface when
metal is exposed to air. This layer firmly adheres to the metal

: . : and serves to protect the underlying
auminum_ iavers. frort furiher corrosion. On. the other hand, the insoluble layer of rust
_FezﬂaxH;-G that forms on the surface of iron is too porous to protect the underlying metal. This
layer flakes away and exposes metal for further co ying :

; jasn H Fr‘l:laiﬂn_
7.7.3 Prevention of Corrosion

Fra_u'qlntinn of corrosion is an important

Tl wa 2 :
Following. methods have been devised to protect Y o consenving our natural resources

metals from corrosian:
1, Coating with paint:
Corrosion can be prevented by painting the metal
oxygen and moisture and other harmfy| agents |::

used o protect many everyday steel| objects such
etc. F'_ainl also provides visual appeal.

2. Allu:;fing:

S0 that it does not come in contact Wi
A5 cars, trucks, trains, bikes, bridges

i - greatly r . "
example, stainless steel is an alloy of iron ﬂﬁ?m:‘-unad by alloying it with other metals: Fo
corrasion by an outer layer of Cr.0, lum an

: d nickel. It js protected from
¥ AAT
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,.-‘--""" mung wiﬂn a thin layer of another metal:

mmmﬂdﬂymnndemnhapmtenudhvmahr@wlthaml layer of
ng another metal
mmﬁm This can be done by: g=

(a) Tinning
{b} Gafﬂn‘lzing

- Jﬁ”‘ﬂﬂa process of tin plating, clean iron |-
sheet is dipped in a bath of molten tin. It
is then paﬁs:admmughhulpalrﬂfmllarﬁ
Tin protects iron effectively, since, it is
very stable.

(b) Galvanizing (Coating with Zinc):
The process of galvanizing consists of
dipping a clean iron sheet in a hot zinc

z“{flw bath and heating. After this
“sheet is rolled into zinc bath and cooled.

(c) Electroplating: Q/ o
In electroplating an electrolytic p

is used to deposit one metal er metal. For detail see section 7.6.3,
4, l:nﬂmdlu Pmtepﬂnn

which the metal that is to be pmtedad’ﬁﬁiﬁmrmsm
ls su::h as rnagnaslum or Eﬂurnlnurn Thama muhlﬁ

Teacher's Point
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. e

Review Questions

1. Encircle the correct answer:

(i) Inwhich of the following changes, the nitrogen atom is reduced.
{a) N2 to NO (b) Nz to NOz Ac) Nz to NH3 (d) Nz to HNO=
(i)  Which of the foilowing changes reaction is an example of oxidation
{a) Chiorine molecule to chloride ion ﬁﬁ}}ihﬂf atoms to silver (1) ion
(e) Oxygen molecule to oxide ion (d) Iran (111} jon to iron{ll) ion
(iiiy  Which of the following elements in the given reaction is reduced?
Zn0+ H; — Zn+H,0

(a) He (b)Zn0d  (c)izn (d) O
(iv) Consider the following reaction:
H,S+Cl, — ZHCI+ S
In this reaction HzS behave as
[(a)Reducing agent (b} Oxidizing agent
{(c) Catalyst (d) Electrolyte
(v}  The oxidation state of Crin KoCraCr is
(a) 12 G (€)3 .“ (d) Zero
(vi)  Which of the following statement is not correct about the galvanic cell.
(a) Cations are reduced at cathode (b) Anions are oxidized at anode
{c} Etectrons flow from cathode to anode (c) Oxidation occurs at anode

(vii) Which of the following isnot true about the Daniel cell
@ ) Half-cell of an active metal acts as cathode.
(b) Half-cell contains an element in contact with its ions in aqueous solution.
(c) A salt bridge connects the two half cells.
(d) A spontanecus oxidation-reduction reaction generates electricity.
(vii) Which of the following do not involve electrolytic process?
{a) Refining of copper
(b) Manufacture of sodium from NaCl
() Electroplating of steel
(d) Reduction of metal oxide by a reducing agent.
fix) Galvanizing is
(a) Coating with Sn @Cﬂaﬂng with Zn
(¢} Coating with Cr } Coating with Cu
(x)  Which of the following is true for the Nelson ceil.
(a) Sodium metal is produced at anode
({B) Chlorine gas is produced at anode
(c) Hydrogen gas is produced at anode
(d) Sodium ions are not reduced al cathode
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7 Electrochemistry

ghoth W W

P

11;
12.
13.

