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Student learnmg Gﬂttmnﬁ

After studying this chapter, students will be able to:

Define chamistry as the study of matter, its properties, composition, and interactions
viith other matter and energy. Or Study of earth (solids), Air (gasses), Sea {liquids) and
sky [plasma) and thelrinteract:onwith each.other

Explain with examples thet chemistry has many sub-fields and interdisciplinary fields.
Some exampies include:

+ Biochemistry

Medicinal Chamistry
Polymer Chemistry

+ Gegchemistry

+ Environmental Chemistry
» Analytical Chemistry

+ Physical Chemistry

= Ornganic Chemistry

+ |norganic Chemistiy
+ MNuclear Chemistry Astrochemistry)
Define matter as a substanca having mass and occupying space.

State the distinguishing macroscopic properties of commonly observed states of
solids, liguics and gasesin particular density, compressibility, and fivicity.

identfy that state is a distinct form of matter (examples could include famillarity with
plasma, intermediate states and exotic states e g, BEC or liquid orystals)

Explain the allotropic forms of solids (some examples may include dismond, graphite,
and fullerenes)

Explain the differance betwean eldmeants, compaunds and mixturas
Identify solutions, colloids, and suspensions as mixtures and give 2n example of each

Explain the effect of temperature on solubilty 2nd formation of unsaturated and
saturated solutions
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1.1 What is Chemistry?

Chemistry is the science which deals with the properties, composition and
the structure of substances. It also studies the physical and chemical changes in
matter and the laws or principles which govern these changes.

Determination of composition represents finding out percentages of
elements and compounds in a sample of matter. Structure of matter means the
arrangement of atoms in matter, Both physical and chemical changes may be
brought about by the interaction of energy.

Branches of Chemistry

To understand the widely spread complex subject of chemistry and to
concentrate on its specific aspects, chemistry is divided into many distinct
branches, These branches have distinct areas of study for the scientists to focus
on and te achieve breakthroughs and advancements,

1:Physical Chemistry

This branch investigates how substances behave at atomic or molecular
levels. It provides clear explanation as to how fundamental physical laws
governing our world cause atoms and molecules to show specific characteristics
and in tumn react to give huge structures related to life, Physical chemistry is also
used to predict and change the rates of reaction and thus optimize the
canditions to carry out the reaction on industrial scale.

2. Inorganic Chemistry

It is the study of the synthesis and properties of compounads that do not
centain carbon hydrogen bonds. An inorganic compound can be compaosed of
metals, nonmetals or 8 mixture of these, salts, acids and bases. Inorganic
compounds are used as fuels, medicines, catalysts, pigments, surfactants,
coatings and much more.

3. Orgafiic Chemistry

It is the branch of chemistry that deals with the carbon compounds other
than its simple salts like carbonates, cxides and carbides. In this branch, we study
the structure, formation, properties,- composition and reactions of carbon
containing compounds. Organic compounds are found in all forms of life and are
also essential for life.




4. Environmental Chemistry

It is the scientific study of the chemical and biochemical phenomena that
occur in this planet. In this subject, we study the sources, reactions, effects and
fates of chemical species in the air, soil and water environments, Without this, it
would be impossible to study the effects humans have on the environment
through the release of chemicals, It helps in understanding the causes, effects
and solutions of different types of pollution.

5. Analytical Chemistry

This branch of chemistry deals with the analysis of different substances. it
involves separation, identification and determination of the concentration of the
material things. Nowadays the field of analytical chemistry generally involves the
use of modern and sophisticated instruments to analyze the matter.

6. Biochemistry

Itis the branch of chemistry in which we understand life through chemical
processes. It is the study of chemical substances and vital processes occurring in
living organisms. Biochemistry provides insights into the structure and function
of molecules such as proteins, carbohydrates, lipids and nucleic acids,

7. Nuclear Chemistry

Nuclear chemistry deals with the reactions taking place in the nucleus of
an atom. it deals with radioactivity, nuclear processes and transformation in the
nuclei of atoms,

8. Polymer Chemistry

Polymers are large molecules made by linking together a series of
building blocks, Polymer chemistry focuses on the properties, structure and
synthesis of polymers and macramolecules. Many materials present in the living
organisms including proteins, celluicse and nucieic acids are naturally occurring
polymers.
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Ceothermal heat pump uses a pump ta transfer underground water inta the
buildirgs during the winter to heat them and in the summer to cool them.
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The study of chemical compasition of Earth and its sources and minerals is
called geo chemistry. Apart from its use in minerals exploration, geochemical
mapping today has applications in environmental monitering, forestry and

medical research.

1110, Medicinal Chemistey -

In this branch of chemistry, the chemist tries to design and synthesize a
medicine or a drug which is beneficial for mankind. It includes the discovery,

delivery, absorption and metabolism of drugs in human body.

11. Astrochemistry

It is the study of molecules and ions recurring in space and interstellar
space. In this discipline we study the abundance and reactions of molecules and

ions inthe universe and interacticn of these species with radiation.

- these experiments are related to.

1. Determing its composition

A lunar mission has recently brought samples from the Moon. The following
| experiments were then carried out on it. Peint out the branch of chemistry

Experiment Branch of Chemistry

2. Studying the physical properties
of matenalsitcentains

3. Carrying out chemical reactions
| with usual inorganic reagents

1.2 States of Matter

This world is made up of matter and energy. Energy is non-rmaterial in
nature. Anything other than energy which carries weight and occupies volume is
called matter. We encounter material things everywhere in all sort of different

and distinct forms.

A state of matter is one aof the many distinct forms in which matter can
exist. We observe four states of matter in everyday life: solid, liquid, gas and
clasma. Apart from these, there are more states of matter which we do not see in

our everyday life,
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The three primary states of matter-are the solid, liquid and gaseous. They
are different fram each other due to different strength of intermolecular forces,
the arrangement of particies and the distance between the particles. In gases,
molecules are very widely apart with no order whatsoever and very weak
intermolecular forces. All these features make gases easily compressible. Their
densities are cbviously very low.

The liquids, on the other hand, have molecules closely attached but
randomly arranged and there exists significant intermolecular forces between
them. Liquids are therefore not easily compressiole and their densities have
higher values than those of gases.

Solids have a definite shape and a fixed volume. Particles in solids are
closely packed and have very strong interatomic or intermolecular attractions.
The particles in solids remains fixed at their positions where they can oscillate
about their mean positions. Solids are incompressible and rigid.

The densities of solids are very high. Solids are the anly state of matter
which do not need any container to be stored. In crystalline solids, particles are
perfectly arranged and strongly bonded. This makes them almost
incompressible. They are the most dense substances.

Plasma is not so generally seen form of matter, It is composed of particles
with very high kinetic energy. It exists in flucrescent tubes, lightning and welding
arcs. Plasma can be considered as a partially ionized gas containing electrons,
lons, photons, etc.

Matter also exits in intermediate states where liquid meets gas and liquid
meets solid, for example supercritical fluids, liquid crystals and graphene.
Supercritical fluids are highly compressed states which show both properties of
gases and liquids. Chemical reactions which may not be carried out in
conventional solvents, may possibly be carried out in supercritical carbon
dioxide,
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Liguid crystal is a state of matter whose properties are between those of

conventional liquids and those of crystalline solids. Liquid crystais are used in

display devices including computer monitors, clocks, watches and navigation

systems. Graphene is an example of two-dimensional crystal, a single layer of

carbon atoms arranged in 2 hexagonal pattern. Graphene is a tough, flexible and
light material with a high resistance.

States of matter that are not commonly encountered are called exotic

states of matter. Examples are dark matter, Bose-Einstein condensate, nuclear

matter, quantum spin liquid and many others.

1 1.3 Element, Compound and Mixture

Matter in this world exists in the form of elements, compounds and
mixtures. Element is the simplest form of matter, It is a2 pure substance
containing the same kind of atoms. It cannot be broken down into simpler
substances by crdinary chemical reactions. Elements exist in all three forms;
solid, liquid and gas. Most of the elements found in this world exist in soiid form,
Liquid and gaseous elements are very few in number as compared to solids.

Elements may be a metal, 3 non-metal and a metalloid and a noble gas.
Elements can also exist in form of atoms, molecules, lons and isotopes. Examples
of important elements are sodium, potassium, magnesium, calcium, carbon,
silicon, nitrogen, oxygen, chlorine, helium, copper, gold, zinc, silver nickel,
cobalt, mercury, bromine iodine, etc.

Compound is also a pure substance. It is made up of two or more different
chemical elements combined in a fixed ratio, When elements come together,
they react with each other and form chemical bonds that are not easy to break.

Compound may be molecular, ionic, intermetallic and coordination
complexes, Compounds may also be inorganic and organic in nature. Examples
of important compounds are water, ammonia, methane, carbon dioxide,
carbonates, chlorides, starch, proteins, carbohydrates, mineral acids, organic
acids, etc.

The compaosition and properties of elements or a compound are uniform
throughout a given sample and from one sample to another, Amixture is formed
when more than one types of elements or compounds are mixed togetner inany
ratio. Air, soil, milk and tap water are everyday examples of mixtures. A mixture
may be homogeneous or heterogeneous. A solution of salt and water is an
example of homogeneocus mixture because its concentration is uniform
throughout. A sample of rock is an example of heterogeneous mixture because
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the cancentrations of its constituents is different in its different parts. Rocks are
composed of different types of minerals such as granite, mica and limestone.

t} Interesting Information! \

' Many elements are found in nature but some are artificial. Technetium was
first elament created by sclentists in the laboratory.
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Allotropic Forms of Substances

Both elements and compounds may exist in more than one structural
forms which can exhibit quite different physical and chemical properties, These
forms are called allotropic forms and phenomenon is called allotropy. Element
oxygen exists in two allotropic forms namely oxygen (O) and ozone (Oy).

Similarly, carbon exists in three main allotropic farms, diamond, graphite
and Buckminster fullerene. Diamond has a giant macromolecular structure
whereas graphite has a layered structure of hexagonal rings of carbon.
Buckminster fullerene (Cee) cansists of spheres made of atoms arranged in
pentagons and hexagons. Fullerenes are stable at high temperatures and high
pressures. Being covalent in nature, they are soluble in organic solvents. The
fullerene structure is unique in that the molecule is not charged, has no
boundaries and has no unpaired electrons. They have a cage like structure.
Fullerene C,, has a low melting point. It is soft and cannot conduct electricity.
Element sulphur also exists in two crystalline allotropic forms i.e. rhombic and
monocline; the former is more stable than the latter.

Graphene Diamond Buckminsterfullerene
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leferences between Elements Cumpuunds and Mixtures

Elements =

b A T

e C{}mpuunds

An element is the
simplest form of matter.
It is a pure substance
containing the same
kind of atoms.

A compound is a pure
substance. It is formed
by the chemical
combination of two or
more atoms of different
elements.

Mlxture is an impure
compound. A sample of
matter having more
than one type of
elements or compounds
mixed together in any

| ratio, 15 called a mixture.

It is not possible to
break down an element
into simpler particles by
ordinary chemical
reactions.

In 2 compound, the
atoms of elements must
combine together by a
fixed ratio by weight. For
example, in water (H;0)
hydrogen and oxygen
are present in a fixed
ratio of 1:8 by weight.

Each component of a
mixture retains its
identity and specific
properties.

When an element exists
in the form of
aggregate of atoms, it
is represented by a
symbol. For example,
sodium and calcium are

It is possible to break 2
compound into its
constituent elements
by 2 chemical reaction.
For example, ammonia
can be converted back

A mixture may be
homogenecus or
heterogeneous. For
example, the solution of
common salt in water is
a homogeneaus mixture

in the form of
independent molecules,
for example nitrogen
(N2), oxygen (O,) and
chlorine (Clz). Noble
gases, however, exist as

mono atomic molecules,

compaund are always
different from the
elements from which it is
formed. For example, the
properties of water are
different from those of

hydrogen and oxygen.

represented by their to nitrogen and while a sample of rock is

symbols Na and Ca. hydrogen by a suitable |a heterogeneous
chemical reaction. mixture.

Gaseous elements exist |The properties of a The components of a

mixture are not
chemically bound
together and they can
be separated by
physical methads.

13
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Compounds existinthe |The properties of 2
form of molecules, for | mixture are the sum of
example hydrogen those of its

chloride {(HCI), ammonia components.

(NH,) and water (H,0).
Compounds may also
axist as network
arrangement of their
atoms. For example, ionic
compounds like NaCl
and covalent compounds
like sand (Si0y).

1. Which elements are found in pure state in Earth?
| 2. Which elements are invery small amounts in Earth?

1.4 Solution, Celloidal Solution and Suspension

A soiution is such a mixture in which solute particles are completely
homogenized in the solvent e.g. dissolution of sodium chloride or copper
sulphate in water. The solute particles in such a solution cannot be seen by the
naked eye. If solution is filtered, these particles pass through the pores of filter
paper leaving no precipitate. Such a solution is called a true solution. A
suspension, on the other hand, is a3 mixture in which solute particles do not
dissolve in the solvent. We can actually see these particles. If a suspension is kept
for some time, these particles settle down. Again, if this suspension is filtered, the
particles in it cannot pass through the pores of filter paper and can be collected
as a precipitate. A mixture of chalk in water is an example of suspension.

Besides a true solution and a suspension, there (s a third form of solution
called colloidal solution. In this type, the solute particles do not homogenize with
solvent. These particles are a little bit bigger than the solute particles present in
the true solution but not big enough to be seen with a naked eye like the particles
present in a suspension. If kept for some time, the particles of a celloidal solution
do not settle down. On filtration, these particles pass through the filter paper like
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the particles of a true solution. Starch solution and white of an egg are the
common examples of colloidal solutions.

“Formation of Unsaturatediand SaturatediSolutions!

Take about 100 g of water in a beaker, add to it 5g of table sugar, and stirit.
The sugar will dissolve in water, Then add another 5g of sugar and stir. This will
also dissolve. This solution is called an unsaturated solution. A solution which can
dissclve more amount of a solute at a particular temperature is called an
unsaturated solution. Continue adding sugar in the above solution. As the
guantity of sugar in water increases, its dissolution will become more difficult. A
stage comes when no maore sugar will dissalve in wazter at this temperature. Any
more sugar added at this stage will settle down at the bottom of the beaker. This
solution is called a saturated solution at a particular temperature of the process.

A solutien in which the maximum amount of the solute has been
dissolved in a particular amount of a solvent at a particular temperature js called
a saturated solution.

Different solutes have differentsalubilitiesinaparticular salvent. For
example, if the saturated solutions of table sugar and sodium chloride are
prepared, it is found that the concentration of sodium chlaride saturated
solution is 5.3 molar at room temperature while that of sugar selutionis 3.8
molar at room temperature. In other words, the solubility of sodium
chloride in water is far greater than that of sugar at room temperature. This
is due to the fact that the attraction of sodium and chloride ions with water
arefarstrongerthan the attractions between sugar molecules withwater.
How formation of solution canbe useful indailylife?

Al e - (5
() Interesting Informationt

Solutions are closely related to our everyday lives. The air we breathe, the
liquic and other foods we consume, the fluids in our body, the solids like steel we use,
areall solutions.

Effect of Temperature on the Solubility of Solutes

The solubility of a solute is the amount of solute which can dissolve in
100g of asclvent at a particular temperature.

Change in temperature has different effects on the selubility of different
compounds, Usually the solubility increases with the increase in temperature but
it cannot be taken as a general rule. There are a large number of compounds
whaose solubility in H;O increases with the increase in temperature 8.g. potassium

15
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nitrate (KNO;), silver nitrate {AgNOQO;) and potassium chloride (KCl) etc. The
solubility of sodium chicride in K,0 does not increase appreciably with the
increase in temperature. The solubility of campounds like lithium carbonate
(Li;COs) and calcium chromate (CaCrO,) decreases with the increase in

ternperature. The solubility of gases in water also decreases with the increase in

temperature.
Salubility
1“ - - .‘
:: : Solubility Curve of KNO; in H,0
L Fo 4
g 18 258~
g i 2004
- »
‘g wh Ll Supematuiated Saturated
15 -
g w R =
g o
E an 5 Unsaturated
g LT
“-
kL I
1] T T T b
: © - an L L] 108
T n2050 40 50 0T8N W IR Temperature ["C)

s
Take 100 g of water in a beaker
and prepare saturated solution of
sugar at room temperature. Heat the
beaker on 2 spirit lamp. Add a little
more sugar in it and stir it. Will this
sugar be dissolved in it? You will
notice that by heating the solution
the quantity of sugar dissolved in
water has increased i.e. the solubility
ofsugarhagincreased. !

Saturated
solution of
Sugar

Similarly, the solubilities of copper sulphate and sodium nitrate also
increase with increase in the temperature. However, the solubility of calcium
hydroxide decreases with the increase in temperature.

l How variation of solubility at different temperatures can be useful for us?

16
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1. The increase in the solubility of solids in liquids .'
with Increase in temperature may be used to i
purify them, Pure solids commonly appear as |
beautifully shaped crystals,

2. Generally the solubility of gases decreases with increase in temperature. Carbon

dioxide gas is also more soluble in water at low temperature. Soda water bottles
are thus stored in the refrigerator to keep carbon dioxide gas dissolved in water
foralonger period of time.

1.

Chemistry is that branch of science which deals with the composition of matter,
changes 'nmatter and the laws which govern these changes.

To understand the vast and complex subject of Chemistry, it is divided into many
branches. Physical chemistry, inorganic chemistry and organic chemistry are its main
branches amang so many others. '
Matter exists mainly in three states: solid, liquid and gas. They are different Frnm each
ather due to different characteristics of particles which they contain. :
Plasma is regarded as the fourth state of matter which is not rormally observed in this
world. Most of the matter present inthe rest of the unjverse existsin this state.

Matter also exists in the intermediete states which are at the borderline of its two
principal states. betwean liguid 2nd gas or between liquid and solid. Supercritical
fluids and liquid crystals are some examples of such states. '
Matter exists in the form of distinct entites called eiemmts compounds and mixtures.

Elements, compounds and mixtures have distinct prcperﬂ:-s individually and they are
verydfﬂen'm form one anather.

Solutions, suspensions and colloidal sofutions are diﬂ‘en_ent farms in which the
mixtures usually exist They nave their own characteristic properties,

17




(i)

i)

{iii)

(iv)

V)

(i)

(vin)

(wiii)

Tick (v') the correct answer.
Matter js presentin naon signs in the state of.

(a) Supercritical fluid (b) Plasma

(c) Gas (d) Liquid crystal
Hazardous effects of shopping bags are studied in:

(a) Geochemistry (b) Inorganic chemistry

(c) Analytical Chemistry
The man-made polymer is:

(d) Enviranmental chemistry

{a) Starch (b} Polystyrene

(c) Protein (d) Cellulose

The allotropic form of sulphuris:

(a) Brass (b) Rhombic

(c) Graphite (d) Branze

Which liquid among the fellowing is a collaidal solution?

(a) Milk (b) Slaked lime used for white wash

{c} Vinegarsolution (d) Mixture of AgClinwater
Which of the following is a heteragensous mixture?

(a) Asolution of calcium in hydroxide water

(b} Asolution of potassium nitrate in water

() Hotchocolate

{d} Concrete mixture

A state of matter whaose praperties are between those of liquids and
crystalline salids.

(a) Liguid crystal (b} Supercritical fluid
(c) Plasma (d) Dark matter

When the tiny particles of a substance are dispersed through a mecium,
the mixture is named as:

(a) Truesolution (b) Colloid
(c) Suspension (d) Hetercgenous mixture
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A solution of KCIOy has a solubility of about 13.2g per 100 cm’ at 40°C.
How its solubility will be affected, if you decrease the temperature?

{a) Thesolubility will increase

{b) The solubility will decrease

(c) The solubility will remain the same

(d) The solubility will first increase with temperature and then it will
decrease

You are studying the rate of hydrolysis of organic compound starch under
different conditions of termperature. In which branch of chemistry this
topic will fall?

(a) Organic Chemistry (b) Analytical Chemistry
(¢} Biochemistry (d) Physical Chemistry

Questions for Short Answers

Why is there a need to divide Chemistry into many branches. Give three
reasons.

Reactions may take place due to electrons present outside the nucleus or
they may take place inside the nucleus. Which branches of Chemistry cover
these two types of reactions,

What types of problems are solved in analytical chemistry?

Both graphite and graphene have hexagonal layered structures. What is the
difference?

Why are supercritical fluids important?

In which state does matter existin the Sun?

What is theimportance of graphene?

Which form of matter de most of the material things in this world belong to?

Constructed Response Questions
How does a supercritical state look like?
Inwhatwayis plasma created in a fluorescenttube?

Mast of the molecules we study in biochemistry are organic in nature. Where
does the difference exist in arganic and biochemistry branches of Chemistry.

iv. Givethe reason ofbrilliance shown by diamond. Can you improve it?

Explain the dissolution of NaCl in water,

- - W, & =t &
= -~
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-Why do different campoun_ds have different solubilities in water at a

particular temperature?
Why NaCl can be crystallized from water just like KNOs?

Why graphite is slippery to touch which property of graphite enables it to be
used as lubricant?

Descriptive Questions
Mention the name of the branch of Chemistry in which you will study each of
the following topics.

(a) Rate of a reaction (b} Digestion of food in human body

(c) Properties of plasma {d) Ecosystem

(e) Reactions taking place during fire works

(f) Measurerment of the absorption of wavelength with the help of ultraviolet
spectrometer

What are allotropic forms? Explain the allotropic forms of carbon and
sulphur. How does coal differ from diamond?

What are supercritical fluids. How are they different from ordinary liquids?

Define solubility of a solute. How does the solubility of solutes change with
the increase in temperature?

What types of movements are present in gaseous and liguid molecules?
Differentiate between the areas which are stucdied under inorganic and

organic chemistry.

Investigative Questions

Preparation of solutions leads to an important process in chemistry which
enables us to purify a compound through crystallization. Describe a process
inwhich potassium nitrate is purified by crystallizing it in water.

Graphene is called a miracle material and it is the material of the future,
Which of its many properties makes it very useful in electronics?




After studying this chapter, students will be able to:

Explain the structure of the atom as a central nucleus containing neutrons and
protons surrcunded by electronsin shells

State that, orbits (shells) are energy levels of electrons and alarger shell implies higher
energy &ng greater average distance from nucleis

Stata'that alectrons are quantum particlas with probabilistic paths whose exsct paths
and locations cannot be mapped {with reference to the uncartainty principle}

Explzin that a nucleus is made up of protons and neutrens held together by strang
nuclear forca

Explain that an atomic model [s an aid to understand the structure of an atom

Stata the refative charge and relative masses of & subatomic particles (an electron,
proton and neutron)

Interpres the relationship between a subatomic particle, their mass and charge.

[Fustrate the path that positively and negatively charged particles would take under
the influenceof a Uniform Electric Field.

Define proton number / atom'c number as the number of protons in the nucleus of an
atom

Explain that the proton number is unique to each élement and uted to arrange
elementsin periodic table
State that radioactivity can change the proton number and aiter an atom'sidentity

Define nucleon number / atomic mass as sum of number of protons and neutrons in
the nucleus of an atom.

Define isotopes as differant atoms of the same element that have same number of
protons but different neutrons

State that isotopes can affect molecular mass butnot chemical properties of an atom
Determine the number of protans and neutrens of different kolopes

Define selstive alomic mass a5 the average mass of isotopes of an element compared
to 1/12th of mass of an atom of Carbon-12

State thatisotopes can exhibit radicactivity

21



Introduction

BT .
Discuss the impartance of i;::':;mpes using carban dating and medical imaging as
examples. Describe the fo frn.lh%ian of positive {cation) and negative {anion) ions from
stoms. Ji
Interpret and use the symbols for atoms and ons
Calculate relative atomic mass of an element fram relative masses and abundance of
Isotapes, | al
Calculate the relative mass of gn isotope given relative atomic mass and abundance
of all stable isotopes, ' 1

Elements are very different from one another, Alarge number of elements

exist as solids and very few are present as liquids while the rest exist as gases. All
these elements are however made up of atoms.

Have you ever thought why these elements are so different from one

another? lron looks very different from gold which, in turn, is very different from
aluminium or zinc (Fig: 2.1). Iran is a heavy metal while aluminium and zinc are
light metals. Metals are mostly lustrous while non-metals like sulphur and carbon
appear dull. The difference in the properties of elements is due to the difference
inthe properties of their constituent atoms.

o

.

Fig (2.1) Different Elements look diffarant

_ ey r—eny
Write down the names nfﬂ_ﬁ'g elements shown in the abave pictures.




2.1 Structure of Atom

In 1803, an English chemist, John Dalton, in his famcus theory 'Dalton’s
atomic theory', proposed atoms to be indivisitle. In other words, according e
him, it was not possible to divide atoms to smaller particles. In the last decade of
nineteenth century, a group of scientists were trying to pass electricity through
gases at reduced pressure. During the course of these experiments known as
'Discharge Tube Experiments’, they discovered that atoms are no longer the
smallest particles of matter; rather there exist particles that are even smaller than
atoms. In other words, atoms are composed of negatively charged carticles
called electrons and positively charged particles called protons. It was also
discovered that a proton is 183& times heavier than an electron. In a discharge
tube, the presence of the negatively charged particles was ascertained because
of their deflection towards the positive plate in an electric field. Similary, the
presence of positively charged particles was confirmed due to their deflection
towards the negative plate.

31
4 Interesting Information! \
) informationt \

Although the nucleus i less than ene hundred-Thousandth (1/100,000) of
the size of the atom, it contains more than 99.9% of the mass of the atom. ;

A discharge tube is a hard glass
tube provided with two metallic
electrodes and a vacuum pump to
evacuate the gas present in it Fig (2.2).
When a very high voltage is applied to
an evacuated glass tube the glass
surface behind the positive electrode _
5 ' i Ak A :
rom the cathode. These rays ware " B-0 Dlicharge Tube Expaier

’ Cathode Rays

named as cathode rays. In 1897, British physicist Joseph John Thomson studied
the properties of cathode rays by passing them through the oppositely charged
electric plates. It was observed that cathode rays bent towards the positively
charged plate showing that they carry negative charge, Thomson alsa installed
two magnets on either side of the discharge tube and noticed that cathode rays
were also diverted by the magnetic field. Thomsan used the findings of his
experiments to calculate the mass to charge ratio of cathode rays which finally
proved that cathode rays are in fact, negatively changed material particles. These
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particles were later named as electrons. It was also shown that electrons are the
subatomic particles of all elements.

Discovery:of Proton

The presence of positively charged particles in an atom had been first
observed by E.Goldstein in 1886. It was based on the concept that atoms are
electrically neutral having same 0%
number of positive and negative |
charges. He performed a series of
experiments with a gas-discharge
tube having a perforated cathode. A
new type of rays were produced from gﬁ
the anode which moved towards the |27,
cathode. He called these new rays as WO EE o
canal rays or anode rays. Cathode  Fig (2.3) Anode Rays Arode

The praperties of these rays seemed to vary depending on the gas used in
the discharge tube. In fact what ne discovered was gas ions and this also included
hydrogen ion {H'). Goldstein at that time knew nathing aboutits significance.

In 1917, Rutherford performed experiments which proved that the
hydrogen nucleus is present in ather nuclei. Rutherford thought that a hydrogen
nucleus or a proton must be the fundamental building block of all nuclei and also
possibly a new fundamental particle as well.

Origin of Cathode and Anode Rays

Cathode rays are so named because they are emitted by the cathode in a
discharge tube, A very high electrical patential of thousands of volts was applied
in the discharge tube which ionized the residual gas atoms present in the tube.
The positive ions thus produced travelled towards the cathode as anode or canal
rays. When they collided with the cathode they knocked electrons out of its
surface. This stream of electrons was called cathode rays.

Discovery of Neutron

Later on, in 1933, anather particie neutron was also discovered, which is
known to carry no charge. The mass of a neutron Is almost the same as that of a
proton. These three particles i.e. electron, proton and neutron were given the
name fundamental particles and are shown to be present in all atoms
irrespective of the fact that these atoms behave very different from one another.
it was, however, also shown that the number of these particles is different in
different atoms.

II'I‘-_._;-I.:I
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After the discovery of these particles, a very important question arose as
to how these particles are arranged in a tiny place called atom. In cther words,
what is the structure of an atom?

Lord Rutherford, in 1911, provided answer to this question. He carried out
a remarkable experiment in which he hit a stream of special type of particlesto a
very thin gold foil. From this experiment he concluded that an atem has two
portions. A tiny central portion which he called as nucleus and a relatively large
area surrounding this, which he called extra nuclear portion.

it was also discovered that almaest all the mass of an atomn is concentrated
in the nucleus, because both the heavy particles i.e. protons and neutrons are
found to be present here. In the nucleus these two particles are held tegether by
a strong nuclear force. Electrons are, however, revolving around the nucleus in
fixed circular paths called orbits or shells. Since electron present in each shell has
a fixed energy. these shells are also named as energy levels. The shell which is
nearest to the nucleus is called first shell or K shell and the electron presentin it
has a fixed value of energy. Similarty, the secona shell will also be at a definite
distance from the nucleus which will, of course, be greater than the first shell and
electron present in it will also possess greater value of energy. Similarly, electron
may also be present in the third or higher shells,

Each shell is further sub-civiced into sub-shells or orbitals. The number of
sub-shells present in a shell is equal the value of n for that shell. For the first shell,
(n = 1), it will, therefore, have only one sub-shell which is called s sub-shell. For
(n = 2), there will be two sub-shells sand p. The second shell will, therefore, have
two sets of sub-shells. The third shell (n = 3) has three sub-shells s, p and d. The
fourth shell consists of four sub-shells s, p, dand f.

Al T : =

) Interesting Informationt '\
The size of an atom is so small that it is not possible to see with naked eyes, Howsver, a
transition electron microscope ¢an be used tosee atoms.

According to
modern approach,

F
electrons are like i shell (M VRN
charged clouds n=3 E=E

whose location E=E
around the nucleus

cannot be predicted Fourth shell (N) n=2
with one hundred ey E=E:
percent certainty. All T B> B> >

Sacosd shall (L)
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."'-r'. I ¥ oo -EI' ey I. o i : z
-we can say is that there is a certain probability of finding the electron at a certain
probable distance from the nucleus.
_ Table (2.1) Charges and Masses of Sub-Atomic Particles.
rticle g

Charge AL Mass &0

Electron 216022 x 107°C | 9109 x 107 Kg
Proton +1.6022 x 10™°C 1673 x 107 Kg
Neutron 0.0 1675 x 107 Kg
(Y imeresting nformation
The largest atom cesium [s approximately nine times bigger than the smallest
atom hellum

In order to find ocut the number of electrons which can be
accommaodated in these extra nuclear shells, the scientists have devised formula
called (2n%) formula where n can have values 1,2, 3 ... and so on and they
represent the number of shells. Shells have also been namedas K. L, M, N ....and
50 on. When the value of n is one, it means first or K shell 2nd the maximum
number of electrons which can be present in this shell is (2 x 1 = 2), Kshell can,
however, have less than two electrons or it may not have any electron.

Similarly when (n = 2}, it means second or L shell and the maximum
number of electrons it can accommodate is (2 x 2% = 8). For (n = 3) or M shell, it
can accommodate 18 electrons at the most This process will go on until the
electrons presentin an atom are finished.

The maximum number of electrons which can be accommodate in sub-
shells s, p, d and f are 2, 6 10 and 14 respectively. In the first shell there are 2
electrons which shell go to (s) sub-shell. In the second shell, 8 electrons will be
further sub-divided, s-subshell will have 2 electrons and 6 electrons will be
accommaodated in p sub-sheil.

2.2 Atomic Number and Mass Number

Electrons, protons and neutrons are called the fundamental particles of all
types of matter. In other words, the atoms of zll the elements present in this
world contain same electrons, protons and neutrons. However, an atom of one
element differs from an atom of another element because it contains different
number of the fundamental particles.

The number of protons present in the atoms of an element is always fixed
and it is called the atomic number of that element. Since an atom, as a whole, is
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electrically neutral, the number of electrons present in an atom will be the same-
as the number of protons. Atomic number of an element is represented by Z.
Atomic number of an element is unique to that element and the element is
identified by this number. In a periodic table of elements, the elements are
arranged according to ascending order of their atomic numbers.

The total number of protons and neutrons present in an atom almost
accounts for the total mass of that atom and hence itis called its nuclean number
or mass number. |t is represented by A The mass of electron being very small is
not included in the mass number,

Just like atomic number, the atom of an element may also be identified
from its mass number. For example, the number of protons present in an oxygen
atom is 8, so its atomic number is 8 while the total number of protons and
neutrons present in it is 16, so its mass number is 16, Information about the
atomic number and the mass number is often included with the symbol of any
element. The atomic number is written as a left subscript while the mass number
as a left superscript. So, oxygen atom would be symbelized as "3 0. Similarly,
carbon atom symbolized as '; C will have 6 protons and 6 neutrons,

The number of neutrons N present in an atom can be calculated if its
atomic number Z and mass numoer (A) are known.

N=A-Z
Thus, the number of neutrons in chlorine atom, symbolized as 3¢, can be
calculated as 3517 =18

Y interesting informationt \

Copernicum {Cn)is asynthetc element and it was discovered in 19956 This meta!
tums into a gas atroom temperature.

