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1.1 What is Chemustry?

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.

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 to achieve breakthroughs and advancements.

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 turn 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
conditions to carry out the reaction onindustrial scale.

It is the study of the synthe5|s and properties of compounds that do not
contain carbon hydrogen bonds. An inorganic compound can be composed of
metals, nonmetals or a mixture of these, salts, acids and bases. Inorganic
~ compounds are used as fuels, medicines, catalysts, pigments, surfactants,
coatings and much more.

It is the branch of chemistry that deals with the carbon compounds other
than its simple salts like carbonates, oxides 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. |




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 refease of chemicals. It helps in understanding the causes, effects
and solutions of different types of pollution.

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.

It is 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 Chemis

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.

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 macromolecules. Many materials present in the living
organisms including proteins, cellulose and nucleic acids are naturally occurring
polymers.

Geothermal heat purhp uses a pump to transfer underground water into the
buildings during the winter to heat them and in the summerto cool them.




The study of chemical composition 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 monitaring, forestry and
medical research.

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 in the universe and interaction of these species with radiation.

A lunar mission has recently brought samples from the Moon. The following
experiments were then carried out on it. Point out the branch of chemistry
these experiments are related to.

Experiment Branch of Chemistry :

1. Determing its composition

2. Studyingthe physical properties
of materialsitcontains

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-material 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 distinctforms.

A state of matter is one of the many distinct forms in which matter can

exist. We observe four states of matter in everyday life: solid, liquid, gas and

plasma. Apart from these, there are more states of matter which we do not see in

our everyday life.




The three primary states of matter-are the solid, liquid and gaseous. They
are different from each other due to different strength of intermolecuiar forces,
the arrangement of particles 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 obviously 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 compressible and their densities have
highervalues 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 only 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 fluorescent tubes, lightning and welding
arcs. Plasma can be considered as a partially ionized gas containing electrons,
ions, photans, 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.

gas




Liguid crystal is a state of matter whose properties are between those of
conventional liquids and those of crystalline solids. Liquid crystals 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 a 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.

~ 1.3 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 a pure substance
containing the same kind of atoms. It cannot be broken down into simpler
substances by ordinary chemical reactions. Elements exist in all three forms;
solid, liquid and gas. Most of the elements found in this world exist in solid form,
Liquid and gaseous elements are very few in number as compared to solids.

Elements may be a metal, a non-metal and a metalloid and a noble gas.
Elements can also exist in form of atoms, molecules, ions and isotopes. Examples
of important elements are sodium, potassium, magnesium, calcium, carbon,
silicon, nitrogen, oxygen, chlorine, helium, copper, gold, zinc, silver nickel,
cobalt, mercury, bromineiodine, 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 composition and properties of elements or a compound are uniform
throughout a given sample and from one sample to another. A mixture is formed
when more than one types of elements or compounds are mixed together in any
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 homogeneous mixture because its concentration is uniform
throughout. A sample of rock is an example of heterogeneous mixture because




the concentrations of its constituents is different in its different parts. Rocks are
composed of different types of minerals such as granite, mica and limestone.
sl '

) Interesting Information! -\
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Many elements are found in nature but some are artificial. Technetium was
first element created by scientists in the laboratory.
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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 (Os).

Similarly, carbon exists in three main allotropic forms, diamond, graphite
and Buckminster fullerene. Diamond has a giant macromolecular structure
whereas graphite has a layered structure of hexagonal rings of carbon.
Buckminster fullerene (Cso) consists 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 formeris more stable than the latter.

- )

Graphene Diamond Buckminsterfullerene

Graphite Rhombic Sulphur Monoclimic Sulphur

Fig (1.4) Allotropic Forms of Carbon and sulphur




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.

ements, Compounds"and Mixtures.

Mixture is an impure
compound. A sample of
matter having more
than one type of
elements or compounds
mixed together in any
ratio, is called a mixture.

[t 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,O)
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
represented by their
symbols Na and Ca.

It is possible to break a
compound into its
constituent elements
by a chemical reaction.,
For example, ammonia
can be converted back
to nitrogen and
hydrogen by a suitable
chemical reaction.

A mixture may be
homogeneous or
heterogeneous. For
example, the solution of
common salt in water is
a homogeneous mixture
while a sample of rock is
a heterogeneous
mixture.

Gaseous elements exist
in the form of
independent molecules,
for example nitrogen
(Nz), oxygen (O,) and

| chlorine (Cly). Noble
gases, however, exist as

maono atomic molecules,

The properties of a
compound 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.

The components of a
mixture are not
chemically bound
together and they can
be separated by
physical methods.




Compounds existinthe | The properties of a

form of molecules, for mixture are the sum of
example hydrogen those of its

chloride (HCl), ammonia | o ponents.

(NH,) and water (H,O).

Compounds may also
exist as network
arrangement of their
atoms. For example, ionic
compounds like NaCl
and covalent compounds
like sand (SiOy).

2. Which elements are in very small amounts in Earth?

1. Which elements are found in pure state in Earth? }

1.4 Solution, Colloidal Solution and Suspension

A solution 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 a 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.

| Salution Co[.IoidaI Sspension
Besides a true solution and a suspension, there is a third form of solution

called colloidal solution. In this type, the solute particles do nothomogenize with
solvent. These particles are a little bit bigger than the solute particles presentin
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 colloidal solution
do not settle down. On filtration, these particles pass through the filter paper like

14




IR R e ) [oRS AR T B S e
the particles of a true solution. Starch solution and white of an egg are the

common examples of colloidal solutions.

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
dissolve 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 more sugar will dissolve in water 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 solution in which the maximum amount of the solute has been
dissolved in a particular amount of a solvent at a particular temperature is called
a saturated solution.

Differentsolutes have differentsolubilitiesinaparticularsolvent. For
example, if the saturated solutions of table sugar and sodium chloride are
prepared, it is found that the concentration of sodium chloride saturated
solutionis 5.3 molar atroom temperature while that of sugar solutionis 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
arefarstrongerthantheattractionsbetweensugarmoleculeswith water.
How formation of solutioncanbe usefulindailylife?

WA

)

1z

" - Solutions are closely related to our 'everyday lives. The air we breathe, the
-liquid and other foods we consume, the fluids in our body, the solids like steel we use,
areallsolutions. ‘ '

The solubility of a solute is the amount of solute which can dissolve in
100g of a solvent at a particular temperature. "
Change in temperature has different effects on the solubility 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
whose solubility in H2O increases with the increase in temperature e.g. potassium
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nitrate (KNQ3j), silver nitrate (AgNQs) and potassium chloride (KClI) etc.- The
solubility of sodium chloride in H,O does not increase appreciably with the
increase in temperature. The solubility of compounds like lithium carbonate
(LioCO3) and calcium chromate (CaCrQ,) decreases with the increase in
temperature. The solubility of gases in water also decreases with the increase in

temperature.
Solubility Curves
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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. -

ow variation Qf_éolu'bility atﬁd-i-ffé:r:e'nt_t_'e:jr'h pertures canbe useful fo-_r__Lil_S? '
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1.

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

The increase in the solubility of salids in liquids
with increase in temperature may be used to L
purify them. Pure solids commonly appear as
beautifully shaped crystals.

Crystals of Potassium Nitrate

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 dissalved in water
foralonger period of time.

' -5.-'Solut|ons suspens:ons and co!.|0|dal solu’clons dlfferent forms in wh|ch the
% -'?m|xtures usually ex15t They have the:r own charactensﬂc propertles




(ii)

(i)

(iv)

)

(vil)

(viii)

Tick (V) the correct answer.
Matter is present in neon signs in the state of:

{a) Supercritical fluid (b) Plasma

() Gas (d) Liquidcrystal
Hazardous effects of shopping bags are studied in:

(a) Geochemistry (b) Inorganic chemistry
() Analytical Chemistry
The man-made polymeris:
(a) Starch (b) Polystyrene
(c) Protein (d) Cellulose
The allotropic form of sulphuris:

(d) Environmental chemistry

(a) Brass {b) Rhombic

(c) Graphite (d) Bronze

Which liguid among the following is a colloidal solution?

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

(c) Vinegarsolution (d) Mixture of AgClin water
Which of the following is a heterogeneous mixture?

(a) Asolution of calciumin hydroxide water

(b) Asolution of potassium nitrate in water

(¢} Hotchocolate

(d) Concrete mixture

A state of matter whose properties are between those of liquids and
crystalline solids.