14.

15.

16.

17.

—

Give short answers =
i, \What is oxidation state? S 5
i What is the oxidation number of Crin chmm!:: acid (H2CrOa)"
ii. Identify reducing agent in the following reaction
CuD + H;, —* Cu * Hzn

iv.  Write chemical reactions that occur in Nelsun's?c.el'l.

v.  Why tin plated steel is used to make food cans’ = | =

v, E:c;::aln Ene example from daily life which involves oxidation-red uch:;d :-;ac::n,
Define oxidation and reduction in terms of loss of gafn of oxygen or gen.
Define oxidation and reduction in terms of loss or gain of electrons.
List the possible uses of electrolytic cell.

Sketch a Daniel Cell, labeling the cathode, anode, and the direction of flow of the
electrons.

Describe how a battery produces electrical energy-

Describe the method of recovering metal from its ores.

Explain electrolytic refining of copper.
Compare the effects of Alz0s and Fe:0s
examples from daily life.

Explain how food and beverage industries deal with corrosion.
Explain how chemistry interacts with photography.
Electrolysis has a major role in electrochemical industries.

(a) Sketch an electrolytic cell, 1abel the anode and cathode and indicate the direction
of electron transfer.

(b)  Describe the nature of electrochemical process.
{c) Distinguish between electrolytic and voltaic cell.

formation on their parent metals and cite

State the substances which are oxidized or reduced. Give reason for your answer.
() N, +3>— NH,

(by COs+2Mp —— IMgO+C

() Mg+ H,0 — MgO +H,

() ‘HS+Cl, — ZHC1+5§

(€) 2NH,+3Cu0 — > Cu+ N, + 3,0
(a)

(b)

Define oxidation number or oxidation state.
Find the oxidation state of nitrogen in the following compounds
(i) NO2 (i) N0 (i) NaDa (V) HNOg -
Find the oxidation state of S in the following compound

(@) H2S (b)) H:50; (c) NazS:04 =
I.[[E; Define oxidizing and reducing agents.

Identify the oxidizing agents and reducing agents in the following reactions:
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. 7 Electrochemistry !
o i

(M HS+Cl, — 7HC +5
(i) 2FeCl, +Cl, — 2FeC,

(i) 2KI+Cl, — 2KC1+1, QO
(iv) Mg+ 2HCl — MgCl, + 11, _ .;:,_;-.J"
18. Hydrogen peroxide reacts with silver oxide and lead(ll) sulphide EECDFdIQ'g to the
following equations. o
() H0, +Ag 0 248+ H,0+0, _
(i) 4H,0, +PbS — > PbSO, + 4H,0 =5

Is h:.rdrngﬂn peroxide an oxidizing or reducing agent in these raaag\nns F"-I’EIUE

; {4:;
. Think-Tank t.ﬁ;.,_‘v
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Pre- Reading

Chemical reactions are heart |
and soul of hemistry. When an ifon
object i_;_:ﬂlﬁcéd in moist air, it r_niéfé;.
But hmwtiﬁt’l gold or platinum
ormaments are placed in the moist air,
_'ﬂ'\_l’e"_ir"du not rust why? Copper in one
" of the important metals. It is widely
I used for making eiectrical cables,
ornaments, coins and alloys such as
brass, bronze etc. Commaercially low
grade copper ore is treated with dil.
H2504 to convert ore into copper
sulphate solution. From this soiution
copper metal is recovered by dipping
iron rods init. Iron displaces copper
from copper sulphate solution. Can
Copper metal be used to displace
iron or other metals? jodine is an

: e ; : essential element for thyroid gland
and an important disinfectant. It is used for making tincture iodine. Commercially it is prepared

by the oxidation of iedide salt by Clz. Can iodine displace Ciz ar Br, from their salts?

How is the reactivit y of elements related to the cuthermost electrons in atoms? What

does periodic table tell you about reactivity of elements? This h - :
deal with such inquires, cnapter will make foundation (0

8.1 METALS

You are familiar with metals like aluminum

iron
inta a variety of shapes by melling, molding, and coppear,

; The rmed

rolling. Metals cecupy i
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!s Chemical Reactivity _

= and lower three-quarters of the periodic table. They are typicaily shiny solids, have moderate to
high melting points and are good conductor of heat and electricity. They tend to lose electrons
in chemical reactions.