Sample Example 1:

Calculate the number of neutrons, protons and electrons in barium

i1 #)
wBa

Each barium atom will have 56 prctans and 56 electrons, The
number of neutrons in boron will be calculated as follows:
N=A-Z
N=137-56=81
So each ');Ba atom will have 81 neutrons, 56 protens and 56
electrons.
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Solved Example 2;

Calculate the number of neutrans, pratens and electronin an atom aof uranium
233
U
82

Each uranium atom will have 92 protons and 92 electrons. The
number of neutrons will be calculated as follows:
N=A-Z
N =238-92 =146
So each “5U atom will have 146 neutrons, 92 protons and 32
electrons.

TS

|
. leulate the number of neutruns,i protons and electrons in the |
following atoms. T ]
185 5 127
! ' Pt M gl 1

m 2.3 Isotopes and their Masses

All the atoms of an element must necessarily have the same atomic number, but
their mass number may vary depending upon the number of neutrons present in
the nucleus. Atoms of the same element having different number of neutrons in
their nuciei are called isotopes. For example, element carbon has three isotopes
as its atoms have six, seven and eight neutrons in their nuclei. These isotopes are
represented as'>C, IC, "!C. Similarly, hydrogen exists in three isotopes Hydrogen,
Deuterium and Tritium represented by |H, iH, JH. His the only atam which
does not have a neutron. Since the chemical prooerties of the elements are
determined by the number of electrons, all three isotopes will show almost the
same chemical behaviour, although their physical properties may be different.

’H has twice the mass of |H while the mass of |H is thrice as the mass of | H.
Similarly, the masses of three differentisotopes of carbon are different,

Isotopes of Hydrogen Atom, 1H, iH, 1H

/"

b
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Isatopes of Carbon Atom, ,C. ,C, :C

SN

@

' E:mrti:a' Why isofapes of an elnmmt shnw same chemlcal
- properties while mala‘physltal propertias are dlfferent?

L

 Radioactivs isotoptd -

¥k T e

The isotopes of the same element do not have the same physical
properties. Several isotopes of the same chemica! elements exist whose nuclei
are unstable. They emit excess energy in the form of radiation. This radiation is
czlled radioactivity and the isotope which emits energy is called radioactive
isotope. Every element has one or mare radioactive isotope. Tritium | H is a
radioactiveisatope and the other two are stabie and do not emit any radiation.

When a radioactive element emits radiation, it is transformed intc another
chemical element. This process is called radioactive decay, This new element may
be stable or may be radioactive sa that it also emits radiation,

o U8 24Th + energy i
{Uranium) {Thorium] {.)
Im Infumﬂml \_
3;; Thorium is unstable and further
- . 931 - Every year, our bady replaces
disintegrates to give "5, Pa (Protactinium) about 58% of its atorms.
234 - R SR Ei Pa
{Thorium) | (Protactinium)
219 gj ——— 2':I'?TI + energy
(Bismuth) (Thatlium)

Applications of Radioactive Isotopes

Radicactive isotapes are useful in medical imaging. Doctors use them to
diagnaose the disease by injecting the patient with 2 small amount of radioactive
fluid. Technet’'um - 89m is used for diagnostic imaging across human organs like
brain, lungs, etc. Doctors use a special camera to watch how the radicactive fluid
moves.

29
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1. Why does a radioactive isotope emit radiation?
2. Give an example of aradicactive isotope which disintegrates to give
a stable atom.

AL _ S
") Interesting Informationt \
Gallium has many interesting properties. its melting paint is below body

temperaiure 5o itis liquid at room temperature, It has water like viscosity. It does
not evaporate.

Radiocarbon dating Is a method for finding out the age of an historical
object containing organic material with the helo of radicactive isotope of
carbon ' C. The method involves measuring the proportion of **C in a sample
fram a dead plant or animal like a piece of wood or a bone which pravides
information that can be used to calculate when an animal or plant died. The older
the sampleis, the less '*Cis to be detected.

Radioactive isotopes are used to test the strength of metals and concrete
mixture. They are used to generate cheap nuclear power and to find oil fields. In
medicine they are used to diagnose and treat many medical conditions and
diseases, including cancer and thyroid disorders.

lonization of Atoms by a Radiocactive Source

Radiation emitted from a radicactive source causes ionization of atoms.
For example, heat or light energy coming from the Sun or a radicactive element
can remove electron or electrons from the atom. However, this ionizing radiation
should have enough energy to remove the tightly bound electron from the orbit
of an atom. |

Na — 2, Na© 4] e
Cation o .

However, the electron will be lost only when there is present another atom which
canacceptit,

Cl + & ———— I+ |Energy
Anion !
\ul

1) Interesting Inhnnnlml\

All artificial isotopes are unstable and therefore radioactive.
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Ever since the existence of atom was recognized, the chemists were trying
to find out a method which would allow them to compare the masses of different
atoms. It was necessary because without knowing the relative masses of atoms,
we would not know in which ratio of masses we mix the reactants to carry out 2
chemical reaction. In 1961, the chemists adopted a new scale for the
measurement of the relative masses of atoms. The unit mass on this scaleis 1/12"
of the mass of lighter isotope of carbon taken as 12. The mass of one atom of
carbon on this scale is exactly 12 and the masses of the other atoms are
measured relative to this unit The relative atomic mass of an element is thus
defined as the mass of an atom of that element relative to the mass of light
isotope of carbon taken as 12. The relative atomic masses of elements are
expressed in atomic mass unit {amu). It is defined as one-twelfth the mass of an
atom of carbon-12.

lamu = 167377 x 10¥ kg
For example, the mass of one atom of hydrogen-1 is 1.007 amu, the mass one
atom of sulphur-321531,972 amu,

‘ How would you campére the masses of the atoms of C, Mg and CI7

Caleulation of Relative Atamic Mass fromIsotopic Abundance’

An element usually consists of a few different isctopes with different mass
numbers, These mass numbers are called relative isotopic masses. Each isotope
will also have its own naturally occurring abundance which is called (sotopic
abundances,

Relative atomic mass of an element can be calculated from the relative
isotopic masses and isotopic abundance.

The element Krypton (Kr) has five isotopes. Their relative isctopic masses
and isotopic abundances are shown in the following table (2.2).

Table (2.2) lsotopic Abundances of Krypton
Relative lsatopic Mass '

-Isotopic Abundance

80 2.0%
a2 12.0%
83 ﬁ 12.0%




84 ' 57.0%
85 17.0%

Sample Example 1:

Relative atomic mass of krypton
= 80x20+482x120+83x72.0+84=570+85x57.0
100

= 837

Sample Example 2:

Calculate the relative atomic mass of light isotope of chlorine
Relative atomicmass of chlorine  _ Clx 75.77 + 37 x 24.23

100
35 45 < Clx 7577 +37 x 2423
100
3545 = CI = 75.77 +37 x 2423
3545-896.51 = Clx 7577
264849 /7577 = (|
3495 = Cl

Relative atomic mass of light isotope of chlorine is 34.95,

Caic:ula% the relative atomic mass of Lead (Pb). Isotopic abundances t
nﬂsutu' esare 2.0, 24.0, 22.0, 52.0 respectively. aay
Wipp épp *7pp pp '-
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Discharge tube sxperiments showed that atoms are ho longer smallest partictes of
matter. Rather they are made up of still smaller partides called electran, praton and
neytran. i

Electrons, protons and neutrons are shown to hl.'.':i present in all the slements
irmespective of the fact that the elemants behave very differently. Diffarent elements,
howaver, contain different number of these particles,

Lord Rutherford discovered that all atoms have @ cepral part which he named as
nucleus, The pratons and neutrons are present in this i'ludeusvmlethe electrons are
revolving around the nucleus.

An atom being e!ectricﬂy neutral contains the same nu baruf electrons and orotons.
Electrans revolve around the nucleus in different shells,

The number of protons present in the nucleus of an alement is called the atomic
number.of that element. '1

The total number of protons und neutrons prmntn the nuclueus of an alemem in
called its mass number.

tmtupﬁ are the atoms of the same elerment which have the same numberuf protons
but differant number of neutrons.

Isotopes of an element hm same chemical prupml
properties.

Isatopes of an element may be stable or radiaacﬂve.
usefu! appl cations in medicine. L
Racioactive isatopes have unstable nuciei and they thrgw outradiation,

Relative atomic mass of an element can be calculated from the relative isotopic
masses of this element and their isotopic abundances

utthey differ in their physical

: disactive lsatopes have many

Exercise Ao
Tick (v') the correct answer.

How many electrons can be accommodated at the mast in the third shell
of the elements?

(a) 8 (b) 18 (€) 10 (d) 32

What information was cbtained from discharge tube experiments?

(a) Structure of atom was discovered,

(b} Neutronsand protans were discovered.

(c) Electrons and protons were discovered.

{d) Presence of nucleus in an atom was discovered,



(i)

(iv)

v)

(vi)

(vii)

(il

(i)

(x)

Why have Emmhea nél been shown in the periodic table?

I s ;

(@) Periodic table cannot accommodate a large number of isotopes of
different elements.

(0) Some of the isotopes are unstable and they give nise to cifferent
elements

(¢} All the isotopes have same atomic number; so there is nc need to
give them separate places.

(d) Isotopes do not show periodic behavior,

Which particle is present in different number in the isotopes?

(a) Electron (o) Neutron

(c) Proton (d) Bothneutronand electron
Predict the boiling point of neavy water (D;C).

(a) 101.4°C (b) 98.2°C

(€) 100°C (d) 105.4°C

What will be the relative atamic mass of hydrogen given the abundances
of its two isotopes, 99.9844% and 0.0156%.

(a) 1.0078 (b) 1.0784 (c) 1.0800 (d) 1.07C0
How s radiocarbon dating useful for archealogists?

{a) It helps determine the age of organic matter.

(b) Ithelps determine the compaosition of matter.

(€} Ithelps determine the usefulness of matter.

(d) Ithelps determine whether the matter is radioactive or not.

What does keep the particles present in the nucleus intact?

(a} Particles are held together by strong nuclear force,

(b} Particles are held together by weak nuclear force.

{c) Particles are held together by electrostatic force.

{d) Particles are held together by dipolar force.

How da electrons keep themselves away from the oppositely charged
nucleus?

(@) Bykeeping themselves stationary

(b} Byrevolving around the nucleus

() Duetotheirwave-like nature

(d) Amagneticfield around the nucleus keeps them away

Rubidium consists of two isotopes "Rb and “'Rb. The percent abundance
of the light isolope is 72.2% What is the percent abundance of the
heavier isotope? Its atomic mass is 85.47

(@) 15% (b} 28% (€} 37% (d) 72%

L
LR
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Questians for Short Answers
Why is it said that almost all the mass of an atom is concentrated in its
nucleus?

Why are elements different fram one another?

How many neutrons are present in 4 Bi?

Why is tritium {{H) a radioactive element?
How can anatom absorb and envolve energy?

Constructed Response Questions

Why does the energy of electron increase as we move from first shell to
second shell?

Why is it needed to lower the pressure of the gas inside the discharge tube?

iii. What is the classical concept of an electron? How has this concept changed

with time?
Why the nuclei of the radicactive elements are unstable?

During discharge tube experiments, how did the scientists conclude that the
same type of electrons and protons are present in all the elements?

Descriptive Questions

Explain the structure of 2 hydrogen atom.
How does the theory of atemic structure explain the ionization ofatoms by a
radioactive isotope?

. What is radicactivity? Explain any three applications of radicactive isotopes.

Find out the relative atomic mass of mercury from the following data.

Isotope Relative Abundance  Isotope Relative Abundance
FHg = 00146% "Hg = 1634%
"Hg = 1002% "Hg = 23.13%
Mg = 13.22% Mg = 29.80%

Hg = 685%

Investigative Questions

How can scientists synthesize elements in the laboaratory?
A system just like our solar system exists in an atom, Camment on this
statement.



1 After studying this chapter, students will be able to: |

Describe that noble gas electronic configuration, octet and duplet rules help predict
chemical properties of main group elements

Compare between the formaltlon of cations and anions

Account for the electropositive and electronegative nature of metals and non-metals,
Define ianic, covalent, coordinate covalent and r@sﬂ:{alﬁl-‘cbonds

Differantiate between ionic compounds and ‘covalent compounds. (The fallowing
polnts need to beinduded inthe respective definitions:

a. lonic Band as strong electrostatic attraction hgw.: gen oppositely chargedions

b. Covalent bond as strong electrostatic attractign between shared electrons and two
nuciai |

¢. Metallic bond as strong electrastatic attractign between cloud/sea of delocalized
electrons and positively charged cations) =

Explain the properties of compounds in terms of banding and structure

Compare uses and properties of materials such as strength and conductivity as
determined by the type of chemical band piesertft between their atoms.

Intespret the strength of forces of attraction and thelr impact on melting and boiling
paints of lonicand covalant compounds, iy

lustify the availability of free charged partices (etectrons o ions) for canduction of
alactricity in ionic compounds (salid and molten) covalent compounds and metallic
bonds. | i

Recognize that some substances can ionize when dissolved in water. (e.q. acids
dissolves inwater and conduct electricity) -
justify tha suitability of usage of graphite, c:iiarnend and metals for ‘industrial
ourposes (Some examples may include; a. graphite as lubricant or an electrode
b. diamond incutting tools ¢ metals forwiresand sheets) :

Draw tha structure of ionic.and covalent cew;':m.'r-di alang with their-farmat ion.
{soma examples can include: a. ionic bonds in binary compounds stch as NaBr, NaF,
CaCl, using dot-and- cross diagrams and Lewisdet structures simpte malecules
including H, Cl; Qx Ny H,0, CH, NH, HCl, CH,0 H, CH, €O, HCN, and similar
molecules using dot and-cross diagrams and Lewis- dot structures)

16
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3.1 Why do atoms fnrm :hemiéa_l bonds?

Atoms have a tendency to decrease their energy. They czn do this by
combining with other atoms. |tis a natural phenomenon because it increases the
stability of atoms.

How do atoms succeed in lowering their energy? The early chemists had
started thinking about this a long time ago. They finally succeeded to get an
answer only when the noble gases He, Ne, Ar, Kr, Xe were discovered. Helium has
two electrons in [ts outer shell while all other noble gases have eight electrons in
their outermost shells. We also know about these gases that neither their atoms
combine with themselves nor with other atoms. The probable reason for this lack
of reactivity was their stability. It was suggested that these gases were stable due
to the presence of two electrons in helium and eight electrons in the outermost
shells of the rest of gases. This gave rise to a principle that having two electrons
(far hydrogen and helium which have only the first shell) or eight electrons in the
outermost shell meant stability and hence unreactivity as well. This principle was
named as Duplet or Octet Rule.

The discovery of duplet or octet rule was followed by another similar
suggestion that atoms form bonds because they would like to lower their energy
by completing their duplet or octet. For example, for sodium atom it is easy to
lose one electron and stabilize itself than to gain seven electrans while
completing its octet Sodium atom, therefore, adopts the energetically easier
path and loses its electron te form a bond. In the same way, it is energetically
favourable for hydrogen atom ta lose one electron to become proton (H') or
gain one electron to become hydride ion (H). In the latter case, it completes its
duplet.

Alkali ang alkaline earth metals are therefore expected to be
electropaesitive metals which will form bonds with electranegative elements of
6th and 7th groups. Although, in the beginning, octet rule played a significant
role in understanding the nature of a chemical bond, yet further investigations
found it to be less important.

3.2 Chemical Bond

A chemical bond is a force of attraction between atoms which holds them
together in the form of a molecule or a compound,

Whaen atoms of ditferent substances approach each other, there are two
possibilities. They may attract or repel each other. If the forces of attraction
between them dominate the farces of repulsion, the energy of the sysiem gets
37
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lowered and as a result the two atoms will react to form a new molecule.

Conversely, the two atoms simply move away from each other.
\li :

Impertant Infarm !'rnm'

The ararigement of slectrons around the nucieus of an atom in shells and subsh!!s Is
carlec(eiﬁ:trumr: configuration. |

Types of Bonds

We shall consider here three types of bonds.
(1) lonicoond
(2) Covalentbond
(3) Coordinate covalent bond

=3.2.1 . lonic Band .

A chemical bond is formed as a result of the tendency of atoms to lose or
gain electron or electrons to acquire the electronic configuration of the nearest
noble gas because this is a more stable electronic structure. Let us take the
example of the formation of a simple and important compound, sadium chloride.
This compound is formed when the elements sodium and chlorine react
chemically. The electronic configurations of these elements are shown in Fig (3.1),

: 1st shell 2nd shell 3rd shell
!L seNa 2 8 1
L nCl 2 8 7

Fig (3.1): Electronic Configurations of Sodium and Chlorine

An electron from the outermost shell of sodium atom is transferred to the
outermost shell of chlerine atom and in doing so, both these atoms acquire the
electronic configurations of their nearest noble gases. (Fig 3.2)

Na —» Na + &

e+ 0 ——

Na + Cl —— NacCl

Sodium - Chlorine Sodium Chlmde
atom atom ion
Flg (3.2): Transference of Electron from Sodium to c-hlnﬂm Atom
' “ r & -

i A i ——— e o -



1".& L: o 5 L -
Aoy T, en T P i - ! ' Sl I

Similarly, sodium also reacts with fluorine and bromine to give sadium
fluoride and sodium bromide respectively.

it should be noted here that an alectron or electrons, which take part in a
chemical reaction, come only from the outermost shells of the atoms. Sadium
chloride, formed as a result of the chemical reaction mentioned on the previous
page contains the positively charged sodium ions (Na®} and the negatively
charged chloride ians (CI). These oppositely charged ions are then held together
by the electrostatic force of attraction. The chemical bond, thus formed, is called
an lonic or an Electrovalent Bond and the compounds having such a bond are
called ionic compounds,

Calcium, an alkaline earth metal, loses two electrons to form calcium
chloride {CaCl.). Fig(3.3)

Ca —» Ca* + 28

2Cl = 28 — 2CT

+ +
an —
mwiCl S
2* TOAe
Ca oy =
Cls
Fig (3.3): Formation of CaCl, o

There ions then surround each other three dimensionally to form a crystal
lattice.

Examples of ionic compounds are KCI, Mg F, NaF, Kor, CaF,

1 What types of elements form ionic bonds?

| 2 What are the conditions for an ionic bond to form? |
39
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Figures of crystal lattices of NaCI_. HaBr, NaF and CaCl;. {fig 3.4)

. i
Crystal Lattice NaCl Crystal lattice Call; ]
Fig (3.4) Crystal Lattices of NaCl and CaCl, {

An lonic bond is therefore a band which is formed by the complete
transference of electron or electrans from one atom to another atom,

3.2.2 Covalent Bond

During the formation of an jonic bond, the atoms lower their energy by
the transference of an electron and thus acquire the electronic configuration of
the nearest noble gas. However, it is not the only way by which atoms can lower
their energy. Some atoms decrease their energy by mutually sharing their
giectrons, This can be explained as follows.

When two atoms approach each other in order to form a bond, they
undergo important changes in their energy. The electrons belonging 10 one
atom will came under the attractive influence of the nucleus of the other atom.
This is the new force of attraction and will be responsible for lowering the energy.
The electrons and the nucleus of one atom will also repel the electrens and the
nucleus of the other atom. This is the force of repulsion and will obviously
increase the energy. The two atoms will bring themselves at such a distance so
that the attractive forces dominate the repulsive forces. The total energy at this
distance will be minimum and thus 2 stable molecule is formed. A covalent bond
is therefore a bond formed by the mutual sharing of an electron pair
provided by the bonded atoms. This is called a single covalent bond.

In some compounds, the atoms share two electrons each to form a
double covalent bond. In the same way atoms can share three electrons
each to form a triple covalent bond. Double and triple covalent bonds have
two and three electron pairs respectively which are mutually shared
between the two atoms. A single covalent bond is represented by a single
line(-), 2 double covalent bond is represented by two lines (=) while a triple



covalent bond is represented by three lines(). The mutually shared electrons
may be shown by a dot or 2 cross. The formaticn of single, double and triple

covalent bonds in different molecules is explained in the examples shown in Fig
(3.5).

What tyﬁe of elements form covalent bond?
How cova!ent bond is different from an ionic bong?

e )r.: e }u{
:CI CL :.: lCI ) 5y Cl
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Formation of Covalent Compounds

Water
A water molecule is formed when two hydrogen atoms share their

electrons separately with the electrons of one oxygen atom.

o8-8 &

L] L]
- .'H .O\"‘\H

Carbon dioxide
A carbon dioxide molecule is formed when an atom of carbon shares its

four electrons with two oxygen stoms. Each oxygen atom also shares two

T OOO-GED

{:l eCle O
e -
0 = C = 03
Ammeonia . Hydrogen cyanide
a'.a . "2
HiN X H H-—-ril—i-l HxeCex N
.
0 H H-C=N

Methane
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Ca Ha

H H H H

|1 i %
HeC=(C —H Hx -C=C x=H

Methanol

H H

A I

L X x
Hxe CoxQOxsH H—C—0O—H

» ™ b

X I

H H

Fig (3.6): Formation of Covalent Compounds

Draw electron dotand cross structure of the following compounds.
SiH, PCl, SO, SO, ; :

s —————

It is quite clear from the examples shown above that after mutually
sharing their electrons, the bonded atoms acgquire the electronic configuration of
the nearest nable gas.

3.2.3 Coordinate Covalent Bond

Coordinate covalent bond is a type of covalent bond in which the shared
electron pair is donated by one atom only. This bond is formed when a molecule
has an electron pair to donate to another molecule, The molecule which donates
the electron pair, is called a donar while that which accepts it is called an
acceptor. An arrow head (—) pointing towards the acceptor represents this type
of bond. Following examples will help to explain this bond.

Hydronium lon (H.0")

Acids provide protons {H") when dissolved in water, This proton has an
empty outer shell and can accept a pair of electrens present on the oxygen atom
inwater molecule. Asa result ofthis, a hydroniumion (H,0%) is formed. (Fig3.7)

H: _ H 3
8 \

) W —— 0 —»H
/ ' /
H! TRl

Fig (3.7): Formation of a Coordinate Covalent Bond Between H,0 and H'
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The positive charge covers whole of the hydronium lon. After the
formation of hydronium ion, there does not remain any difference between a
coordinate covalent bond and a covalent bond. All the three bonds of oxygen
behave exactly alike.

Reaction Between NH, and BF,

A reaction between ammonia (NH2) and boron trifluoride (BF;) is another
example of the formation of a coordinate covalent bond. During the reaction, an
electron pair from nitrogen of ammonia fills the partiaily empty outer shell of
boron present in boron trifluarinde Fig (3.8).

¥ r H F
-»-""N g B el N rif’- EI.E— F
H | H 4 i I I

: H - F

N "l' +
e BTN £
H FL H + H Cl > H-—-hla—H cr

=
|
sy

H H H
I . I l £

- rl:—o—HFH'—-H—{f— T—_?—.H
H H H H

s

Aleohol

Fig (3.8): Formation of Boron trifluarinde ammonia, ammonium chloride
and protonated ethyl alcohol

In the above example, a coordinate covalent bond in ammenium chloride
links nitrogen of ammonia and the proton. The positive charge is spread all over
ammonium ion. All the four bonds between nitrogen and hydrogen in
ammonium ion behave exactly alike. This proves the point that the difference
between a covalent bond and a cocrdinate covalent bond lies in the way they are
formed. Once such bonds are formed, there does not remain any difference.
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Draw tt:e-;i;ture-s of coordinate covalent bahd formed between:
(a) BF,and AlCI, |
(o) CH,OCH, andH" "

1

l Which compound is not able to form a coordinate covalent bond?

3.3 Metallic Bond

The charactenstics shown by metals are very different from thase of ionic

and covalent compounds. This suggests the presence of different types of
binding forces among the metallic atoms.

Properties of Metals

1. Metals usually show metallic luster.

2. Metals usually have high melting and boiling points.

3. Metalsare good conduciors of heat and electricity.

4, Metals are usually hard and heawvy.

5. Metals can be made into different shapes by applying pressure.
These characteristics of metals can be explained if we know the nature of binding
forces present between theiratoms.

Usually metals have low values of ionization energy. Their atoms can
therefore, lose their outer electron or electrons easily. In other words, the nuclei
of metallic atoms cannot hold their outer electrons firmly. For example, in
sodium metal, each sodium atom is surrounded by eight other sodium atoms.
The outer electrons of these atoms move freely between the vacant spaces
present between atoms because of the loose linkage they have with their nuclei.
No electron remains attached with any particular nucleus. Instead, all the
electrons, at the same time, get attached with all the nuclei. When all the atoms
attract all the electrons collectively, obviously they wiil be bound together. A
metal will appear to have a sea of electrons in which all the nuclei of atoms are
submerged. A metallic bond, is therefore a type of chemical bond which has
positively charged ions beund together by the mobile electrons. Fig (3.9)
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Fig (3.9): Metallic Bond in Sodium Metal

The strength of a metallic bond depends upon two factors: the number of
positive charges present on the positive ions and the number of mobile electrons
set free by each atom. In sodium metal, for example, each sodium atom sets free
only one electron. The metallic bond in sodium metal is, therefore, not very
strong. In magnesium metal, each magnesium atom releases two electrens to
acquire two positive charges. The metallic bond in magnesium metal will
evidently be stronger than that in sodium metal, This explains why the
magnesium metal melts ata hi gher temperature than sodium metal. Fig (3.10)

O®O®°@O®
XOXOIOIO)
.'@@2..@

Fig {l‘lﬂj. Metallic Bond in Magnesim Metal

The presence of freely moving electrons in metals makes them good
conductor of heat and electricity. Moreover, in metals, the atoms are strangly

held and arranged in the form of rows one above the other. This arrangement.

makes them hard and heawvy. When pressure is applied on the metals, the upper
rows of atorns slip pass the lower rows. As a result, their shapes are changed.
Metals can, therefore, be easily drawn into wires and sheets. Fig (3.11)
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Pressure

Fig (3.11)

What type of atoms form metallic bond?
Give a comparison of metallic bond with an ionic bond.

L R y -\
) Interesting informationt \
Metals are extensively used in many indusiries. They are used in machinery,

automobiles, rallways, air crafts. rockets, in construction industry, in electranics
ingustry, in jewellery, in electric wires and many more,

3.4 Electropositive Character of Metals

Metals generally have a tendency to lose electrons to form positive ions
called cations. This property is called the electropositive character of metals, This
property is also related to the reactivity of the metals. Metals which lose electron
or electrons easily are considered more reactive. For example, alkali metals (Na,
K) are highly electropositive elements and thus they undergo reactions very
easily. Sodium anc potassium react vigorously with water and halogens to give
their respective hydroxides and halides. They alsc react with acids to give salts
and water,

Alkaline earth metals (Mg, Ca), on the other hand, lose their outer
electrons less easily and thus they are less electropositive than alkali metals. Their
reactions towards water and halcgens are also less vigorous.

Aluminum is also highly electropositive metal. It reacts readily with
mineral acids to form salts and water.

3.5 Electronegative character of Non-metals

Non-metals have an affinity towards electrons. They tend to gain
electrons and become negatively charged ions calied anions. They are therefore,
named as electronegative elements. Fluorine is the most electronegative
element in the periodic table followed by oxygen, nitrogen and chlorine. Non-
metals readily react with metals forming ionic bands. Non-metals also combine
with ather non-metals to form awide variety of molecular substances,
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compounds.

In ionic compounds oppusfte|y|
charged ions are pruperly|
arranged to give a cr}-'stailme
structure. As a whole the |
compound is neutral, There exists |
a strong electrostatic force
between theirions. |
lonic compounds are usually |
solids having high melting and |
boiling points. The melting point |
of sodium chloride is ﬂﬂﬂ‘ﬁr
because it is difficult to break the |
strong electrostatic forces of
attraction between the oppositely
charged jons, '
lonic compounds are generally
soluble in polar solvent like water,

They are 4.1:'.u.a1llg.|F good conductor |

~ of electricity in molten state or in |

solution form. Their canductanne |
is due to the presence of free | nnsl I

i
A

3 6 Cnmpare the prupertles of ionic and cnvalent

1. Covalent compounds mostly exist

as discrete neutral molecules.
There exists a strong electrostatic
attrachnn'betw!en the two nuclei
and the shared electrans.
Covalent compounds are made of
two or more non-metals. Lower
molecular mass covalent
compounds are gases or low
boiling liquids, High molecular
mass.cnuallent compounds existas
solids. Generzlly, they have lower
melting and boiling points.

. They are usually insoluble in water

but soluble in non-polar sclvents
like etherﬂben:ene and acetone.

. They are 1.isua1lyr bad conductor of

electricity. -
|
|

Bl 3.7 Intermolecular Forces of Attraction
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The forces of attraction which are present between the molecules of
elements and compounds are named as intermolecular forces of atiraction,
There attractive forces are generally very weak as compared to the bonding
forces present between the atoms of substances. Among the three states of
matter, these forces are the weakest among the molecules of the gases and the
strongest among the molecules of solids.

The Intermolecular forces of attraction are of many type: some are weak
and other are relatively strong. They affect the physical properties of the
substances. The meiting and boiling points of substances depend on the
strength of these forces. The stronger the forces among the molecules of a liquid
the higher is its boiling paint and vice versa. Similarly stronger the intermolecular
forces the higher will be the melting point of asolid.



We shall explain here two type of such forces.

1, Dipole - Dipole Forces of Attraction

These attractive forces are present between the molecules of a polar
compound like HCl. Hydrogen and chlorine attract the shared pair of electron
between them with different force. This force of attraction of an atom is called its
electronegativity. Since the electronegativity of chlorine is greater than that of
hydrogen it attracts the shared pair of electron with greater force. As a result the
bond between hydrogen and chlorine becomes polar as shown in the following

H* = C*
Due to these partial charges the molecules of HCl start attracting each
other. These forces of attraction are called dipole-dipole forces. (Fig 2.12)
.'_-;."|...._u,..f.';_a._....i...,uﬁ_a '
' b+ 2 B

- - -

| attraction

Fig (3.12): Dipole-Dipple Attraction

The compaunds which have this type of attractive forces will show
relatively nigher melting and boiling points.

2. Hydrogen Bonding

Hydrogen bonding is a special case of
dipole-dipale attractive forces. When
hydrogen is covalent bonded to highly
electronegative elements like F, O or N then
the large difference of electronegativity
values will make the covalent bond highly
polar. As a result strong dipole-dipole
attractions are observed among the
molecules. For example, in H;O, The O=H
bonds are hignly polar. Due to this strong
attractive forces are developed between

water maolecules as shown in the Fig (3.13). Fig (3.13): Hydrogen bond
This attractive force present between the molecules of water is called
Hydrogen Bonding.
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The strength of the hyd rgagan bonds causes water to have relatively
higher melting and boiling points as compared to compounds like HzS and NH;.

3.8 Nature of Bonding and Propertias

In ionic compounds, the oppositely charged ions are held together by the
strong electrostatic force of attraction in the form of a crystal lattice. Since the
ions are rigid in ionic compounds, such compounds therefore exist in the form of
very stable solids with significantly high melting paints. Since ions are spherical
and oppositely charged they can surround each other from all the sides, ionic
bonds are non-directional. This arrangement of ions is called crystal lattice.

If an external force is applied on the crystal lattice, it breaks easily. 1t shows
that ionic solids are highly brittle. In the solid form, ionic compounds do not
conduct electricity because ions are tightly held and cannot move. However, in
the molten state, the ions get free and start conducting electricity. lonic solids are
also generally solubie in water. Water not only breaks the electrostatic force of
attraction but also hydrates the resulting free ions. Fig {3.74)

L Uu-_ Ha-
:El]"lz ; T /
Na' == CF + H;0 —> Hy G~ N]a*—- 10H,

1OH,
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Hydrated Na*  Fig (3.14): Hydration of lons  Hydronium fon
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lonic compounds in an agueous solution also conduct elactricity because
the free ions can now move towards their respective electrodes, lonic
compounds generally react in an agueous solution, When we mix two solutions
of ionic compounds, the positive ions of one compound may react with the
negative ions of the other to form a new compound.

NaCly + AGNO,, —20 0 Na'y + Cluy + Ag'wy + NOye

l

AgCl, + Na‘w + NO°,,,

White precipitate of silver chloride comes out of the aqueous solution,

Conduction of ionic compounds in moiten state and in form of an aquegus solution
has been utilized to prepare many important elements 2nd campounds. For example. |
electrolysis of molten sodlum chlaride gives us sodium metal and chlorine gas.
Similarly electrolysis of aqueous sodium chlordde gives sedium hydroxde and }
chlorine gas,

Diamonds, due to their exceptional hardness, are highly valued in industries. Diamond
tipped glass cutters zre used to make clean cuts in glass. Diamond-tipped drill bits are
used to dnill through hard rocks in mining operation.

Graphita is used in pendcils, in polishes and to make crucibles. Graphite electrodes are
used | battery cells and in electric arc furnaces e produce steel
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Covalent elements and compaounds behave very differently from ianic
compounds, Elements present at the right side of the periedic table exist as
covalently bonded diatomic molecules, for example nitrogen(N,), oxygen{Q,),
fluorine(E,) and chlorine(Cl,). Due to very weak forces of attraction between their
molecules, their densities and boiling points are very low. Bromine (Bry) exists as
volatile fuming liguid while elements like carbon, phosphorous and sulphur exist
as covalent solids. All these solid elements exist both in amorphous and
crystalline forms.