(a) Liquid crystal (b) Supercritical fluid
{c) Plasma (d) Dark matter
When the tiny particles of a substance are dispersed through a medium,

‘the mixture is named as:

(@) Truesolution (b) Colloid

() Suspension (d) Heterogenous mixture




(ix) |

(x)

A solution of KCIOs has a solubility of about 13'.29 per 100 cm’ at 40°C.
How its solubility will be affected, if you decrease the temperature?
(@) Thesolubility willincrease
(b) Thesolubility will decrease
(c) Thesolubility 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 temperature. 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?

ii. Whatistheimportance of graphene?

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

Constructed Response Questions
How does a supercritical state look [ike?
Inwhatway is plasma created in a fluorescent tube?

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

Give the reason of brilliance shown by diamond. Can you improve it?

Explain the dissolution of NaClin water.
19




Vi.

vii.

viii.

-Why do different compounds have different solubilities in water at a

particulartemperature?
Why NaCl can be crystallized from water just like KNO3?

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)y Measurement 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 liquid molecules?

Differentiate between the areas which are studied 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 studymg this chapter,.students w:ll be able to.

'Q

Explain the ‘structure of the atom as a c_entral nuc[eus contamlng neutrons and -

' protons surrounded by electrons in shells

‘State that, orblts (she]ls) are energy levels of electrons anda Iargershetl |mpi|es hlgher-
'energyand greateraverage dlstance from nucleus SRS '

- State that electrons are quantum pa rticles W|th probab;listlc paths whose exact paths_

_and Iocatlons cannot be mapped (wuth reference to the uncertalnty prmcnpie}

the lnﬂuence'of a Umform Electrlc Field."

Deﬁne pro : :n number/atomm number as the number of protons'm the nuc!eus of an
atom : : - : :

fEpraln that the proton number IS umque to each element and used to arrange-

elements |n penodic tabie

3 Statethat radnoactl\nty can change the proton number and alter an atom s |dent|ty

o Deflne nucleon number/ atomlc mass as sum: of number of protons and neutrons in
e 'the nucleus ofan atom S IR :

: '_Defme |sotopes as dlfferent atoms of the same element that have same number of
3 protons butdifferent neutrons -

State thati |sotopes can affect molecuiar mass but not chemlcal propertles ofan atom

; _:'Determlne the number of protons and neutrons ofdn‘ferent lsotopes

Define relatave atomlc mass as. the average mass of :sotopes of an element compared

" fo 1/12th of mass ofan atom ofCarbon 12
.. State that asotopes canexhibit radioactrwty
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+  Discuss the importance of tsotopes using carbon datmg and medical imaging as

: examples Descnbe the formaJr on of po_sntlve__(catlon) and negative (anion) ions from -
-atoms. : : B
s _[nterpretand usethesymbolrfnratoms andlons
o+ Caleulate relatlve atomlc mass, of an element from relatwe masses and abundance of
7o isotopes, R S Ei : o
Caleulate the relative mass oF_ an iso.tope_‘gi\{gh rélative a_tbmi’c':_ nﬁass'_éhd_ abundance f
ofailstable |sotopes ' [T - EEET N S S A

Introduction

Elements are very different from one another. A large 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 locks very different from gold which, in turn, is very different from
aluminium or zinc (Fig: 2.1). Iron 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
in the properties of their constituent atoms.

'k




2.1 Structure of Atom

In 1803, an English chemist, John Dalton, in his famous theory 'Dalton's
atomic theory', proposed atoms to be indivisible. In other words, according to
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 particles
called electrons and positively charged particles called protons. It was also
discovered that a proton is 1836 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. Similarly, the
presence of positively charged particles was confirmed due to their deflection
towards the negative plate.

S N
\‘ g \,

_ Although the nucleus is less than one hundred-Thousandth (1/100,000) of
the size of the atom, it contains more than 99.9% of the mass of the atom. ‘ '

£

iscovery of Electrons
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
started to glow, due to the rays emitted
from the cathode. These rays were

Fig (2.2) Discharge Tube Experiment
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 also installed
two magnets on either side of the discharge tube and noticed that cathode rays
were also diverted by the magnetic field. Thomson 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
23




particles were later named as electrons. It was also shown that electrons are the
subatomic particles of all elements.

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
the anode which moved towards the
cathode. He called these new rays as i SN
canal rays or anode rays. Cathéde  Fig (2.3) Anode Rays Anode

The properties of these rays seemed to vary depending on the gas used in
the discharge tube. In fact what he discovered was gas ions and this also included
hydrogenion (H"). Galdstein at that time knew nothing aboutits significance.

In 1917, Rutherford performed experiments which proved that the
hydrogen nucleus is present in other 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.

Cathode rays are so hamed because they are emitted by the cathode in a
discharge tube. A very high electrical potential 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. '

Later on, in 1933, another particle 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.
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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 other 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 atom 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 almost all the mass of an atom 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 together 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 present in it
has a fixed value of energy. Similarly, the second 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 sheils.

Each shellis further sub-divided 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 s and 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, d and f. '

The size of an atom is so small that it is not possible to see with naked eyes. However, a
transition electron microscope can be used to see atoms.

According to
modern approach,
electrons are like 1yrg shell gvy
charged clouds n =3
whose location E=E
‘around the nucleus
cannot be predicted Fourth shell (N}
with one hundred n=4

. EwE
percent certainty. All ) Be>Ey> B>

First shell (K)
n="1
£ E1

Second shelt (L}
n=2
E = E_;g




-we can say is that there is a certain probability of finding the electron at a certain
probable distance from the nucleus.
Tahia (2,1) Charges and Massas of Sub-Atomic Particles

Electron ~1.6022 x 10" C 9.109 x 10 Kg
Proton +1.6022 x 107%C 1.673 x 107 Kg
Neutron 0.0 1.675 x 10% Kg

The largest atom cesium is approximately nine times bigger than the smallest
atom helium.

In order to find out the number of electrons which can be
accommodated 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 named asK, L, M, N .... and
s0 on. When the value of n is one, it means first or K shell and the maximum
number of electrons which can be present in this shell is (2 x 12 = 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 22 = 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
accommodated in p sub-shell.

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 all 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




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 henceitis called its nucleon number
or mass number. It is represented by A. The mass of electron being very small is
notincluded 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 symbolized as '§0. Similarly,
carbon atom symbolized as '§ Cwill 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 number (A) are known.

N=A-7Z
Thus, the humber of neutrons in chlorine atom, symbolized as 33Cl, can be
calculated as 3517 = 18 '

1
O

Copernicium (Cn} is a synthetic element and it was discovered in 1996. This metal
turns into a gas at room temperature.

" Sample Example 1:

137

Calculate the number of neutrons, protons and electrons in barium ;Ba

Each barium atom will have 56 protons 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 protons and 56
electrons.




Calculate the number of neutrons, protons and electron in an atom of uranium

238
92U

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 92

electrons.

Calculate the number of neutrons protons and electrons in the
following atoms. S -

195 55 127 i

] TB Pt’ ZSMn' 53| :

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 nuclei 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, "2C, ':C. Similarly, hydrogen exists in three isotopes Hydrogen,
Deuterium and Tritium represented by 1M, *H, IH. His the only atom which
does not have a neutron. Since the chemical properties 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.

M 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, {H, 7H, JH




Isotopes of Carbon Atom, ”C 13C MC

fa

j Exemse* Why |sot1dpes of an element show same’ chemacal)
L propertleswhlletheirlphysmal proparties are dufferent’-‘ - J

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

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

U .w 234Th + -ehergy
{Uranium) (Thorium) .

238

|
S

234 Thonum is unstable and further _
Every year, our body replaces

about 98% of its atoms.

dismte.grates to give 7y 231 Pa (Protactinium)

234 Th e 3 Pa
(Thorium) i (Pratactinium)
21_0 Bi —smrep 23?TI + energy
(Bismuth) {Thallium)

Radioactive isotopes are useful in medical imaging. Doctors use them to
diagnose the disease by injecting the patient with a small amount of radioactive
fluid. Technetium - 99m is used for diagnostic imaging across human organs like
brain, lungs, etc. Doctors use a special camera to watch how the radioactive fluid
moves.
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1. Why does a radloactlve isotope emit radlatlon?
_2 Give an example ofa radioactlve 1sotope whlch dtsmtegrates to give
- astable atom.. S :

Gallium has many interesting properties. its melting ‘point is below body
temperature so it is 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 help of radioactive isotope of
carbon "I C. The method involves measuring the proportion of "*C in a sample
from a dead plant or animal like a piece of wood or a bone which provides
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.