8.1.1 Electropositive Character
Chemically the property of an element that makes it a metal is its ability to lose valence
electrons to form metal cation. The tendency of a metal to lose electrons is called

electropositivity.

Mfs) —> M™(g) + ne
where M stands for any metal. Metals have large atomic size and low ionization energies. As
ionization energy decreases down the group, the electropositivity increases. Thus sodium is
more electropositive than lithium. Similarly, magnesium is more Hlactrupqsl:ttw than beryllium.
On the other hand, the tendency to lose eleciron decreases as we move from left to right in a

period. For instance in the second period Li and Be are metals, B is metalloid, whereas C, N, O,
F and Ne are non-metals. Also Be is less metallic than Li. Thesa,trands in electropositivilty are

reflected in chemical reactivity of metals. In a group the maqMIty of metals with oxygen |
increases. For instance, alkali metals on exposure to air show. an increase in affinity for mq*gan

as we move down the group. Lithium forms normal oxide. ©
4Li(s) + O, (g)— L1, B(s)

Sodium forms per oxide.
2Na(s} + O,(g) = Na,0,(s)

K. Rb and Cs form super oxide,

e e

Kis) £ (g} — KO_{5) _

In periods as we move fram left to right, reactivity of metals with oxygen decreases. For
instance, in the third period sodium readily reacts with oxygen to form sodium peroxide, at room
temperature. Mg reacts with oxygen only on ignition. Al reacts with oxygen on heating. It is
superficially oxidized at room temperature to form AlzOs layer which sarves as a protective
covering that prevents further reaction.

You can also understand trends in electropositivity from the nature of the oxides. Metal
txides are generally basic in character. This is because they produce bases in water. Non-
metaliic oxides are generally acidic since they produce acids in water. The basic character of
oxides decreases as wa move along a period. This indicates decrease in metallic character. For
example, .elements of the third period form oxides such as NazO, MgO, AlzOs, 5i0z, PsOyo, SO.,
Cla0y. These oxides turn from strongly basic through weakly basic, amphoteric, weakly acidic to

a""~"‘|"Eli.‘.r acidic. See figure 8.1 to understand this frend.
. Ta-bh 9.1 Harum uf ux.-des af Efements in h‘:e _mf;m No. 3
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'a Chemical Reactivity ' !
B

Position of Alkali Metals and Alkaline Earth Metals in the Period Table

The group |A elements eXCept hydrogen are known as alkali metals. Thess include lithium,

Eﬂd'"m;aﬁﬂmﬁﬁ“ﬂlr mt::idlum. cesium and francium. These elements have general electron
configuration ns' in their valenca shell. The Group 1A elements are known as alkaline earth

metals. These include beryilium, magnesium, calcium, strontium, barium and radium. They have
general electron configuration ns in their valence shall wel

Self-Assessment Exercise 8.1

Identify the position of Mg and Ca in the periodic table.
lonization Energies of Alkali and Alkaline Earth Metals
Table 8.2 shows ionization energies of alkali and alkaline metals earth metals (in KJ / mole)

Because alkali metals have low ionization energies, 2 :
therefore have a great tendency to lose the single valence
electron to form cations. They are so reactive that they are .
never found in the Free State. The alkali matals show. * Sa
increased reactivity down the group. This is because of :
decrease in ionization energies down the group. This means
Ma is more reactive than Li, but less reactive than K They
are all so reactive that they are kept under a liquid:such as

kerosene oil.

Alkaline earth metals aiso have low ionization
energies, so they also have great tendency o fose both the :
valence electrons to form dispositive cations. They are less reactive than alkali metals, Think
Why? These metals also show increased reactivity down the group. Thus Mg is more reactive
than Be but less reactive than Ca. Like alkali metals, they are also kept under a liquid such as
kerosene oil to prevent contact with maist air.