Coal is the amorphous form of carbon whereas diamond and graphite are
its crystalline forms. Coal is used as a fuel in electricity generating plants. In
diamond, each carbon atom is surrounded by four other carbon atoms linked
together by strong cavalent bonds. Due to this rigid structure, diamond is the
hardest thing on this planet. It is used as a cutting, polishing and drilling tool.

Graphite consists of a layered structure, made of hexagonal rings of
carbon. Since layers are not bonded strongly, they can slip past each other.
Graphite is thus used as a lubricant in industry. Further, these layers in graphite
have mobile electrons in between them, Graphite is a good conducter of
electricity and it is also used as an electrode.

Binary covalent compounds generally exist as low temperature boiling
gases except water. Methane (CH,), ammonia (NH,), hydrogen sulphide (H,S),
hydrogen chloride (HCI), nitrogen dioxide (NO,), carbon dioxide (CO,) and
sulphur dioxide are all covalent compounds which are gases at room
temperature.

Water and hydrogen fluoride, on the other hand, are liquids at room
temperature. Liquid water has a high boiling point because strong
intermolecular forces are present between its molecules, Covalent molecules like
hydrogen chloride, sulphuric acid and mitric acid icnize completely in water
behaving as very strong acids.

U HOy ¢ HO, e iy

LRSI T
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Atoms form bonds with other stems to stabilize themselves by obeying dunlm and
octel rules.

2 Theforce of attraction which keeps the atoms mgether is t:a]h!d a dmmcal bend,
3. Bond which is formed by the transference of une or more electrons is called lonic
bord.
4. | A covaient bond is formed by the mutual shar-r!g of mﬂrunﬁ between atoms, A
cavalent band may be single, double or triple, o
5. Whenan d&dmn pair is shared by one atom mb it is called a cordinate-covalent
bond. do
6.  Tonic solids are crystalline compounds with high rm!lltlng and bcnlmy paints. They are
generally soluble in an aqueous salution. -
7. Lower molecular mass covalent compounds are g;s-es or low boiling liquids. Higher
molecular mass covalent compounds exist as su:ﬁada They are bad conductors of
- alectricity and are solublein organic solvents. E :
8. - Properties cf ianic and covalert compounds are aduquateh.r e:ptamnd onthe basis of
.thetwe afama-cﬁwfumaspruemhemmmm By
1.  Tick(v)the correctanswer.

(i)

(i}

When molten copper and mollen zinc are mixed together, they give rise

to a new substance called brass. Predict what type of bond 15 formed

between copper and zinc.

(a) Coordinate covalent bond {b} lonic bond

(c) Metallicbond (d) Covalentbond

Which element is capable of forming 2l the three types of bonds;

covalent, coordinate covalent or ionic?

(a) Carbon (b) Oxygen

() Magnesium (d) Silicon

Why is H:0 a liquid while H,S is a gas?

(a) Because in water, the atomic size of oxygen is smaller than that of
sulphur

(b) Because water is a polar compound and there exists strong forces of
attraction between its molecules

() BecauseH,O molecule islighter than H,S

(d) Becausewater can easily freeze intoice
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(wi)

(wii)

{wiii)

(ix)

(x)
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Which of the following bonds is expectad to be the weakest?

&

e
i

{a) C-C {b) C-d

{© 0-0 {d) F-F

Which form of carbon is used as a lubricant?

(a) Coal (o) Diamond

(c) Graphite {d) Charcoal

Keeping in view the intermolecular forces of attraction, indicate which

compound has the highest beiling point.

(@) H.0 (b) H.S

() HF (d} NH;

Which metal has the lowest melting point?

{a) Li (by Na

(€ K (dy Rb

Which ianic compound has the highest melting point?

{a) NaCi by KCl

(c) LiCl {d) RbCl

Which compound coritains both covalent and ionic bonds?

(a) MagCl, (b) NH,CI

ic) CaO (d) PCl,

Which among of the following has a double covalent bond?

(a) Ethane (b) Methane

{c) Ethylene (d) Acetylene
Questions for Short Answers

What type of elements lose their outer electron easily and what type of

elements gain electron easily?

Why does lower malecular mass covalent compound exist as gases or low

boiling liquids.

Give one example of an element which exists as a crystalline solid and it has

covalent bonds inits atoms.

iv. Which property of metals makes them malleable and ductile?

=

Is cardinate covalent bond a strong bond?

vi. Write down dot and cross formula of HNOs.
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3. Constructed Response Questions

L. Why HFisaliquid while HCl is 2 gas?
ii. Whycovalentcompounds are generally not soluble in water?
lii. How dametals conduct heat?
iv. Howmany oxides does nitrogen farm, Write down the formulae of oxides?
v. Whatwill happen if NaBr is treated with AgNO; in water?
vi. Why doesiodine exist as a solid while Cl; exist as a gas?

4. Descriptive Questions

i.  Explain the formation of an ionic bond and a covalent bond.

li. Howdoionsarange themselve to form NaCl crystal.

jii. Explain the preperties of metals keeping in view the nature of metellic bond.
iv. Compare the properties of ionic and covalent campounds.

v. Howwill you explain the electrical conductivity of graphite crystals?

vi. Why are metals usually hard and heawvy?
5

. Investigative Questions

i. The formula of AICh in vapour phase is Al:Cl: which means it exists as a
dimer. Explain the bonding between its two molecules?

iil. Explain the structure of sand (Si0;).
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5tu:ien't Learriing ﬂ-utcc-rneﬂ

After studying this chapter, students will be able to:
«  Stave the formulae of common elements and compaunds.

+  Define molecular formula of a compound as the nurnber and type of gifferent atoms
inane molecule

«  Define empirical formula of a compound as the simplest whole number rano of
different atomsin a Molecule

+  Deduce the formula and name of a binary ionic compounds from ions given relevant
infarmation

+  Deduce the formula of 2 malecular substance from the given structure of malecules.

+  Usethe relationship amount of substance= mass/ malar mass to calculate number of
moles, mass, molar mass, relative mass (atomic/molecularfformula) and number of
particles

«  Define mole as amount of substance containing Avogadro's number 6.02x 10%) of
particles

«  Explain the relationship between a mole and Avogadro's constant.

»  Construct chemical equations and jonic equations to show reactants forming
aroducts, including state symbols.

«  Deduce the symbol equation with state symbols for 3 chemical reaction given
relevant information.,

Stoichiometry is an important concept in chemistry which helps us to
calculate the amounts of reactants and products by using a balanced chemical
equation, It is based on the law of conservation of mass which states that matter
can neither be created nor destroyed. Therefore, the total mass of all the
reactants must be equal to the total mass of all the products. The stoichiometric
coefficient used to balance a chemical equation provides the mole ratio between
reactants and products.
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4.1 Chemical formula

Elements exist in different forms in this world. There are elements which
existin the form of aggregate of atoms. These elements are represented by their
symbols alone, for example Na, Ca, C, Fe, etc. On the other hand, elements like O,,
Ny, Hz exist as discrete molecules in which their atomms are chemically bonded to
each other. In ozone, three atoms of oxygen are bonded to each other, 50 its
chemica! formula is O,.

Similar to elements, chemical compounds also exist in different forms.
Common salt i.e. sodium chloride exists in the form of ions which are banded
together in the form of a crystal. Since ratio between its ions is 1:1, sodium
chleride Is represented by a formula unit NaCl. Similarly, the other ionic
compounds are represented by their formula units which show the minimum
ratio present between their ions. Examples are CaCl;, KBr, BaCl;, etc.

Covalent compounds generally exist in discrete molecules in which atoms
are bonded together. For example, water exists as molecules which are
represented by the chemical formula H;O. It shows that in one molecule of water
two atoms of hydrogen are banded to one atom of oxygen. Similarly, chemical
compound, ammonia is represented by NH; and methane gas is represented by
CH.. A chemical compound is thus, represented by a chemical formula which is
called the molecular formula of that compound and which shows all the types of
atoms bonded together in one molecule of that compound. Examples of
covalent compounds are HCl, HF, H,;5, PH,, H;03 HaS0,, CO4, CO, CgH,, etc.

Stoichiometry is used in industry quite often to determine the amount of
raw materials required to produce the desired amount of the products,

How would you differentiate between the chemical formula of an element
and that of a compound? Give examples. Write down the names of ionic and
covalent compounds whose formulas have been given in this article,

B 4.2 Empirical Formula

Empirical Formula of a compound shows the minimum ratic between
atoms present in that compound. All the ionic compounds are represented by
their empirical formulas. These formulas show the simplest ratio present
between theirions. The empirical formula of calcium fluoride is CaF; which shows
the ratio present between calcium and fluoride ions in its crystal.

Far covalent chemical compounds, which exist as molecules, the empirical
formulas may be different from their molecular formulas, For example, hydrogen
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peroxide is represented by its molecular formula Hﬁl_Dj, 11'.-'. ernplncal farmula will
be HO. Similarly, a benzene molecule has CgHs as its molecular formula; so its
empirical formula will be CH. For water, the molecular formula and the empirical
formuia are both the same i.e. H;O because there does not exist any minimum
ratio between hydrogen and cxycen atoms.

Since an empirical formula does not tell us
the actual number of atoms present in that
compound, rather it represents the simplest ratio
between atoms, it is possible that some
compounds may have the same empirical formula,
For example, both benzene (C¢Hg) and acetylene
(C3H3) have the same empirical formula CH.

Give two exampig: 3’5
the compounds whu:h
have same empmcgl

ndmolecularfogmglg?!_

4.3 Chemical Formula of Binary lonic Compounds

In order to write down the farmula of an ionic compound, first identify the
cations and anions and the number of charges prasent on them. Finally combine
the two ions together to form an electrically neutral compound.

If you know the name of binary ionic compound, you can write its
chemical formula. Start by writing symbol of cation with its charge. Then write the
symbol of anion with its charge and find out how many of these ions are needed
to give an electrically neutral compound, For example, write down the formula of
lithium oxide. The symbel of lithium cation with its single positive charge is Li" .
The symboal of anionis O,

Let us now apply crisscross method to write the b
formula. In this method, the numerical value of each cf \ ,/’G/
the ion charges is crossed over to become the
subscript of the other ion. Signs of the charges are /
then dropped. L+O

Cation Anlen

Li,C

Write down the formula of Aluminium oxide.

Cation Al &351___ Anion /EP Al;Os
Tt e

—-—"‘

Write down the formula of Magnesium nitride.

Cation Mg@-___  Anion NP MgaN;
e~
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The composition of all the chemical products we use in our lives, such as shampaos,
perfumes, soaps and fertilizers are formed using stoichiometric calculations, Without
stoichiometry the chemical industry does not exist.

——— e I N T
“Atotnsand their Cations. 70 Atoms and their Anions and | -

o witheHarges it Ui L . Catignawith charges .
Atom Charge |  Atom ~ Charge
H H* o o™
Na Na'* N N*
Li L™ Cl cl-
K K™ Br Br”
Mg | Mg” | =
Ca Ca™ Cu Cu", Cu™
Ba Ba™ Fe Fe'", Fe™
Zn n* Sn Sn*, Sn*

Al AP

4.4 Chemical Formula of Compounds

Molecular formula of 2 compound can be found out if we know its
empirical formula. To calculate the empirical formula of a compound, you need
to determine the simplest whole-number ratio of atoms in the compecund., This
cen be dene by using experimental data on the mass percent composition of the
compound, Molecular formula is then calculated by the following relationship,

Maolecular formula = n (Empirical Formula)

WS & . Molar Mass
Empirical Fermula mass

For example, the empirical formula of hydrogen peroxide is HO. [ts molar
mass is 34. Its molecular formula will then be

34
n= 1— =2
Molecular formula = (HO): = H:0;
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I for acompcund the value uf n is one, then its molecuiarfﬂrmula is the same as
its empirical formula.

- Whritedown the names of three such compounds which have
different empirical and molecular formulas.

Sample Problem:

- Empirical ﬁ:mnula ofa carrpnmd is CH its molecular mass is 78 g mol”, Find i
outits motectﬂarfnfmula T Fid
Empirical Formula ..~ = cH ‘Molecularmass =78 g mol-1 |

Molecular hrmufa - = n{Empirical formula) ' 1
n = molarmass/empincal formula mass
LN
bl 1.=. i
Molecuiar Formula: =(CH)s = CsHs

1. The empirical formula of a compound is CH,O, ts molar massis 180g
mol”, Determine its molecular formula.

2. The empirical formula of a compound is CH,0. Its molar mass is 60g

mol”’. Determine its molecular formula.

m 4.5 Deduce the molecular formula from the structural fnrmula

In order to deduce the molecular formula from the structural formula the
following steps are taken.
1. Write down the structural formula of the compound.
Count the number of atoms of each type in the structural formula.
Write the symbols of all the elements.
Write the tatal number of atoms of each kind as asubscript.
Remave the subscript 1.

Write dmun the mulemlarformu I ufsdphunc scid. Its struttunl formulais. . |

TELER
' ifrﬂ—_-sl_—ﬂ—ﬁ St

b W

ithas2H, 15and4O0atoms.” o I

Its maleculzr formula will be H:S0,
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Write down the molecular formula of acetic acid. Its structure formulais:
= . G =St
Il
' (Hy=C=0=H
It has 2C, 4H, 20 atoms

Its molecu !;r_r_mli will be Cy .04

1. Find out the molecular formula of phosphoric acid, Its structural
formulais: OH
I
HO—P—OH
Il
0
2. Determine the molecular formula of n— propyl alcohol. its structurzl
formulais CH;—CH; —CH; —OH

3. Write down the formula of calcium carbonate. Its structural formula
is: (9] (&
N/
.

!
o}

Ca”

B 4.6 Avogadro's Number (N,)

In a chemical reaction, large number of atoms or molecules of reactants
react to give the products, We would very much like to know the weight ratio in
which the reactants react. For this purpose, we would also like to express these
weights of reactants in grams. To achieve this objective, we need to transform the
concepts of chemical formula and atomic mass units into such concepts which
may lead us to know the weights of reacting elements and compounds in grams.
Avogadro, an ltalian scientist, helped us to achieve this objective in the following
way.
Let us consider the following reaction in which two atoms of carbon react
with a molecule of oxygen to produce two molecules of CO.

2 + 02 —— 200

Atom Maolecule Molecules
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Sin:g it is nat possible to account for the masses of individual atoms or
molecules because these are very small particles, we increase the number of
reacting species as written below,
2C + 02 ——» 200
2 = 100 atoms 100 Molecules 2 x 100 Molecules
2 » 10000 atoms 10000 Molecules 2 x 10000 Molecules
Increasing the number of reacting atoms or molecules will not change the
ratio in which these are reacting or are being formec.
Increasing the number of reacting species, however, has not solved the
problem because this number is still very small. We should increase this number
to such a value whereby it is convenient for us to calculate their masses.

Th
w2 + 07 —m—— s 200

2x6.022 = 10" Atoms 6.022x 10" Molecules 2x6.022x 10" Molecules

2 x 6022 x 10" is a huge number and we have selected this because
1.00g = 6022 x 10" amu

Now the amounts of reactants and products in the forementioned equation can
be written as follows.
24.00 g carbon atoms = 2 x 6.022 = 10" (12.0 amu)

32.00 g oxygen molecules = 6.022 = 10® (16.0 amu)
2 x 28,00 g carbon monoxide molecules = 2 x 6,022 x 10™ (28 amu)

Mﬂ.-l is impartant hev:luse atoms and molecules are so small, The mole concept
allows us to count atoms and malecules by weighing macroscopically small smounts
of matter,

The weight ratio between the reactants and those of products will then become
C + 0 ————» 200
24g 32g 56g
You must have realized that starting from a simple equation we have developed
such ratio of masses of the reacting species which can conveniently be used in
thelaboratory.
According to the above-mentioned equation, 24 g of carbon contains 2 x
6.022 x 10® atoms of carbon, 32 g of oxygen contains 602 x 10" moelecules of
oxygen and 56 g of carbon monoxide contains 2 x 6.022 x 107 of its molecules.
The number 6.022 x 10¥ s called Avogadro's number after the name of
Amaedo Avogadro who discovered it. This number is represented as N,
62
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Avogadro's number has an immense significance in Chemistry and the
guantity of a substance containing Avogadro's number of particles (NA) is called
a Mole. Mole is a number like a dozen or a gross. A dozen of oranges means 12
oranges. Similarly, a mole of a substance means its 6.022 x 10* particles. When
we use the term mole of a substance, we must also refer to what type of particles
are present in this substance. The following examples will help you to understand
the concept clearly.

A mole of carbon atoms contains 6.022 x 10** atoms and weighs 12 g.

A male of oxygen molecules (Os) contains 6.022 x 10** molecules and
weighs 32g. A mole of sodium chloride (NaCl) consists of 6.022 x 10* of its
formula units and its massis 58.5 g.

The mass of one mole of a substance s called Molar mass. The molar mass
of hydrogen atoms refers to the mass of one mole of hydrogen atoms and its
value is 1,008 g. Similarly the molar mass of hydrogen molecules will be 2.016 g.

The chemical equation discussed in the previous article will now be
understood in the following way.

b ) PO : » 2CO
S osam - One molecule : Two molecules
- One moleofQ; . . Two malesofCD
U 6.022%10° molecules  2x6,022x10™ molecules
One mole et Two moles '
24 | 56 o

Calculate the molar masses of the following compau nds
H;PO*SIG; CT:HHO'“. NZO'II hﬂg(:{:}l X X 1

Dﬂmm&t‘imﬂlﬁmm&m{ql}wdngr@mpmnﬂingw. B
WA ) | H%SDuu tﬁuh:lhuﬁc acid) . {b) CyoHg (Naphthalene)
':i] Hi50u ;

htumrtmaisnm vt AtomicmassofS=32  Atomicmassof O =16
- Add the contribution of each stom : % fel 203
_ z( #1{32}4-4{15} Eﬂgmol"
{b) CabhyaC : iy x
Atomic massof C=12 " Eag e o=t  Atomicmassof O =16
nddmamq:ﬁmuunnfmhmm

B(12) + 12(1) + 6(16) = 180 g mal”
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4.8 Chemical Equations and Chemical Reactions

To understand a chemical change and to study the different factors which
control it, has always been a focal point in the efforts of chemists. To achieve
these objectives, we should have an appropriate way of representing a chemical
change. Fortunately, the chemists have developed a very suitable way of
representing a chemical change in terms of symbals of elements and formulas of
compounds. Representing a chemical change in this way is called a chemical
equation. A chemical equation tells us the elements or compounds which are
reacting and those which are being produced as a result of a chemical change.
The reacting substances are czlled as reactants while those being produced are
called products. It is customary to write the reactants on the left-hand side and
the products on the right-hand side. An arrow head drawn from reactants to
products separates the two. The following example will help you to understand
these points clearly.

1 y
A, |+ 30, —— Zif’m
.=, |Reactants - Profiucts
The following points must be kept in mind while writing a chemical equation.

1. A chemical equation must obey the law of conservation of mass. This
means that no atom should be destroyed or produced during a chemical
change. The total number and the type of atoms must remain the same
during a chemical change.

The formulas of elements and compounds must be written corractly.

3. A chemical equation must determine the correct mole ratio among the

reactants, the products and between the reactants and the products.

4. A chemical equation must also point out the direction in which the
change is proceeding.

5. Itis a usual practice to show the normal physical states of reactants and
products. Solid, liquid and gas are symbolized as s, | and g respectively.
Aqueous (aq) represents the scivated ion.

A chemical equation can, however, only be written if all the previous
mentioned points are experimentally verified. For example, the nature of the
products and their correct formulas must first be ascertained before writing a
chemical equation. After the experimental verification of all the information
about a chemical change, we should now be able to write a correct chemical
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-equatian. fhe following equatiuﬁ_l-tas been written keeping in view ail .'fhe_points
mentioned above.
Zng + HSO,y —— ZnSO,, + Hyy

According to this chemical equation, zinc reacts with sulphuric acid to
give zinc sulphate and hydrogen gas. This chemical equation further tells us the
mole ratio not only between reactants or products but also between reactants
and products. According to the equation, one mole of zinc reacts with one mole
of sulphuric acid to produce one mole of zinc sulphate and one mole of
hydrogen gas.

Sometimes a chemical reaction moves both ways. In other words, the
reactants react to give the products and the products, in turn, react to give the
reactants back. Such reactions are called as reversible reactions and are indicated

by (===)sign,e.g.
Nag -+ 3H, g v 2NH

Reaction involving ions may aiso be shown in Ithe form of chemical equation.
Both AgNO, and NaCl are ionic compounds and are soluble in water, When they
are mixed in water, they react to form products.

AgNO, ., + NaCl,, AgCl, + Na' + NOj,,

AgCl being insoluble comes out of the aqueous solution.

4.9 Calculations Based on Chemical Equation

A complete and balanced chemical equation tells us the mole ratio or
molar mass ratio between the reactants and the products. With the help of this
ratio, we can find out the malar masses of the products provided we know the
melar masses of the reactants, Similarly the molar masses of the reactants can
also be found out if we know the molar masses of the products.

For example, the following equation tells us that one mole {100 g) of
calcium carbonate reacts with two moles (73 g) of hydrochloric acid to produce
one mole (111 g) of CaCl,, one mole (18 g) of water and one mole (44 g) of carbon
dioxide.

Ca'to:m > EHCI:-r Ry Caﬂzﬁ-&l ) HO, -+ coz-;:

“Tmole 7.  2males: =~ . 1male 1 mole 1 mole
100 g 73g 111g 18g 44 g
The total masses of the reactants are equal to the total masses of the products,
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25g of limestone (CaCO,) reacts with an excess of hydrochloric acid according
to the above equation. How much calcium chloride (CaCly) will be praduﬁed?

LITELY Massof CaCO, =259 Malar mass of CaCO; = 100 g mol™
Massof CaCloproduct=?  Molarmass of CaCl; =111 gmol”
According to the equation i
100 g of limestone reacts to praduce calcium chloride  =111g

1 g of limestone will react to produce calcium chloride = l; g

25g oflrmﬁtnne wm react to produce calcium chloride = %—; %25

= 2??59

Example 2 T

1.80 moles of ethyl alcuhai when bumt in air completely, wili utl|[ZE[hDW

~ many males of oxygen gas'-‘ ﬁ.!s.n calculate the number of rnules ui CO;

pmduced.

E
| No, of muiesofethyl alcohol w180, 2. |
No.of moles of oxygenneeded =7 ; g4

The balanced chemical equatmnfnrthé reaction will be
CHOH, *+ 30y ——* zr:o,ﬁ - su-e,'_t::r-',1

An:nrding I:u this oqu.ntian
One mole of ethyl alcohal, when completely bumt. needs oxygen = 3 mnles
1.8 moles of ethyl alcohol, upon burning, will need oxygen 3 1.8
' s _ e 5.4 moles
1moleof ethyl alcohol pmduces molesafCO;: 7= L Sl 2 a gl i
18 mo! of ethyi alcohol will produce e g Teew 1.8
iy BE - 3.6moales
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Aluminium metal reacts with oxygen to produce aluminium oxide. How
many grams of oxygen wﬂl be reguired ta react completely with 0.3 moles of
aluminium?

LLUNLL Y Molesof Al = 3.0 GramsofQ,used = ?
The balanced chemical equation for the reaction.

i 4Al, + 30,, — 24,0
h::nrding to this equation

4 moles of aluminjum need oxygen . =3.0moles
1.0 mole of aluminium will need oxygen = .%
03 molesof aluminiumwillneed oxygen A _3. x 0.3

s | ' = 0225 moles
': _‘|1 mole ofoxygen {O2) has molar mass -« | '=32g
« 0.225 male of oxygen (O3) will have molarmass =32 x 0225

=72¢g
:

How many molecules of water will be produced if we react 5 g of hydrogen
gas with excess of oxygen gas?
Mass of H; used = 5g Molecules of water produced = 7

The balanced chemical equation for the reaction:
2H,, + Oy — 2H,0,

2 moles 1 mole 2 moles
49 329 36g
According to this equation
4 g of hydrogen produce H;O = 369 of HO
5 g of hydrogen will produce H;0 = %-5 x5 =45g0f HO
18¢ (1mole) of H,0 containmolecules =602 x 10**
36g of H,C contain malecules =602 x 10%¥x2
=12,04 x 10%

45g of H,0 contain = :——-g x 12.04 x 109 |

= 1.505 x 10* molecules |

&7



Malecular formula of an element ora compound shows the actual number of atoms
presantin the molecule ofthe slement ora compound,

2. The formula of a compound which gives the minimum ratio present between its
atoms |s called its Empirical formula. All the ionic compounds and some of the
covalen: compounds are represented by their empirical fermulas.

3. Chemical farmula of a binary lonic compounds can be written if you know their names
and the charges present on the jons.

4 Chemical formula of 8 compound is n times its empirical formula where n is the ratio
of molar mass ta empirical formula mass.

5. Avogadra's number has been calculated to know the mass ratio of reactants and
productsn a chemical reaction. The value of this number is 6,022 = 10™.

6. The quantiy of an element ar a compound, which contains Avogadra’s number of

, particles, is called a Mole and the mass of a substance present in it is called the Molar
‘ Mass,

7. A chemicsl eguation tells the reacting and producing elements or compounds in a
chemical reaction, It also tells the mole ratic between reactants or products and
between reactants and products, A chemical equation must be balanced and should
show the correct formulas of all the participating elemants and compounds.

8. The male ratic between reactants and products as shown by a chemical equation
enables us to find out the mass ratio of these substances. A chemiczl equation is used
to calculate the masses of the reactants as well as the products, which take part In a
chemical reaction.

exercise Ko
1.  Tick(v)the correct answer.
(i) How many atoms are present in one gram of H,07
(a) 1002 x 10** atoms (b) 6.022 x 10™ atoms
{©) 0.334 x 10® atoms (d) 2.004 x 10** atoms
i)  Which is the correct formula of calcium phesphice?
{a) CaP (b) CaP,
{c) CasPs (d) CasP;
(i)  Howmany atomic mass units (amu) are therein one gram?
(a) 1amu {(b) 10%amu
(¢) 6.022 % 10%amu (d) 6.022 % 10" amu
(iv)  Structural formula of 2-hexene is CHs = CH = CH = (CH3)a — CHy. What will

be its empirical formula?

{3} C;H: {h] CH
(€) CaHia (d) CH:
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{w1)

(wit)

{vini)

{ix)

{x)

iil.
.

How many molesare there in 25 g of H;50,7

(a) 0.765moles {b) 0.51 moles

() 0.255 moles {d) 0.4 maoles

A necldace has 6g of diamonds in it. What are the number of carbon

atomsinit?

(a) 6.02x10% (b) 12.04x 10%*

() 1.003x% 10% (d)3.01x10*

What is the rass of Alin 204g of aluminium axide, AlOs,

(a) 26g (6)27g (c) 54g (d) 108g

Which one of the following compounds will have the highest percentage

of the mass of nitrogen?

(a) CO{NHz)2 () NaH, (c) NH; {d) NH;OH

When one mole of each of the following compounds is reacted with

axygen, which will preduce the maximum amount of CO;?

(a) Carbon (b) Dlamond (¢) Ethane {d) Methane

What mass of 95% CaCOs will be required to rieutralize 50 cm® of 0.5M

HCL solution?

{(a) 9.59 {b)1.25g (€)1.32g (d) 1.45¢
Questions for Short Answers

Write down the chemical formula of barium nitride.
Find out the molecular formula of a compound whose empirical formulza is
CH,0 and its molar mass Is 180,

iii. Howmany moleculesare presentin 1.5 gH,0?

What is the difference between a mole and Avogadro’s number?
Write down the chemical equation of the following reaction.
Copper + Sulphuricacid — Coppersulphate + Sulphurdioxide + Water

Constructed Response Questions
Different compounds will never have the same moleculer formula but they
can have the same empirical formula. Explain
Wirite down the chemical formulas of the follewing compounds.
Calcium phosphate, Aluminium nitride, Sodium acetate, Ammonium
carbonate and Bismuth sulphate,
Why does Avogadro's number have an immense importance in chemistry?
When B.657g of a compound were converted into elements, it gave 5.217g
of carbon, 0.962g of hydrogen and 2.478g of oxygen. Calculate the
percentage of each element presentin this compound.
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v. How can you calculate the masses of the products formed in a reversible
reaction?

=

4. Descriptive Questions
i.  Which canditions must be fulfilled before writing a chemical equation for a
reaction?
il. Explainthe cancepts of Avogadro's numbers and mole.
iii. How many grams of CO, will be produced when we react 10 g of CH, with
excess of C, according to the following equation?
CHy *+ 20, — CQ,, + 2HO,
iv. Howmany moles of coal are needed to produce 10 moles of CO accerding to
the following equation?
3C, + Oy + HOy—> H, + 3C0
v. Howmuch SO;is needed in grams to produce 10 moles of sulphur?
2HS, + SO,, — 2HO, + 35,
vi. Howmuch ammaoniais needed in grams to produce 1 kg of urea fertilizer?
2NH; 0y + COppy — CONH) e *+ H.0,,
vil. Calculate the number of atoms in the following.
{a)3gof H, (b)34molesafN; () 10g of CiH:20s.

5. Investigative Questions

i. It is generally believed that drinking eight glasses of water every day is
required to keep oneself hydrated especially in the summer, If a glass
occupies 400 ¢cm” of water on the average, how many moles of water are
neaded for a single adult?

ii. The chemical formula for sand is Si0; but the sand does not exist in the form
of discrete molecules like H;O. How has its formula been determined
keeping inview its structure?
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Chapter

After studying this chapter, students will be able to: A

«  Explain the idea of a chemical system and its connection with jts sumoundings
influences energy transfer during a chemical reaction,

. Difterantiate between exothermic and endothermic reactions by giving examples.

. State that thermal energy is called enthalpy change 2nd recognize its sign ag negative
far exothermic and pesitve for éndothermic reactians

. Define activation energy as the minimum energy that colliding particdles must have for
a successiul collision. '

. Expiain that activation energy depends on reaction pathway which can e changed
dsing catalysts or enzyme (detalled pathways not requlred)

' Draw, iabel and interpret reaction pathway diagram for exathermic and erdethermic
react'on which includes enthalpy change, activation energy (uncatalyzed and
catalyzed), reactants zrd products '

+ - Recognize that bond breaking is-endothermic and bond making is excthermic
processes.

L] Explain that snthalpy change is sum of energies absorbed and released 'in bond
breaking and bond forming

+  Calculate enthalpy change of a reaction given bond energy values

. Explain how respiration (2erabic and anaerobic), an exothermic process, pravides
energy fior biological systems and hipids as reserve stares of energy

Introduction

Energy exists in different forms which are often interconvertable. In
chemical energetics we are mainly concerned with two forms of energy.

1. Chemical Energy: This energy is stored in a molecule in which atoms are
bonded to each other.
2 Heat Energy: This form of energy is released when a bond is farmed

and absorbed when it is broken

n
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ln energetn-:s we study the energy changes that tal:e place during a
chemical reaction. These changes are caused by the making and breaking of
bonds during a reaction. In most of the reactions the weak bonds of reactants
break while in products new strong bonds are formed. Since energy is needed to
break a bond while energy is evalved when a band is formed, such reactions take
place always with the evolution of heat. If a reaction is accompanied with the
evolution of heat it is called an exothermic reaction and if heat is absorbed
during a reaction itis called an endothermic reaction.

In energetics we not only encounter heat which comes out of a chemical
reaction but also another quantity which is called enthalpy.

Enthalpy (H) or heat content, is defined as the total amount of thermal
energy stored in a compound, The unit of its measurement is k) mol .

When the energy is absorbed during a reaction, the total enthalpy of the
system increases. When energy is evelved during a reaction, the total enthalpy of
the system decreases.

Chemical energetics is part of a broader field of * Thum < "raung was
chemistry called Thermodynamics. In energetics we | o fiskt to use the
study the flow of energy in a chemical reaction. . ,qrd nergy’ to the
Thermodynamics deals with how the energy changes .14 of physics in
during chemical reaction affect the properties of a 13921 f ;
chemical system.

- 5.1 System and Surounding

In Chemistry, any physical or chemical change under study may also be
called a system, The chemical reaction includes reactants, products, catalyst,
solvent and anything else which is important to study this reaction. Everything
else which dees not fall in this system is called the surrounding. For example, if
you are bailing water in the beaker, the water molecules will be called a system
while everything surrounding this like beaker, burner, etc. will be called the
surrounding, When energy is transferred from surrounding to the system, the
change is called endothermic and it has a positive sign. When energy s
transferred from system to surrounding, the change is called exothermic and it
carries negative sign.

Elmergy evalved during a d-bem::l reaction is used In everyday |rf! for cooking,
heating, lighting, transportation, communicaticn, entertainment and much more,
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Surroundings get cooler Surroundings get warmer

Fig (5.1) System and surrounding exchanging energy

Does beiling water in a beaker endothermic or exothermic charrgé? Which
form of energy is being transferred in this system, :

Enthalpy is impaortant because it tells us how much heat [s present in a system. Heat is
important because we can extract useful work from it

fE 5.2 Enthalpy

The tatal amount of heat energy present in 2 molecule under standard
conditions (0°C temperature and 760 mm pressure) is also called its heat content.
Enthalpy is the measurement of energy in a thermodynamic system. The quantity
of enthalpy is equal to the total heat content of a system, Enthalpy of a system is
represented by (H) while the change in enthalpy which a system undergoes is
represented by AH. The total enthalpy (H) of a system cannot be measured
directly. However, the change in enthalpy AH brought about in a system can be
measured comparatively easily.