Radiation emitted from a radioactive source causes ionization of atoms.
For example, heat or light energy coming from the Sun or a radiocactive 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 . EHEI‘QY Na .|.J e g

Cation '}

However, the electron wili be Iost only When there is present another atom which
canacceptit.

Energy

CI + e -'——-'---—""--"-"-B’ C1_+
: : ' Anion

All artificial isotopes are unstable and therefore radioactive.




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 a
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 = 1.67377 x 10% kg
For example, the mass of one atom of hydrogen-1 is 1.007 amu, the mass one
atom of sulphur-32is31.972 amu.

“How WoUId you comparethe hia_ésés of thé_ ét.cﬁl'n:w's‘of C Mga nd C]7

An element usually consists of a few different isotopes 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 isotopic
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 isotopic masses
and isotopic abundances are shown in the following table (2.2).

Table (2.2) | ic Abunda

s of Kry

80 2.0%

82 12.0%
83 12.0%




84 ' 57.0%

85 17.0%

Relative atomic mass of krypton
= 80x2.0+82x12.0+83x12.0+84x57.0+85x57.0

100
= 83.7

Calculate the relatlve atom|c mass of light isotope of chlorine
Relative atomic mass of chlorine  Cl x 75.77 + 37 x 24.23

100
3 45 _ Clx 7577 +37 x 24.23
100
3545 = Cix 7577 +37 x 24.23
3545-896.51 = Clx75.77
2648.49/75.77 = Cl
34.95 = Cl

Relative atomic mass of light isotope of chlorine is 34.95.

a[culat%: the relatlve atomlc mass of Lead (Pb) Esotoplc abundances
of isotopes are2 0, 24 0, ;. 52.0 respectlvely v |
S Fi o : N pr 207Pb zospb




10,
1,

13
R _masses ofthlselementand thelr[sotoplc abundances -

_ An English chemlst John Da]ton proposed thatatoms are lnd|V|5|bIe

Discharge tube experiments’'showed that atoms are no Ionger smallest particles of
matter. Rather they are made up of still sma[ler partlcles called electron proton and
neutron, ' : : :

Electrons, protoris and neutrons are shown to be present in a[i the elements
wrespectwe of the fact that the élements behave very dlfferently Dn‘terent e{ements

_;however contain different numberofthese part|cles £

E Lord Rutherford drscovered that all atoms have a central part whrch he named as
_ nucleus. The protons and neutrons are present in thls nucleus whlle the electrons are
_revolving around the nucleus.

An atom bemg electncally neutral contalns the same numbe_r of.eie_ctronsa'nd' protons. :
Electrons revolvearoundthe nucleusin d|fferentshe|is e -
The number of protons present in the- nucleus of an elern_ent:fis Calle_d_'ftne atomic
numberofthatelement ' : L L

- The total number of protons and neutrons present in the’_nucleu"s of an ‘element in
“called: its mass number; £ 5 RS NN TS N
i : Isotopes are the atoms of the same element whlch have tn_'e same 'nu_mbero'f'protons
_-_butdrfferent numberofneutrons N e CECER
Isotdpes of an element have same chemlca[ propertles but they differ in theif physical
- properties. . 0on B R R S

. !sotopes of an element may be sta ble or rad[oactfve R adioa ctive'_isotopesfhave rn'a_ny
L -usefulapphcatlonsm medlcme : ) BT
'_Rad|oact|ve 1sotopes have unstable nuc]et and they

."'>w outradlatlon
Relatlve atoric mass of :an eiement can be calcula1ed from the relatlve |sotoprc

1.
(i)

(i)

Tick {(v') the correct answer.

How many elecirons can be accommodated at the most in the third shell
of the elements?

(@) 8 (b) 18 {c) 10 (dy 32

What information was obtained from discharge tube experiments?

(a) Structure of atom was discovered.

(b) Neutrons and protons were discovered.

(c) Electronsand protons were discovered.

(d) Presence of nucleusin an atom was discovered.
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(iv)

(vi}

{vii)

{viin)

{x)

Why have isotoﬁ:es not been shown in the period'i-c table?

oy

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

(b) Some of the isotopes are unstable and they give rise to different
elements

(¢} All the isotopes have same atomic number; so there is no need to
give them separate places.

(d) Isotopes do notshow periodic behavior.

Which particle is presentin different number in the isotopes?

{(a) Electron (b) Neutron

(c) Proton (d) Bothneutronand electron
Predict the boiling point of heavy water (D,0).

(a) 101.4°C (b) 98.2°C

(c) 100°C (d) 105.4°C

What will be the relative atomic 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) 1.0700
How is radiocarbon dating useful for archeologists?

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

(b) Ithelps determine the composition of matter.

(¢) Ithelps determine the usefulness of matter.

(d) 1t helps determine whether the matter is radioactive or not.

What does keep the particles presentin 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 dipolarforce.

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

(a) 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 isotope is 72.2% - What is the percent abundance of the
heavierisotope? its atomicmass is 85.47

(@ 15% (b) 28% () 37% (d) 72%




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

Why are elements different from one another?

How many neutrons are present in % Bi?

Why s tritium (3H) a radioactive element?

How can an atom 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 gasinside the discharge tube?
What is the classical concept of an electron? How has this tonﬁ:ept changed
with time?

Why the nuclei of the radioactive elements are unstable?

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

Descriptive Questions

Explain the structure of a hydrogen atom.

How does the theory of atomic structure explain the ionization of atoms by a
radioactive isotope?

What is radioactivity? Explain any three applications of radioactive isotopes.
Find out the relative atomic mass of mercury from the following data.

lsotope Relative Abundance  [sotope Relative Abundance
"Hg = 0.0146% Hg = 16.34%

*Hg = 10.02% **Hg = 23.13%.

“Hg = 13.22% *Hg = 29.80%

“Hg = 6.85%

Investigative Questions

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




:1_ Compare between the ferma’uon of cations and ani

: Accountforthe eiectroposmve and electronegat' '

' ;pomts ofromc and co_ Ientcompounds :
= Justify the avarlabrilty of free charged partlcles
- electricity in'ignic
““ponds,

r{some examples ar\ lnclude a. ionic bond5| 1
~ CaCl; using dot# and- cross dlagrams and L
mc[udmg HZ, Cl;, 0, Nz, H,0, CH4, NHa, HC! C
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3.1 )Why do atoms form chemical bonds?

Atoms have a tendency to decrease their energy. They can do this by
combining with other atoms. Itis 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 fong 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 its 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
(for 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 electrons while
completing its octet. Sodium atom, therefore, adopts the energetically easier
- path and loses its electron to form a bond. In the same way, it is energetically
favourable for hydrogen atom to 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 and alkaline earth metals are therefore expected to be
electropositive metals which will form bonds with electronegative 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 lessimportant.

3.2 Chemical Bond

A chemical bond is a force of attraction between atoms which holds them
togetherinthe form of amolecule or a compound. , _

When atoms of different substances approach each other, there are two
possibilities. They may attract or repel each other. If the forces of attraction
between them dominate the forces of repulsion, the energy of the system gets
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lowered and as a result the two atoms will react to form a new molecule.
Converseiy, the two atoms sim pEy move away from each other.

The arrangement ofelectrons around the nucleus ofan atom in shells and sub shells is
calledelectromcconf;guratlon. DR ‘ R I

[
Gl

Types of Bonds

We shall consider here three types of bonds.
(1) lonicbond
(2) Covalentbond
{3) Coordinate covalentbond

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, sodium chloride.
This compound is formed when the elements sodium and chlorine react
chemically. The electronic configurations of these elements are shownin Fig (3.1).

L 1st shell 2nd shell 3rd shell
b 4Na 2 8 1
17Cl 2 _ 8 7

F;g (3.1): Electronic Configurations of Sodium and Chiorine

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

Na — 3 Na’ + &

e+ | ———» (I

Na + C| ——» Nadcl

m
Na' cr

Sodlumk Chlorme Sodrum Chloride
atom @ ¢ atom . ion ion
Fig {3.2): Transference of Electron from Sodium to Chicrine Atom




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

It should be noted here that an electron or electrons, which take partin a
chemical reaction, come only from the outermost shells of the atoms. Sodium
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 ions (CI). These oppositely charged ions are then held together
by the electrostatic force of attraction. The chemical band, 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 (CaCly). Fig (3.3)

Ca ——> Ca¥ + 28¢

2Cl + 28 ———— 2CT

1 q i

Flg 3. 3) Formatlon of CaC!