Some Important Alkali and Alkaline Earth Metals

Themost important alkall metal is sedium. We know that iron is the most commonly used
metal. Itis hard and strong. So when the term metal m:.:mes in our mind, we think if to be as hard
as iroh. But sodium is a soft matal can be cut with a knife. lt melts at E?_.EI“C and boils at 831 .4°C.
The reason is that in iron, metal atoms are tig htlhr packed due to small size. They are held thlrc:ugh
Eﬁ'ﬁﬁg metallic bonds due to many slectrons in the valence ﬁhelll. Whereas sodium consists of
bigger atoms. Because of large sizé and only one electron, sodium atoms have weak metallic

bonds, Thus sodium is a soft meltal.

Sodium is a silvery white soft metal.
1 form sodium hydroxide and libera

liis an extremely reactive metal. It reacts with water violently
tes hydrogen gas.
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ﬂ-u Chemical Reactivity

! - FIE TNaOH [Hﬂ} +H;{E]
2Na(s) + H,O() —> =  in light explosion. For this reason, it

This reaction is highly exothermic and pfnuaﬁdﬁ

in excess
snnurdlnut I:E gﬂﬁ::; ;mmgumah sodium burms to form sodium oxide (Naz0). But in e
a lim =h,
of -::-xyg:r‘l it forms pale yellow solid sodium per oxide (NazOz) %Q::%
L ORR o coolant in. uclear
Sodium mixed with potassium forms a liquid alloy that w;r:: tjri : - ity
. Sodium is also used in sodium lamps to iluminate g iknock | mDGUnds for
- ; = ] utilizes sodium in the Pmd'-'“ﬂ"’" of gt "

gasnlm |
Magnesium and calcium amth

earth metals. Metallic bnrrdln!] i
electrons. Therefore these

‘are rialathfﬂl'r Eﬂﬁ but are

. much harder than alkali . They are relatively ﬁﬂ:;;:
| but less reactive than alkali metals. Magnesium rea
steam but calcium | wﬂhmﬁd water.

Ma(s) +Hz MgO+Hz(g)
Cafs) + ) — Ca(OH)z+Hz(g)
m reacts with oxygen at high temperature

cium reacts with oxygen at room temperature.

zq@z{ga'—“ﬂ—- 2MgO(s)

|
e @E{‘E}+G1{g"{l e 2Ca0(s) + Ozg)
! Hence Ca is more reactive than Mg.
>yl Magnesium has relatively low density and it is used in
| making light weight alloy with aluminum that are used for
| making frames of automobiles , air craft and spaceship, |
| cameras elc. Since magnesium burns brilliantly, it is used in
| photo flash guns. Mg(OH): called milk of magnesia IS
commonly used as antacid.
: Calcium is an important component of
teeth and bones. Calcium ions are found in
all living cells. They are involved in clotting
of blood. A proper Ca*? and K* ions balance
“is required for normal heart function.

8.1.3 Inertness of Noble Metals

The chemistry of metals is cha
by their ability to lose glectrons to form
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Ea Chemical Hea::ﬁvity
cations. Some metals such ;S_ c:-—u_
therefore, these metals are ofte

_ |9°'ﬂ and platinum are relatively difficult to oxidize.
glgments in nature. Copper ang i © Metals. Gold and platinum exist mostly as free

PPer, silver

N called ngh

: VEr exist .
react with HCI but noble metals gq not ,.Lln both free and combined states. All active metals

gxidizing agents such as conc, HNO3 ang H;Tl e YRR E e st ik e
Aqua regia is a mixture of 3 partg e Os. Gold and platinum react only with agua regia.

of conc HCI and one part by volume of HNO
8.1.4 Importance of Silver, Go| y conc HNOs,

sif s d and Platinum
IWEr and gold have been admireqd for y e
gnd fine flatware and ornaments. thousands of years and are still used in jewelry

These metalg hay - . et W
therefore can be transformed easily ¥ AL (U5IEy e B TRy

into different shapes. However both are too soft to be used
forfhese purposes. Both are alloyed with copper to make them harder, In former times gold and

Elll.'ler we_:r& u'l.aed In coins But now-a-days copper-nickel alloys are universally used for making
ans. Silver is an excellent conductor of both electricity and heat. It [TF :
5 used for making utensils. You might have had the painful 3
experience of using a silver spoon to take soup. The light sensitive | o
siiver halides are used in photographic processes. Gold alloys are | be o brass
exlensively used in dentistry. Some compounds of gold have usaful ‘“ﬂ_ﬁ-’; 13
herapeutic applications. For example salts of gold are used to treat rheumatoid arthritis. !