In Chemistry, the standard enthalpy of reaction (AH") is the enthalpy
change when reactants in their standard states undergo reaction to produce
products in their standard states. This quantity is called the standarc enthalpy
change or heat of reaction at constant pressure.

2¢O, + 0,, —— 2C0,. AH® = -566.0kl

The reaction in this system is thus exothermic evolving 566 kI of heat energy
which s given to the surrounding.
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Heat [s a form of energy that flows from hot bedy to a cu'ﬁd body because
of a difference in temperature. We measure heat in joules, Heat is what we call the
transfer of thermal energy. Contrary to this, enthalpy is an essential part of 2
system since it depends on the number of malecules present in that system, its
chemical composition and its structure. Heat is not essential part of a system, it
Jjust comes and goes. When heat leaves or enters a system, it results in a change of
enthalpy. At a constant pressure the enthalpy change is equal to heat evalved or
absorbed.

Can energy be transferred in a form other than heat during a chemical
reaction?

Exercise

Why itis not possible to calculate the enthalpy of a system?

5.3 Exothermic and Endothermic Reactions

A physical or a chemical change is almost always accompanied with either
absorption or evolution of heat. Heat, which is evolved or absorbed during a
chemical reaction, is called the heat of that reaction.

Chemical reactions in which heat energy is evolved are called exgthermic
reactions while those in which heat energy is absorbed are called endothermic
reactions, Heat, which is evolved during an exothermic reaction, goes to the
surrounding and the container in which such a reaction is being carried out, gets
hot. Conversely, in an endothermic reaction, the absorption of heat from the
surrounding will decrease the temperature of the container,

Example: Hydrogen gas and oxygen gas react to give liquid water in an
exothermic reachnn

zH, (@5 0] @) =l 2H,0 M + 571.6K
H_yﬁmg‘un Ciygen Water

571.6 ki heat energy is evolved during this reaction. If the energy evolved
s shown separately it is expressed as AH = -571.6 k). The same amount of energy
will be absorbed when the reaction will move in the backward direction i.e. water
will decompose to give hydragen and oxygen back.
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E:umph Carbon dlmnde gas is produced when snlld carbon bums in mtygen
gas.

€ + 0,(g) —— CO,(g) + 3935W
Carbon  Oxygen Carbon dioxide

It is also an excthermic reaction and 393.5 kJ heat energy is evolved
during this reaction. When this reaction moves in the backward direction, the
same amount of energy i.e. 393.5 kJ will be absorbed, This reactionhas AH -571.6
Kmol” of CC,.

Both the reactions mentioned above are the examples of exothermic
changes.

The following reactions represent endothermic changes.

CHilg) * L(s): -----+ 2Hilg) - 53&3!:} :
Hy'dmgen hdm& Hﬁmﬁrn fodide I

The enthalpy change for the reactionis AH = 53.08 l:J

Hydrogen gas reacts with salid iodine only at high temperature and 53.08
kJ of heat energy is absorbed.
Fermation of NO in air due to lightening in the clouds.

Ny (@) + 0;lg) ———» 2NO(g).— 180.6 kI
Nitrogen  oxygen - Nitric Owide

The enthalpy change for the reaction is Ad = 180.6 .

|-L-~'lij

Heat evolved or absorbed during a reaction is used in self-heating or self-cooling
packs, These packs contain reactants that undergo an exothermic or an endothermic
reaction providing high or low temperature.

QOur present-day living conditions depend heavily on the availability of
energy in its various forms. Exothermic chemical reactions are extensively used
to fulfill this requirement. In such reactions, chemical energy is converted into
heat energy. We bumn fuels like gas, oil and coal to cook food and for other
heating purposes in our homes and industry. During this burning process called
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combustion, compounds present in fuels react with axygen of the air to produce
alarge amount of heat.

Foods such as fats and carbohydrates are important biological fuels,
During metabalism, the chemical energy present in this food is converted to heat
to keep us warm.

A large portion of electricity is produced at power stations by burning
fuels such as natural gas and cosl. The heat which comes out from their
combustion is used to produce steam at high pressure. This high pressure steam
is then used to rotate turbines, which in turn generate electricity,

While driving a vehicle, it is the combustion of petrol or diesel that gives
off energy and drives it forward. The one example of exothermic reactions
people seem to enjoy the most is that of fireworks. Fireworks are the result of
combustion reactions that yield heat, light and sound. Different metal powders
alongwith oxidising agents produce a variety of colours when burut.

— ,14

Fig (5.2) Fireworks

| Why the chemical reaction between sodium metal and water proceeds
violently? -
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“
Is melting of ice an exothermic or endothermic change?

EXD

Can exothermic reaction be reversed?

Let us now examine the reason why the chemical reactions are either
exothermic ar endothermic.
A chemicat reaction mainly invelves the processes which involve bond breaking
and bond formation. In the fellowing reaction, the chemical bonds between the
atoms present in the molecules of H; and O; first break to give their atoms.

2H; (@) + Q;(g) —— 2H,0(g)

2H, {g) —— 4H (g) 0, (g) —— 20(g)
Malecule” SR Malecyle Atorns

These atoms of hydragen the;n form h;‘.rn&s with oxygen atoms to form

two molecules of gaseous H;0.
|

4Hy + 20— Wi X

Breaking of bonds of H; and O, absorb energy (endothermic process)
while making of bonds betwean H and O evolve energy (exothermic process). in
this reaction, weaker bonds are broken i.e of H,. Hence less energy is absorbed in
the system. While the bonds which are formed in water molecule are stronger
and thus greater energy is evolved. Hence, the energy which is evolved is more
than the energy which is abscrbed. The overall reaction is thus exothermic.

2H,(g) ——— 4H(g)i+ 435k /mol  (Endothermic).
0, ——» 20+498k)mol . (Endothermic).
O+H ———» 0O-H=484 kJ/mol (Exothermic)

Since two moles of H; take part in the reaction so total energy absorbed in the
reaction

2H,, —» 4H + 870 kd/mol
Qug — 20, + 498 ki/mol

2H,, + 0,, —> 4H,, + 20, + 1368 ki/mol
7
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It means 1368 kI eﬁergy is absoroed when 2
moles of H, and one mole of O, break their

bands to convert themselves into atoms.

Bond dissociation energy of Ha
is 435 kl/mal while that of Oz is

498k)/mol. Bond formation

energy of one O - H bond is
484 kJ/mol. ;

i
Nitragen of the atmasphere reacts with oxygen to produce nat only in the presence of

lightening, This is because reaction is highly endothermic, so only lightening can
provide enough enerqy far this reaction to take place.

Total energy evolved inthe formation of 4 O—H bonds.
20, + 4H,—> 2H,0, - 1936 ki/mol

This is the energy evolved when two moles of water are formed from 4
moles of hydrogen atoms and 2 moles of oxygen atoms. Thus for the formation
of ane mole of water, the energy evolved will be 868 kJ mol™.

Hence the overall energy evolved in this reaction is = 1936 + 1368 = -568k/ for
two moles of water,

2H,, + Oy —» 2H,0, + 568 kJ/mol or AH =-568 kl

The enthalpy change for the formation of two moles of gaseous water is
thus ~568kJ. So the enthalpy change for the formation of one mole of gaseous
water will be _ 568K

2 mol

The experimental value of formation of gaseous water is -284.3 ld which is
quite close to this calculated value.

-«ﬂ! H‘f

‘I f‘.ﬂ'

Calculate the I!l‘l'l.'flalpy' of the foll owing chemical reaction.

Bundennrgi-emm I,md!-llureﬁﬁ 151,and-299 kI mol” ﬂ.-s,pmmvely

Calculate the enthalpy change for the formation of one mole of liquid water.

= -284 ki mol™

7%
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5.4 How does a Reaction take place?

A reaction takes place when the reactant molecules collide with each

ather ta give 2 transition state, Let us study the following hypothetical reaction.
A+ 8 — 2AB

Before mixing, the molecules of reactants A and B are in a state of random
motion separately colliding with each other and with the walls of container.
Kinetic energies possessed by these molecules are not the same. Majority of
these molecules possess average kinetic energy but a few possess more than
average energy while yet others possess less than average kinetic energy. The
molecules which possess mare than average kinetic energy may alsa be called
excited molecules.

When the two reactant molecules are mixed together, all these
molecules start colliding with each other. The collisions which result by
colliding molecules having average or less than average kinetic energies may
not be able to produce any result. But when the two excited melecules from
both the reactants collide with each other they may be able to produce the
transition state as shown in the following Fig (5.3).

Reactants Seitul BB Product
o : =T = Transition state ' :
Fig (5.3) Formation of Transition state

The transitation state is shown at the peak of curve. After a very short
period of time the transition state either returns to the reactants or to the
products. The progress of the reaction can be shown in the form of the following
energy profile diagram drawn between path of the reaction and the energy of
the reactants anc products.

Transition state

1

|

E Energy of both reactants
’ l is taken as equal.
tnergy

1 -4H
Products
——  Reaction coordinate

Fig (5.4) Path of Exothermic Reaction
74
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Washing clothes at 140°F uses almost twice the energy as at 140°F wash. 90% of the
energy used by the traditional electric bulb is wasted in producing heat.

The energy of the transition state is higher than that of reactants or
products because the bonds between the reactant or product molecules are
being cleaved progressively. The energy absorbed by the reactant or product
molecules in order to be converted into the transition state is called the
activation energy (E,) of the reaction. The difference between the energy of
reactant and that of the product comes out in the form of heat representing
enthalpy (AH) of the reaction. This graph represents the path of an
exothermic reaction Fig (5.4), A similar graph can be drawn for an
endothermicreaction Fig (5.5).

Transition State

Endothemc
Reaction

Products
Energy

I e Reaction coordinate
Fig (5.5) Path of Endothermic Reaction

Exercisa

Are energy diagrams useful?

Exercise

Draw an energy profile diagram for a hypothecal rea;tmn which does not

evalve or absorb heat.

An addition of the catalyst in a reaction increases the rate of reaction
because it changes the path adopted by the reaciants whereby the activation
energy value of the reaction is substantially decreased. As a result, more
reactants are now able to be converted into product molecules and hence the
rate of reaction will increase Fig (5.€).




A catalyst is thus, defined as a substance that increases the rate of a
chemical reaction without itself undergoing any permanent chemical change.
For example, Ni acts as a catalyst in the hydrogenation of oil to give banaspati
ghee. Platinum acts as a catalyst in the production of H, SO,. Chlorine acts as a
catalyst promoting the breakdown of ozone.

Transition state without the catalyst

Transition state in the presence
of catalyst

Activation energy in the
presence of catalyst

Energy
Reactants

Fig (5.6) Path of Reaction in the absence and presence of a catalysist

5.5 Aerobic and Anaerobic Respiration

The process of respiration in human beings is a continuous process.
During this process, we breathe in oxygen and breathe out carbon dioxide.
Respiration also carries compiex chemical reactions inside the human body. This
process that occurs in the presence of oxygen is called aerobic respiration.
Aerobic respiration is an exothermic process and involves the following
reactions.

(CsHO4)
Glucose - Yoplesm, Pyiu:rate %

(CeH:304) +

Energy
Glycolysis

During glycalysis one molecule of glucose is split into two molecules of
pyruvate. This process involves a series of reactions catalysed by enzymes, with a
net production of 2 ATP (Adenosine Triphosphate). When cells of our body
require energy for performing the metabolic activities, they use this ATP and
break it down to get the required energy, The food we eat undergoes digestion
in our body and the digested food molecules that are absorbed by the celis
undergo oxidation to produce energy.

6C0O, + 6H0O + Energy
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In certain organisms like bacteria and algae respiration occurs in the
absence of oxygen and it is called anaerobic respiration. This is also an
exothermic process and during this process glucase is converted into carbon
dioxide and ethanol with the evolution of energy.
in cytoplasm Absence of oxygen
e treliiene i

Glucose Pyru:ate — . C,HiclH + CO,
Energy Energy

Lipids are a group of organic compounds which incude fats, waxes,
sterols, etc, Lipids serve as an energy reserve within our body. About haif of the
fuel our body needs comes from lipids. If you eat more food than you need in a
day, the excess food is stored as lipids in adipose cells. In between meals and
during exercise our body relies on this resource to provide energy. Glycogen is
the prirnary storage form of gluccse. Itis stored in the liver and muscles,

1. Anyphysmal or chemical change under study is called a system. Everything else which
does not {2l inthis system is called surrounding. |
2. The1otal amount of heat enargy present in a system at standard conditions is calleg
: its heat content The quantity of enthalpy of a sw:érn is alsa called its total heat
content. -
% 4 andam enﬁﬂlpy ofa reactia‘msthe enthalpy changet}utn:ﬂnmn reactants
' in their standard states undergo reaction to produce products in their standard states.
4. Chemical reactions which take place with the evoiution of heat are called exathermic
reactions while those which proceed with the absorption of heat are called
endothermicreactions.
5. ﬁdlﬂiﬂiﬁl reaction always invelves breaking and intmltinn of chemical bonds.
6. When weaker bonds are broken while stronger I:qnds are fmmd, the reaction is
: overall ucﬂ'lﬂmicmdmwm

7. A reaction takes place when the reactant parndus mlllda to give a tmnsltlr.m state

whdﬂhﬂ change intull'leprndum

8  The enargy neaded by the uﬂctmt particles to clunge mtu transition state is calied
activation enesgy.

9. The diﬂ'!mhcebthiunﬁemﬁrgyu#mand tﬂ&tnfgmduﬂi is called mthllp'f
change of the reaction.

‘ 10. The reactianis imthumictfthe energy of the pmdutts Ts less than that of rem:tanu
and endcrﬂwmmfﬂwe energy of the products ismmthemmntof reactarits.

1K gtalysmuumthe rate of reaction by decreasing '.fs activation energy.

12. 'The pracess of respiration In human beings takes place In the presence of oxygen and
itis calied an aerobic respiration. In some organisins, the respiration occurs-in the
absence of oxygen which is called anaerobic respiration -
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(i)

fiii)

(iv)

(v)

Tick (V') the correct answer,

The following reaction is an exothermic reaction.
Hy + Ol Sunlight 2HC
From where does the energy come to break the bond of H. and C1.7
(a) By collisions between the molecules
(b} Fromsunlight
{c) From thesurrounding
(d) By ccllisions of the molecules with the walls of the container
Which of the following reactions has the least value of activation energy?
(@) Hyy + Y20y, ——— H,O,,
(B) C,. + Oy ——» CO,,
(c} NaCl,, + AgNO, lag) ——» AgCl, + NaNO,
(d) Hyy + by ———— 2HI,
Formation of which hydrogen halide from the elements is an endothermic
reactuon{

(a) HCI (b} HF

(¢) HBr (d) HI

What are the products of anaerobic respiration?

(a) ATP +CO; + K0 (b) CO; + H:0
{c) ATP + Ethanol + H:O (d) Ethanol + H;0

Which reaction do you expect to be a reversible reaction?

(a) (b}

Fnergy

A+ B Eﬂwﬁ C+D
il
c+D

Path ol Reaction Path of Reaction



{vi)

(wii)

(wiit)

(ix)

© - (@

A+ B

Energy

Energy
=
+
kel

Path of Reaction Path of Reaction

What does it show when a chemical reaction is exathermic?
{a)  Itshowsthe bonds which break are weaker than those are formed.
{8)  Itshows the bond which break are stronger than those are formed.

(€0  Exothermic nature of the reaction is not concerned with bond
farmation or bonc breakage.
(d)  Itshows that the reactants are more stable than the products,

When NaOH and HCl are mixed the temperature increasas. The reactionis;

(@) endothermicwith a positive enthalpy change.
(b}  endothermic with a negative enthalpy change.
()  exothermicwith a positive enthalpy change.
(d)  exothermic with a negative enthalpy change.

The average bond dissociation energy for the C-H bond is 412 k) mol”,
Which of the following process will have enthalpy change close to 412 k)
mol™?

(@ CH,y — C,+2H,,
B €CH.y — C,+2H,,
(© CHg —s C +4H,

(d) CHyg —3 CH,+H,

The average bond energies for 0 - 0 and 0 = 0 are 146 and 496 ldJ mol”
respectively. Find the enthalpy in kJ for the following reaction?
H—0—0— H, —— H—O0—H,++-0 = Q,

2
(a) -102k
(bY +102kJ
(€) +350k!
(d) +394k
.. -

el
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Why cloes the following exothermic reaction not occur?
CiDiamond) -+ C(Graphite) AH= -3kl mal™
(@)  Structure of diamond is more stable than that of graphite.
(b)  Diamond has strong covalent bonds than does the graphite.
(€) The change from diamand to graphite has high activation energy.
(d)  Density of graphite is less then that of diamond,

Questions for Short Answers

What is the difference between enthalpy and enthalpy change?
Why is breaking of a bond an endothermic process?

. Depict the transition state for the following reaction.

Draw the reaction profiles for two exothermic reactions one of which moves
fasterthan the other.

What is the role of glycogen ir our body?

Constructed Response Questions

Physical changes which usually occur around us are given in the table. Write
down whether they are excthermic or endothermic.

Physical Exoﬂ]erm]l:; or Physical Exothermic or
change Endothermic change Endothermic

Conversicn of Conduction of
hydrated sait electricity by metals
into anhydrous

salt

Burning paper

Dissalving ammanium
chloride in water

Vapournizing Farmation of rain
liquid from clouds
nitrogen |

Evaporation Dissolving sodium
of dry ice carbonate in water

i
|
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il, Explain why the reaction between atmospheric gases oxygen and nitrogen
does not take place under normal conditions? But in the presence of
lightening these gases react tc give NO. The reaction stops as soon as the
lightening stops.

iii. A reaction between natural gas (CH,) and atmaospheric oxygen does not take
place when you mix them. As soon as you show a burning match stick, the
reaction starts immediately and then it continues until one or both of the

reactants is/are used up. Explain.

4. Descriptive Questions

i. Find out the enthalphy change of the following reaction using the given
data.

N; + 03 — 2NO

Bond dissociation energy of N; = 958.38 ld/mol

Bond dissociation energy of O; =498 kJ/mol

Bond farmation energy of NO = -626 kJ/mol
ii. Explain the difference between the terms heat and enthalpy.
iii, Explain why formation of a bond is always an exothermic process,
iv. Explain the role of lipids in our body.
v. Explain the following terms.

Activation energy, Transition state, Aerobic respiration

5. Investigative Questions

i Why is it essential to cock some of the food items while others we can eat
without cooking?

ii. Why does fireworks look spectacular. What type of chemical compounds
undergo chemical reactions during this activity.
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After studying this chapter, students will be able to:

. Recognize that reversible reactions are shown by symbol and may not go to
tampletion

«  Descnbe how changing the physical conditions of a chemical equilibrium system can
redirect reversible reactions (Some examples can include; p. effect of hest on
hydrated compounds b. addition of water to anhydrous substances in particular
copper (1) sulfate and cabalt (|} chioride

«  Statethatreversible reactions can achieve equilibrium in a dosed system when rate of
forward and backward reactions are equal.

B Introduction

In a chemical reaction, the reactants react to give the products. The
reaction will continue until all the reactants or one of the reactants is converted
into product. For example, the following reaction takes place immediately in an
aqueous sciution to give the products.

NaCl, + AgNO., ——— AgCl, + NaNQC

N

The reaction goes to completion and if stoichiometric amounts of the
reactants are used then no reactant species are present at the end of the reaction.
Such a reaciion is called an irreversible reaction. It moves in the forward direction
anly.

In the majority of chemical reactions, however, the reaction does not go to
completion. The products of the reaction react among themselves to give back
the reactants under the same conditions.. Such a reaction moves in both the
forward and backward directions under the same conditions. The reactants react
to give the products and the products, in tum, react to give back the reactants.
The reaction is called a reversible reaction and it is denoted by a double arrow =.
Farexample, Ny + 3Hsy 14IHI C, 200 atm _ 2NH,,,
Fe
B’7
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In this reactien, one mole of nitrogen gas reacts with three moles of
hydrogen gas under the conditions of reaction in a closed container to give two
moles of ammonia gas. After its formation, the ammonia gas decomposes to
give the reactants back. The reaction never goes tc completion. At any time, all
the three species are simultaneously present in the reaction mixture.

A reversible reaction, however, goes to completion if either one of the
products is withdrawn from the reaction mixture or being a gas, it escapes into
the atmosphere. For example, calcium carbonate is decomposed by heating ata
particular temperature.

CaCo;(s) Ca0(s) + CO.a)

If the above reaction is carried out in an open container, the carbon
dioxide gas will escape into the atmosphere as soon as it is formed and the
reaction is ferced to go to completion. If, on the other hand, the reaction is
performed in a closed container, the carbon dioxice will react with calcium oxide
to give back the reactants.

Like chemical changes, physical changes may also be reversible in nature.
Copper sulphate pentahydrate (CuSO, 5 H;0) is an important salt which is blue
in colour. When this salt is heated strongly, its colour changes to white. This
physical change involves the following equilibrium,

CuSO4 + 5 HiO

CuSO,s 5 H:0

~ Hydrated Copper Anhydrous
_ n_:lqhm :apw sulphate |

When white anhydrous copper sulphate absorbs moisture from the
atmasphere, it will turm blue again.

Similar to this, when cobalt chloride hexahydrate (CoCk 6 H:Q), which is
pinkin colour, is heated it is converted to anhydrous CoCl; which is blue in colour.

CoCl; 6H0 CeCl; + 6H;0
Hydrated Cobalt Anhydrous Cobalt
~ chloride (Pink) chloride (Blue)

In the reverse reaction, the anhydrous cobalt chloride absorbs less
moisture, it is first converted into a dihydrate which is purple in colour. This
dihydrate then further absorbs four more water molecules to become a
hexahydrate which is pink in colour.
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Limited

Moisture
Coll; ?2H:0 s===== (oClL 6H;0

- Colly
Anhydrous Cobalt Cobalt chloride Cobalt
' chioride (Blue) dihydrate (Purple) hexahydrate (Pink)

Take a few grams of blue coloured copper sulphate in a dry test tube. First heat it gently and
then strongly for some time .
Note down the obiservation. Let the test tube cool down. Again note down the observation.

6.1 Dynamic Equilibrium

If a reversible reaction is started by mixing the reactants, the reaction
moves in the forward direction only. After some time when enough
concentrations of the products are built up, they react to give back the reactants
inthe reverse reaction.

The reaction will keep on going in both the directions until the rate of
forward reaction becomes equal to the rate of reverse reaction. In other words,
the number of reactant molecules which will disappear as a result of forward
reaction becomes equal to the number of reactant molecules which will form asa
result of the reverse reaction. The same will be true for the product molecules, At
this stage, the reaction is said to be in a state of chemical equilibrium. It appears
as if nothing is geing on in the reaction vessel as the concentrations of both
reactant and product molecules do not undergo any change at this stage. Since
the reaction did not cease at this state of equilibrium, rather it keeps on gaing in
both the directions, this state is called dynamic equilibrium. The concentrations
of reacting species (reactants and products) remain constant at equilibrium,

{ g nformaton\

. Vast deposits of coal are available in Thar, Sindh, This coal can be used ta
generate electricity. When coal is made to react with steam, CO and H; are produced.
Thasa products then react by a reversible reaction called catalytic methanation to
yield methane.

Cu + HOy —» CO, + Hy
[

Water gas

O, + 3H, ===CH, + HO,




Exercise
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1. Elaborate an example of dynamic equilibrium which exists in mlswarld
between the three physical states of water. -

2. Dinitrogen tetra oxide {N,O4) is a colourless gas. It slowly changes to
brown coloured nitrogen dioxide (NO,) at 100° C. Predict how the
colour of the mixture will change if N;O, is kept'in a sealed flask at._.'

i : : N;O; === 2NO,(g)
i Colourless Brown '

100“(: 1QU'C : % !

The time a reaction will take to attain the state of dynamic chemical
equilibrium depends upon the nature of the reaction and the conditions at which
the given reversible reaction is performed.

For a dynamic equilibrium to be set up, the rate of the forward reaction
must be equal 1o the rate of backward reaction. This does not happen instantly
and for very slow reaction, it may take years. Both the rates of formation and the
decamposition of ammonia are reasonably fast at around 400°C in the presence
of a catalyst. This reaction will reach the equilibrium state within minutes of the
start of reaction.

For example, the following equilibrium reaction takes 4 — 5 seconds to
reach at the point nfequr'libr‘?urn.

ZI-I‘J.‘.-‘IJEP ‘—-——"" L2y + "Ow

6.2 Changing the Physical Conditions of a Chemical
Reaction

If a given reversible reaction has attained the state of dynamic equilibrium, it will
remain in this state for infinite time unless it is somehow disturbed. A reversible
chemical system may be distributed in the following possible ways.

1. Adding orwithdrawing one or more of the reacting species
Adding orwithdrawing one or more of the product species
Changing the temperature of the reaction
Effect of the presence of 2 catalyst on a reversible reaction
Changing the pressure of the reaction if it involves reactants or the
productsin the gaseous state
Consider the following reversible reaction at equkllbn‘ um,

o

Nm * sHﬂll ﬁt ZNHJW




. The concentrations of all the participating chemicals will be constant at
the state of equilibriurn. At this stage if we add more N; gas in the mixture, its
concentration will increase and the reaction will no longer maintain its state of
equilibrium. To restore the equilibrium state again, nitrogen will react with
hydrogen te produce more ammonia. This change will go on until a new state of
equilibrium is reached at which the concentration of all the species will again
become constant. These new concentrations will, however, be different from the
concentrations of the earlier equilibrium state,

Now let us disturb the equilibrium again by withdrawing some of the
ammonia gas formed. As a result, its concentration will decrease. To restore the
equilibrium state, more nitrogen and hydrogen will react to produce ammania,
When the state of equilibrium is reached again, the concentrations of all the
species shall again become constant.

¥ 6.3 Effect of Changing the Temperature on the State
- of Equilibrium

The formation of ammaonia is exothermic in the forward direction and
hence this reaction will be endothermic in the reverse direction.

===== 2NH,, ' 8H =-92.4 ki/male .

SN+ Iy ==

If this reaction is at equilibrium and its temperature is increased, the state
af the equilibrium will be disturbed again. The AH of this reaction is negative. This
means the total energy of the system containing Mz and H; is higher than that of
ammonia. The increase in temperature of this reaction at equilibrium will push
the reaction in the backward direction i.e. the reactants side. Decreasing the
temperature will drive the equilibrium to the forward direction.

Effect of C_haiige of_Preé_SLl_re on the Reaction at Equilibrium:.

Change of pressure will disturb the equilibrium state of only those
gaseous reactions in which the number of moles of the reacting gases will be
different from the number of moles of the gases being produced, Since the
formation of ammonia gas meets such a condition, the state of its equilibrium
will be disturbed by changing the pressure exerted on the reaction mixture,

Ny + 3Hy, ===== INH,

1 mele 1 maolaes & males
| | | i
i molag 2 modag
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In this reaction, 4 moles of reacting gases are producing two moles of
product gas. 4 moles of gases at say S.T.P will occupy 4 x 22.414 = 89.656 dm” of
volume. 2 moles of NH; will occupy 2 x 22414 = 44 828 dm® of volume. If this
reaction is at equilibrium and the pressure is increased, the equilibrium will be
disturbed. To restore this, the reaction will move to that side in which the number
of moles are less i.e. forward direction. The formation of ammonia gas is thus

favoured at high pressure.

-Effect of the Presence of a Catalyst on the Reversible'Reaction
At the stage of dynamic equilibrium, the rates of both forward and backward
reactions are equal.

A catalyst increases both the rates of forward and back reactions of a
reversible reaction. So if a reversible reaction is carried out in the presence of a
catalyst it will decrease the time taken by the reaction to attain the state of
equilibrium.

Example: Let us consider another example of a reversible reaction at
equilibrium. Phosphorous pentachloride decomposes according to the

following equation.

PCly, PCly, + Clg

According to the equation one mole of the gaseous reactant is giving two moles
of the product gases. The reaction is an endothermic reaction. Keeping in view
the above description of the reaction, answer the following questions.

i. Whatwill happen if the gas mixture is compressed?

ii. Whatwill happen if we add Cl, gas to the equilibrium mixture?

i. Whatwill happen if the temperature of the reactionis increased?

Interesting jnfornationt.

lndﬁstﬁaﬂ production of ammania in Haber Process is a very wuseful
application of theiphenomenan of chemical equilibrium. Ammonia gas leads to the
formation of an important fertilizer urea. The ability of ammonia gas to be converted
inte Its liquid form easily is used to drive the reaction to completion. In this way,
practically 100% conversion of Nz and H; to NH; is achieved.




Exercise
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The preparation of ethyl acetate is commerdially very impnr‘tant

| because itis used asa thinner in paintindustry.

dil. H,50,
CH.OH, + CH,COOH, ==—————== CH,COOCH,, + H,0,

Ethyl alcohol  Acetic acid Ethyl acetate

One way to get the better yield of the prcduct ethyl acetate is to remove
water from the reaction mixture as soon as it is formed. Suggest a suitable
method towithdraw water from the reaction mixture,
(https://www.rochester.edu) -

Key Points

|

1.

2

Majority of chemical reactions are reversible reactions, Reactants react to give the
products and the products, in tumn, react or decompose to give back the reactants.

A raversible reaction never goes to completion. Howaver, it may be forced to go to
completion if one or all the products are withdrawn from the reaction mixture as scon
astheyare formed.

Physical changes may also be reversible in nature.

A reversible reaction will keep on going in both the directions until the rate of forward
reaction becomes equal to the rate of reverse reaction. At this point the reaction s
said to be at a state of chemical ecuilibrium.

Since both the ferward and reverse reactions keep an going &t the state of chemical
equillbrium, it is called a dynamic equilibrium. The concentrations of all the reacting
species rernain constant at equilibrium,

The time a reaction takes to attain the state of dynamic equilibrium depends upon the
nature of reaction and the conditions at which the reversible reaction is perfarmed.

A reversible chemical system may be disturbed either by adding or withdrawing the
reactants or the products and by changing the conditions of temperature, oressure
and catalyst,
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(1)

(iii)

(iv)

(v)

Tick (') the correct answer.

What will happen if the rates of forward and reverse reactions are very high?
(a) Theequilibrium point will reach very soon.

(b) The equilibrium point will reach very late.

(¢) Thereaction will not attain the state of dynamic equilibrium.

(d) The reaction will be practically irreversible.

Predict which components of the atmosphere react in the presence of

lightening.
{a) N,andH,0 {b) O,andH,0
{c) CO,and O, (d) N,andQ,

An inorganic chemist places one male of PCL. in & container A and one mole

of each Cl, and PCI, in container B. Both the cantainers were seaied and

heated to the same temperature to reach the state of equilibrium, Guess

about the composition of mixtures in both the containers.

(a) Boththe containers will have the same composition of mixtures.

(b) Cantainer A will have mora concentration of PCl, than B.

(¢) Container Awill have less concentration of PCl, than B.

(d) Both the containers will have zero concentration of its reactants,

Ca0 or lime is used extensively in steel, glass and paper industres. It is

produced in an exothermic reversible reaction by the decomposition of lime

(CaC0,). Choose the conditians to produce maximum amount of lime,

(a) Heating at high temperzture in a closed vessel

(b) Heating at high temperature in an open vessel

{c) Cooling itin a closed vessel

(d) Cooling itinan open vessel

What condition should be met for the reversible reaction to achieve the state

of equilibrium?

(a) Allthe reactants should be converted into the products.

(b} 50% of the reactants should be converted into products.

(c) The concentration of all the reactants and the product should become
constant. ;

(d) One of the products should be removed from the reaction mixture.




(vi) Whythe gas starts coming out when you open a can of fizzy drink?
(a) Because the solubility of the gas increases
(b) Because the gasisinsolublein water
(c) Because the gas is dissclved under pressure hence it comes out when
pressure is decreased
(d) Because the solubility of the gas decreases at high pressure
(vii) The following reaction is performed in an open vessel.
CaC0,, == (a0, + O,

How the equilibrium will be affected if you incresse the pressure?
(a) The forward reaction will be favoured
(b) The backward reaction will be favoured
() Na effect on backward reaction
(d) Noeffect onforward or backward reaction
(viillWhen a reaction will become a reversible one?
{a) If the activation energy of the forward reaction (s comparable to that of
backward reaction
(b) If the activation energy of the forward reaction is higher than that of
backward reaction
(c) If the activation energy of the forward reaction is lower than that of
backward reaction
(d) If the enthalpy change of both the reactions is zero.
lix) lsreversibla reactionuseful for preparing compounds on large scale?
(a) No (b) Yes
(c) They are useful only when equilibrium lies far to the right side
(d) They are useful only when equilibrium lies far to the left side
(x)] What will happen to the concentrations of the products if a reversible
reaction at equilibrium is not disturbed?
(a) They will remain constant
(b) Theywill keep on increasing
(c) They will keep on decreasing
{d} They will remain constant far some time and then start decreasing

2. Questions for Short Answers

i. Howisdynamic equilibrium different from the static equilibrium?
il. How the foliowing reversible reaction will be affected if its temperature is

increased? Electricity
2H,0, wem——=

2H. . o+ 0O

L il
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How can you get the maximum yield in a reversible reaction?
How can you decrease the time to attain the position of equilibrium in a
reversible reaction?
What is the effect of increasing pressure on the following reaction?
N, + O 2NO,,

2 i

Constructed Response Questions

Why are some reactions irreversible while others are reversible?