There ions then surround each other three dmensnonal]y to form a crystal
|lattice.

Exampies of ionic compounds are KCI, Mg F, NaF, Kbr, CaF,

Whattypesofelementsform ionic bonds? _

Whatare the condations foran fonic bond to form? .
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Figu'res of crystal lattices of NaCl, ml\iaBr, NaF anHCaClg. (fig3.4)

CWstal Latt;ce NaCI Ciystal 1att|ce CaCEg o - _
an (3 4) Crystal-Lattices of NacCl and CaCIz S e i

i
i

An ionic bond is therefore a bond which is formed by the complete
transference of electron or electrons from one atom to another atom.

During the formation of an ionic 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
electrons. 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 to one
atom will come 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 electrons 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 a 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(-), a 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 a cross. The formation of single, double and triple

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

- What type of elements form covalent bond?.

_:-How covalent bond is dlfferentfrom an ionic bond?

Fig (3.5)t Formation of Single, Double and Triple Covalen‘t .Bonds




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.

05 &

. .e . . c/ H
« O X H O\ H
Carbon dioxide
A carbon dioxide molecule is formed when an atom of carbon shares its

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

(O OC)—EER)

O xeCleiOX
0 = ¢ = O:
AmT‘Onia .. Hydrogen cyanide
HyNSH H—N—H HxeCoEN
: | X
H H H-C=N

Methane




Ethene

CaH,

H H H H

| | I
H— C=C —H Hx-C=Cx-=H

Methanol

H H

y |

. % % » X
Hxe Cox(OxeH H—C—0Q—H

» ®K XX

x |

H H

- Fig (3.6): Formation of Covalent Compounds’ -

Draw electron dotand cross structure ofthe followrng compounds
- SiH, PCl;, SO, SO* B i

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

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 donor 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,07)
Acids provide protons {H*) when dissolved in water. This proton has an

empty outer shell and can accept a pair of electrons present on the oxygen atom
inwater molecule. As aresult of this, a hydroniumion (H,0%) is formed. (Fig 3.7)

Fig {3.7): Formation of & Coordinate Covalent Bond Between H,0 and ¥’
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The positive charge covers whole of the hydronium ion. 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 i\ng and BF,

A reaction between ammonia (NH3) and boron trifluoride (BF3) is another
example of the formation of a coordinate covalent bond. During the reaction, an
electron pair from nitrogen of ammonia fills the partially empty outer shell of
boron presentin boron trifluorinde Fig (3.8).

H—IT-—H a

Fig (3.8): Formation of Boron trifluorinde ammonia, ammaonium chloride
and protonated ethyi alcohol

In the above example, a coordinate covalent bond in ammonium 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 coordinate 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 the pictu res of c'oordin‘at__e-covaleht bond formed bé_tWeén': ”
{a)BF,andAlCl, 'i. R R
_OCHOCH andH”

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

3.3 Metallic Bond
The characteristics shown by metals are very different from those of ionic

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

Metals usually show metallic luster. _
Metals usually have high melting and boiling points.
Metals are good conductors of heat and electricity.
Metals are usually hard and heavy.
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 their atoms.

1.
2.
3.
4.

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 nuciei. When all the atoms

attract all the electrons collectively, obviously they will 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 bound 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 electrons 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 hnghertemperature than sodium metal. Flg (3 10)

b
i
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H

”Fig-; -(3.'..10): Metélllc.l?'-ond in Magnesim !;Ql.étal.
The presence of freely moving electrons in metals makes them good
conductor of heat and electricity. Moreover, in metals, the atoms are strongly

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

makes them hard and heavy. When pressure is applied on the metals, the upper
rows of atoms 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)

© Whattypeofatomsformmetallicbond? -~ -
. Givea comparison of metallicbond with anionicbond. -

Metals are extensively used in many industries. They are used .in machinery,
~ automobiles, railways, air crafts, rockets, in construction industry, in electronics
industry, 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. Far example, alkali metals (Na,
K) are highly electropositive elements and thus they undergo reactions very
easily. Sodium and potassium react vigorously with water and halogens to give
their respective hydroxides and halides. They also 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 halogens 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 called 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 bonds. Non-metals also combine
with other non-metals to form a wide variety of molecular substances.
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3.6 Compare the properties of ionic and covalent

compounds.

1 [n ionic compounds opposrtely
charged ions are properly
~arranged to glve a. crystall:ne
- structure. As.a whole the
acompound 15" neutral, There exrsts
-'_'_';a strong electrostatsc force
© - betweentheirions. .- . |
. lonic compounds. are usually
solids having high meltmg and

__ '-3':'-'bo|l|ng points. The meltlng pornt =
' of 'sodium chloride is 800°C |

because it is difficult to break the
-_'_"strong electrostatlc forces of

chargedions. ..
3. lonic compounds are generally
solublein polarsolventhkewater

4 They are usually good conductor |-

of electr|C|ty in‘molten state or in

-~ solution: form Their conductange.j -
is dueto the presence offreelonSI iR

‘”landth_”h

attract|on between the oppos;tely !

1. Covalent compounds mostly exist
as’ dlscrete neutral molecules
;j[-There e><|sts a strong electrostatic.
" attraction|between the two. nuclel ;

ared electrons. X
it compounds are made of"3
)F ' more non-metals.  Lower"
mass covalent.
) e gases or low
boiling I|qmd:s ‘High molecular
mass covalent compounds exist as
solids. Generally, they have lower
meltlng and borllng points.

3. Theyare usu_ally insoluble in water

in“non-polar solventsn_
_ nzene and acetone.”
-_-_-_They are usually bad conductor of;'_'
"'--;_E'electnc|tyl e

3 7 Intermolecular Forces of Attraction

The forces of attraction which are present between the molecules of
elements and compounds are named as intermolecular forces of attraction.
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 melting 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 point and vice versa. Similarly stronger.the intermoleculiar

forces the higher will be the melting point of a solid.
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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* % CI*
Pue to these partial charges the maclecules of HCl start attracting each
other. These forces of attraction are called dipole-dipole forces. (Fig 3.12)

Fig (3.12):'Dipole-DippIe At'tirarétf‘on '
The compounds which have this type of attractive forces will show
relatively higher melting and boiling points.

lydrogen Bonding -
Hydrogen bonding is a special case of
dipole-dipole 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 highly polar. Due to this strong
attractive forces are developed between _
water molecules 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.

Hydrogen




 The strength of the hydﬂrwélgen bondé causes water to have relatively
higher melting and boiling points as compared to compounds like HS and NHa.

3.8 Nature of Bonding and Properties

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 points. 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 [attice.

If an external force is applied on the crystal lattice, it breaks easily. It 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 soluble in water. Water not only breaks the electrostatic force of
attraction but also hydrates the resulting free ions. Fig (3.14)

. H5+_ H5.. oﬁ-_ H6+
tOH, | Ha*/
LTI HE*
Na” ::: :: €I + H,O —» Hy O~ Na* :OH, . .
~Ioole .. Cr e H¥*— (O
:.CSHZ Hé* H5+
\
O
/
H5+

3+ 8+
Hydrated Na"  Fig (3.14): Hydration of lons  Hydraonium ion
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lonic compounds in an aqueous solution also conduct electricity because
the free ions can now move towards their respective electrodes. lonic .
compounds generally react in an aqueous solution. When we mix two solutions
of ionic compounds, the positive ions of one compound may react with the
negatlve ions of the otherto form a new compound

| H O T 'ij: _ .' i | -
NaCI(z) + AgNOa ) _"i"""’ Na (eq) "'_},_'Cl v T AQ g + NOB(ag_)

+ Na (acn + No_ﬁl{aq) .

White preC|p1tate of SIiver chlorlde comes out ofthe aquecus solut[on
\\'

“Conduction of ionic compounds in molten state and in form of an aqueous solution
has been utilized to prepare many important elements and compounds. For example,
electrolysis of molten sodium chicride gives us sodium metal and chlorine gas.
Similarly electrolysis ‘of aqueous- sodium chloride gives sodium hydroxide and
chlorine gas. : :

Diamonds, due to their exceptional hardness, are hlghlyvaluedm industries. Diamond
tipped glass cutters are used to make clean cutsin glass Diamond- tlpped drill bits are
used to drill through hard rocks in mining operation.

Graphite is used in pencils, in polishes and to make crucibles. Graphite electrodes are
used in battery cells and in electricarc furnaces to produce steel.