Platinum is widely used as catalyst for many iypes of industrial processes. For example,
100% pure sulphuric acid is prepared by the contact, process. In this process platinum is used
a catalyst, Platinum is used as electrode as a part of hydrogen electrode and in fuel cells.
Automobile exhaust is a major source of air pollution. Therefore, most new cars are equipped
With Gatalyﬁg converters. These converters contain F:-Iatinum. These converters catalyze the
complete combustion of CO and hydracarbons. A platinum compound called cis-platin is useful

45 an anti cancer agent. =
8 2. NON-METALS
d electricity poorly are called non-metals. Non-metals

duct heat an
Elements that cof periodic table except hydrogen.

2Ppear in the upper right portion of the
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Mon-metals are generally gases or dull, brittle solids at room temperature except hrumme
which is liquid. Several elements near the stepped line have mixed properties of metals and non-
metals. These elements are called metalloids. Some of theses play important role in modem
electronic materials. For example, silicon and germanium are metalloids. These elaments am
used in the manufacture of w:mputer chips and solar cells. )

8.2.1 Electronegative Character ‘él‘fz :

Electronegative character is the reverse of electropositive character, It is the ‘Hﬁ’d&ncy to

gain electrons to form anions. As you move from left to right across a panud H'J‘E tendency to
gain electrons increases.

.
L

Xig)+le — X (g) \

This is due to increase in nuclear charge and decrease in Elturhu: size, which binds the
extra electron more fightly to the nucleus. But in a grnug:pcmg from top to bottom,
electronegative character decreases, due to increase in atq'g’iie size, Halogens are the most
electronegative elements in their respective periods. MNon-metal oxides are generally acidic since

the:,r meld acids in water. Acidic strength of these ﬂmdﬂﬁ;ﬁ‘l’creasas from left ta rrght ina panud

f the following pairs of alen‘mnts 1danhﬁr whi-ch
Is more non-metallic.

M or D{h} F or Cl
“Problem Solving Strategy:

Apply the trends of increasing  electronegative
character in a period and decreasing electronegative
nh.?ractar in a group, Check the periodic table to see
which element is more electronegative or non-metallic.
Solution:

(a) O is more non-metallic

(b) F i mora non-metaliic

- In each of the following palrs, identify which elemant is less non-metall;
ic.

{fa)BorC (b)CorSi (c)ClorBr,
2. Using pernodic table rank each set of elements in ord
erof anmsin ]
g non cler.
{a) N,F, O (b) CI, Br, | (c) 5i, 8, P -metallic chara
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g.2.2 Comparison of Reactivity of the Halogens

The elements in group V-4 are called halogens. The name halogen is derived from the
Greek words “halous” meaning sait and “gen” meaning former. Halogens include fluorir
chiorine, bromine, iodine and astatine (astatine is a radio active element. Littie is known ab
is properties.) All halogens are reactive non-metals. They all exist as. dmtnmu: W'ﬁr
substances. poe. B

Fluorine (F;) ——3 Pale yellow gas

Chiorine (Cl;) —— Greenish yellow gas ha

Bromine (Bro) 3 Reddish-brown liguid ";;,j

lodine (1) ——3 Biluish-black solid B X e

- All the halogens react with metals to form salts called halides.. In"ihese madt,nns metals
are oxidized. So, halogens act as oxidizing agents. Fluorine is the most reactive elem.2nt known.
Chlorine s less reactive, but combines vigorously with many mutnh For |nstam::a smlum metal
burns in chlorine gas to form sodium chioride. 4 5
2Na () + Cl, (&) i Eﬂuﬂl =)

Bromine and iodine react with metals less wgﬂmuﬂf “w‘[he reactivity of halogens dacrea se dgwn

the group. Thus, the order of decreasing a:rudlzing power is \
Fz > Glz= Brz> 2 .