Why are combustion reactions generally ireversible?

Can you make an irreversible reaction reversible and vice versa?

How de you know if a reaction is reversible or irreversible?

Do the phase changes in water (solid to liquid, liquid to vapour) reversible or
irreversible?

Descriptive Questions
How can you derive the reversible reaction atequilibrium?
© {a) inthe forward direction (b} in the backward direction
Explain hew the forward and backward reactions change when the system
approaches eguilibrium.
Describe the effect of a catalyst on the reversible reaction,
How can & reversible reaction be forced to go to completion?
How does change in temperature affect the reaction at equilibrium?

Investigate

Study the effect of heat on hydrated CuSO. Why does this salt look coloured
and why does it lose colour upon heating?

Synthesis of ammonia gas is very important industrially because it Is used in
the preparation of urea fertilizer, Explain the conditions you will use to get
the maximum yield of ammonia.




Aftlr studying this chapter, students will be able to:

-

Define Bronsted-Lowry acids as proton donors and Bronsted -Lawry bases as proten
accepiors

Recognize that aqueous salutions of acids contain H' lons and aqueous solutions of
alkalis contain OH lons

Define a strong acid and base 8s an acid or base that completely dissociates in
aguecus solution and weak acid and base that partially dissociates in aqueous
solution. (Some examples include: Student writing symbol equations 1o show these
for hwdrochioric acid, sulphuric acld, nitric acld, and ethanoic acid. )

Fﬂnﬂulﬁ?e dissociation equations foran acid or base in aqueous solution.

Recognize that bases are oxides or hydroxides of metals and that alkalis are water-
soiuble bases

Describe the charactenstic properties of acids in terms of their resli:tl ons with metals,
bases and carbonates

|dentity the charactenstic properties of bases in tarms af their rearl:t:ms with acids
and ammonium salts

Define acid rain.
Discuss effects of acid rain and relate them with properties of acids.

7.1 Acids and Bases

Acids and bases have been known ta mankind since centuries. Acids have

been known for their sour taste like the taste of lemon and ability to change the
colour of litmus paper from blue to red. There are many substances which
contain acids and hence taste sour, such as curd, tamaring, lemon and lime, etc.

Common examples of aclds include acetic acid, hydrochloric acid, nitric

acid, sulphuric acid and tartaric acid. Most of these acids, we come across in

everyday life, are available in the form of aqueous solutions as they can be easily
disselved in water.

a7
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Acids are divided into two types on the basis of their occurrence: natural
acids and mireral acids. Acids which are obtained from natural sources are called
natural or orgenic acids. Mineral or man-made acids are prepared from minerals
like sodium chleride or sodium nitrate. Common examples of mineral acids are
hydrochloric acid, sulphuric acid and nitric acid. '

Some common organic acids and their natural sources are given in table (7.1)
Table (7:1) Some Common Organic Acids and their Sources

Organic acid Natural Source
Acetic acid Vinegar

Ascorbic acid Amla, Guava
Citric acid Lemon, Orange
Lactic acid Sour milk, Curd
Formic acid Ant sting
Oxalic acid Tomato
Tartaric acid Tamarind

In comparison to acids, zlkalis or bases are known for their bitter taste,
slippery touch and ability to change the colour of litmus paper from red to blue.
An alkali is a base that dissolves in water. Some common examples of alkalis are
sodium hydroxide (caustic soda), potassium hydroxide (caustic potash) calcium
hydroxide {lime water) and aqueous ammonia (NH,OH). Both sodium hydroxide
and potassium hydroxide are extremely corrosive and can burn your skin away.

Metals oxides are also basic in nature because they react with acids to
form salt and water. Na,C is basic oxide because it contains oxide ion, O*, which
is a very strang base with a strong tendency 1o react with water to preduce

hydroxide ions. Na, 0, + H.0, —— 2NaOH_

Other examgles of basic oxides are calcium oxide (Ca0), zine Oxide (Zn0O) and
magnesium oxide (MgQ).

Both acids and alkalis are known to cancel the properties of each other
when mixed together in equal amounts. The reaction is called neutralization
reaction. A salt and water are formed as a result of this reaction.

It Name some fruits which contain citric acid. |

s 2 intaresti nnﬁﬂﬂuﬁunl \?
Oixalle acid (H,C;04) Is the simplest organic diprotic acid. Its commercial uses l
include bleaching straw and leather and remaving rustand ink stains from fabrics. |




Activity 7.1 8 e
The following compounds are provided in the farm of liquid or in the

form of their aqueous soluticns. Use blue and red litmus paper stripes to
show whether these su bstances are acidic or basic in their aqueous mlutmns

— -

Subﬁtance fic And:c M o Basic, .-

Tap water

Battery water

Rain water

Soap solution
Tooth paste
Shampoo
Bleach

| Inwhatways are mineral acids useful forus?

7.2 DIFFERENT CONCEPTS OF ACIDS AND BASES

Arrhenius Acids and Bases

Although the earlier definitions of acids and bases describe some
distinctive features of these substances, yet new and broader definiticns were
needed to explain their chemical behavior on the molecular level.

Svante Arrhenius, a Swedish Chemist,
suggested that acids and bases may be classified in
terms of their behavior in water. According to him;

An acid is that substance which dissociates in
water to give proton(H®) or hydroxonium ion {(HO).
Some typical Arrhenius acids are HCl, HNO,, H,50, and
HCN.

H,0-
HOl: e B ey o
Similarly, a base is that substance which Svante Arrhenius
dissociates in water to give hydroxyl ions (OH)", (1855-1927)
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Some typical Arrhenius bases are NaOH, KOH and Ba{OH),.
H,0

NaOH,,, Na'y, *+ OH.

Water has an essential rcle to play in Arrhenius concept of acids and
bases. Whenever an acid or a base dissociates in water, its molecules participate
in reaction by surrounding the resultant proton {H") and hydroxyl ion(OH).
Since proton is very small in size and its charge density is very high, it forms a
strong bond with the lone pair of water molecule to give hydroxoniumion, H,0".

HO + H =—= H—O —H

According to some reports upto
faur water molecules may surround the
proton. Similarly, hydroxyl ion are also
surrounded by water molecules as shown
inthe figure (7.1).

Arrhenius also explained the
process of neutralization, Accerding to
him when a strong acid and a strong base
are dissolved in water, they completely
dissociate intoons.

Arrangement of watsr molecules

around M’ %0
H,0 : S
HCly, | == HO'g + Cy Xt -l-,,
: Q O —H"
NaOH,; H0- Na',, + OH ., N A
,«*"H‘\
g g—w
7N\,
H H M
Fig (7.1)

N > o
How do chloride ions exist in water? |

AN
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The hydroxonium ion anti.ti_m hydroxyl i.r;:m then react to form water with
. the evolution of heat.
HOw # BH Ly —= 2H0, + Heat

The salt NaCl that is fermed with water does not exist as solid crystals. It
remains present in the solution as hydrated spectator sodium ions (Na') and
chlaride ions (CI).

Mineral acids are generally very strong acids. The strength of an acid
depends upon the extent to which itis ionized in water. Hydrochloric acid ionizes
inwater completely giving a large amount of hydrenium ions in water.

Sulphuric acid being a diprotic acid lonizes in two steps.
HSOug + HOy=——= HO'w + HSO.,
_H‘SO‘W + H.O, MO, o S0
Nitric acid ionizes in single step.

HNO,., + H:d_;&m HO% +  NOJS,

Contrary to mineral acids, organic acids ionize upto a very limited extent
and hence they are weak acids.
Glacial acetic acid has a percent ionization of only 0.132%.

CH,COOH,, + H,0, = H,0",, + CH,CO0",

It means that out of 10C molecules of acetic acid, only 1.32 molecules
dissociate and the rest remain undissociated.

Similarly, the percent ionization of formic acid having cocentration 1.50M
is 1.06%. Which means 987 molecules out of 1000 remain undissociated.

HCOOH + HO, == H0",. + HCOO",

NaOH and KOH are the examples of strong bases because they alscionize
completely in water.
H0

NaOH,, === Na' + OH,,
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NHsOH and Al(OH); are the examples of weak bases because they only
partially ionize inwater.

H,0

NHJ,DHmI NH:H i OH;!

‘Why does amlmnn'n..-i.m hydroxide only
‘partially ionize in water?

.:‘E;) Interesting Information! \

Stomach Acidity

Stamach acidity or hyperacidity conditions are a common problem. Most
often the problem arices when a person takes fatty and spicy foods which cause
more acid to produce in the stomach than required.

Our stomach produces hydrochloric acid to digest the food that we eat.
Whenever we eat, celle within the lining of the stomach produce acid. Prablem
ocours when these cells produce more acid than your stomach needs. When it
happens, the person suffers from stomach acidity, The commen indication af such a
condition is the fseling of burning sensation right below cur breast bone. A persan
may also feel sour taste in mouth and heart burn or pain near the heart area. The
ureasy condition may easily be cured by taking weak bases like calcium hydroxide
and magnesium hydroxide cammonly known as antacics. These antacids remove
minor stomach disarders by neutralizing the stomach acid, but the concantration of
hydraxyl ians in them is tog low ta harm the throat or stomach. |

B 7.3 Bronsted - Lowry concepts of Acids and Bases

Arrhenius concept of acids and bases is very simple and easily
understandable but it has got its limitations. For example, Na;COs, K:CO; and
NH; do not contain any hydroxyl group which will get ionized by water but all
these compounds behave as bases and yield OH™ in water. Arrhenius definitions
also require that water must be present as a solvent in order for a compound to
behave as an acid or a base. [t was realized that a broader definition for acids and
bases is needed to cover all the aspects of the concept.
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To remove the limitations of
Arrhenius concent, Bronsted and o
Lowy gave the following definitians { s
ofacids and bases: |

An acid is a substance that |
donatesa proton.

This definition requires that to
behave as an acid a compound must
have a proton to donate. The
condition of the presence of water
during this donation was, however,
eliminated, All Arrhenius acids are, thus, Bransted-Lowry acids as well for
example, HCI, It dissociates in water to give H" and CI. [t also donates H™ to H,0
forming H,0".

A base is a substance that accepts a proton.

For example, OH, CN", NH, and CI" are all bases because they have the
ability to accept a proton, Note that except OH™ all other species are not
Arrhenijus bases. All Arrhenius bases are, however, Bronsted-Lowry bases as well.

All Bronsted-Lowry acids and bases are not Arthenius acids and bases.
NH," is not Arrhenius acid and NH, is not Arrhenius base.

According to Bronsted-Lowry, an acid base reaction is that reaction in
which a proton is transferred from a proton donor to its acceptor. This reaction
may take place in gas phase or in the presence of any solvent.

Censider the following reaction between hydrogen chloride gas and
liquid water.

Johannes N. Bransted Thomas M. Lowry
(1879-1947) (1874-1936)

HCl, +  H;0,
Acid Base

HO'W + .CF

In this reaction, HCl gas acts as an acid because it donates its proton to
water which acts as a base.

Similarly when ammonia gas dissolves in water, a proton is transferred
from water to ammonia and ammonium ion is formed.

NH,, + H0, m==== OH 4+ NH .

6| 1]

Base Acid Conjugate base  Conjugate acic

Ammoniz is a base while water is an acid in this reaction. Water has the
ability to act both as an acid or a base depending upon the other compound with
which it reacts,
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Water is therefore called an amphoteric compound which means a
compound that can behave both as an acid and & base.

In the reverse reaction, OH" is a base because it accepts a proton donated
by the acid NH,", In order to differentiate, OH" is called the conjugate base while
NH,"” the conjugate acid.

Some other examples of Bronsted-Lowry acids and bases.

HCN,, + HOy=== HO,, + CN ..
Acid Base Conjugate acid Conjugate base

FLE D DT e O T Ty -
Acid Base. Conjugate acid - Conjugate base

I Give two examples of Bransted-Lowry bases which are not bases
| by Arrhenius definition, _ :

7.4 Properties of Acids and Bases

a. Acidsgive the following three types of reactions.
1. With alkalis or metal oxides, they form salts and water.
2HNOsfag)  + CaQls) 3 ———— Ca, (ND;};{aq} ¢ HOM
H;SQ_...{aq},.: ?.KC.IH (&q} LIS K,SO (ag) + EH;D l_’I]

2, With rea cth.re metals {M 9. Zn‘j they furm saltsand evolve hydrogen gas
Mg {s} s+ 2HClag) % s MgChy (aq) +« Halg)~
Zn (SI ‘ HzSGa (aq] "—-"-—""" 211504 (an o HI {Qj

The unreactive metals Cu, Ag, Au, and Pt do not evolve hydrogen gas with
acids,

e — 'ﬁctiﬂit}i"?:‘? —
Take a few granules of zinc in a clean test tube. Add dilute H;504in it
| and heat it gently. Identify the gas evolved. in this reaction by taking a |

. burning match stick near the mouth of test tnbe Note the observations in |
| your notebook.
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3. Theydecompase metal carbonates and hydrogen cabonates evalving
carbon dioxide gas.

CaCOs (s) + 2HCI {éq]_ R A R CaCl, (aqj +H:0 (1) + C(i‘r; (g)
2NaHCO; (s) + HiS04 (aq) ——— Na;504{aq) + 2H;0(1) + 2CO; (g)

b. Properties of Alkalis
As already mentioned alkalis are those bases which are soluble in water.
Examples of alkalis are NaOH, KOH etc. Ca(OH), is sparingly soluble in water
while Cu{QH); is insoluble.

Apart from reacting with acids in neutralization reactions, alkalies also
react with ammonium salts and liberate ammonia gas

NaOH(aq) + HClaq) — NaCl{aq) + H O
Ca(OH); + H;S04aq) =———s CaSO.{aq) + 2ZH,C (I

Ca. {oma r{aq} + 2NH.Cl {aq] —_— l.':a»'::li [aq} +2H,0 {1:1 S ENHa (g)
:NaClH {aq] - NH;NG;[aq) -—-—r- NaNi‘.}; (aq} e H;Ci {1}1- NH, (a)

Ar.tnnly 7.3

Hawtu clean a blocked drain"' :

Blocked drains are one of the most common prublems that we face
every other day. Different blockages require different r.h&mmals 10 rémove
them.

_' Gné of the ways to ::Iean the drainis to pour half a cup o'f sodium
bicarbonate solution into the drain followed by half a cup of vineger. Cover
the drain and wait for thlrry minutes. Pour boiling water down the drain.

Caustic chemical drain cleaners are capable of dissolving grease, hair,
food and ather common blockages. Pour down the caustic cleaner into your
drain. Wait fer half an hour and then flush your drain with water,




+ 7.5 'Acid ﬁain at'i‘d iﬁ Effects

When rain water has pH less than 5.6, it is called acid rain. Burning of fossil
fuels releases harmful gases in air, These gases, SO; and NO; when mixed with
moisture present in air form acid droplets. These droplets then fall on the ground
as acid rain,

250,y + Oy —— 250,
SO  + MO, ——— HSOu,
2NO,, + H,0,——» HNO,, + HNO,,

“Effects of Acid Rain
Acid rain causes a number of adverse effects on soil, plants, aquatic life
and human-made structures,

Acid rain makes soil more acidic. It dissolves and washes away nutrients
present in the soil which are needed by plants. Many plants cannot iive or grow in
an acidic soil. 1t can damage vegetation and plants. Acid rain can make water of
the water bodies too acidic for aquatic animals to live in. Due to this, many lakes,
rivers, ponds and streams no longer have fish. Acid rain and the dry depositicn of
acidic particles damage buildings, statues, automobiles and other structures
made of stone and metal.

1. Acids are thase compounds which have a sour taste and which turn blue litmus red.
They alsa give hydroxonium ionswhen dissolved in water,

2 Basesor ail:aitﬁ are those mmpmnds which are bitter in taste, have 2 slippery touch
and which. ichange red litmus hlug They also form hydroxide ions when dissolved in
warter,

1 Ina nnuﬂllinmn reaction, an 2gueous solution nf an ar.l-:'. réacts with an aqueous
solutian of a base to give salt and water,

4. According| to Arhenius definitions, acids give protons in waterzand bases give
hydroxide ians inwater, -

5. Bmmmd{mdeﬁnaadduaptmmdowund base as protonacceptor.

6. Generally ‘acids dissolve metals with the evolution of hydrogen gas. They also

_ demrnpuﬂe carbonates and hydragen carbonates. '

7. Generally lll:ul:s or bases react with amimonium salts to evolve ammonia gas.
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(i)

(i)

(iv)

)

(v1)

(i)
{viti)

(ix)

{x)

Tick (v') the correct answer.

Which acid is not used as a food or mixed with food?

{a) Tartaricacid (b) Ascorbicacid
{¢) Citricacid (d) Formic acid

While baking, which gas is responsible for raising the bread and making it
soft?

{a) Oxygen (b) Carbon dicxide

{c) Nitrogen (d) Carbon monoxide

Predict the main characteristics of the reactions of metals with acids.

(a) Metals are dissolved

(by Metals are converted intosalts

(c} Hydrogen gasisevolved

(d) Allthe above menticned characteristics are true

How many hydroxide ions, calcium hydroxide will release in water?

(a) 1 (b) 2 (¢} Zero (dy 3

In a neutralization reaction between KOH and H;PO, how many
molecules of KOH will react with one molecule of H;PO,?

(a) 2 (b 1 (€) 3 (d) 4

Which acid isused in the preparation of soap?

(a) Tartaricacid (b} Citric acid

(c) Stearicacid (d) Oxalicacid

Which compound is formed when S0, is dissolved in water?

(a) SO (b} H:50, (¢) H:S50, [d) H;5;C;
Which of the following contains oxalic acid?

(a) Tomato (b) Orange {¢) Tamarind (d} Sourmilk

Which compound in the following reaction is behaving as a conjugate
base?

CH,COOH,, + HO, —— CHCOO,, + H,0",
(@) CHs:COOH (b) H:0 (€) CH.,COO (d) HyO'
When & chemical reaction is carried out with a substance Z; a gas is
produced which turns rad litmus paper blue. What is the reaction?
(a) Reactionofan acid with a metal carbonate
(k) Reaction of an acid with ammaonium salt
(¢} Reaction of an alkaliwith a metal carbonate

(d) Reactionofan alkali withammoniumsalt
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Questions for Short Answers
Choose Arrhenius Acids among the following compounds.
HF, NH, H.50, 5O, H.$, H,0

How does calcium metal react with dilute H,50,7

iii. Which saltis formed when HCl reacts with BaCO,?

How will you justify that HSO", is a Bronsted - Lowry acid?
What chemical name will you give to soap as a compound?

Constructed Response Questions

Why is HCl not edible although it is present in the stomach and responsible
for digestion of food?
Inthe presence of a drop of an acid, water is known to ionize as follows:

H.0, H + 0OW
in your opinion, which name will be suitable for water: an acid, a base or
both?

iii, WhydoesNa,CO,behave like a base in water?

Is NaHCO, a base oran acid?
What is the difference between a strong acid and a concentrated acid?

Descriptive Questions
Explain Arrhenius concept of acids and bases.
Compare Arrhenius and Bronsted - Lowry concepts of acids and bases.

I. How does sulphuric acid react with the following compounds?

NH,Cl, NH,NO,, MgO, MgCQ,
What happens when a base reacts with a non-metallic oxide, What do you
infer about the nature of nen-metallic oxide?

State the reason of showing acidic character by both dry HCl gas and HCI
solution inwater.

Differentiate between an acid and its conjugate base.

Investigative Questions
Acids play significant rales within human body, Comment on this statement.

What is observed when CO, is passed through lime water (i) for a short
duration (i) foralong duration?
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Student Learning Outcomes

After studying this chapter, students will be able to:

Define the periodic table as an arrangement of elements in periods and groups, in
order of increasing proton number/atomic number

Identify the group-or penud or biock of an element using its electronic configuration
{only theigea of subshelis relazed to the blocks can bein troduced) LR

E:piatn the "Elallﬂﬂihlp betvieen gmup number and the charge of jons I’m‘med ﬁ*nm
glemuents in the groupm terms of their outermost shel's i

Explain similarities in the chemical properties of ele-'nents in the same graup In terms
of theirélectronic :nnﬂg uration

h:enthy trends In group and periods, gwen information abnu‘tthe elements, nduding
trents for atomic radius, electron  affinity, ei‘ectmnegahwty mntmtmn enerqy,
metallic chara::ter reactivity 2 anddensity ix :

Use terms. alkali metals, abaline earth mesals, halugem noble gases. 'trnnsmcrn
metals, 1antha nides and actinides in reference to the periodic table

Pred!t.‘.: the characteristic properties of an element in.a given groug I:n_.r using
knewdedge of chemical periodicity

Daddca the nature, pnssﬂble position in the Dencrﬂc Table and the ldentity of
unknown elements from gwen information abnul their ph}‘:.::ai and chemical
F"Cpﬂrthes

[ 8.1 Modern Periodic Table

The modern periodic table is based upen the arrangement of elements

according tc increasing atomic number. When the elements are arranged
according to ascending order of their atomic numbers from left to right in a
horizontal row, properties of elements are found repeating after regular
intervals. This results in the form of a table in which elements of similar properties
are placed in the same vertical columns.

The harizontal rows of elements in the pericdic table are called periods

while the vertical columns are called groups.
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In the modern periodictable, the electronic configuration of the elements
continues changing when we move from left to right in a period. Due to this, the
elements in a period show a gradual change in the properties. Against this,
alements present in a group passess similar electronic configurations in their
cutermost shells. Therefore, the elements in a group show similar chemical
properties, As a whoie the periodic table shows the repetition of the properties of
elements after regular intervals, The study of properties in a sequence is called

periodicity in the properties of elements.

8.2 Salient Features of Modern Periodic Table

The horizontal rows in the modern periodic table are called periods. There
are seven periods in total. Each period except the first starts with an aikali metal
and ends at a noble gas. Each period also represents the completion of a shell.
Since the number of electrons to be accommodated in a particular shell is fixed,
the number of elements in a period is also fixed. The detail about the periods is

given in Table (8.1).
Table (B.1) Periods in the Periodic Table

Numiier.or'” Number of Shell
Elements being filled

Name of the

Period:No. Pesiod

pree

1st Shart

2nd Normal 8 2nd

3rd Normal 8 3rd

4th Lang 18 4th

Sth Lang 18 5th

th Very long 2 |  6th |
7th Incomplete 23 th

In 6th and 7th periods, two series of fourteen elements each have been
accommaodated, Because of the space problem, these two series were placed at
the bottom of the periodic table to keep it in 2 manageable and presentable
form. The first series starts after lanthanum (La = 57) and it is called lanthanides.
The second series starts after actinium [Ac = 89) and it is called actinides.
Together the elements present in these two series are also called rare earths or f-
block elements.



The vertical columns present in the periadic table are called groups. There
are In total eighteen groups. Elements present in a group resemble one another
in their chemical properties since they contain the same number of electrons in
their outermost shells. Elements present in a group are also called a family and
gach group has also been given a family name. The distribution of electronsin the
outer most shells (electronic configuration) and other information about the
groups are given in the following Table (8.2).

Table (8.2) Electronic Conflgurations of Elements In The Outermaost Shell
' Electronic Con figuration |

Group No. Family Name
| In the Outermost Shell

1 Alkali metals ns'

2 Alkaline earth metals ns'
3to 12 Transition metals nd" ns*
13 Boron family ns' np'
_ 14 Carbon family ns' np®
15 Nitrogen family ns’ np’
16 Oxygen family ns’ np*
17 Halogen family ns’ np*
18 Noble gases ns’ np*

The groups 1 1o 2 and 13 10 17 contain the normal elements. In the normal
elements, ail the inner shells are completely fillec while the outermost shell is
incomplete, The groups 3 to 12 are called transition elements and in these
elements the inner sub-shells are in the process of completion.

Elements present in the periodic table are also classified into blocks. It
depends upon the type of the subshell which is being filled; s, p, d and f.
Elements of group 1 and 2 are called s-block elements because in them s-
subshell of outermost shell is being filled. Similarly, elements present in groups
13 to 18 are called p-block elements because p-subshell is filled in these
elements. The d-block elements lie between the s and p blocks, while f-block
elements lie separate at the bottom of the periodic table.

") Interesting Information! \

Mendeieew smmanged only 63 elements in his periodic table because only these |
elements were discovered at that time. He left manry spaces vacant for those elemeants I
which were yet to be discovered.
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EG. Mazurs coliected 700 differant published versions of the pericdic table. Many
forms retain the regular rectangular structure. Seme forms had spirals, circles and
triangularshapes.

[ Exrcise 18

(1) The elaﬁrnm-c configuration of the outermast shell of an element is s 1%, Find out
‘ period number and the group number of the element. In which block will you place

this element?
| [2) What is the group of the elerent having eight elactrons In its outermost shell? in :
{ which physical state does this element exist?
| (3) An elementbelongs to sixth group and itis a gas, To which period does itbelong? I

" 8.3 Similarities in the Chemical Properties of Elements
in the Same Group

The chemical properties of elements depend largely upon the number of
electrons present in their outermost shells. Since in a group of the periodic table
all the elements have the same number of electrons in the outermost shell, they
are expected to show similar chemical properties.

All elements of group | have one electron in their outermost shells, so they
show a strong tendency to lose their electron forming cations. They are thus
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known as electropositive metals. These metals react vigorously with water
producing hydrogen and giving alkali in the solution,
Na, + HO,——» NaOH , + H,
Alkcali
Oxides of these metals are also strongly basic in nature. They are readily
soluble in water giving alkalies.
KOy + HOy — 2KOH

Alkali metals also react with halogens giving halides,
Ne, + Cl,, — 2NaCl

The reactivity of alkali metals gradually incréases down the group.
The second group elements also show a tendency to lose both of their
outermost electrons forming dipositive ions.

Mg, — Mg“, + 2e

The tendency to lose electrons down the group increases due to gradual
increase in their atomic sizes. The oxides of these metals are also basic in nature
and form alkalies in water.

Caﬂ' ey Hﬂ,, ——l- Cai,[f.fll!-t}“,,‘I

All elements in gmup 17 have s?, p* configuration in their outer shells.
They show a strong tendency to gain one electron to become an anion. They are
called electronegative elements, These elements are very reactive non-metals
and form salts with metals. Hence they are called halogens (salt forming), Unlike
alkali metals, the rea Ctivity of halogens de-:.reases down the group.

Clhig *' 2e S o ZG"

Elements present in group 16 have s*,p* manuratiun in their outermost
shells, so they have a tendency to accept two electrons to form a dinegative ion.
Oxygen behaves as a strong electronegative element.

Osig ze —20%,

Relationship betwe:&n Group | Number and Charge of lons

When we move from left 1o right in the periodic table, the main-group
elements tend to form cations having a charge equal to the group number. For
example, group 1 elements form 1+ ions, group 2 elements forms 2+ ions and

) . 113 _
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group 3 elements forms 3+ ions, The number of charges on the cations also
correspond to the number of electrons present in their outermost shells.

When we move from right to left in the periodic table, elements often
form anions with a negative ¢harge equal to the number of group towards the
left side of the noble gases. For example, group 17 elements (which are located
one group towards left to the noble gases) form 2- ions. The negative charges
presents on these ions correspond to number of electrons which these groups
need to complete their octets.

. 8.4 Variation of Periodic Properties in Periods and Groups

Periodic properties of the elements occur due to recurrence of similar
electronic configuration in the outermost shells. They include:

) Atemicradius i) lonization Energy

iii) Electron affinity iv) Electronegativity

The electron cloud of an atom has no definite limit. Because of this, the
size of an atom cannot be defined easily. However, it is possible tc measure the
radius of an atom when it is bonded to an identical atom.

Atomic radius is defined as half the distance between the nuclei of the two
identical bonded atoms. It is expressed in pm(1pm = 10™°m). For example, the
distance between the nuclei of two bonded carbon atoms is 154 pm. Half of this
distance i.e. 77pm is therefore the radius of carbon atom. This is also called
covalent radius of carbon atom.

“NVariationiof AtomicRadils mPeriodsy

When we move from left to right in a period, the size of atoms decreases
generally. It is because as we go frem lithium (Li) 10 neon (Ne) in the second
period, we are adding electrans to the outermost shefl. The charge on the
nucleus also increases from +3 to < 10. This tends to pull the electrons closer to
the nucleus and hence the sizes of atoms decrease from lithium te neon Table

(8.4).

Table(B8.4) Atomic Radii of Second Period Elements
2nd period elements | L | Be B c! N 0 F Ne
Atomic Radii [pmi 152 | 113 88 ir 75 i3 71 69

The atomic radii of atoms increase from top to bottom in a grc;up. Itis
because a new shell is being added in the successive period down the group
which increases the shielding effect Table (8.5).
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Table (8.5) Atomic Radii of First Group Elements

- First Group 'l Na. of électrons in 1 Atomic thius;j-
——~Elements .- the InnerShells. | - . (pm) "
Li 2 152
Na 10 186
X 18 227
i Rb 36 248
Cs | 54 265

Although you might expect atoms to becoma larger with the increase in their atomic

numbers, this does not shways occur because the size of an atom is determined by the
diametar ofits electron shells.

lonization Energy

lonization energy is the amount of energy required to remove the maost
loosely bound electron from the valence shell of an isolated gaseous atom.
When there is only one electron present in the valence shell, the energy required
to remove it will be called first ionizations energy. It is expressed in k) mal™. For
example, the firstionization energy of sodium atom is +496 ki mol™.

Na —» Na° + @& AH = +496 kJ mol”

When there are more than one electrons in the valence shell, they can be
removed one by one providing more and more energy. For example, Mg has two
electrons in its outermost shell. It is easier to remove the first electron from
magnesium than the second one.

Mgy ——> Mg", + & AH = +737 k) mol”

+ & AH = +1450 k) mal”

lonization energy value is related to the atomic size. The smaller the radius

of an atom, the stronger the attraction between the nucleus and the outer

electrons and higher the value for ionization energy. The ionization energy

values thus increase from left to right in a period and decrease from top to
bottom in a group. Table (8.6) and Table (8.7)

Table (8.6) lonization Energies of Elements of Second Period

2ndperiodélements | Li |Be [ B [ C | N | O | F | Ne

lanization energy (k] mal™) | 520 :| 899 | 801 |1086|1402 1314 (1681, 2081

Mg In‘.ql_} Mghmr
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Table (8.7) lonization Energies of Elements of First Group
' lonization Energy

o First Group Elements g

Sonsoeqe v (kiFmol™)
Na 496
K 419
Rb 403
Cs 7

vElectronAffinity

Electron affinity is the amount of energy released when an electron is
added up in the outermost shell of an isolated gaseous atom. For example, 328
kimol ™ energy is released when an electron enters in the fluorine atom.

Fg + &= F AH = =328 kdmol’

Electron affinity values are also related to the sizes of the atoms. The
smaller the size of an atom, the higher the force of attraction with which the
nucieus wil! attract the entering electron and hence higher is the value of
electron affinity. Table (8.8)

Table (8.8) Electron Affinities of Second Period Elemants
2nd period elements Li Be B o N 0 F

Electron Affinity (kJ mol™) l -60 0 —-29 :122 | 7 |14 -328 i

In a group, the electron affinity values decrease from top to bettom
because the sizes of atoms increase down the group. In a bigger atom, the
nucleus will atiract the incoming electron with a weaker force and hence the
electron affinity will also be low.

[ |

While first electron affinities can be negative, positive or zerg,

second electron affinities are always positive. )

Electronegativity

Electronegativity of an atem is its electron-attracting ability. It is defined
as the force with which an atom attracts the shared pair of electrons towards
itself in a bond. Electronegative atoms are those whose outer electrons feel a
large nuclear charge. Itincreases from left ta right in a period and decreases from
top to bottom in a group. Thus the most electronegative atoms are found at the
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top right-hand corner of the periodic table. The most electronegative atoms are
F,O,N and Cl. Table (8.9) and Tzble (8.10). The most electropositive elements lie at
the bottom left of the periodic table.

Table (8.9) Electronegativities of Elements of Second Period

2nd period elements Li 8p B C N 0 F

Electronegativity 1.0 16 20 26 3.0 34 40

Electronegativity is one of the mast well-known property for explaining why chemical
reactions take place.

Table (8.10) Electronegativities of Elements of First Group

17th Group Elements Electronegativity
F 40
d 2
Br 30
I 27

8.5 Metallic Character and Reactivity

The metallic character is the tendency of an element to lose electrons and
form positive ions or cations.

Since the ionization energy decreases down the group, the elements have
increased ability to lose electrons. For this reason both the metallic character and
reactivity increase down the group.

As we move from left to right in a period, the nuclear charge increases due
to a gradual increase in the number of protons in the nucleus, Owing to this the
valence electrons are pulled strongly by the nucleus making it difficult for the
atoms to lose electrons. Hence the metallic character decreases in 2 period from
left to right.

The chemical reactivity gradually decreases as we move from left tc right
ina peried, Aluminium and silicon are less reactive than sodium and magnesium.
This is because the number of valence electrons increases, making it difficult to
lose electrons. Moving further right in a period towards non-metals, the chemical

reactivity gradually increases. ( —M— :

Matallic character af a metal generally
determines its level of reactivity.

o
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it is mass of a substance in a unit volume, Density of elements generally
increases fram top to bottom in a group but varies less significantly fram left to
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rightina periad. Itis expressed in g/cm’,

(2)
(3)

@

-

(1) Baruim (Ba) is présent in 2nd group and 6th period. :Ansf.uer the

(3)

Table (8.11) Densities of First Group Elements

First group Li Na K Rb Cs
Elementsdensity. | 053 | 087 | 089 | 163 | 1879

following questions about this element.