& Akl MeTaLs & vETaLLoIDS @ HamE Gasss
) ALKAUNE EARTH METALS () otHER NONMETALS @) LANTHANIDES
£ TransITION METALS &3 HALOGENS @ Acnioes

& PoST.TRANSTION METALS (S} UNKOWN PROPERIES
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Covalent elements and compounds behave very differently from ionic
compounds. Elements present at the right side of the periodic table exist as
covalently bonded diatomic molecules, for example nitrogen(N,), oxygen(Q,),
fluorine(F,) and chlorine(Cl,). Due to very weak forces of attraction between their
molecules, their densities and boiling points are very low. Bromine (Br,) exists as
volatile fuming liquid 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 covalent bonds. Due to this rigid structure, diamond is the
hardest thing on this planet. Itis 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 itis 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 nitric acid ionize completely in water
behaving as very strong acids.




‘Atoms form bonds with other atoms to stabrlrze themselves by obeymg duplet and
actetrules. B o

_ The force of attractron whrch keeps the atoms together is called achemical bond.-
_T-;:Bond whrch is formed by the transference of one of [more electrons is called ronlc :
u:gbond '. s £ .!. .
A covalent bond is formed by the mutual sharlr:‘ ' of elect

covalent bond may be smgle double ortnple s

: _',When an electron parr 1s shared by one atom only;
bond : : 3

- “molecular mass covalent compounds exist as soli
i electrrcrty andare soluble in organrc solvents

Lower molecular mass covalent compounds are. g

:.Propertres of ionic and covalent'compounds are

1.  Tick (V) the correct answer.

I When molten copper and molten zinc are mixed together, they give rise
to a new substance called brass. Predict what type of bond is formed
between copper and zinc.

(a) Coordinate covalentbond (b) lonicbond
(c) Metallicbond , (d) Covalentbond

(i) Which element is capable of forming all the three types of bonds;
covalent, coordinate covalent orionic?

(a) Carbon (b) Oxygen
(¢) Magnesium {d) Silicon
i)y WhyisH0 aliguid while H;Sis a gas?

(@) Because in water, the atomic size of oxygen is smaller than that of
sulphur
(b) Because water is a polar compound and there exrsts strong forces of
- attraction between its molecules’
(c) Because H,O moleculeislighterthan H,S
(d) Because water can easily freeze into ice

ey
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(vi)

(vil)

{viii)

(i%)

{x)

.

vi.

Which of the following bonds is expected to be the weakest?

(a) C-C (b) CI-Cl

() 0-0 (dy F-F
Which form of carbon is used as a lubricant?

(a) Coal (b} Diamond
{c) Graphite (d) Charcoal

Keeping in view the intermolecular forces of attraction, indicate which
compound has the highest boiling point,

(a) H,O (b) H>S

() HF (d) NH;

Which metal has the lowest melting point?

@ L (b) Na

(¢) K (d) Rb

Which ionic compound has the highest melting point?

(a) Nacl (b) KCI

(c) LiCi (d) Rbdl
Which compaound contains both covalent and ionic bonds?
(a) MgdCl, (b) NH,C

{¢) Ca0 (dy 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 molecular 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 in its atoms.

Which property of metals makes them malleable and ductile?

Is cordinate covalent bond a strong bond?

Write down dot and cross formula of HNQOs.




Constructed ResponseQuestions
" 1. WhyHFisaliquid while HClis a gas?
ii. Why covalentcompounds are generally not soluble in water?
-iti. How do metals conduct heat?
iv. How many oxides does nitrogen form. Write down the formulae of oxides?
v.  Whatwilthappen 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.

ii. Howdoionsarange themselve toform NaCl crystal.

iii. Explainthe properties of metals keeping in view the nature of metellic bond.
iv. Comparethe properties of ionic and covalent compounds.

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

vi. Why are metals usualiy hard and heavy? '

5. Investigative Guestions

i.  The formula of AlCl; in vapour phase is Al,Cls which means it exists as a
dimer. Explain the bonding between its two molecules?

ii. Explainthe structure of sand (SiO,).




After studying this chapter, students will be able to:
«  Statethe formulae of common elements and compounds.

+  Define molecular formula of a compound as the number and type of different atoms
‘in one molecule

«  Define empirical formula of a compound as the SImpIest whole number ratio of
differentatomsin a Molecule.

s+ Deduce the formula and name of a binary ionic compounds from ians given relevant
information :

«  Deducethe formula of a molecular substance from the given structure of molecules .
+ - Use the relationship amount of substance= mass/ molar mass to calculate number ofi ,
moles, mass, molar mass, relative mass (atomie/molecular/formuia) and number of
particles e
+ - Define mole as amount of substance containing Avogadro's number 6. 02x1023) of
. particles : .
. - - Explain the relationship between a mole and Avogadro's constant. )
'+ Construct chemical equations and ionic equatlons to show reactants formmg
~ products, including state symbols. :

« -Deduce the symbol equation with state symbols for a chemical reaction glven
-, 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.




- 4.1 Chemical formula

Elements exist in different forms in this world. There are elements which
exist in 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 atoms are chemically bonded to
each other. In ozone, three atoms of oxygen are bonded to each other, so its
chemical formulais Os.

Similar to elements, chemical compounds also exist in different forms.
Common salt i.e. sodium chloride exists in the form of ions which are bonded
. together in the form of a crystal. Since ratio between its ions is 1:1, sodium
chloride 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, BaCly, 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 HzO. It shows that in one molecule of water
two atoms of hydrogen are bonded to one atom of oxygen. Similarly, chemical
compound, ammonia is represented by NH; and methane gas is represented by
CH4. 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,S, PH3, H20;, H2SO4, CO,, CO, CsHe, etc.

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

- Exercise’,
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 i'n"this article.

4.2 Empirical Formula

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

For 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 formuEa Hzoz, |ts empirical formula will
be HO. Similarly, a benzene molecule has CgHe as its molecular formula; so its .
empirical formula will be CH. For water, the molecular formula and the empirical
formula are both the same i.e. H,0 because there does not exist any minimum
ratio between hydrogen and oxygen 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 (CsHg) and acetylene
(C4H,) have the same empirical formula CH.

4.3 Chemical Formula of Binary lonic Compounds

In order to write down the formula of an ionic compound, first identify the
cations and anions and the number of charges present on them. Fmally combme -
the two ions together to form an electrically neutral compound. '

If you know the name of binary ionic compound, you can wrlte 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 symbol of lithium cation with its single positive charge is Li" .
The symbol of anion is 0%,

Let us now apply crisscross method to write the @SN Anion
formula. In this method, the numerical value of each of L O
the ion charges is crossed over to become the
subscript of the other ion. Signs of the charges are
then dropped. LivO Li,O

Write down the formula of Aluminium oxide.

Cation Al @ Anion 0¥ Al;Os

Write down the formula of Magnesium nitride.

Cation MQW MgsN>




 Tntaresting Informationt

The composition of all the chemical products we use in our lives, such as shampoos,
perfumes, soaps and fertilizers are formed using stoichiometric calculations. Without
stoichiometry the chemical industry does not exist.

] Ta__b_!e_ (4.1)‘ Atoms and their Cations

~ Atom | .Charge G} At m |  Charge
H | HH. | O o
Na Na™ N N*
Li Li™ Cl cl™
K K™ Br T
Mg Mg® | ™
Ca Ca™ Cu Cu'™, Cu™
Ba Ba®™* Fe Fe™*, Fe®
Zn zn™ Sn sn*, Sn®
Al AR |

4.4 Chemical Formula of Compounds

Molecular formula of a 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 whaole-number ratio of atoms in the compound. This
can be done by using experimental data on the mass percent composition of the
compound. Molecular formuia is then calculated by the following relationship.

Molecular formula = n (Empirical Formula)

Empirical Formula mass

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

n=-"7 =2

Where 1 Molar Mass

Molecular formula = (HO); = H,0,




Iffor a-compou nd the value of nis one, then its molecular formula is the same as
its empmcalformula |

1.

vk wro

4.5 Deduce the mo!ecu!ar formula from the structural formula

In order to deduce the molecular formula from the structural formula the
-

following steps are taken.

Write down the structural formula of the compound.

Countthe number of atoms of each type in the structural formula.
Write the symbols of all the elements.

Write the total number of atoms of each kind as a subscript.