) - \
The halogens react with hydrogen fo farm hydrogen halides. = A
Hz{,g}'?ﬂv”xz{m — 2HX(g) 23

Where X= F, CI, Br, |
Reaction of fluorine with hydrogen is explosive. The hydrogen halides dissolve in waler to form

hydrohalic acid e. q., hyﬁm;;[-ﬁ-pnc acid HC!, hydrofiuoric acid HF etc. Except HF, other hydrohalic
e strong acids. ThE 35fuh: strength increases in the following order: _

HF < HCl< HBr<HI
the highest and that of |2 is lowest. Due to the relative sy ‘ength

for a free halogen to oxidize the ion of halogen next to it 11 the
| the halide ions to free halogen. For example,

Oxidizing. lﬁﬂWEr of Fz is
85 Oxidizing aﬁ‘“ﬁ{, it is possible

froup, Thiﬁ means F2 can oxidize al
F.(g) + 2KCl(ag) — 2KF(aq) + C1,(g)

W | F.(g) 2kBr(aq) ——* 2KF(ag)+ Br,{f)
) + 2Nal(aq) —* 2NaF(aq) + I,{s]
oxidize any halide ion.

F.(g
Eiﬂ'lihﬁy Cla can oxidize Br and I ions. But Iz can not

- | Teacher's Point

Scannad with CamScanres

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

Solf-Assessment Exercise 8.4
Which of the following displacement reactions will oce
1. Cl(g)+2NaF(aq) — aNaCl(ag) + (8 K
. Br(g) +2Klag) —— 2KBriaq)* I.ig) S
I(g) + 2KBriag) — 2Kl(aa) ™ Br. (1} % s

ur?

2
3.
4. Cl,(g)+ 2KBrag) — 2K Cl(ag) + Br: (D)
5. Clig)* 3Nal(ag) ——» 2NaCl(aq) +1,(5) o\

Y

Activity 8.2
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Figure 8.4: Zinc dipped in
Copper (ll) sulphate
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1.

S Which of the following oxides is th

ey Points

The tent'ency of a metal to lose electrons is called electropositivity.

As ionization energy decreases down the group, the ﬂiec:tmpr::rsiti‘&itjr increases.

Metal c:tides are generally basic in character since they prcu:lua::e bases in water.
Non-metal oxides are generally acidic since they produce acids in water.

Basic character of metal oxides of main group elemer}tﬁ increases as we move down the
group.

The It11|zat|nn energies of Group I1A elements are greater than those for the elements of
Group A, So alkaline earth metals are less raa.chve than alkali metals.

Sodium mixed with potassium forms an allql, thatis used as a coolant in nuclear reactors.
Metals such as copper, silver, gold am:l platinum are relatively difficult to oxidize.
Theref "re, these metals are often r:.a.Had noble metals,

Eleme -its that conduct heat and al&cmmt;r poorly are called non-metals. {Except graphite)
All the halogens react with méia'ls to form salts calied halides.

REF EREHCES FOR ADDITIONAL INFORMATION
B.Earl and LDR Wlll‘-;:—rd Further Advanced Chemistry.
B.Ea ! end LDR Wilford, Introducion to Advanced Chemistry.

Davic} E. Goldberg, Fundamantalufﬂh&mtsh'y
AddiscuWes‘ley Chemistry.

M e

l.I'iE!'r'i' ':ILI‘.'_-:"_:Ti.:”-E
Enctrnh the correct answer:

& most b
MO B0 (goao  eeie o
(i) E?ﬁ ;-:l:: the f;:lnjllﬁwing 0xides is amphoteric oxide?
) Alz0;
(i)  Which of the following aiarn{:I]'ﬂr: ?ED most ]
: (a) Al (b} Na (€) Mg e
(iv)  Valence sholl electroni o

nfiguratio
(a) ns' (b} ns’np! gy g nof ?;k“"fle sarth metals is
(v}  Which of the following Metals is not noby Ins?np
(a) Au b noble meta)
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-g chemical Reactivity _

/"“f_._-‘.:;i}_ Which of the foliowing elements is the least non-metallic?

S (b) & {c) P (d) Cl
(vii) Oxidizing power of ____is the highest.
(a) Iz (b) Clz {c) Brz (d) Fz

(vili) Chlorine cannot oxidize ion.
(a) lodide  (b) Flouride (c) Bromide (d) Astatine
(ix) Nais more reactive than Li, but less reactive than

(a) Mg (b) Al (c) Rb (d) Al of these
(x}  Which of the following is the strongest acid?
(@) HI (b} HCI (c) HF (d) HBr

2. Give short answers
i. In a group the reactivity of metals with oxygen icreases’? GIH'EI ﬁxﬂmmﬂ
i. Which element is more metallic Mg or Al? Explain. : :_._:._
ii. WWhat is the importance of Mg? %

iv. Arrange the following in order of increasing acidic 5trengﬂ1

HF, Hi, HBr, HCI %
v. Can F: oxidize all the halides ions to free halugen?
Arrange the following oxides in order of dacreaslng basic character.