(i) Isitametal or anon-metal?

i) Willitbe eiectroposiﬂueor electmnegatwg?

(i) What |s1he nature of its oxide?

(i) In which physical state you expect this element to exist?

In which group and period you expect to find an element wqth the
largestatomic radius?

Can you predict the grnup number of the most. eledmposiﬁve and the
most ahctrunegahve elements?

Chogse among the. following the element ha'urrng the Inwest mnrzatmn
energy and the element with highest electron affinity. Also assign its
group number and period number Li, K, O, F, CL.

Which two elements of the periodic table react to give

(i} Abasicoxideand : : _ .

(i) Anacidicoxide?. - 4 s




1. Inthe modem periodic table, elements have been arranged in the ascending order of
their stomicnumbers. There are eighteen groups and seven periods in this table,
2. Inthe modem periodic table, @ emants have beendivided into 5, p. d and f blocks.

3. Each period starts with an alkali metal and ends at a noble gas. A period also
represents the completion of a shell.

. The elements present in 5 and p blocks are called nqm‘sal elements whereas those
“+*  presentin ¢ and f blocks are called transition elements.

5. Al eltmcnts in 2 group are expectad to show-similar r.'hnml-:al pmpert:m he:ausa of
the same number of elactrans present in their outermost shells,

6. Physical properties of the elements vary gradually as we move from hﬁ'tnr nght ina
period and from top to bottom Inagroup, -

7. Atomic sizes of elements decrease from left 'mr-lgh‘ Jn a period and increase from top
tobotieminagroup.

8. Furn,z::t!cn ﬁergy values.lncrease from laft to ngl'rt En a peﬂa&and decru:e frm top
# 1o hatmmin agroup,

9. Electron afinity and electranagativity values i 1r'r.r=m frt:-m feﬁrtu nght in a period and
- decredse fmmtnptnhqtlnmin a graup. :

10. Metallic character increases from top to bottom na gruup und decraases fmm leftto

rightin a period.
w

1.  Tick(/)the correct answer.
()] In which pertod and group will you place the element which is an
impartant part of the solar cell?
{a} Third period and fourth group
(b) Second period and fourth group
() Third period and fiftn group
(d) Third period and sixth group

' &

(1) Identify the electronic configuration of the autermost shell of a transition
metal.
(a) ns’np* (b) ndxns?
(c) ns’np® (d) ns*np®
(i} Whichisthe softest metal?
(a) Na (b) Ca (c) Al (@) Zn
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{iv) - A yellow solid element exists in allotropic forms which is also present in

fossil fuel. Indicate the name.

(a) Carbon (b) ledine

{c) Aluminium (d) Sulphur
(v)  How many electrons can nitrogen accept in its outermost shell?

(a) 2 (@) 3 (c) 4 (d) 5
(vi}  Which element is the most reactive element?

(a) Cxygen (k) Chlorine (c) Fluorine (d) Nitrogen
(vii) Whichelement has the highest melting point?

{a) Na (B} K {c)RE (d)Cs
(vill)  Inwhat order does the metallic character change in the second group?

(a) Mg > Ca>Ba>Sr (b) Sr>Ba>Ca>Mg

(c) Mg>Sr>Ca>Ba (d) Ba>Sr>Mg>Ca

(ix)  Which of the following best describe the correct order of oxygen, fluarine,
and nitrogen's atomic radii?

(@) O<F<N (b) N<F<O (¢ F<O<N (d}) O<N<F
(x)  Which of the following elements has delete twa shells, both of which are

filled campletely?

(a) Ne (b)Ca (c)B (d) He

2. Questions for Short Answers

i. Why was atomic number chosen to arrange the elements in the periodic
table?

ii. Whatisthesignificance of the word periodic?

iii. Why does the size of a period increase as we move down the periodic table?

iv. In a group, the elements have the same number of electrons in the
outermost shell. Why is it so?

v. Do you expect calcium to be more reactive than sodium? Give the reason of
your answer,

vi. Which element has the maximum atomic radius and which element has the
minimum atomic radius in third period?

vii. Why are the most electronegative elements present in sixth and seventh
groups?

viii, The first ianization energy value of magnesium is less than the second one.
Give reason.

ix. Isitpossible for two metals or two non-metals to form an ionic bond?
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Which element has the least value of ionization energy and which element
has the highest value of electronegativity?

Constructed Response Questions

Suppose a new element is discovered. Where would you like to
accommodate this element in the periodic table?

What s the first element of the periodic table? Will it lose an electron er gain
it?

Atomic radii of boron and aluminum are 88 pm and 125 pm respectively.
Which element is expected to lose electron or electrons easily?

Howwould you find the atomic radius of an atom?

Why is it not possible for oxygen atom to accept three electrons to form 0*
ion like nitrogen which can accept electrons to form N*?

Descriptive Questions

Which information is needed to locate the elements in the periodic table if
you do nat know its atomic number? Is atomic mass helpful for this ourpose?
How many blocks of elements are present in the periodic table? Are these
blecks helpful instudying the properties of elements?

Explain the variation in the following properties in the periods giving
reasons.

(a) Atomicradius (b) lonization energy

Which physical properties of elements may lead us to know what type of
bond it will form?

Write down the names of four non-metals which exist in solid state at normal
temperature.

Why do second and third periods have equal number of elements while all
other periods contain different number of elements?

Investigative Questions
Arrangement of the elements in the form of a periodic table is a remarkable
achievemnent of chemists. Cemment on this statement citing the benefits of
this table,

Both lithium and beryllium show behaviour different fram rest of the alkali
and alkaline earth metals respectively. Can you think of the possible reasons
forthis difference?

Modern periodic table is the amended form of the earlier table developed by
Mandeleev. Elaborate how these two tables are different from each other.
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After studying this chapter, students will be able to:

Defing group 1 Alkali metals as relatively soft metals with general trends down the
group limited to decreasing melting point, increasing density and increasing
reactivity.

Predict properties of other elements In group 1, given information about the
glements.

Predict properties af elements in group 1 in order of reactivity given relevant
imfermation

Define group 17 halogens as distomic non-metals with general trends fimited to
increasing density, and decreasing reactivity.

Identify the appearance of halogens at rtp as lucrine as pale-yellow gas, chlgnne as
yellow -¢green gas, bromine as red -brown liquid, iodine as grey- black solid

Explain the displacement reactions of halogens with other halide ions and alsa as
reducing agents

Predict the properties of elemants in group 17, given information about the elements
Analyse the relative thermal stabilites of the hydrogen halides and explain these in
terms of bond strengths Trang tion elements

Describe the transition elements as metals that: have high densities, high meiting
points, variable oxidation numbers, form coloured compounds and act as catalysts
for industrial purposes. [(Some examples indude catalysts being used ara the Haber
process, catalytic converters, Contact process and manufacturing of margarine)
Define the Group 18 noble gases as unreactive, monatomic gases

Explain this in terms of electrenic configuration properties of metals

Compare the general physical properties of metals and nan-metals (Specifically in
terms of;

a. thermal conductivity

b. electrical conductivity

c. malleability and ductility

d. melting paints and boiling paines)
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9.1 Prﬁpertiés of Group 1 Elements "

Elements present in a group of the periodic table show similar chemical
properties awning to the presence of same number of electrons in their
outermost shells. However, a small variation in the chemical properties of
alements is expected because the atomic size increases down the group.

All the elements present in group 1 have ns' configuration in their outer
shells. They are also called alkali metals. This single electron can be removed
easily which makes these metals very reactive except the first element hydrogen
which is a gas and a non-metal. When we move from top to bottem in this group,
the atomic size increases. Owing to this, it becomes easier for elements to lose
electron down the group which is reflected in the increased reactivities of the
lower members of the group.

Lithium reacts with water steadily giving hydrogen and lithium hydroxide.
Sodium reacts vigorously while potassium reacts violently with water giving their
respective water soluble hydroxides,

Ly + HO, ————w LOH,, + H,,
Nay, + H,0p ——— NaOH,, + H,,
Ku + HOy —— KOH,, + Hiy

Similarly, reaction of these metals with chlorine becomes more vigorous

aswe go down the group.

Al = Hest o 2,
2Na, + Cl wgm:‘f'r':mm: 2Nacl,,
Ky v Cly —=TE 2K,

Keeping in view the trends of. :ea::hwty in ﬁrst gmup elements haw wnuld
theyreactuﬂtl‘i mq.rgen? e RICETE o AR

Li, Na and K are lighter than water but rubidium sinks in water. Cesium expiodes an
contact with water, possibly shattering the container.

Increase in the atomic size down the group also weakens the interatomic
attraction of the atomic metals. This fact makes them softer down the group and
their melting points decrease.

As we go down the first group, both the size and volume of the atoms
increase as the number of electrons and protons increases. But the increase in
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mass of the elements is greater than the increase in volumne; so the den-shy which
is defined as the mass per unit volume increases gradually down the group.

(Table 9.1)
Table (9.1) Physical Properties of First Group Metals

Metal Li Na K Rb Cs
Melting point *C 180 98 64 39 28
Density g/cm® 0.53 0.97 0.86 1.53 1.87

' 9.2 Properties of Group 17 Elements

All the elements in the group 17 have seven electrons in their outermost
shells (n',s%). They are electronegative non-metals because they have strong
tendency to accept one electron to become an anion. They exist as diatomic
molecules and behave as very reactive non-metals. Atomic radii, melting and
boiling paints of halogens increase when you go down the group. This is because
the atoms get larger as they have more electrons. Because of their larger size
they experience stronger intermolecular forces between molecules. Because of
this, they require more heat energy to overcome the'r intermolecular forces and
so their melting and boiling peints are increased, They react with alkali and
alkaline earth metals to give salts. These elements are thus named as Halogens
which means salt-forming elements. Unlike metals, the reactivity of halogens
decreases from tap to bottom in the group. This is due to the fact that atomic size
increases down the group and tendency to accept electron from other atoms
decreases making them less reactive.

The attractive forces present between the halogen molecules increase
down the group so as we go down the group the halogens become more cense.

Fluorine gas is very pale yellow, chlorine gas yellowish green while
bromine is fuming red-brown liguid. lodine exists as shiny grey crystals which
easily tums into dark purple vapours when they are warmed up,

Metal halides are formed when halogens react directly with alkali and
alkaline earth metals, Metal halides behave usually as ionic compounds.

Oxidation is a process in which an electron is lost. The substance which
loses an electron is called a reducing agent.

MNa

TP O | |
b Na* + e

On the contrary, reduction is a process in which an electron is gained and
the substance which accepts the electron is called an oxidizing agent.

CI; ™ g ———p Z'Cr
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Oxidation-reduction are simultaneous reactions. In other words an,
electron is lost only when thereis a substance to acceptit.
Halogens are reducing agents and their reducing power decreases down

the group. .
o Clsiv > Bry v > S

This fact gives a unique property to halogens when a halogen having
more reducing power displaces an lon of another halogen from its compound.
Cl,, + 2NaBr, ———» 2NeCl,, + Bry,

Chy, + 2Nal,, — 2NaCl,, + |l

Bfﬂ-m * 2N31m| — 2NﬂBﬂm + IJ'l:-"

Halogens react with hydrogen to give hydrogen halides. Hydrogen

halides behave as strong acids in water,
Hy + X3 —— 2HX

All halides exist in gaseous state at ordinary temperature except
hydrogen fluoride which is a liquid. Bend length between hydrogen and halogen
increases down the group because as the halogen atom gets bigger the bonding
pairs of electron get further away from the halogen nucleus. The bond between
hydrogen and halogen therefore gets weaker. The weaker the bond, the less heat
energy it will need to break it. Hence the thermal stability of hydrogen halides
decreases down the group.

HE > HCl > HBr > HI

l Howdo tialog_ens react with water?

T s R A Lo, By
e M T l ol ey o
r, ok cn ¥ i T o

\% Water in swimming pool is sterilized with chlonne.

9.3 Group Properties of Transition elements

Elerments present at the centre of the modern periodic table from group 3
to group 12 are called d block elements or transition elements. All transition
elements are metals having the similar properties. Transition elements are aften
hard with higher densities. Their melting and boiling points are also high. These
metals show variable oxidation states and the compounds they form are often
coloured. They are malleable and ductile,
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Transition metals and their compounds function as catalysts in many
important chemical reactions, Metals often absorb other substances on their
surface and activate them in this process. lran, a transition metal, is used as a
catalyst in one of the most important industrial reactions which gives ammonia,

itis called Haber pracess, This ammonia is used to prepare urea fertilizer.

N, +  3Hy, — s 2NH,,

¥

Platinum was originally used as a catalyst in the contact process for the
manufacture of sulphuric acid, This expensive catalyst is, however, rendered
inactive due to the presence of arsenic as impurity in sulphur dioxide. Vanadium
pentoxide (V; Os) is now preferred as a catalyst.

SOy + Ony —U2% SO,

SOy + HO,

A catalytic converter is a device used in the exhaust of an automobile
which converts mare harmful gases produced in the engine to such gases which
do not pollute the atmosphere. Platinum, pallacium and rhodium are the
catalysts used in catalyic converters.

A transition metal nickel is used as a catalyst for the hydrogenation of oils
to give solid margarine. Margarine is less likely to spoil than butter.

H,50,.,

)
| Transition metals have high tensile
LsimngﬁtWhatdueshman?

9.4 Properties of Noble Gases

Elements present in group 18 of the modem periodic table are called
Noble elements. All noble elelments are monoatomic gases having very low
boiling points, Helium (He), Neon {(Ne), Krypton (Kr), Xenone (Xe) and Radon (Ra).
All these gases have eight electrons (s’p®) in their outermost shells except He
which has ¢* electronic configuration. Since their outer shells are complete, they
show very little chemical reactivity.
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9 5 Phymcai Propertles uf Metais and Nun matals

Metals and non-metals can be distinguished based on their physical and
chemical properties.

Metals are defined as the elements which can generally form cations
easily. They also tend to form metallic bond, Metals can be hammered into thin
sheets. This property is called malleability, Metals can also be drawn into wires
and this property is named as ductility. Metallic bond in metals allows metals to
be the best conductor of heat and electricity. Metals are lustrous which means
that they have a shiny appearance. Due to high tensile strength metals can held
heavy weights. When metals are hit by an object, they make a ringing sound.
Metals can notbe cut easily because they are hard substances.

Due to the presence of strong metallic bond metals generally have high
melting and boiling points. Their densities are also very high. Alkali metals being
soft metals are treated as exceptions. Example of metals include copper, silver,
iron, lead aluminium, gold, platinum, zinc, ete.

Non-metals generally gain electrons easily. Non-metals show a greater
variety of colours and physical states compared ta metals. Non-metals cannot be
beaten into thin sheets because being brittle they break into pieces when
hammered. Sulphur and phosphorous exist in powdered forms and cannct be
made into sheets. Non-metals cannot be melted and drawn into wires. Non-
metals do not have free electrons due to which the bonds between their atoms
are weak and they break down when stretched.

As there are no free electrons so non-metals cannot conduct heat and
electricity. Graphite is the only exception, It conducts electricity because of its
special crystalline arrangements. The electrons which are present between the
layers of graphite crystal are locsely held and hence they can become mobile.
The conduction of electricity of graphite is due to the maobility of these electrons.

’%.‘::
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Non-metals cannot be polished because they either exist in-powder or
gaseous form. Most of the powders are dull in texture. Due to non-ductile and
non-malleable properties, non-metzls are not strong at all. Their bonds being
weak break easily. All non-metals have low melting and beiling peints. The
melting point of sulphur is 115°C. Graphite and diamond have high melting
points and these are exceptions. Non-metals have low densities as compared to
metals. This means that in non-metals atoms are not strongly bound with each
other. Examples of non-metals are oxygen, nitrogen, chlorine, sulphur, carbon,
brqfnina. etc.

) Interesting informationt. |

About 75% of all the elements in the periodic table are metals, There are tatal 20 non-
mietals which exist in a solid orliquid or gaseous state at roomtemperature.

Comparison of the Physical Properties of Metals and Non-metals
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Non-metals may be solids, liquids
or gases at room temperature.
They show wide range of melting
and boiling points.

Non-metals are bad conductors of
heat and electricity {except
graphite).

1. Metals usually have high melting | 1.
and boiling points.

2. Metals are good conductors of | 2.
heat and electricity.

3. Metals can be made into different | 3. Non-metals are brittle,
shapes by applying pressure.
Metals can therefore be easily

drawn intowires and sheets,

4, Metals are usuaily lustrous solids [ 4. Non-metals are duil and cannot be

(except mercury).

polished (exceptiodine).

. Metals are generally tough and
strong.

Non-metals are neither tough nor
strong.

- Yinteresting informationt. |

According to ane report nine elements are facing sericus threat of extinction. Some of
those elements are arsenic, gallium, gold, helium and zinc.
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Atomic size increases from top o bottom for elements af group-1. It becomes easier
for elements o lose their single electran.

Chemical reactivity of the elements in group-1 increases down the group.

Due to increase in their atomic sizes, the interatomic attraction decrease down the
firstgroup elements, This makes them softer and their melting points decrease down
the group. i

Due to increase in thn size and volume of atoms, the densities of alkall metals
increacesdown the group.. ;

Emup 17 elements or- hilngens mtf:t as d'ﬂtum-: mclemies They are very reactive
ron-metals and m:tﬂrth alkali and alkaline earth metals, -

Hilugem ars reducing agmtsnd thlqrrldu-nng power decreases down the group.

in hydrogen halidastht bond between hydrogen and hnbugm gets weaker as we go
dmm&grwp. Hmn. the themal mbﬂny of hyﬁmgan halides dmuudm th-t
groupr o AR

e ’alod:, el:mts or mum elvrnerrts are sl tnetz'lr» They are often hard and have
!-ugher densities. These eléments and their cmﬂpuunds are mr.f 25 catalysts. in
impurtant mdusuiil real:tsons - :
Noble gases are all un raachwg:sﬁ because mdruuumnst shelis mmplm

Metals lnr.i nnn-n'letds hm wrydlffemnt physical | pmpnma:

(i)

{iv)

(it}

(iv)

DA
Tick (v') the correct answer.

Which halogen will have the least reactivity with alkaline earth metals?
(a) Chlerine (b) lodine

(c) Bromine (d) Fluorine

Which compound do you expect to be colaured?

(a) KCI (b) BaCl

(©) AICl (d) NiCla

In which element there exists the strongest forces of attraction between
atoms?

(a) Mg (b) Ca

{c) Sr (d) Ba

Elements ofwhich group are all coloured?

(a) Secondgroup {(b) Sixthgroup

(c} Fourthgroup (d) Fifthgroup

¥ : I-r " -
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(v Which halogen acid is unstable at room temperature?

(a) HBr (b) HI

(c) HCl (d) HF
(i)  Whichoxideis the most basic oxide?

(a) Na:O (b) Li,O (€) MgO (d) €O
(vii)  Which group elements are the most reactive elements?

(a) Transition metal Group (b) Firstgroup

(c) Second group {d) Thirdgroup

(viii) The following solutions of a halogen and a sodium halide are mixed
together. Which solution will turn dark because of a reaction?

{(a) Bryand NaCl (b) Bry and NaF

(¢} Clzand NaF (d) Cl;and Nal
(ix)  Xisamanoatomic gas, which statement about this is correct?

{a) Xbumsinair {b) X is coloured

{c) Xisunreactive (d) X will displace iodine from it
(x)  Which property is correct for group 1 elements?

(a) Low catalytic activity (b) High density

(c) Low electrical conductivity (d) High melting point

2. Questions for Short Answers

i.  Why does it become easier to cut an alkali metal when we move from top o
bottominagroup|?

il. Predict the reactivity of potassium towards halogens.

lii. In the following reaction, chlorine acts as a reducing agent. What is the
oxidizing agent?

Clyy + 2NaBr,, —— 2NaCl,, + Bny,

iv. Why does iodine exist inthe solid state at room temperature?
v. How does Ni catalyse the reaction involving hydrogenation of oil?
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Constructed Response Questions
Which nobie gas should have the lowest boiling peintand why?
Compare the reactions of alkali metals with chlorine.

Why are almost all the metals solids while non-metals generally exist as
gases and solids?

Name any three elements ‘n the periodic table which exist as liquids.
Why are transition elements different from normal elements?
Compare the reactivity of chlorine and bromine as reducing agent.

i. Which element is the most reactive and which is the least reactive among

halagens? Give two reasons to explain your answer.

Descriptive Questions

Explain the role of catalytic converterin an automobile.
Why do the chemical reactivities of alkali metals increase down the group
whereas they decrease down the group in case of halogens?

Why are metals generally tough and strong whereas non-metals are neither
tough ner strong?

Both alkali metals and halogens are very reactive elements with roles
opposite to each other. Explain,

Why hydrogen bromide is thermally unstable as compared to hydrogen
chloride?
Compare the properties of metals and non-metals.

i. Va0Os catalyst is preferred over platinum in the oxidation of sulphur dioxide.

Give reasons,

Investigative Questions
Explain the role of sodium as heat transfer agent in the atomic nuclear power
plant. Which property of sodium is utilized in this role.?

Why and how does lithium behave differently from the rest of the alkali
metals?

Why aluminum metal is used in the manufacture of coaking utensils whereas
magnesium is not considered useful for this purpose?
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After studying this i:hvnpter. students will be able to:

State that composition of clean, dry air is approximately 78% nitrogen, N. 21%
axygen, O, and the remainder as a mixture of noble gasses and carbon dioxide, CO,

State the major sources of air gollutants (Some examples include: )
a. carbon dioxide from the comalate combustion of carbon-containing fuels

b. carbon monaxide and particulates from the Incomplete combustion of carban-
containing fuels

c me‘thzma from the decomposition of vegetation and waste gasses from digestion in !
animais.., 3

d. axices of nit rogen from car Engnr'es
e. sulfur didadde from the combustion of fossil fuels which contain sulfur mmpcu nds

f. ground level ozone from reactions of oxides of nitrogen, from car er‘gmes and
valatile organic compounds, in presence of light) -

State the adverse effects of air pollutants (Some elar'r'lpilei inciude:

a. caroon dioxide: higher. leveis of catbon di axlde l=nding 1o Increased glubal
warming, whichleadsta.climate change

b. carbon monoxide: toxic gas : L
¢ particulates: increased ris< of respiratory prodlems and cancer

d. methane: higher levels of methane leading ta Increased global warmmg which
leads to climate change

e.oxides of nitrogen: acid rain; phatochemical smog and respiratory on:ll*hems
£, =i lfur diowide: acid rain and hazs)

Explain how the greenhouse-gasses carbon. dmmdf: and methane csuse. global
warming, (Some examplesinclude:

a.the absorption reflection and emissian of thermatenérgy
b. reducing thermal energy lass to space
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*  Describe the role of sulfurl the formation of acid rain and impact -an the
_ environment. Dmmﬂmsbategmmredummem of major environmental
issues (some examples mc!ud*.
a. climate cnange: planting frees, reduction in livestock farming, decreasing use of
fossil fuels, increasing use of hydragen and renewable energy, &.g. wind, solar,
b. Acid rain: Use of catalytic converters in vehidles, reducing emissions. of sulfur
is and flue gas desulfurization with caliium i:mdﬂ

*  Desuibethe role of NO and C}.[sub;mpt} in the formation of acid rain, both dlrectly
mdmralghﬂmrcanlwcm 2in memadatlunnfltmps-phmcmlfurdmide

form in car mgints ané cescribe thilr runm'ii by
. catalytic converters, e.g. CU 2NO—2C0; + Ny°

. Define photosynthesis as action between cirhun dioxide andmtartn praduce
g Iuv:nu and oxygenin the préencenf chlorophyll nnd using energy fromfight.
. Ana.lym how te use tools to reduce personal exposure to hm'nful pull'.ltants (some
1 mmpiﬁ include the usage gf masks, air quality | lrldlces andCO deuctnrs}
i I:Iamrﬁr high risk situation indluding those: where long-term mtpnswem these
pﬂllutmtscan lead o respira issuesand mdu:trqr_l in quality and Imgwltj_f oflife.

Introduction

The branch of Chemistry which deals with the study of chemicals and
other pollutants in the environment is called environmental chemistry. It also
covers the adverse effects of these chemicals on living and nan-living things.

Environmental chemistry is a part of environmental education. The
objective of which is to enlighten the people. Particularly the students, about the
importance of protection and conservation of our environment. The need for this
environmental education, both formal and non-formal, is keenly felt at the
national level.

Since the start of industrial revolution, human activities have played havoc
with the atmosphere of the earth. The gases which are released due to the
increasing use of fossil fuels (natural gas, coal and petroleum) have polluted the
atmosphere upto such an extent that it is difficult to breathe air in some areas of
metropolitan cities.

The excessive use of fertilizers, insecticides and pesticides, etc for
agriculture purposes has proved to be harmful for animals, birds and human
beings. The situation is turning serious for every passing day and there is an
urgent need to control the emission of pollutants to the atmosphere.
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10.1 Cﬁmpnsitiun of Atmosphere
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Earth is covered with a blanket of air called the “atmosphere” which is
made up of several layers of gases. Alr is essentizl for life on earth, for animals to
breathe and for plants to make their food. You cannot see, smell or taste earth's
atmosphere. It contains more nitrogen than any other gas.

The components of the atmosphere may be divided into major and minor
constituents. The amount of these different gases in the air varies slightly from
place to place, season to season and day to night The percentages of these
constituents by volume are given in Table (10.1).

Table (10.1): Major and Minor Constituents of the Atmosphere

Minor i

Constit_uent | ooy Constituent | T e
Nitrogen 780 Carbon dicxide 0.03
Oxygen 21.0 Noble gases About 1.0
Water-\fapours Variable
{a). Which method is Used to uparar.e gases present inthe a|r1‘ B :_ 5 _j‘_‘,:;!l

{h} Whi thgansmlieaseﬂ whenﬁ:z; drinks open?

e
e

)

Environmental science helps us to andémt:anu the

complex interactions that oceur in our acnwstems
and the Impacts on human life. .

10.2 Air Pollutants

Any substance (solid, liquid or gas) in the air which has adverse effect on
human health, quality of life and natural functioning of ecosystem is called an air
pollutant.

The concentration of a pollutant is expressed in parts per million (ppm). A
cancentration of one ppm means one part of poliutant per million part of solid,
liquid or gas mixture inwhich the pollutant is formed.

Every Individual should try to.....
Pour liguid waste into sewers not in open drains, river and sea. Stop using
chlorofluarocarbon (CFCs) products.

134




substances which account for more than 90% of air pollution. These are fast
growing sources of air pollution created by our day-to-day activities. The detail
of these substances is mentioned below.

(il Carbondioxide (CO.)

(i} Carbanmaonoxide (CO)

(iii) Oxides of nitrogen (NO, NO,) collectively referred to as NO,
(iv) Oxidesof sulphur (50, SO,) collectively referred to 25 SO,
(v} Hydrocarbans (Methane, ethane etc.)

(vi) Particulates (Dust, pollens, metallic compounds)

(vii) Ozone (O;)

(vil) Smog (Mixture of smoke and fog)

Sources of Air Pollutants

Millions of tonnes of pollutants are emitted into the atmosphere each
year as a result of human activities, The major activity among them is the
complete and incomplete combustion of fossil fuels which alone is responsible
for most of our poliution problem.

Burning of fosil fuels (oil natural gas, coal) produce carbondioxide carbon
monoxide, NO,, SO, CH,, ash, smoke and suspended particles.

Many of these pollutants are also released into the air by natural
processes e.g., volcanic eruption releases large quantities of CO, SO; and
particulates. Methane is released in the air by the cecomposition of vegetation. It
is also presentin waste gases produced during digestion inanimals.

Rapid growth of population, urbanization, industrialization and
transportation are the main factors which are responsible for environmental
pallution. All these factors are increasing in every city of the world especially in
the last half century. These pollutants are affecting the environment very badly.

Another pollutant ozone (O] is formed when heat and sunlight cause
chemical reaction between oxides of nitrogen {NOx) and volatile organic
compounds {nydrocarbons).
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An extremely ugly peliutant, smog, is suspended in many cities of
Pakistan especially in winter. Its suspension is caused by a combination of factors
which include industrial pollution, vehicle emission and crop burning, These
factors are respansible for the accumulation of nitrogen oxides, sulphur dioxide,
particulate matter and volatile crganic compounds in air,

The following Table {10.2) shows the major air pollutants and their
harmful effects on human beings and on the environment.

Pollutants
1 Carbaon
dicxide
(CC,)

Table (10.2) Pollutants and Their Harmful Effects

Harmful Effects

Higher levels of carbon dioxide lead to
increased global warming which can cause ice
caps to melt and oceans to warm, causing sea
levels to rise. Extreme weather changes such as
heat waves, heavy rains and wild fires also occur.

2 Carbon
monoxide
(CO)

It is extremely poiscnous gas that can cause
suffocation and death. Carbon monoxide is
very toxic gas that stops the red blood cells in
animal's biood from carrying oxygen that body
needs.

-3 Oxides of
: nitrogen {(NO,)
NO, NO,

NO, can damage lungs, irritate the eyes and
damage vegetation.

it can also cause acid rain which affects
buildings and statues made of limestone.

i Oxides of
sulphur (SO
1. 50, SO,

:SD, irritates the eyes and causes breathing

difficulties and acid rain.

5 Hydrocarbons

Poisanous and cause global warming.

"6 | Particulate matter

|rritates the eyes and can also cause severe
breathing problems for people with asthma. It
also makes clothes dirty. Also, visibility Is
reduced because it produces haze in the air. It
may render lakes and streams acidic.




7 Ozone Breathing ozone can cause a variety of health
| problems including chest pain, coughing,
throatirritation and congestion.

8 Smog It can lead to health complications like
allergies, asthma and lung infections. Inhibits
the proper growih of plants.

. Amazing Facts about the Environment
| 1. 78% of marine mammals are at risk of choking on plastic.
2. Human use only 1% of all available water.
3. Theworld has aver 3.04 trillion trees. 27000 aut of them are cut down diuly‘t-u
maka tmlet paper.

|
How does air pollution affect plants?

B 10.3 AcidRain
When rain water has pH less than 5.6, it is known as acid rain. In 1852,
Robert Angus Smith was the first to show the relationship between acid rain and
atmoespheric pollution in Manchester, England. He is sometimes referred to as
the “Father of Acid Rain". Burning of fossil fuels releases harmful gases into the
atmosphere. These gases (SO, SO,) are produced dueto the presence of sulphur
in the fossil fuels. SO, is canverted to SO, in the presence of oxides of nitrogen of
the atmosphere. Oxides of nitrogen are prcduced mostly by the direct
combination of atmospheric mygen and nitrogen in the industrial and domestic
combustion processes. e
They are also produced
by the combination of
atmaspheric nitrogen
and oxygen in the
presence of lightning.
Significant amount of §
nitrogen oxides is
produced by the §
reactions taking place |
in automabile engines
Fig.(10.1).

Fig (10.1): A-:id rain uully I‘u'lh f:r from thc sita wherl tlu
acidic oxides are gencrated.
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These gases mix wrth the mm;ture that is always present in the air tu form
acid droplets. Wind can carry these acidic droplets to huge distance.
Finally, these droplets return to the ground as acid rain, acid hail, snow
and even fog. Acid rain looks, feels and tastes like clean rain. Its corrosive nature
causeswidespread damage to the environment.

Sm -|-lt:,'l;,mII-—--------—ln--Sbmil

3504, + Oy ———b 50,

T iR T
5 s =

80,4 + HO, —— HSO,,
I"'.l,,m + Q —» WO,
_ENO # Oy ——— ).
-zmom + HOy—— HNO,, + HNOy

) muﬁng iulummlunl \_

There is a giant floating patch of garbage spread aver in the Pacific Ocean. It contains
about 100 million tons of garbage.

Effects of Acid Rain

Acid rain causes a number of adverse effects, It tends to increase acidity of
the soil, threatens human and aquatic life, destroys forests, and reduces
agricultural productivity. Besides, it can corrode buildings, monuments, statues,
bridges and railings, Most important adverse effects of acid rain are as follows:

(i) Soil

Acid rain makes soil more acidic. It dissolves and washes away nutrients
present in the soil which are needed by plants. It can also dissolve toxic
substances such as aluminium and mercury which are naturally present in the
soil.
(ii) Plants

Many plants cannot live cr grow in acidic soil. It can damage vegetation
and plants, Tree roots hold the soil together on hills and mountain areas. If the
trees are destroyed then the soil is washed away and new plants cannot grow
there.

(ili) Aquatic Life

Acid rain falls into drains, ﬁtreams. lakes, marshes, rivers and damages the
aquatic life. Acid rain can make water too acidic for animals to live in. Due to this,
many takes and rivers no longer have fish.
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(iv) Human Hualfh

The acidification of surface water does not affect life directly. However,
toxic substances leached from the soil can pollute land water supplies and
damage human health,

(v) Agriculture

Crops are less affected by the acid rain than forest. Farmers can prevent
acid rain damage by monitaring the conditions of the soil and when necessary
adding crushed lime to neutralize the acid.
(vi) Human-made Structure

Acid rzin and the dry depasition of acidic particles damage buildings,
statues, automobiles, and other structures made of stane, metal etc. Historical
buildings like Parthenon in Athens (Greece) and the Ta) Mahal in Agra (India) are
deteriorating due to acid rain.