Remove the subscript 1.

s structural formiulais

nas2H, 1Sand40at

I - e




1. Fmd out’ the molecular formula of phosphorlc aad Its structural
formulai lS " OH

2. Determlnethemolecu!arformulaofn propylalcohol Itsstructural
formula |sCH3 CH,— CH,—OH '

3 erte down the formula of- caIC|um carbonate Its structural formula

- l T '_Ca.“ o

o

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.

2C + 02 — 3 200
Atom Molecule Molecules




s b
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Since it is not possible to account for the masses of individual atems or
molecules because these are very small particles, we increase the number of
reacting species as written below.

2C + 02 » 2C0
2 x 100 atoms 100 Molecules 2 x 100 Molecules
2 x 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 formed.

Increasing the number of reacting species, however, has not solved the
problem because this number is stiil very small. We should increase this number
to such a value whereby it is convenient for us to calculate their masses.

Thus

| + o > 200
2x6.022 x 10® Atoms 6.022x 10" Molecules 2x6.022x 10 Molecules

2 % 6.022 x 10% is a huge number and we have selected this because
1.00 g = 6.022 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 x 107 {12.0 amu)

32.00 g oxygen molecules = 6.022 x 10% (16.0 amu)
2 x 28.00 g carbon monoxide molecules = 2 x 6.022 x 107 (28 amu)

Mole is important because atoms and molecules are so small. The mole concept
allows us to count atoms and molecules by weighing macroscopically small amounts
of matter, o ; '

The weightratio between the reactants and those of products will then become
C + O » 2C0O
2449 329 56¢
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 6.02 x 10% molecules of
oxygen and 56 g of carbon monoxide contains 2 x6.022 x 10” of its molecules.
The number 6.022 x 10% is called Avogadro's number after the name of
Amaedo Avogadro who discovered it. This numberis represented as N,




'-4 7 The Mole and Mo!ar Mass

Avogadro’s number has an immense significance in Chemistry and the
quantity 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 mole of oxygen molecules (O2) 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 is 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 willbe 2.016 g.

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

Atomicmass of




4.8 Chemical Equatioﬁ;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 symbols 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 called 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.

The following points must be keptin mind while writing a chemical equation.

1. A chemical equation must obey the faw 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.

2. Theformulas of elements and compounds must be written correctly.

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 pomt out the direction in whlch 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 solvated 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




equat;on The followmg equatlon has been written keepmg in view all the pomts
mentioned above.

Zn, + HSOM) —_— ZnSOm + HZ@

According to this chemical equation, zinc reacts Wl‘th 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.q..

sz S :"-3'H2@ _r_ 2NH3@

Reaction involving ions may also be shown in the 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.

AgNOS(aq) + N.acl(aq).'.m 'AgCI(s) + -Na+(.aq.) + N.O;(aq)

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 molar masses of the products provided we know the
molar 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
d|0x1de

- CaCO,, 2Hc1w —> CaClyyy + Ho Oy
1 mole o2 moies Tmole " "I m’ole' .';_'1 'mole'“"
1009 T3g . 1g o 18g 44g-

The total masses ofthe reactahts areequalto the total masses ofthe products
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-._259 of Ilmestone (CaCO;) reacts Wlth an excess of hyd roch]onc ac1d accordlng
to the above equatlon How much caIC|um chlonde (Cally) W|II be produced?

‘,:'Accordmgtotheequatlon':  :
.'10090fllmes’cone re-a'ctsto pro__

o '_-:"?'25 g of hm"hstone W|Il react to prod_uce ca CII 'rﬁ-chionde = m x 25

100

me Ofiethyla]‘COhOIWIl:'produce




Aiumlnlum meta[ reacts wzth oxygen to produce alumlnlum ox:de How
many grams of oxygen Wl“ be reqwred to react compietely wuth 0.3 moles of .
f-alumlmum? L . :
& MolesofAI Co Grams ofOzused —-?

- The balanced chemlca!equatlon forthe react|on :" g

O 225 moles;_,

How many molecules of water will be produced if we react 5 g of hydrogen
gas with excess of oxygen gas?

Mass of Hy used = 5g Molecules of water produced =?

The balanced chemical equation for the reaction:

2Hy  + Oy — > 2H,0,

2moles . 1mole 2 moles
4q 324 36 g
According to this equation
~ 4gofhydrogen produce H,0 = 369 of H,0
5 g of hydrogen will produce H,O % x 5 =45g0of H,0
18g (1 mole) of H,O contain molecules  =6.02 x 10%
369 of H,O contain molecules =6.02 x 10** x 2
: : =12.04 x 10%

45g of H,0 contain - %’2 x 12.04 x 102

= 1.505 x 10** molecules




Molecular formula of an element or a compound shows the actual number of atoms

1.
present in the molecule of the elermnent or a compound.

2. The formula of a compound which gives the minimum ratio present between its
atoms is called its Empirical formula. All the ionic compounds and some of the
covalent compounds are represented by their empirical formulas.

3. Chemical formula of a binary ionic compounds can be written if you know the|r names
and the charges present on the ions.

4. Chemical formula of a compound is n times its empirlcal formula where n is the ratio
of molar mass to empirical formula mass.

5. -Avogadro's number has been calculated to know the mass ratio of reactants and
products in a chemical reaction. The value of this numberis 6.022 x 10%,

6. The quantity of an element or a compound, which contains Avogadro's number of
particles, is called a Mole and the mass of a substance present in it is called the Molar
Mass. ,

7. A chemical equation tells the reacting and producing elements or compounds in a
chemical reaction. It also tells the mole ratio between reactants or products and
between reactants and products. A chemical equation must be balanced and should
show the carrect formulas of all the participating elementsand compounds.

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

_chemical reaction. : :
1. Tick(¥) the correct answer.
(i) How many atoms are present in one gram of H;O7
(a) 1002 x 10%* atoms (b) 6.022 x 10** atoms
(c) 0.334 x 10% atoms (d) 2.004 x 10% atoms
() Whichisthe correct formula of calcium phosphide?
(a) CaP - (b) CaP:
() CazP3 (d) CazP.
iy  Howmanyatomic mass units (amu) are therein one gram?
(@) 1amu (b) 10%amu
() 6.022x 10¥amu (d) 6.022 x 10% amu
(iv)  Structural formula of 2-hexene is CH; — CH = CH ~ (CH3), — CH3. What will

be its empirical formula?
(@ CoHa (b) CH
(€) Cesz (d) CH;




()

{vi)

{vii)

(viii)

(ix)

)

How many moles are there in 25 g of H,50.,?

(a) 0.765moles {b) 0.51moles

(¢) 0.255moles {d) 0.4moles

A necklace has 6g of diamonds in it. What are the number of carbon
atoms init?

(a) 6.02x10% (b)12.04x10%

() 1.003x 10 (d)3.01x10%

What is the mass of Alin 2049 of aluminium oxide, Al,Os.

{a) 26g (b)27g (c) 54¢g (d) 108g

Which one of the following compounds will have the highest percentage
of the mass of nitrogen?

(a) CO(NHz)2 (b) N2H, (¢) NH; (d) NH.OH
When one mole of each of the following compounds is reacted with
oxygen, which will produce the maximum amount of CO,?

(a) Carbon (b) Diamond (c) Ethane (d) Methane
What mass of 95% CaCOs; will be required to neutralize 50 cm? of 0.5M
HCL solution?

(a) 9.5¢g (b} 1.25g (€)1.32g (d)1.45¢g

Questions for Short Answers

Write down the chemical formula of barium nitride.

Find out the molecular formula of a compound whose empirical formula is
CH,0 and its molar mass is 180.

How many molecules are presentin 1.5 g H,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

Write down the chemical formulas of the following compounds.

Calcium phosphate, Aluminium nitride, Sodium acetate, Ammonium
carbonate and Bismuth sulphate.

i. Whydoes Avogadro's number have an immense importance in chemistry?

When 8.657g 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 present in this compound.
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vi.

vii.

reaction?

Descriptive Questions
Which conditions must be fulfilled before writing a chemical equation for a
reaction?

Explain the concepts of Avogadro's numbers and mole.

How many grams of CO, will be produced when we react 10 g of CH, with
excess of Q, according to the following equation?

CHyy + 20,y —> (O, + 2H0,
How many moles of coal are needed to produce 10 moles of CO according to
the following equation?
3Cy + Oy + HO,— H, + 3C0
How much SQ; is needed in grams to produce 10 moles of sulphur?
2HS  + SO, ——> 2H0, + 35
How much ammoaonia is needed in grams to produce 1 kg of urea fertilizer?
2NH,y + CO,uy —> CO(NH),,, + H0y,

Calculate the number of atoms in the following.

h

(a)3g of H, | {b)3.4molesof N,  {¢) 10g of CgH120e.