BeO, Ca0, MgO, SrO
4, Rank the each set of

(a) Al Na, Mg

(b) Na, LiK displacement reaction will not occur? Give reason.

5. Which of the following
(a) | Clz + 2NaFz—* FMaCl+ Fz (b)  Brz+2KI— 2KBr+ Iz .

Iz + 2KBr—* 2Kl + Brz.
[EE} {ziiva some |mp-urtﬂnt applications of platinum.

What is a half reaction?
What is agua regia?

elements in order of Incraamng metallic character.
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Absolute temperature is the temperature on Kelvin scale on which zero is marked as -273°C,
Absolute zero is the lowest possible temperature and is equal to -273°C.

Allotropes are different physical forms of a pure element.

Alloy is a solid solution of metals, it may contain small amount of non-metals.

Alpha particle is doubly positively charged helium nuclei.

amu is the abbreviation for atomic mass unit. It is exactly 1/12" mass of one atom of carbon-12.
Anion is an atom or group of atoms having a negative charge.

Anode is an electrode at which oxidation occurs. :

Atmosphere is the unit of pressure of air at the earth's surface.

Atom is the smallest particle of an element to retain the properties of the element.
Atomic mass is the exact mass of one atom of an element.
Atomic number is the number of protons in the nucleus of an atom.

Boiling point is the temperature at which vapour pressure of a liquid equals the atmospheric or
external pressure over the liquid.

Bonding is the term used to describa ways in which atoms are held together in elements and
compound.

Cathode is the electrode at which reduction occurs.
Cation is an atom or group of atoms having a positive charge.

Charles's Law describes relationship between volume occupled by a gas and temperature at
constant pressure. .
Chemical bond is the force that holds two or more atoms together in a substance

Chemistry is the study of matter, its composition, properties and the interaction of atoms as they
react to form new substances.

Colloid_is a heterogeneous mixture of a substance dispersed through a medium
Compound is a substance made up of elements in fixed ratig L

Concentration is the measure of the amount of soluta dissolved in a solution
Condensation is the change of agasinto a Hgquid, |

S iquid by eva :
collecting the liquid in a clean container. by porating it
Double bond is a covalent bond form ;

ed by two pairs of shared alectrans.
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m Glossary

Electrolyte is a substs nce which
! olyte ich in fused farm orin soluti
- olution form allows current to flow th

Electron is the sub-atamije negative

Electron configuration

rough
ly charged particle in an atom.

's the arrangeme of :
ro nt of electron :
n shells are sets 5 In orbitals.

Electronegativity i of energy levels corresponding to a single value of n.
Electronegativity is the Power of an atom to attract electrons to jtself

Energy levels are the discrete energies of electron in atom.
Evaporation is the escape of molecules of a liquid through the surface .

Form i .
ula mass is the sum of atomic masses of all the atoms present in the compound. It can

also be defined as the mass of one fo ! : )
rmula unit ar molecul
compound in grams. : cule In amu or mass of one mole of the

Formula unit is the simplest formula of an ionic compound.
Freezing point is the temperature at which a liguid changes to a solid.

Gas is one of the physical states of matter that has neither any definite shape nor fixed volume.
Gold is an elemental metal, its symbol is Au,

Gram formula mass is the mass of 1mole of a compound or element in grams.
Group refers to the vertical column on the periadic table,

Halogens are the elements present in VIIA group on the periodic tabla,
Hydrochloric acid is an agueous solution of hydrogen chloride.

Hydregen bond is an intermolecular force due to the interaction of lone pair present an N, O ar

F atom and the partially positively charged hydrogen of another molecule attached with N.Oor
F.

Inerganic refers to a compound made up primarily of atoms other than carbon.
Intermolecular forces are the attractive forces between the molecules.

lon is an atom or a molecule possessing an electric charge.

lonic bond is the bond formed by the attraction of oppositely charged ions.
Isotopes are atoms of an element that differ in the number of neutrons,

Kelvin s a temperature scale, the zero of which corresponds to -273°C.