(a) Which acids are made when SO, and NO; dissolve in rain?
(b) What happens to the soil if trees are destroyed by acid rain?

10.4 Global Warming (Greenhouse Effect)

The progressive warming up of the Earth's surface due to blanketing
effect of man-made carbon dioxide, methane and other gases in the atmosphere
is called Greenhouse Effect.

The sun emits short {
wave radiation that passes | - 5
through greenhouse !
gases to heat the surface [
of the Earth. At night, the Nl
hot Earth's surface emits [IESCIPNE
longwave radiation that is |
mastly absorbed by green M
house gases. This process .
of absorption prevents ;

the radiation to reach | L

space, reducnngthe;peed By oAt -_.1__...T . Bsgmn TR A
at which the Earth can cool Fig 10.2: Global w:rrningfgmmhuuu aﬂ‘m

off (Fig 10.2). <4
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Higher the concentration of carbon dioxide and other gases, greater will
be the absorption of thermal and radiation the increase in global warming.

Greenhouse effect, depletion of ozone and acid rain are the global effects ﬂ;\'
pollution. .

Sources of Greenhouse Gases

F o N

Due to the burning _uf the SunlGht Dasies THoCrtiwems s ond
large amount of coal, oil and [ rough the gives out heat Some
natural gas, the amount of green | greenhouse gases heat pass through the
house gases, carbon dicxide | andwarmseverything greenhouse gases but

together with other gases in the | 9ntheEarth somae are trappad
atmosphere has increased for the 'E':::‘E' whining up e |
last 300 years, About half of this

carbon dicxide is utilized by plant
life during photosynthesis. As
human beings cut down forests, the
capacity of the trees to remove CO;
from the air is diminished.

Methane s another green |
house gas which causes adverse |
effects. The increase in its
concentration In air is due to the
increased decay of vegetation
matter, digestion in animals and

10.3): GREENHOUSE GASES
increased farming of the rice fields. . b v

L

") intaresting informationl \

L)

Water vapours also act as greenhouse gas. When released into the
atmasphere, water saon comes back to earth as acid rain,

The remaining carban dioxide goes on accumulating in the lower areas of
the atmosphere and forms a thick dense layer. This layer behaves like glass sheet
of greenhouse that allows the incoming solar radiation but does net allow it to
escape outside; as a result of this the average temperature of the Earth rises.

I gty T . — o i = . - T Rt |

pr igesl o
]

L S u s ¥ — - t¥ b



W o
A rise of a few degrees in temperature may seem small, but it can be
enough to cause significant changes in the climate, At the moment, it is difficult
for scientists to say how big the changes will be and where the worse effects will
occur, Thiscan damage agriculture and food production as well.

(a) How do living things add and plants rammr;e carbon dioxide from the
air?

(o) Which gas do rice plants produce?

() Which gasis givenout by rotting garbage?

1'

The effects of climate change may be physical, ecological, social or
economic. Following are four adverse effects of the global warming.

Sea level

Higher temperature will make
the water of the seas and oceans
expand. Ice melting in the Antarctic
and Greenland will flow into the sea
and it results in higher sea levels. This
phenomenon will threaten the low-
lving coastal areas of the world such as
the Netherlands and Bangladesh Fig
(10.4).

Increase in Rainfall

There may be enormous increase in rainfall which may increase the sea
level. This ultimately will cause worldwide floods endangering survival of living
species, Fig (10.5)

Py

Fig {10.5): Effects of Climate Change
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The changes in the weather will affect
the types of crops grown in different [k
parts of the world. Some crops such as |
wheat and rice grow better in higher
temperature but other plants such as
maize and sugar cane do not Fig (10.6}.

g (10.6): Global warming risking the
agriculture drought.

Fi

In moderate region, the winter
will be shorter and warmer and the
summer will be longer and hotter Fig
(10.7).

Since 1990, we have lost around 28 AT

trilion tons of ice. At presents, its i g {10.7): Summer and hes
melting rate is 1.2 trillion tons per year.

10.5 Strategies to Reduce Environmental Issues

Huge amount of pollutant gases are thrown out in the atmosphere by
burning fossil fuels, Automabiles, aeroplanes, industrial machines and coal-fired
electricity generating plants, etc. are mainly responsible for the extremely
polluted air especially in big cities, Scientists have developed a number of
different ways to cantrol this menace of pollution.

Planting trees is thought to be very helpfulin removing the air pollution. A
well-known process carried out by plants is photosynthesis in which plants clean
the air through absorption of carbon dioxide and releasing axygen. This famous
reaction takes place in the presence of sunlight and it is catalysed by chlorophyll,
the green pigments presentin leaves,

Chiorophyll -

6CO,. |+ 6HO, . - CH.OL 4+ 0
R s Sunlight C" S s
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The particulate matter present in the atmosphere is also remaved by
plants when it deposits on leaves, branches and trunk surfaces.

Catalytic converters are used in the exhaust system of modern-day
automobiles to reduce the emissions from an internal combustion engine. Due
to non-availability of enough oxygen the carbon fuel in engine does not burmn
completely into carbon dioxide and water. Thus, toxic by-products like CO and
hydrocarbons are produced.

A three-way catalytic inverter performed the following three functions
simultaneously.

1. Itreducesnitrogen oxideinto elemental nitrogen and oxygen.

NO,, ———— N,, + O,
2. Itoxidizes COto CO;
2C0, + O, » 2C0,,
3. [Itoxidizes hydrocarbonsinto CO; and H;O
CHyw + 220,y ————» x00,, + 2xH,0,

Similarly, the emission of sulphur dioxide can be decreased either by
using fuels which have significantly less sulphur contents or using flue gas
desulphurization process. This praocess can remove sulphur dioxide gas from the
exhaust gases of fossil fuel. Flue gas is the emitted material produced when fossil
fuels are burnt in power plants. The desulphurization process involves the
addition of absorbents like calcium oxide which can remove upto 95% of the
sulphur dioxide from the flue gas.

To discourage the excessive use of fossil fuels in our daily lives it is
urgently required to use the renewable resources to meet our energy needs.
Renewable resources are those resources that can continue to exist despite
being consumed over a period of time even as they are used.

These resources include Sun, wind, water, geothermal, biomass and
hydrogen gas. Solar energy and wind energy have been proved to be very
effective ways of generating electricity without damaging the environment,
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armful effects

of air pollution?
Air quality index (AQI) is a rating system that shows how bad is the

atmosphere around you. An (AQI) value under 50 is considered good in quality.
This means that it is safe for you to spend time outdaors without posing a risk to
your health, As the (AQI) number increases, so does the risk to health. An (AQI)
over 300 is considered hazardous, Children under 18, adults aver 65, people with
chronic heart or lung disease and diabetic people are high risk groups. Outdoor
workers can also be considered at higher risk because of prolonged exposure.

The following steps should be taken when air quality is bad.

7

Reduced the time you spend outdoors. Also reduce the intensity of
outdoor activity. According to experts the chances of being affected by
unhealthy atmosphere increase the longer a person is active outcoors
and the more laborious the activity.

if you are forced to go out, then consider wearing a mask. Unfartunately,
not all the mask provides adequate safety against particulate matter.
Cloth or dust mask may not effectively filter out the finer particles.
However, well fitted N95 masks have better filtration capabilities and may
be safer to use.

Keep your indoor healthy by keeping the windows and doors closed. Ifitis
difficult to maintain clean air in the entire room then create a clean room
by switching on air conditioner or air cleaner.

If you experience such symptoms that worry you, talk to your doctor.
Install carbon monoxide detector to detect the increased level of carbon
monoxide. These higher levels of CO may occur due to faulty fuel burning
appliances.

Breathing in polluted air by these high risk groups may affect their lungs,

heart and brain. Air pollutants can enter their blood stream and can cause
coughing or itching of eyes which may lead to poor quality of life, hospitalization,
cancer ar even premature death,
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Key Points

1. Earmnis covered with a blankat of air called atmosphere which is made up of several
layers of gases '

2. Any substance in the air which has an adverse effect on human health, quality of life
and natural functioning of the ecasystem is called a pallutant.

3. Onxides of carbon, nitrogen and sulphur along with methane and particulate matter
are the main pollutants in the air.

4, Major sources of pnlhmnts are due to human activities Espeﬂallyﬂ'le burning af fossil
fuels.

5. Pollutants have emernely admemd hamﬂ:lm not n:mb*-:n the human belnqs
butan thewhole ecosystem, : ;

6, Acid rzinis formed due to the presence of oxides cfnitrn-gun and sulphur when they
are mixed with the moisture presentinthe atmasphere,

7. The progressive warming of Earth's surface due to blanketing effect of CO;, CH, and

- other gases present in the atmosphere is called gram house effect This effect has
incraased the temPﬂam ofthe Earth. y!

8. Every effort shauld be made to reduce the harmﬁ.ll E'FFEL"F of the pdlmant: These
efforts Include discouraging the use of fossil fuels, planting trees and using the
rmbbmmufiwgy

9.  Steps should be taken to avoid the harmful aﬂactsafpuﬂuhmapndﬂynnlhz
peoplewha are at higherrisk )

Exercise Ko
1. Tick(v') the correct answer.
(i) Which gases are responsible for greenhouse effect?
(a) SO, NO, (b) €O, CO
() CO,CH, d 0,0,

(iii)

Indicate the source of sulphur which Is responsible for the presence of
oxides of sulphur in the atmosphere,
(a) Decompasition of vegetation
(b} Waste gases from digestion of animals
(c) Photochemical of smog
{d) Combustion of fossil fuels
Concentration of which gas in the atmosphere is decreased by
photosynthesis in plants?
(a) Owxygen (b) Nitrogen
() Carbon dioxide (d) Woatervapour
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- (iv)  Which suhs‘lance remains unuﬁected inthe cataly*uc converter f":ﬁ!d in the
exhaust of the automohiles?
(@) CO, (b) CO
(c) NO (d) NO,
(v}  People of which age groups are the most affected by the air pollution?
(a) Youngadult
{b) Cancer patient
(c) Children
{d) Bothchildrenand aged people
(vi) Inwhich area thereis a greater possibility of acid rain?
(a) Around village (by Around bigcities
(c) Aroundindustrial area (d) Aroundwaterbodies
(vii)  Whyissmog not feltin summer?
(a) Because fogisnot presentinsummer
(b) Because dueto heat of the earth the smokerisesup
(c) Because insummer smoke and fog cannot mixwith each other
(d) Because less fossil fuels are burnt in summer
(viii} Which catalyst is used in the catalytic converter fixed in the exhaust
systems of automaobiles?

{a) Ni (b} Cu {c} Pt. Pd and Rh {d} Ca0
(ix) Which components are essential for the formation of photachemical
smog?

(a) CO,NO;, CO;
(b) NO,, volatile organic compounds, sunlight
() CO4, NO;, sunlight
(d) volatile organic compounds, NO;, CO
() Which air pollutant can cause respiratory problems?
a) COy b) Ozone ¢) Smog d)Co

2. Questions for Short Answers

i. What isthe main objective of environmental education?

ii. Howisparticulate matter released in the atmosphere?

iii. Which gas is mere poisonous, CO; or CO?

iv. How does acid rain affect farests?

v. Inwhatway sulphur present infossil fuels becomes dangerous?

vi. Name any three major sources responsible for the greenhouse effect.
vil. How s geothermal energy useful for us?
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Constructed Response Questions

How is the excessive use of insecticides and pesticides harmful for birds?
Percentage of CO;in airis only 0.03%. Then how does it become harmful for
the ecosystem?

Why only some pollutant gases present in the atmosphere cause green
house effect while others co not?

How can you reduce the emissian of CO present in the gases emitted by the
burning of fuel in the automabile engines?

Mention three different ways in which solar energy can be usedful for us.

Descriptive Questions

Describe the harmful effects of the major pollutants presentin the air.
Explain greenhouse effect. How is global warming dangerous for us?

What is air quality index? What information does it convey?

Who are at high risk groups and why is pollution more dangerous for them?
Describe three strategies to address environmental issues.

Investigative Questions

Major Pakistani cities experience a very high AQI in winter which renders
them the most polluted cities in the world. Point out some of the major
causes of high AQl in these cities.

Why does AQI not rise in Pakistan in hot days of summer?

How has climate change affected Pakistan during the last five years?



. Chap_ter?

rocarb"é'ns

Student Learning Outcomes

After studying this chapter, students will be able to:

+  Describe the properties of alkanes as being generally unreactive, except in terms of

; combustion and substitution by chlenne

«  State that In 2 substitution.reaction one atam or group of atoms is replaced by
anothiar atom orgroup of atoms

+  Describe the substitution reaction of alkanes with chiorine as a photochemical
reaction, and draw the structural or displayed formulae of the products, imiteg

»  Describe, using symbal equations, preparation of alkanes from cracking of larges
hydrocarbons, hydrogenation of alkenes and alkynes, and reduction of alkyl halides

I Introduction

All the organic compounds are known to contain carbon as an essential
element. This fact has led us to define organic chemistry as the chemistry of
carbon compounds. The ionic compounds like carbonates, cyanides, carbides
and cyanates, etc. and the oxices of carbon are, however, classified as inorganic
compounds, Apart from carben, mest of the organic compounds contain
hydrogen and oxygen as well.

Organic compounds are famous for their large number and diverse
behaviour. Several million organic compounds are known to exist naturally or
have been synthesized in the laboratory. Organic molecules are usually large and
more complex in nature. They include life molecules like proteins, enzymes,
carbohydrates, lipids, vitamins and nucleic acids, pharmaceuticals and synthetic
fibres, etc.

The number of compourds farmed by the element carben is far more
than the total number of compounds formed by all the rest of elements put
together. This is due to some unique properties of carben,
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The element carbon is present at the center of the periodic table and it is
energetically not possible for it to gain or lose electrons to form ionic bonds.
Therefore, it forms four covalent bonds. Because of their small size, these
covalent bonds are shert and strong enabling carbon to give strong and stable
bond with itself and with hydrogen, oxygen and nitrogen. The self-linking
property of carbon is called catenation and due te this it forms long, straight and
branched chains and rings.

Carbon atom mostly forms covalent bonds with carban, hydrogen,
oxygen, nitrogen and halogens, Compounds in which carban forms single bond
with other atoms are called saturated compounds. These compounds are
generally represented by their structural formulas. Methane a saturated
compound, is represented by the following structural formula.

H
|

H—tii— H orits condensed form is CH
H

A structural formula thus shows the symbols for the atoms present in the
compounds connected by short lines which represent the bonds present in
them. Other examples of saturated compounds are C,H,, CH,Cl, CH,0H, CH,NH,,
etc,

What doyou understand by the term structurai formula of an org ahic.
compound? ' ' BOS »

BE 11.1 Hyrocarbons

The family of hydrocarbons constitutes a very large number of simple
organic compounds containing carbon and hydrogen only. Most of the fuels
which we use every day, for example, natural gas, LPG (Liquefied Petroleum Gas),
CNG (Compressed Natural Gas), petrol, diesel and kerosene oil, are all simple
hydrocarbons, These hydrocarbons also serve as a feedstock to prepare more
complex and useful compounds like plastics, medicines, synthetic fibres, paints
andvarnishes.

Hydracarbans are classified into several structural types called, alkanes,
alkenes, alkynes and aromatic hyarocarbons. Only alkanes are discussed in this
chapter.
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Methane is the simplest alkane and it is mainly used as a fuel but it is also i
used to make hydrogen gas, carbon black, carbon cisulphide, chioroform,
hydrocyanic acid, etc.

11.2 Alkanes

Alkanes are the simplest family of hydrocarbons with only
carbon — carben and carbon - hydrogen single bond. Alkanes are also called
saturated hydrocarbons because all the four valencies of carbon in themn are fully
utilized either by hydrogen atoms or by other carbon atoms. For example, in
ethane (CH;—CH;) bath the carben atoms are fully saturated with single bonds.

Alkanes are represented by a general formula CH,, . ; (where n is an
integer). Methane being the simplest hydrocarbon, is also called parent
hydracarbon,

As a result of the great complexity and large number Table (11.1)
of arganic comoounds, it is not possinle ta name each No. of
and every compound individually, The International Carbon |
Union of Pure & Applied Chemistry has devised a aLOMms
systematic way of naming organic compounds called Meth- 1
IUPAC nomenclature. Eth- 2
According to IUPAC system of nomenclature, the Prop- 3 |
entire name of an organic compound has three parts: —
1.Root:  Ittells us the number of carbon atomsin But- 4
the longest continuous chain present in Pent- 5
the molecule. Theroots uptotencarbon | oy 6
atoms are shown in table 11.1. Ty >
2.5uffi; It is added after the root and tells us P
about the class of arganic compounds. Oct- 8
3. Prefix: It is indicated before the root and tells Non- 9
us about the group or groups attached Dec- 10

to the longest chain.
To explain the above system, let us name the fellowing compound.

CHy— CH — CH;—CH;

CH4
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(a) {dentify the longest cantinuous chain presentin the compound.
(b) ldentify the class of organic compounds.
() Identify the substituent or substituents if present.

This organic compound contains four carbon atoms in the longest
continuous chain and it belongs to the family of organic compounds called
Alkanes. The root is therefore But- and the suffix -ane added to this. The organic
compound will thus be given the name Butane.

CHs — CH — CH;— CH,

o, N

Langest continuous chain

The name of the only branch methyl- will be added to this name as prefix.
So the name will become:

CH; CH CH;—CH;

«——— Branch
Methylbutane

To specify where the branch occurs, the longest continuous chain is
numbered starting from the end closest to the branch. This number is then
attached to this prefix. The name of the above compound will then be:

1 2 3 4
Chs CH CH,—CH;

CHy
2-Methylbutane or iso-Butane

If a compound has na branches, its name will contain anly root and suffix.

The distinguishing feature of alkanes making them distinct from other compounds is
their lack of reactivity towarcs usual chemical reagents.




SExercisey

1. Name the following :;mpounds according to IUPAC system of
nomenclature.

(i) (CHy)2 CH CH CH;— CH; (i) (CH3); CH — CH; — CH;

CH;
2. Draw the structural formulae of the following saturated compounds.

CaHsBr, CH3NH,, CH-,»CH:OH

Electron.cross and dot'structures of Alkanes

H H
r ! e
H-C —C—H Hi% v C o $Cox B
| | | . L L
x x
Pt H H
K
L SE e
B CRCHCH RNl CsinH
bl SRy
o SR H H H

How many methyl and methylene, groups are present in each of the
above compounds? ' ' s
B 11.3 Preparation

Generally, any member of the alkane series can be prepared by the
following methods.
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“ 1t Cracking of Higher Hyrocarbons .

Cracking is the name of a process in which hydrocarbons with higher
molecular masses are broken up into smaller hydrocarbons which are more
useful, This is done by heating the hydrocarbons at high temperature in the
presence of a catalyst.

Fractional distillation of petroleum gives naphtha which consists of a
mixture of liquid hydrocarbons. It is then heated at around 500°C in the presence
of catalyst called zeolite to give hydrocarbons which have five to ten carbon
atoms.

r

Naphtha 26 ;t ~ Alkanes and alkenes containing
Mmoot “SFUE 54010 carbon atoms | ¢
. hycracarbons) I T e e T e e

T

Ips balance the availability of petroleum fractions with the
demand for them. When cracking transforms bigger hydrocarbons into small
hydrocarbons, the fuel supply is Increased. That helps to balance demand with supply.

2. Reduction of Alkenes and Alkynes

Alkanes can be prepared by reducing alkenes and alkynes with hydrogen
gas in the presence of nickel meta! as a catalyst. Methane cannot be prepared by
this method. The reaction is also called hydrogenation of alkenes and alkynes
and is an example of addition reaction. An addition reaction occurs when
hydrogen (H,) is added to an unsaturated compound.

Mi

Oy CR

L CHi==CH; # Hy ——
i fthene. . - ¢ . 200°C. - Ethane'
CH==CH  + 2H, L CHy — CH; *
Ethwne: 0" o 200°C Ethane

- TEEI Sp TS, SR ] T
) Interesting Informationt |

Raduction reaction of unsaturated compounds is used 1o prepare banaspati ghee and
margarne. i




A!kyr hahdes {R—X} can be reduced to alkanes with hydrogen generated by
reaction of zinc metal with hydrechloric acid.

[2H]
—_—

R— X + Zn/HO R—H + H—X

'c:H;;q 3 zmr—ldﬂr CH; H * Hf—-—:_r:tl{

Chlprumemaﬂe e e Mﬂﬁlm . jff.'..-:a-_.. :
11.4 Important Reactions

Alkanes are sometimes reffered to as paraffins which means ‘little
affinity”. This term describes their behaviour, for alkanes show little cnemical
affinity for other substances and are chemically inert to most laboratory reagents,
However, alkanes do react with chlorine and oxygen under suitable conditions.
The unreactivity of alkanes may be explained on the basis of the non-polarity of
the bonds present in them. The electronegativity values of carbon {2.6) and
hydrogen {2.1) do not differ appreciably and the banding electrons between C-
H and € -C bond, are almost equally shared. This fact makes alkanes almost non-
polar. In view of this, the reagents like acids, alkanes, oxidizing agents find no
reaction site in alkane molecules to which they could be attached.

1. Halogenation’’

Alkanes give substitution reactions. The reactions which invalve the
replacement of hydrogen of alkanes by an atom or a group of atoms like halogen
are called substitution reactions. Alkanes react with halogens especially chlorine
to give alkyl halides. Since these substitution reactions are carried out in the
presence of sunlight, these are called photochemical substitution reactions.

ACHy .ch-."'—"n- CH;—Cf + H—0l *';',

B | =] - -
Methane AL Chlur@me’thane
e aitid L b=
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The reaction may prnteea ahead and all the hydrogen atoms attached
with caroon of the methane are successively replaced by chlorine atoms.

My O] &l =it CHi . 10

Dichloromethane

CHiCls + Cly - ~—22— CHCy [+ HA

Trichloromethane or
:h!o:"cl‘m'f_r\

- cHEl O =y ool HA
: : Tetrachloromethane or

carbon tetrachloride
Structural Formulae of the Products.
- 3 ~_  H - : : ~ H !
CHC H= {I:—-cr L CHA : H—é%‘d"’
B T o I T
ACHCh H' r;‘ —Cl.> - CCla . E ;Ci—_(:f._—'Cl
S (ol ok a

2. Combustion

Alkanes burn in axygen or air to form CO; and H;0 with the evaolution of
large amount of heat. The reaction is called combustion.

CHqlg) + 20;(g) —— (C; + 2H,O(g) + heat
Methane
2CH; — CH3(g) + 70:(g) —— 4C0; + 6H,0(g) + heat
Ethane
abl —— - ey
) Interesting Information! \
+Amixture of natural gas {methans) and air may explode when ignited. Thisis
the main cause of explasion at harmes where gas leakage occurs,
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(1) In the reduction of alkyl halides with Zn / HCL, alkyl halide is hemg
reduced, Which species in this reaction is being oxidized?

(2) During the combustion reaction of ethane, which bonds are Emmg
broken and which are being formed?

(3) What productsother thanCHgC[ are formed when methane ma:tsmth
chlnrtne gas? | : 5

1. The mmpaunﬂs obtained frqrﬁ plants and animals were named as urgamc'
compounds, Fredrich thlur was the first chemist to prepare an organic mpound

inthe iahmﬂmwy

2. Organic chamistry fs the d'l-um:sl:r}' ot carbon mmpwnds. The element ua:hun is
unlquzlnltt Behaviour. |

3. Onganlccum pumds mcdv&un!h nammmrmdmg pointand hnilngpdptsm
ganmiym

4, mga nic cumpmmds mnuinlng- c?r‘bun and hydrogen are cailed hydrucarbm:; Thﬂ‘f
aredassified into saturated and unsaturated hydrocarbons.

5 l-iy’drucarhqm containing n-s'ingﬁ bond between carbon and hydrogen are'callad

saturated hqu:baunrﬂlmn& % - 11
6 Alkanes -:nﬁ be named by a- sjsternaﬁ: wnyofnumn:laturn ealled mesysteeg of
mmdmm |

] "I.

7. Alkanescan be prepared bynnl.. mh-lrnf different mﬂ.hndsﬂ{ pmparatlnn ) q

Although alkanes show least raar:th«ity towards other mmpuunds. they ram: wi:h
halogens and, undargambunmnmachuns ey




(i)

(i)

(i)

(iv)

(v)

(vi)

{wvii)

{viii)

Exercise Rap)

-

Tick (v') the correct answer.
Which ather atom is almost always present along with carban atom in all
arganic compounds?

(a) Oxygen (o) Nitrogen

{c) Hydrogen (d) Halogen

Which ather metal can be used to reduce alkyt halides?

{a) Al (b) Mg (c) Ni {d}Co

if nephtha undergoes a combustion reaction what products do you

expectto form?

{a) Alkanes (b) Alkenes

{c) COzand H:0 (d) Both alkanes and alkenes

Why does a mixture of zinc and hydrochloric acid acts as a reducing

agent?

{a) Because zincacts as areducing agent,

(b) Because atomic hydrogen is produced with Zn / HCl which acts as a
reducing agent,

(c} Because molecular hydrogen is produced with Zn / HCl which acts as
a reducing agent.

(d) Because chloride ions are produced with Zn / HCl which act as a
reducing agent.

Which alkane will evolve the mast amount of heat when it is burnt with

oxygen?

(a) Ethane (b} Propane

(c) Butane {(d) iso-Butane

Indicate the mast reactive hydrocarban.

(@) CHz;—CH; (b) CH,=—=CH,

(c) CH=CH (d) CH.

Which hydrocarbon is responsible for explosions in coal mines?

a) Butane b} Pentane ¢) Methane d) Ethene

Which product will be fermed when ethyl bromide (C; Hs Br) is treated
with Zn/HCI

(a) CHa (b) CHy=CHs

(€) CH3=CH;—=CH;—CH; (d) CH3=CH;—CH;
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(x)

2.

ii.
iii.

vi,
vil.

wiii,

iL.
iii.
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Which ofthe following is not a process of halogenation of alkanes?

(a) Cracking (b) Chlorination -

{c} Bromination (d) logination

How many moles of oxygen will be required to completely burn propane?

(a) 4 moles (b) S moles (c) 3moles (d) 6 moles
Questions for Short Answers

Differentiate between an organic and an inorganic compound.

Why are organic compounds found in large numbers?

Name the products which are obtained when natural gas is oxidized under
controlled conditions.

How naphtha fraction is decamposed to give lower hydrocarbons?

Write down the molecular formula, structured formula and the condensed
structural formula for iso-butane.

How are organic compounds useful for us?

Write down the names of five such organic compounds which exist
naturally?

Give IUPAC name to the following compaound,

CHa— CIH — CH;—CH;

CH;

How do the melting and beiling points of alkanes change when we move
from lower members to higher members?

Constructed Response Questions

Why do alkanes show little reactivity towards the other reagents?

Why does a mixture of naturai gas and air explode?

How do you compare the meiting and boiling points of inorganic and
organic compounds?

Reactions of alkanes with chlorine takes place in the presence of sunlight.
What is the role of sunlight in the reaction?

How da you compare the boiling point of n - butane with that of iso -
butane?

Why are organic compounds not generally soluble in water?
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Descriptive Questions

Describe the importance of organic compounds in daily life.

Why is carbon so important as an element that the whole branch of
chemistry is based on it?

A carbon—carbon single bond (C- C) does not behave as a functional group
but a carbon carbon double bond (C = C) does. Explain.

Explain IUPAC system of nomendature for alkanes.

How combustion reaction of alkanes is useful forus?

Investigative Questions

When natural gas valve is kept open in the kitchen, the gas spreads through
the whole kitchen. This may cause an explosion, What is the reason of this
explosion and how can you avoid it?

“Neem"” is a common tree grown throughout our country. Comment on the
medicinal benefits of this tree,

Name a few popular medicines which are, in fact, organic compounds?
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SN Atter studying this chapter, students will be able to:

g_ 1
Tl

parl

Student Learning Outcomes

+  Explain tHat units are standardized for better communication and collaboration,
(Seme examples may include: In the field of chemistry, the International System of
Linits (S |f|; s used to measure physical quantities such as mass, volume, and
termperature. This 5tar-qardszéd system ensuras that chemists worldwide can use the
same units to measure and communicate their results, faclitating communication
and collaboration in the feld., Without standardizéc units, it would be difficult for
chernists ta compare their results with one another, and it would be challenging to
develop ‘consistent and accurate scientific models. For example, imagine if one
chemist measured the mass of a substance in grams while another used ounces. The
twie meastrements would be difficult to compare and combine, potentially leading to
inaccuratd orinconsistent resuls)

» |dentify S1 units for abstract and physical quantities-(some examples inclisde mass,
time and amount of matter

" Apply the concept that units can be combined with terms for magnitude, especially
kilo, deci, and milli -

' Justify why chemists usé cin’, g and s as more practical units when working with small
amaountsin ab ! :

-  Exglainwith examples how different tools and tachniques ¢an be usad to manage
accuracyand precision for inherent errors that arise during measurement.

Introduction

Science is a systematic study of this world through observation and
experimentation. It is a8 method through which we make sense of this world in
which we live

Scientific research is daone in all the countries of the world. Butthe way itis
done is not identical everywhere. In arder to make sure things are done properly
and carefully, we need to share ideas and standarcize our approach towards
solving the problems
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One of the most usual problem which is faced by the scientific community
is the issue of unit. If scientists in one country are measuring lengths in metres
and in another country in feet, then we will have to face problems in converting
them. Comparing quantities in different units is not only confusing but the
wastage of time as well.

For the reasons mentioned above scientists have agreed to adopt
standard and user-friendly units called Sl or System International Units. Things
become a lot easier when we use these units.

The adoption of Sl units is important in all branches of science because it
makes communication easy worldwide. |t allows scientists to share data easily.

Sl units are preferred because they reduce the number of conversions
needed to coerdinate information among the scientists.

SI urits use base 10, just like cur number system. So, it is much easier to
learn, remember and convert these units. These units are based on definite and
precise standards. Sl units are interrelated in such a way that one unit is derived

The following systems of units are commonly used in the world:

1. SISystem
2 . CGSSystem

3, MEKS System

Sl units are used almast everywhere in the world. It allows scientiststo use
a single standard in exchanging scientific data. This fact brings accuracy,
consistency and universal understanding in scientific communication. A
measurement taken in part of the world can be easily understood and verified in
another part without any confusion.

When scientists belonging to different countries and cultures collaborate
on research, they need a common language to share their results. Using Sl units
enables scientists to compare results, replicate experiments and take benefit of
each otherwork,

In conclusion we can say that Sl units allow scientists to work together
effectively, advancing the frontiers of our knowledge. All of this ensures safety,
reliability, reproducibility and progress,

1. Whatis the difference between reliabie and reproducible results?
2. How Sl units have brought harmony in the scientific community?
161




12.1 S| Units in Chemistry
There are seven base units in Sl system for physical guantities out of which

we use five in Chemistry. These physical quantities are length, time, amount of
substance, mass and temperature.

12.1.1 Metre

It is the standard unit of length. Symbol m is used for meter. Metre is the
distance travelled by light in vacuum in about 300 millionth of a second.

Fig 12.1: Meter rod

12.1.2 Kilogram

Its symbol is kg and itis the standard unit of mass. A block is kept in France
which is taken as a standard unit of mass. It is alsc defined as the mass of 1000
cm’ of water,

Fig 12.2: Different weights

12.1.3 Second

It is the standard unit of time with a symbol s, It is the time that elapses
during 9,192,631,770 cycles of the radiation produced by the transition between
two levels of the cesium-133 atom.

yit

¢ ) inkeresting Information sbout S Units \

1, Symbols are not changed in plural forms.
2 Use a space between units Nm™ not Nm™




E

12.1.4 Kelvin

Itis represented by K and it is the standard unit of temperature. It is ’é";a.ﬂ of
the thermodynamic temperature of the triple paint of water. 1t is a point at which
all the states of water exist at the sametime.

12.1.5 Mole

It is the base unit of the amount of pure substance and it is denoted by
mol. Itis defined as having exactly 6.022 x 10” particles of substance.

12.2 Sl Units in Chemistry

Chemistry involves taking measurements, analyzing results and sharing it
with athers. You may be working anywhere in the werld, you need a consistent
way to communicate measurements like mass, volume, temperature, amount
and time. To make sure that all of us can understand each other, scientists all over
the world use a commaon system of units called Sl units.

Table {12.1). Base Units of Si imn

Length Meter (m)

Time Second (s)

Amount of substance Mole (mol)
Mass Kilogram (kg)

Temperature Kelvin (K)

Apart from these base units, there are other quantities that are
mathematically derived from these base units. Examples of the derived units
used in chemistry are given in the following table (12.2).

Table (12.2) Derived Units

Quantity Unit
Volume Cubic mé:Eer_ (m?) _
Density | kg per cubic meter {kgm""}
Area Square meter (m”)
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In addition to derived units, there are other specific quantities commonly used in

chemistry. Table (12.3) Specific Quantities used in chemistry

Quantity : Unit
Force Newton/N (kgm*)
Pressure Pascal/Pa (Nm™)
Energy Joule/) (Nm)

Since the Sl system of units is a metric system, it is based around the number 10
for convenience. A set unit of prefixes has been developed which indicates
whether the unit is a multiple cr a fraction of the base ten. It allows the reduction
of zeros of a very small number or a very large number. These S| prefixes also
have a set of symbals that precede the unit symbol.