Investigative Questions

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
needed for a single adult?

The chemical formula for sand is SiQ, 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?

|
i
i
|
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2.

r.Introductlon

Energy exists in different forms which are often interconvertable. In
chemical energetics we are mainly concerned with two forms of energy.
Chemical Energy: This energy is stored in a molecule in which atoms are

Heat Energy:

bonded to each other,

This form of energy is released when a bond is formed
and absorbed when it is broken.
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In energetics we study the energy changes that take 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 evolved when a bond 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 endothermicreaction.

In energetics we not only encounter heat which comes out of a chemical
reaction butalso 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 evolved during a reaction, the total enthalpy of
the system decreases.

Chemical energetics is part of a broader field of -
chemistry called Thermodynamics. In energetics we | fitst to lice
study the flow of energy in a chemical reaction. . w&r'&,{fenergy?_'téu'_fh'
Thermodynamics deals with how the energy changes rll,elc'{f %f; p
during chemical reaction affect the properties of a 1ag> 1. -
chemical system.

homgs | YOung e

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 does not fall in this system is called the surrounding. For example, if
you are boiling 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 is
transferred from system to surrounding, the change is called exothermic and it
carries negative sign.

|
\\\.,‘

Energy evolved during a chemical reaction is used in everydayféﬁfe'for cooking,
heating, lighting, transportation, communication, entertainment and much more.




Surrounding

A

Surroundings get cooler Surroundings get warmer
Fig (5.1) System and surrounding exchanging energy

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

5.2 Enthalpy

The total amount of heat energy present in a 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 standard enthalpy
change or heat of reaction at constant pressure.

2CO, + Oy ——— 2C0O,, AH° = -566.0k)

The reaction in this system is thus exothermic evolving 566 kJ of heat energy
which is given to the surrounding.
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How is enthalpy different from heat? -

Heat is a form of energy that flows from hot body to a cold 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 a
system since it depends on the number of molecules present in that system, its
chemical composition and its structure. Heat is not essential part of a system, it
just 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 evolved or
absorbed.

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

Why |t rs nOtpOSSlble toca Iculate the enthalpy of asystem? . 8

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 exothermic
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.

Exampie: Hydrogen gas and oxygen gas react to give liquid water in an
exothermic reaction.

571.6 kJ heat energy is evolved during this reaction. If the energy evolved
is 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 hydrogen and oxygen back.




ExaMp!e: | Carbon dioxide gas i;m;roduced when solid carboh burns fn oxygen

gas.

o) + 0@ —— CO,(g) + 3935k
(Carbon  Oxygen - . - Carbondioxide- - .

It is also an exothermic 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. Thisreaction has AH-571.6
Id mol” of CO,.

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

The following reactions represent endothermic changes.

The enthalpy change for the reactionis AH = 53.08 k.J

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

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.

Our 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 burn fuels like gas, oil and coal to cock food and for other
heating purposes in our homes and industry. During this burning process called
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alarge amount of heat. :

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

A large portion of electricity is produced at power stations by burning
fuels such as natural gas and coal. 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. Bifferent metal powders
alongwith oxidising agents produce a variety of colours when burut.

G

Fig (5.2) Fireworks

combustion, compounds present in fuels react with oxygen of the air to produce -

“'Why the chemical reacti
+ violently?

on between sodium metal and water proceeds.




_ls_;nﬁe_Iting. of ice an exothermic or-eindoth_ermic ¢cha nge?

Can exothermic reaction be reversed?

Let us now examine the reason why the chemical reactions are either
exothermic or endothermic.
A chemical reaction mainly involves the processes which involve bond breaking
and bond formation. In the foilowing reaction, the chemical bonds between the
atoms presentinthe molecules of H; and 02 first breakto give their atoms.

2H (g) + O (g) —» 2H0(9)

Molecufe \t _
These atoms of hydrogen then form bonds with oxygen atoms to form
two molecules of gaseous Hz0.

N

4Hrg) + 20(9} “‘“‘“‘“‘“““" H-:f HH

Breakrng of bonds of H; and 02 absorb energy (endothermlc process)
while making of bonds between 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 whlch is absorbed The overaII reactron IS thus exothermlc

O+H —— 0-H- 484 kJ/mo___. (Exothermrc) |

Since two moles of Hz take part in the reaction so total energy absorbed in the
reaction
2Hyy ———> 4H + 870 kJ/mol

Oy — 20, + 498 ki/mol

2H,, + O, —> 4H, + 20, + 1368 ki/mol
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It means 1368 kJ energy is absorbed when 2 . Bon'd'dis:.;t')ciation energy of Hi.' )
moles of H, and one mole of O, break their -js 435 kj/mol while that of O, s
bonds to convert themselves into atoms. f*=498kJ/moI Bond formatlon":

;_fenergy of one O

Nitrogen of the atmasphere reacts with oxygen to produce not only in the presence of
lightening. This is because reaction is highly endothermic, so only lightening can
provide enough energy for this reaction to take place. '

Total energy evolved inthe formation of 4 O —H bonds.

20, + 4H,—— 2H,0, - 1936 ki/mol

(g

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 one mole of water, the energy evolved will be 968 kJ mol™.

Hence the overall energy evolved in this reaction is = ~1936 +1368 = ~568k) for
two moles of water.

2 Hyy + Oy ——> 2H,0, + 568 ki/mol or AH =-568 kJ

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 _ _284 K mol”

2 mol

The experimental value of formation of gaseous water is -284.3 kl which is
quite close to this calculated value.
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b.4 How does a Reaction take place?

A reaction takes place when the reactant molecules collide with each
other to give a transition state. Let us study the following hypothetical reaction.

As+ By —— 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 more than average kinetic energy may also 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 molecules 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).

N Jransition state

F:g (53) Formation of 'T'ré'ﬁsition 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 and products.

Transition state

Energy of both reactants

is taken as equal.
Energy

Reactants

Products

— Reaction coordinate

Fig (5.4) Path of Exothermic Reaction
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;) Interesting |

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
endothermicreactionFig (5.5).

Transition State

Endothermic
E, Reaction
Products
Energy | 1
Reactants y +Alj
I‘ — Reaction coordinate

Fig (5.5) Path of Endothermic Reaction

An addition of the catalyst in a reaction increases the rate of reaction
because it changes the path adopted by the reactants 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 (5.6).
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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

Products

B

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 complex 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.

- (C3H103)
Glucosem Pyruvate ————» 6CQO, + 6H,0 + Energy
(CeH1206) t
Energy

During glycolysis 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 énergy. The food we eat underéoes digestion
in our body and the digested food molecules that are absorbed by the cells
undergo oxidation to produce energy.
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In certain organlsms like bacteria and algae resprratlon occurs in the
absence of oxygen and it is called anaercbic respiration. This is also an
exothermic process and during this process glucose is converted into carbon
dioxide and ethanol with the evolution of energy.

i J Absence of oxygen
Glucose In cytoplasm Pyruvate e » CHOH + CO,
Yeast
+ +
Energy Energy

Lipids are a group of organic compounds which include fats, waxes,
sterals, etc, Lipids serve as an energy reserve within our body. About half of the
fuel our body needs comes from lipids. If you eat more food than you need ina
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 prlmary storage form of glucose. Itis stored in the liver and muscles.

TR ‘.'Any physmai or chemlcal change'under study is calied a system Everythmg e[se which:
- does not fa![ in thas system is' called surroundmg B L :

2 ing thelr standard states undergo reaction to produce products in thewstandard states '

‘ 4 Chemical reactlons whrch take place with the evolution of heat are called exothermic
: * redctions, whlle those whtch proceed W|th the absorptlon of heat are ca!led




{i)

(if)

(iiy)

(iv)

Tick (V) the correct answer.

The foltowing reaction is an exothermic reaction.

Hy + Cl —28h o opc
From where does the energy come to break the bond of H, and Cl,?
(a) By collisions between the molecules

(b) Fromsunlight

() From the surrounding

(d) By collisions of the molecules with the walls of the container

Which of the following reactions has the least value of activation energy?
(@) Hyy + %20,y — H,0O,

(b) Cy + Opy ———> COyy

(c) NaCl,, + AgNO, (aq) — > AgCl,, + NaNGC,

(d) Hyy + gy —— 2HI,,

Formation of which hydrogen halide from the elements is an endothermic
reaction?