Liguid is one of the states of matter that has definite volume but no definite shape.
Lone pair is a pair of non-bonding valence electron or a pair of electron that are not shared in
‘Covalent bonding. ol

Main group elements are elements bélonging to sub-groupA on _the periodic table.
Mass number is the sum of the number of protons and neutrons in an atom,
Mm[ is anything that occupies space and has mass

Melting point is the temperature at which a substance meilts.
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Metals are elemeants that are gmd conducior of EIEG'.]'ldthf and heat and tends to form POSHva
ions.

Molar mass is the mass of one mole of a compound or element in grams.
Molarity is the number of moles of solute per dm? of solution. -

Mole is Avogadro’s number of atoms, molecules or formula units. It can a!su be defined as the
atomic mass, formula mass or molecular mass of a substance expressed in grams.

Molecular mass is the sum of atomic masses of all the atoms present in a molecule.
Molecule is a group of atoms held by a chemical bond and behaves as an independent unit
Neutron is a sub-atomic neutral particle in the nucleus of an atom.

Non-metal is an element that is a bad conductor of electricity and tends to form negative ion.
Nucieus is the positively charged center of an atom. |
Octet is eight electron configurations in the valence shell.

Orbitals are regions of space around the nucleus where electron is likely to be present.

Organic chemistry is the study of carbon compound or the study of hydrocarbons and their
dernivatives.

Organic compounds are compounds mainly mmpoaad of carbon atoms.
Oxidation is the loss of electron by an element,
Oxidation state is the actual charge on an ion or apparent charge on an atom in a molecule.
Oxidizing agent is the reactant containing the element that is reduced,
Period refers to the horizontal row in the periodic table.
Periodic table is s systematic arran .
e _3’3 gement of elements based on electron configuration and
Polar covalent bond is a bond in which electrons are
Thus one atom bears partial posilive charge and the other a partial negative char
Proton is the pasitively charged sub-atomic particls in the nucleus of an atom ge.
Reactant is a substance consumed in a chemical reaction, ‘
Redox reaction is an oxidation and reduction reaction,
Reduction is the gain of electron by an atom.

agent is the reactant containing the element that js oxidized.

Solid is one of the three states of matter, it has 5 definite shape and d
Solubility is the amount of solute that dissolved in 100g of water - Eﬁ::: volume.
Particular temperature.

Solute is the component of solution that js Present in relative|
Solvent is the component of solution that ®ly small amount

; Is present in re
S-orbial is a spherical shape orhita|. isitvely larger amount.
Sublimation is the conversion of & sgjig directly into a ga
8

Technology is the application of scientific knowl
edge 10 serya
SOme practicaj

shared unequally between two atoms.

purpose.
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NGH:-H“"F _

Tort is the unit of pressure equal to 1mm of Hg.

Iﬂ'glg_h__ﬁjﬂ'-'_i is & covalent bond invalving the sharing of three pairs of electrons.

yalence electrons are the electron in the outer most energy level of the atom.

M?L" is the outermost energy leval of the atom.

yapour pressure is the pressure exerted by the vapours of a liquid in equilibrium with its liquid
4t g particular temperature.

Zero group refers to VIIIA group on the periodic table.
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____Ans
____li!iri

Answers

Chapter 1 (Review Questions)
(@) 06 (b) 0.021 (c) 0.256

Q.7

(a) 46.8g (b) 150g (c) 4.5g
Q.8

{a)  1.505x102¢ (b) 2.05x102
Q. 14

(8) 2.05x10% (b)  6.02x 102
Q.15

(&)  3.01x 10 (b) 9.3x10+
Chapter 6

Q.8 1.14M Q.9 245g
Q.11 6.3 x 10*M Q.12 0.25M
Chapter 1. (Think Tank)

(1) 23g (2) 48g (3)
(5)  1.204 x 10

Chapter & (Think Tank)

Q.8 4 x 1U-EM o, q EI.ET'EM

(d)
(c)
(c)
(c)

1.66 x 102

Q.10023

=25 (e) 37.5

261.969 (e) . 14.7g
556 x 102 _(d) 6.02x10v

3.01 X A0

299 x 102 (d)  1.34Bx 10

Q.10 7 x10°M

(4)  1.806 x 10
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