Table (12.4) Prefixes used with Sl units

Symbol Prefix

Mega M 10°
Kilo k 10°
Deci d 10"
Centi ¢ 107
il m | 10

Micro u 10°*
Nano n 10°
Pico B 10"

In Chemistry, we measure the masses of the reactants in grams. It is
essential because the unit of measurement of molar mass consists of grams per
mole, Therefore, given a mass measured in grams as well as a corresponding
molar mass, enables us to find the mole of a substance. Mareaver, in Chemistry
the quantities involved in the laboratory are likely to be small. The choice of gram
rather than kg is therefore sensible and normal, Using grams provices more
manageable numbers for calculation and prevents the need for excessively large
orsmall values. :

Similarly, Celsius scale is most often used to measure temperature in
Chemistry rather than Kelvin because itis more convenient to use it. Celsius scale

has 100 divisions in total which makes it more compatible with the base ten
164
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format of S| system. Another reason is that it is easier to canvert temperature on
Celsius scale into Kelvin scale.

The unit of measurement of volume in Chemistry is cubic centimeter
instead of cubic meter because it is easy to measure and calculate with it and itis
precise. In l[aboratory, we usuzlly measure smaller volumes of liquid which are
more manageable in cubic centimeter rather than cubic meter.

12.3 Tools and Technigques to Manage Accuracy and
Precision

Measurement Is the foundation for all experiments in science. Every
measurement carries a level of uncertainty which is knawn as error. An error may
be defined as the difference between the measured value and the actual value.
Forexample, if two students use the same tool or instrument for measurement, it
is not necessary that both of them get similar resulls. The difference between the
measurements is called an error. An error may occur due to two factors: the
limitation of the measuring instrument and the skill of the student making the
measurement,

When we use tools meant for measurement, we assume that they give
correct results, However, these tools may not always be right. In fact, they have
errors that naturally occur and these errors are called systematic errors.
Systematic errors may be removed by adding or subtracting a constant
adjustment given to each measurement. Systematic error affect the accuracy of
the measurement. All measuring instruments contribute to systematic error e.g.
pipette, burette and measuring cylinder may deliver the volume slightly different
from the cne indicated by their graduation.

Another type of error which a student commits during measurement is
called a random error. Random error causes one measurement to differ slightly
from the next measurement. It comes from unpredictable changes during an
experiment. The main reasons for random errors are limitations of instruments,
environmental factors and slight variation in procedure. For example, when
taking a volume reading from a measuring cylinder, you may read the volume
from a different angle each time. Measuring the mass of a sample on a balance
may give you different values as the surrounding zir affects the balance. A
random error often determines the predsion of the experiment. The goal of any
experiment is to obtain accurate and precise results.
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12.4 Accﬁracy and Precision

Accuracy and precision are both ways 10 measure the correctness of
results. They are used interchangeable in everyday life.

Accuracy measures how close results are to the true or known value. For
example, the volume of a liquid is 26 cm’ . A students measures its volume three
times and find the resultas 27cm’. The student is not accurate because he has not
calculated the exact result.

The closeness of two or more measurements ta each other is called
precision. For example, if you weigh a given substance five times and every time
you get 3.2kq reading, then your measurement is precise but not necessarily
accurate.

Precision is independent of accuracy. A student may be accurate but not
precise and vice versa.

The exact mass of an object Is 20 g. A student measures it and takes three
readings as 17.3, 17.4 and 17.2. The student is considered as precise but not
accurate. Similarly, another student measures the mass of the same object and
gets readings as 19.8, 20.5 and 19.6. The second student is the more accurate but
not precise.

Exercise

1. A itUdEI'!t weighs a given subsfan:e three times, and each time he gets-
the reading 5.2g. The true weight of the substance is, however, 5.0g, ts the
work dane by the student (i) precise and accurate (i) accurate but not
precise (lll] precise but not accurate?

]

2. How w:l! you avoid systematic and random errors?

1. The subject of chemistry needs & consistent way to measure and to communicate the
guantities ke mass, volume, temperature, amount and time. Ta make sure that all of
us can understand each othes, scientists all over the world have adoptad a common
system of units which i< based upon the metric system and it is called 51 units,

2. Thereare seven base units and twenty two derived units in S system but all these units
are not used in chemistry. In :hemlsw we generalh use five base units and three
derived units.
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‘Exercise

. Tick (¥) the correct answer.

Which of the following pars of quantities may be measured in the same
unit?

(a) Heatand temperature (b) Temperatureandarea

(a] Heatand work (d) Lengthandwork

Inwhich unit we usually measure the energy present in the food?

(a) Kilojoules (b)  Megajoules

(] Calorie (d) Joule

What prefixis used for 107

(a) Mega (b) Pico

(c) Giga (d)  Tessa

In Sl unit of pressure is expressed in:

(a) Newton per metre (b}  Newton permetre square

(c) Joule (d)y  Pascal

Which symbol is used for kilogram in Sl units?

(a) K b) k

(c) Kgm (d) kg

What does amale represent?

(a) Number (b)  Mass

(c) Volume (d) Length
(i) Which unit of volume should usually be used in chemistry?

(a) Millilitre (b)  Litre

() Cubic centimetre (d)  Cubic metre
(viil)Express G.000840 in scientific notation:

(a) 8.40x10" by 740x10°

{c) 840x10° (d) 74x10°

In Slunits prefix nano means:

(a) 107 By 10"

(c) 10" (@ 10™

65°C is equivalent to:

(a) BS°F (b}  120°F

(c) 149°F (dy -85
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Questions for Short Answers
Whatis consistency of results?
Why Sl units are user friendiy?
Does systematic error affect the accuracy?
Whatis reason behind a random error?

What is the difference between precision and accuracy?
Which other systems of measurements are used apart from Slunits?

. Define metre.

Mention two benefits scientists get by using Sl units.

Constructed Response Questions

Compare the units in Sl system with those in MKS system?

What are five basic Slunits which are used in chemistry?

Explain the three units derived for the basic S units.

Explain why do we prefer to use smaller units of mass and volume in
chemistry.

What difficulties we expect to encounter if we use different units of
measurement in daily life.

Descriptive Questions

What are our indigenous units of measurement of mass, volume and length?
Compare Sl units with imperial system of units.

How can you avoid systematic errors in your measurements?

How do taking measurements in Sl units ensure safety and reliability?

Can astudent be both inaccurate and imprecise in his measurements?

Investigative Question
Elaborate the importance of using Sl unitsin space exploration.
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Ahﬂrﬂuﬁyi ng this chapter, students will be able to:
+  Explain, with examples, the types of chemical hazards in the lab and suggest safety
precautions. (Types of chemical hazards to be identified: flammable or explosive
‘hazards, corrosive hazards, toxle hazards, reactive ha:ilfds radiation hmrd-i and

asphydation hazards) i
*  Recognize the mlanln-g of duﬁ‘ere«nt chemical ha:ard 51gn5 in the Iab und on
chamicals.
+ - Recognize the mpurtance of persanal protective equipment (PPE) by correcthy
identifying the types of PPEneeded for different lab activities
* . Locatethe nearestfire extinguisher and emergericy shower.
«  Showawareness of emergency procedures in the eventofan emergency in the lab.

B Introduction

A Chemistry laboratory is a place where a student is trained to observe the
physical and chemical characteristics of substances by following definite
procedures. Before starting the laboratory work, a student should get himself
familiarized with the layout of the labaratory and various fittings provided in the
laboratory table as well as the side shelves. Students are expected to conduct
themselves in a responsible manner at all times in the lab, They are advised not to
work alone in the lab. Experiments should be performed in the presence of lab
instructer and other laboratery staff. All equipments should be checked before
use whether they are working properly according to the requirements of the
experiments. Determine the potential hazards related to any equipment or the
experiment before beginning any work. Apprepriate safety precautions must be
observed al all cost. There must not be any crowding in the lab and students
should stick te their work places at a safe distance from each other. Don't bring
any food items in the lab. Never taste or smell any compound or a gas. If it is
necessary to smell a gas it is always advised to waft the fumes ar vapor towards
YOur Nose.
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Warning signs are displayed when unusual hazards, hazardous materials,
hazardous equipment or special conditions are expected. Do not pour chemicals
down the drains and do not utilize the sewer far chemical waste disposal. Keep
all sink traps and floor drains clean, Laboratory chemical waste can be disposed
of in sewer or trash bin if they are non-hazardous materials. Acids and bases are
first neutralized followed by sewer disposal Hazardous waste material is
transported to hazardous waste disposal site.

Misuse and mishandling of chemicals may create serious problems for the
laboratory waorkers, A laboratory worker must use the chemicals according to the
standard procedures keeping in view the particular hazards and precautions
required for the safe use. The chemicals which can create problems for the safety
of workers are cleaning agents, disinfectants, solvents, paints, compressed gas
cylinders, mineral acids, carcinogenic chemicals etc.

Recognizing hazards which are commaonly encountered in the laboratory
helps to identify and minimize many of the heaith and safety problems, Maost
hazards which we might face while working in the laboratory fall into the
following categories.

13.1 Chemical Hazards in the Laboratory

13.1.1 Flammable and Explosive Chemical Hazards

To start working in the laboratory requires great care, responsible
behaviour and good attention, It is important ta exercise extreme caution while
working with delicate instruments, hazardous chemicals and open flames. If
flammable and explosive chemicals are not handled in a safe and compliant
manner, they can cause acute hezlth problems. These problems may include
burns, eye injuries, lung disease and suffocation.

Chemicals that cause a sudden release of pressure, gas and heat when
they experience sudden shock are called explosive chemicals. Examples of
chemicals which are expected 1o explode are picric acid, 24 -di-nitrophenyl
nydrazine, benzoyl peroxide, nitrocellulose etc.

Flammable chemicals or mixtures are these which have a flashpaoint
around room temperature. Examples of flammable compounds are ethers,
methylated spirit, benzene, acetone, petrol etc,

If you ever come across any chemical that you suspect to explode, do not
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attempt to mave the container 10 avoid shock. Explosives can cause damage to
peaple, windows, tables etc.

Avoid using a chemical that is hazardous. Look for its alternative. If you
must use a potentially dangerous chemical, you must follow the underlying
safety instructions.

Obtain prior approval from your teacher.

Always use smallest quantity of the chemicals,

Always conduct experiment in fume hood.

Remove all other chemicals and apparatus around you.
Inform other peopie working with you.

Always wear safety spectacles, gloves and lab coat.

Always keep flammable compounds away from heatsource,
Pour the flammabile liquid very carefully.

Properly cispose off any hazardous waste.

Do nat store flammable liguid in refrigerator.

13.1.2 Corrosive Hazards

Corrosive chemicals attack living tissues when they come in contact with
them. They can be in the form of solids, liquids or gases. Such chemicals attack
skin, eyes and respiratory tract and in the intestine as well. Whenever you wark
with corrosive chemicals, wear splash gogales instead of safety glassesand use a
face shield.

S2WONAND R WN -
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Safety Precautions

i Corrosive chemicals must be used in a fume cupboard to avoid breathing
COITOSiVE vapours.

2. While mixing concentrated acids with water, always add acid slowly to
water and not vice versa,

-7 Ensure eye wash and emergency shower is available.

4. Wash the affected area with soap and water and seek medical attention in
case of emergency.

Examples of corrosive chemicals are mineral acids including HF, caustic alkalies,

acetic acid {glacial) etc

-13.1.3. Toxic Chemical Hazards

A toxic chemical is a polsonous material which is capable of causing
serious hezlth problems. Mercury, benzene, chlorine, pesticides, ammania,

1m



=y

5

T.

i o y s | ! - B o o b | .--.'.- falr
Fod 5 ta Pt LT af I e EITH T ' I‘.' =al OF '..","' ¢ L L -.l"..' = i
™ - A + ? " i

== = " P 1 1 . 1 -

hydrogen cyanide are some examples of toxic chemicals. The following safety

instructions may be ensured in case you intend to work with toxic chemicals.

Wear gloves, masks or other protective devices.

Keep the work area well ventilated.

Keep the toxic chemicals in original container.

Do not work alone.

Wash your hands with soap and water after you finished.

Always work in fume hood because toxic vapours can be formed during

an experiment.

7. Seek immediate medical and if you think you may have exposed to
poisanous substance.

B WP

13.1.4. Reactive Chemical Hazards

The reactivity property of chemicals is vital for the production of many
chemicals, pharmaceutical and focd preducts which are in our daily use. When
chemical reactions are not properly performed, they may cause fires, explosions
as they may evolve dangerous gases. These reactions may result to an extreme
damage to life and property. Examples of reactive chemicals are calcium hydride,
Na, Li, azides, picric acid, AlCl, benzoyl peroxice etc.

Safety Instructions

1. Handle reactive chemicals with utmost care. Segregate these from other
chemicals while storage.

2. Appropriate measures should be taken before performing reactions with
reactive chemicals. Utilize shield and heavy gloves.

3. Minimize the quantity required for expenment,

4 Glass equipment must be shielded by wrapping with tape.

5 After use carefully dispose off every dangerous material.

13.1.5. Radiation Hazards

When a person is exposed to a high dose of radiation, it can damage the
functioning of tissues and organs and can cause vomiting, radiation burns, hair
loss and raciation syndrome.

Radioactive materials that emit alpha and beta particles inflict extreme
damage when inhaled or injected. Gamma rays cause external injuries, Medical
x-rays produce ionizing radiation which can affect living tissues.

il B B A T T LT : ] k T R R Y e el |
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!Safety 1nstructinns

Keep radicactive sourcesshielded.

Avoid prolonged exposures to the radiation,

Stay inside as walls and ceilings can protect you from radiation fall out.
Never operate equipment that produces radiation without sufficient
training.

3. Wear pratective clothing, wear face masic

6. Avoid contact of the material with bare skin.

7. Monitor exposure to radiation using badges atc.

13.1.6 Asphyxiation Hazards

It is a type of hazard in which a gas or vapour can cause unconscience or
death through suffocation.

A sufficient level of oxygen is essential for normal breathing. If this level
falls, it can create very dangerous situation. The exposed person has no warning
and cannot realize that oxygen level has become low. If the level of oxygen
decreases a person can feel rapid breathing, rapid heart rate, nausea and
convulsions.

Examples of chemical asphyxiants are hydrogen cyanide, carbon
monoxide, nitrogen, argon, helium, methane and carhon dioxide etc.
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Safety Instructions

1. Store and use asphyxiant chemicals in well-ventilated areas with plenty of
air.

2 Wear a full lab coat, wear glasses and standard gloves, long trousers and
closed-toed shoes.

3. Dispose off the waste strictly according to the instructions.

4, If exposed to such chemicals wash the expased part with running water
and seek medical attention,

5. When such a chemical is inhaled, remove the patient from the

contaminated area and call appropriately trained person,
1. Why*lammabl liquids are notstored in refngeramr? R
2. Canyouwear contact lensesin the lab? e,
“:3: - Under whatdrcu mstances explosive chemicals are Ilkely to exploda?
4

How will you dtspnse off acid and alkali waste after the exp-snmen't is
finished? :

--..h..,'-u“n-u
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13.2 Hazard Signs

A chemistry |abaoratory is a strict area where rigorous rules must be
practised to avoid a chance of a deadly accident. A dangerous situation may arise
not only for the individuals working there but far the whole area. In a laboratory
there are several hazardous materials, sensitive equipments and specified areas
for specific tasks. Proper warning signs ought to be posted on these areas 10
ensure that every person entering there must understand and act accordingly to
maintain laboratory safety.

Several signs and symbols are posted in different areas of the lab and
bottles containing hazardous chemicals. These signs indicate that specific
precautions must be observed according to the requirement sign posted there.
If you see such signs, you must be alert and take extra care to maintain safety in
thatarea,

Danger | Danger
Highly lammable | Fisk of ssphyxiation

A3

SANITIZE

Wear

face mask

Fig (13.1): Different Hazard Signs

1. ' Whatdoes warning sign "caution” convey the message?
. o
2. Name some explosive chemicals.

174
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13.3 Personal Protective Equipment (PPE)
in the Laboratory
Personal protective equipment should be made available to students to
face any emergency situation which may arise in the lab. They are also useful to
reduce exposures to hazardous chemicals. Proper protective equipment include

such items as lab coat, protective glasses, face shields, apron, boots and hearing
protection.

13.4 Location of Fire Extinguisher

Chemical laboratories using such materials which are likely to catch fire
during experiments must have a portable fire extinguisher. This equipment can
quickly be used to control a small fire if it is applied by a student individually. For
this purpose all students should be well aware the location where this fire
extinguisher is placed. A training session should be held to train all the students
to know how to handle and apoly this fire extinguisher to extinguish the fire
properly without any panic or harm to anybody.

Similarly the facility of a shower should also be made available in the lab
whose location and working must be told to everybody working in the lab. In
case of fire or any other emergency students should know how ta face that
emergency situation.

1. Should emergency drills be compulsory er optianal?

13.5 Emergency Situation in the Lab

Students should make themselves aware of the actions that need to be
taken in case of an emergency in a laboratory or if a person is affected. For this
purpose periadic drills should be held with compulsory participation. Students
should nat anly been given lectures but involve them practically to handle the
emergency situations. During drill firefighting anc other equipments must be
checked whether they are in proper working order or not.
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The fnllowmg pomts should be keptin mmd to cupe with the emargency

situation.

1. Stay calm and donot panic.

2 Alert people in the area to evacuate.

3. In case of fire, close doors to confine fire. Use fire extinguisher to put
down the fire.

4, In case of chemical emergency adopt safety procedures as mentioned
article 13.7.

5 Call and assist emergency staff.

1-
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- Chemicals ar'lr Pﬂf!ﬂnﬂ?s and :iusg pmat farm ‘if . r'rm handlﬂ:l a:tm'dlng to
istrictions. 0% R _

‘Signs and symbols should be posted in lab, ana chamical bottes to let the peapie -
¢ _...hlmmairhnzirdou:m ool ¢ .

10.
.

Warking in the laboratory requires. care and responsible behaviour. Hazandous
dwmncalsandopanﬂnmesIfnmhmdledmnpnﬁym:amMMpmhlhm. :
Chemicals can wddenly e::plodg duelto shock and heat, They r!qulrt hanﬂﬂng them
with care. i 11

Safnrty imtm:ﬁmssmm be 'I'ulto\ud snicﬂy to mfd anydamage dumﬂ:-nmahle
and enpasived'mﬁ:als. :

Corosive chemicals affect skin, Q\Js and I'lel'ltﬂlj' tract. To avoic such heal'th
mummno&hecmmlsmm be handled in fume cupboard.

Some chemir.ahm mructivnhatﬂ'wmquire s;m:ial care in the Iabnmmry
Radloactive materials can affect living tissues, and organs and cause other health
problems. itis important to avoid Imgerlupmurutwlchhnntnnw heajthy.
Asphyxiant chemicals aré extremely lethal because they can cause suﬁncm:m They
must be used iniwell- verrifﬂand places with protected dress.

h’ "
Personal pr ion equioment are nﬂndatory befcm ynu enterthelah. Ly
Students shalr Iq-mwﬂu munn and pperation of ﬁm u:ﬁngulsheran:fshmﬂﬁn thl
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(i)

(i)

{ini}

(iv)

(v)

(vi)

Tick (v') the correct answer.

Safetyinthe chemistry laboratory s

(@)  the responsibility of the students only

(b}  the responsibility of the professor only

(c)  theresponsibility of the labincharge only

(d)  ashared respensibility

Accidents often result frem:

(@  making mistakes

(b) failuretouse common sense

{c) failure to follow instructions

{d) alloftheabove

The label "Warning” on a chemical bottie signifies:

(a)  thatthe chemical can cause less serious injury
(b)  thatthe chemical can cause serious injury

(c)  thatusershould be careful when using chemical
(d) thatusershould openit onlyinthe presence of a teacher
Thelabel "Corrosive" on a chemnical bottleindicates.

(a)  thatthe material is an oxidizing agent

(b)  thatthe material can degrade rapidly upon exposure
{c)  thatthe contact destroys living tissue

(d) thatthe chemical can explode

Example of highly toxic chemical:

(a) Ethanol (b)  Aceticacid

(c}  Potassium Cyanide (d)  Potassium permanganate
Example of self-reactive chemical:

(a) Potassium (b) Phencl

(c) Picric acid (d)  n-Hexane
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(vii)

{wiif)

When diluting an acid with water;

o a5 - ‘ = . X+ LR T
. (= T4

(a) doitqguickly

(b)  donotstirthe container

()  slways add acid to water

(d) salwaysadd watertoacid

What should you doin case of a fire drill in lak?

(a)  runto safety shower

(b}  climbintothe fume cupboard

()  closegasvaluesand turn off all equipments
(dy  carrychemicals out of the lab

2. Questions for Short Answers

1.

vi.
wil.
Vi,

Name some corrosive chemicals.

What type of safety precautions are adopted to avoid damage due to
explosive chemicals?

What type of damages can reactive chemicals cause?

Indicate two such safety instructions which are required to avoid
radiaticn.

Which chemicals can cause suffocation?

Why signs and symbols are posted on lab and chemical bottles?
How fire caused by chemicals should be handled?

Why emergency drills are important to face emergency situations?

3. Constructed Response Questions

i.

i,

How will you handle an emergency situation caused by fire due to short
circuiting?

What type of reactions should be carried ocut in fume cupboard?

Put forward at least two suggestions to improve safety in the lab.

Can you identify warning symbols posted for radiation and asphyxiant
chernicals?

Why sudden shock can cause some chemicals to explode?
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4. Dmiiptiw Questions

L
I

Explain hazards due to explosive and toxic chemicals.

Write down five such common safety instructions which are used to avoid
all types of hazards.

Explain the importance of warning signs and symbols to avoid any
accidentinthe lab.

Name some toxic chemicals. Describe the effects of spreading toxic gasin
the lab.

A student has spilled over a corrosive and explosive chemical due to an
accident. Which emergency measures you will take to tackle the situation.

Investigative Question

A few decades ago, a tanker carrying poisonous chlorine gas leaked and
the gas spread over a large area in Lahore. The accident killed a few
persons as well as animals. Give some concrete proposals to avoid such an
accident in future.
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2n’ Formula: Formula used for filling the electrons in shells.
Accuracy: It refers to how close a measurement is to the true value.
Acid Rain: Pollutant gases mixed with rain water come down as acic rain.

Activation Energy: Energy absorbed by the reactants and product malecules
in order to be converted into the transition state.

Aerobic Respiration: The process of respiration In the presence of oxygen.

Aldehydes: organic compounds containing the aldehydic functional group
i

(—C—H).

Aliphatic Compound: (Acyclic compounds) Compounds containing open

chain of carbon atoms.

Alkanes or Saturated Hydrocarbons: Hydrocarbons in which all the four
valencies are fully utilized or they contain single bonds only.

Alkenes: Compounds containing a double bond between two carbons
atoms,

Alkyl Amine: Organic compounds containing amino group (-NH;) as a
functional group. '
Alkyl Halides: A family of organic compounds containing halogen atemas a
functional group.

Alkyl Radical: When an alkyl molecule drops one of its many hydrogen
atoms. ,

Alkynes: Compounds containing a triple bond between two carbonsatoms.
Anaerobic Respiration: Respiration without oxyger.

Aromatic Compounds: Compounds containing atleast one benzene ring.
Arrhenius Acid: Achemical which gives praton (M) in water,

Arrhenius Base: A chemical compound which gives hydraxide ion (OH) in
water,

Astrochemistry: It is the study of molecules and iens occurring in stars and
interstellarspace.
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Atomic Mass: The mass of an atom of an element relative to the unit mass,
which is 1/12th of the mass of C-12.
Atomic Number: The number of positively charged particles (protons)
present inthe nucleus of an atom.
Atomic Size: Average distanice between the nucleus of an atom and its
outermast electronic shell, Its units are m or pm.
Avogadro's Number: The huge number 6.022 x 107 is called Avngadms
number,
Biochemistry: Which deals with the study of chemical compounds pruent
in the living things.
Bronsted Acid: A compound which can donate proton.
Bronsted Base: Acompoundwhichcan accept proton.
Carboxylic Acids: Organic compeunds containing carboxyl group
&

(—E OH ) as a functional group.
Catalytic Converter: It is a device used in the exhaust of an automabile
which converts harmful gases produced in the engine.
Catenation: The self-linking property of carbon.
Chemistry: |2 deals with the composition and changes in matter and the IHWE
which govern these changes,
Colloidal Solution: A solutian in which solute particles are bigger than those
presentin a true solution and which cannot be filtered.
Combustion: Burning of an organic compound in an excess ofoxygen.
Concentrated Solution: A solution that contains a relatively large amount
of a dissolved solute. '
Concentration of a Solution: The amount of a solute which has been
dissolved in a particular amount of solvent. '
Coordinate Covalent Bond: When the shared pair of electrons is provided
by one of the bonded atoms, a coordinate covalent bond is formed,
Covalent Bond: It is the force of attraction that arises between two atoms
due to mutual sharing of an electron pair,

Crystal Lattice: Three-dimensional arrangement ofians,
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Cyclic or Ring Compounds: Compounds in which carbon atoms are linked
togetherto give aring.

Dilute solution: A solution that contains a relatively small amount of
dissolved solute.

Discharge Tube: A glass tube containing a gas at 2 very low pressure and
provided with electrodes to study the passage of electricity through the gas.
Dynamic Chemical Equilibrium: When the rate of forward reaction
becomes equal to the rate of reverse reaction, at this stage the reaction is said
to be in a state of dynamic chemical equilibrium.

Electron: It is the smallest negatively charged particle present in all kinds of
atoms. lts massis 9,1095 x 107" kg and carries a charge -1.602x 10 C.
Electronegativity: It is the power of an atom to attract the shared pair of
electrons.

Empirical Formula: The formula of a compound, which shows the minimum
ratio present netween its atoms.

Endothermic Reactions: Those chemical reactions during which heat is
absorbed,

Enthalpy of Reaction: Heat of reaction which takes place at constant
pressure.

Enthalpy: Itisthe measurementofenergyina thermmiyna mic system.
Environmental Chemistry: In this branch, we study the chemicals and other
pollutants present in the environment. It also covers the effects of these
pollutants on living and non-living things.

Error: The difference between the measured value and the actualvalue.
Exothermic Reactions: Those chemical reactions during which heat is
evolved,

Exotic states of Matter: These are not commonly encountered states of
matter, for example, dark matter.

Extranuclear Portion: Area surrounding the nucleus of an atom.

First lonization Energy: The minimum amount of energy requirec to
remave an electron from the outen'nnst electmmc shell of an isolated
gaseols atom. s unitare ki mol™,
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Formula Mass: Formula mass is the mass of a compound relative to the unit
mass whichis 1/12th of the mass of C-12.

Functional Group: An atom or group of atoms or a bond whose presence
imparts characteristic properties to the organic compounds.

Geochemistry: [t covers the study of chemical campnsutlan of rocks and
minerals.

Global Warming: The progressive warming of the Eart h's surface due to the
blanketing effect of CO; CH.: and the water vapour present in the
atmosphere.

Heat content: The total amount of heat energy pres&m in a molecule under
standard conditions.

Heat of neutralization: The heat given out during a neutralization reaction
when one mole water is formed from an acid and l:lase is called the heat of
neutralization.

Heat of Reaction: Heat evolved or absorbed during a chemical reaction
which takes place atany pressure.

Hydrated Salt: A salt with water molecular of crystallization.

Hydrocarbons: Compound of carbon and hydrogen qmly

Inorganic Chemistry: The study of all other e-ienents and their compounds
except carbon and its compounds.

Inorganic Compounds: Compounds obtained farr_n non-living things or
mineral sources or synthesized in the laboratory by reacting metals with non-
metals. !

Intermolecular Forces: Forces between two separate molecules,

lonic Bond: A bond formed due to the electrostatic force of attraction
between oppositely charged ions.

Irreversible Reaction: Reactinn which moves in one direction only; the
reactants react to give the product.

Isomerism: The phenomenon shown by the organic compounds having the
same malecular formula but different structural formula.

Isotopes: Atoms of an element having the same atomic number but
different mass number.

Isotopic Abundance: The natural abundance of an isotope.

183
£
"




i | . - | et ET i
| 5 * = ; Al ==

Ketones: Organic compounds conta in'ing the ketonic functional group
O

Il

(R—C—R)
Lipids: A group of organic compounds which serve as an energy reserve,
Liquid erystals: Itis a state of matter whose properties are between those of
liquids and solids.
Mass number: The total number of protons and neutrons present in the
nucleus of an atom.
Medicinal Chemistry: Designing and synthesizing medicines or drugs
which are useful to mankind
Metallic Bond: When positively charged metal fons are held together by
freely moving electrons, the bond formed is called a metallic bond.
Metallic Lustre: Shine present on metallic surfaces.
Modern Periodic Table: A table in which elements are arranged in
ascending order of their atomic numbers.
Molar Mass: The mass of an element or a compound which contains
Avogadro's number of particles,
Molecular Formula: The farmula of an element or a compound which tells
the actual number of atoms present in the molecule of that element or 2
compound.
Molecular Mass: Molecular mass is the mass of the molecule of an element
or a compaund relative to the unit mass, whichis 1/12th of the mass of C-12.
Neutralization: Acids and bases react together to form salts and water and,
in this way, they neutralize the properties of each other. This reaction is called
neutralization reaction.
Neutron: [!is the smallest neutral particle present in the nucleus of atoms. Its
mass is slightly mare than that of a proton.
Nuclear Chemistry: This branch deals with the reactions taking place in the
nucleus of an atom,
Nucleus: Central part of an atom where most of its mass is concentrated. Its
size is very small as compared to the size of the atom. -
Octet Rule: When an atom has eight electrons in its outer most shell, it is said

to be stable and does not combine with other atoms to reduce its energy. This
is called octet rule,
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Orbit: the circular path of an electron around the nucleus,

Organic Chemistry: The branch of chemistry in which we study the
campounds of carbon.

Organic Compounds: Compounds obtained from living or plant and animal
sources and which can be synthesized in the laboratory. All the organic
compounds contain carbon as an essential element.

Oxidation; A processinwhich an electron orelectrons are |ost.

Oxidising Agent: A substance which accepts an electran orelectrons.

Parts per Million: One part per million parts of the solid, liquid and gas
mixture in which pollutant is formed.

Physical Chemistry: This branch investigates how substances behave on an
atomic or molecular level and how physical laws govern the specific
characteristics of atoms and molecules.

Plasma: Itis the fourth state of matter. It is composed of particles with very
high kineticenergy.

Pollutant: Any solid, liquid or gaseous substance present in such
concentration as may be injuricus to health.

Polymer Chemistry: It focuses on the properties, structure and synthesis of
polymers and macromolecules.

Precision: It refers to how close measurements of the same item are to each
other. |

Proton: |Itis ithm.ﬂ. smallest positively charged particle present in all kind of
atoms. The mass of this particle is equal to the mass of hydrogen nucleus (H").
Radioactive rays: Rays emitted from radicactive elements or their
compeunds, which can cause fogging of the photographic plates.
Radioactive Isotopes: |sotopes of elements which throw out excess energy
in the form of radiation.

Radiocarbon Dating: A method for finding out the age of a historical abject
containing organic material with the help of ';C.

Random Error: Errorwhich a student commits during measurement,
Reducing Agent: A substance which losesan electron orelectrons.
Reduction: A processinwhich anelectron orelectrons are gained.

Reversible Reaction: A chemical reaction, which takes place in both
directions, forward as well as tackward.

185
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Saturated Salution: A solution, which contains the maximum amount of 2
solute at a particular temperature and which is unable to dissolve further
amount of solute in it.

Sl Units: A common system of units based on metric system.

Solubility: The amount of a solute in grams which has been dissolved in
100g of a salvent at a particular temperature to prepare a saturated solution.
Strong Acid: An acid which ionizes completely inwater.

Strong Base: A base which can ionize completely in water giving excess of
hydroxide ions.

Structural Formula: The formula which shows the arrangement of atoms in
acompound.

Substitution Reaction: A reacticn which occurs when an atom or a group of
atoms from the reagent displaces an atom or group of atoms from the
organicreactant.

Supercritical Fluids: They are highly compressed gases which show the
properties of both gases and Liquids.

Surrounding: Everything else which does not fall in the system.

System: Anything under consideration for the purpose of study.

Systematic Error: Error which naturally occurs when we use tools for
measurement.

Transition Elements: Elements having incomplete penultimate (next inner
to the outermost) electronic shell.

Transition State: A state of molecules when they are undergoing breakage
or formation of bonds.

Unified Atomic Mass Unit: Unit of a new scale, which is equal to 1/12th of
the mass of C-12.

Unsaturated Hydrocarbons: Hydrocarbons containing double or triple
bonds.

Unsaturated Solution: A sciution, which can dissolve further amount of a
solute at a particular temperature,

Vital Force: The imaginary supernatural force which was supposed to be
present in all those compounds which were obtained from living things.
Water of Crystallization: The number of water molecules present in the
crystals of asolid.

Weak Acid: An acid whichionizes pa ruaity in water.

Weak Base: A basewhich ionizes partially in water.
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