(a) HCI (b} HF

(¢) HBr (d) HI

What are the products of anaerobic respiration?

(8 ATP +CO; + H;0 (b) CO; + HO

() ATP + Ethanol + H,O (d) Ethanol + H,0O

Which reaction do you expectto be a reversible reaction?

(a) (b)

Energy
Energy

A+B A+B C+D

C+D

Path of Reaction Path of Reaction -




(vii)

(viil)

C+D
C+D

A+B

Energy
Energy

Path of Reaction Path of Reaction

What does it show when a chemical reaction is exothermic?
(a) [t shows the bonds which break are weaker than those are formed.
(b) it shows the bond which break are stronger than those are formed.

(c) Exothermic nature of the reaction is not concerned with bond
formation or bond breakage.

{d) It shows that the reactants are more stable than the products.
When NaOH and HCl are mixed the temperature increases. The reaction is:
(@)  endothermicwith a positive enthalpy change.

(b)  endothermic with a negative enthalpy change.

() exothermic with a positive enthalpy change.

(d)  exothermicwith a negative enthalpy change.

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

(@ CH,y — Cy+2H,,
(b)  CHiy —> Cyt2Hyy
()  CHay — (g, +4H,,

d)  CHig —> CHyy+ Hg

The average bond energies for 0 - 0 and 0 = 0 are 146 and 496 kJ mol”
respectively. Find the enthalpy in ki for the following reaction?

]
H—0—0—H, ————>» H—0—H, + > 0= 0,
(a) -102kJ
(b) +102kJ

() +350kJ
(d) +394kJ




Why does the following exothermic reaction not occur?
C (Diamond) — C(Graphite) AH=-3k) mol”
{a)  Structure of diamond is more stable than that of graphite.
{b)- Diamond has strong covalent bonds than does the graphite.
() The change from diamond 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?

. Whyis breaking ofabond an endothermic process?

Depict the transition state for the following reaction.
H, + Cl, —— 2HCI

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

What s the role of glycogen in our body?

Constructed Response Questions

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

Physical Exdthermié: or ‘Physical Exothermic or
change Endothermic change Endothermic

Conversion of Conduction of

into anhydrous

hydrated salt electricity by metals

salt

Burning papér

Dissolving ammonium
chloride in water

Vapourizing - Formation of rain
liquid from clouds
nitrogen
Evapaoration | Dissolving sodium

of dry ice carbonate in water
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iii.

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 to give NO. The reaction stops as soon as the
lightening stops. ‘

A reaction between natural gas (CH.) and atmospheric 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.

Descriptive Questions

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

Ny + O —» 2NO
Bond dissociation energy of N2 = 958.38 ki/mol
Bond dissociation energy of O, = 498 kJ/mol
Bond formation energy of NO = -626 kJ/mol
Explain the difference between the terms heat and enthalpy.
Explain why formation of a bond is always an exothermic process.
Explain the role of lipids in our body. :
Explain the following terms.
Activation energy, Transition state, Aerobic respiration

Investigative Questions

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

Why does fireworks look spectacular. What type of chemical compounds
undergo chemical reactions during this activity.




Descrlbe h ; changmg: the. phy ] cal condltlons ofa chemrcal equmbnum system can.

redirect. reversible. reactions {Some examples can include: a. effect of heat on’
L hydrated compounds b. “addition .of water to anhydrous substances in partlcular:__f-
:"copper(ll) sulfateand cobalt{ll)chlorlde _ g A

4 Statethat reversible reactions canachieve ethbnum ina closed syste when rate of :
e forward and backward reactlons are equal : :

7' Introductlon

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 solutionto give the products.

The reaction goes to completlon and if stomhrometrlc amounts of the
reactants are used then no reactant species are present at the end of the reaction.
Such areactionis called anirreversible reaction. It moves in the forward dlrectlon
only.
fn 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 turn, react to give back the reactants.
The reaction is called a reversible reaction and it is denoted by a double arrow =.

Forexample, “400°C, 200 atm o
' Nz(g) 3H2(g) = ZN.HB{g)

Fe
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In this reaction, one mole of nitroge
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 to 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 at a
particular temperature.

CaCO,(s) === CaOls) + CO,(q)

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 forced to go to completion. If, on the other hand, the reaction is
performed in a closed container, the carbon dioxide will react with calcium oxide
to give back the reactants.

Like chemical changes, physical changes may also be reversible in nature.
Copper sulphate pentahydrate (CuSOs 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.

'Heat_.' T

atmosphere, it will turn blue again.
Similar to this, when cobalt chloride hexahydrate {CoCk 6 HzO), which is
pinkin colour, is heated it is converted to anhydrous CoCl; which is blue in colour.

' Heat
COC!Z 6 Hzo ~ = COClz +.6 Hzo
Hydrated Cobalt Anhydrous Cobalt
: _chloride {Pinik) " 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 : - - Moisture .

CoCl; =—== CoCl; 2H;0 =———= CoCl, 6H,0

__-:E)ﬂ;:unhydrous Cobalt - . Cobalt chioride Cobalt
: .é'%'chl_oride_('BIue)-_" .- dihydrate (Purple) hexahydrate (Pinlk)

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 observation. 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
in the 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 as a
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 going 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 going in
both the directions, this state is called dynamic equilibrium. The concentrations
of reacting species (reactants and products) remain constant at equilibrium.

|
N \. .

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

: ' Cy + HO, —> €O, + H

(g} %g)

Water gas
Catalyst

COgy + 3BHyy =—=CHy + HOy
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1. Elaboratean exampleofdynamlceqU|I|br|umwh|chemstsmthlsworldj:_,
betweenthethreephysmalstatesofwater : o e

2. Dinitrogen tetra oxsde (N204) is a colourless: gas It slowly changes to ;-
. brown coloured nltrogen d|0X|de (NOy) at’ 100" 'C Predlct how the
colour of the mlxture W|[I change 1f N2O, is: kep n.

: '7100°C :

0.'

i .Nz'o4 2NOz(g)
Colourless Brown

The time a reaction will take to attain the state of dynamlc chemlcal
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 to 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
decomposition 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 of equilibrium.

6.2 Changing the Physical Qm‘%dmens e‘f 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 or withdrawing one or more of the reacting species
Adding or withdrawing one or more of the product species
Changing the temperature of the reaction
Effect of the presence of a catalyst on a reversible reaction
Changing the pressure of the reaction if it involves reactants or the
productsin the gaseous state
Considerthe followmg reverSIbIe reaction at equ|I|brlum
Lo ~-400°C S
Nyg  + 3Hyy =—=—= 2-NH3_(9)'."
R ‘C_atalyst_-- e

vk N

%0




- The concentrations of all the participating chemicals will be constant at
the state of equilibrium. 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 to 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 ammonia.
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 ammonia is exothermic in the forward direction and
hence this reaction will be endothermic in the reverse direction.

If this reaction is at equilibrium and its temperature is increased, the state
of the equilibrium will be disturbed again. The AH of this reaction is negative. This
means the total energy of the system containing N; 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.

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 # 3Hyg -

Amole. 3moles - UUR
B . P

4 moles




In thls reactlon 4 moles of reactmg gases are producmg two moies 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 22.414 = 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.

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 con5|der another example of a reversible reaction at
equilibrium. Phosphorous pentachloride decomposes according to the

following equation.
PClyy === PC,, + Cly

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?

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

) ‘Interestin

lndustrlal productlon of ammonia in Haber Process is a very useful
application of thesphenomenon of chemical equilibrium. Ammonia gas leads to the
formation of an important fertilizer urea. The ability of ammonia gas to be converted
into its ]|qU|d form easily is used to drive the reaction to compietlon In this way,
practically 100% cgnversmn of Nz and Hato NH3 is achieved.




The preparatlon of ethyl acetate is cornmeraa[ly very lmportant '
because rt isusedasa thrnner in paintindustry. '

dil. H,SO,

CHOH, + CH,COOH, =————t= CH,C00C H._w, + H o(,)
Ethyl aIcohoI Acetlc acid: - ' Ethyl acetate

One way: 10 get the better yield of the product ethyl acetate |s to remove -
:'.f_water from the reactron mtxture as'soon as it is formed Suggest a smtab[e'.-._
¥ method towithdraw water from the reactlon mlxtu re. : |
(https: //www rochester edu) -

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

2. Avreversible reaction never goes to completion. However, it may be forced to go to
completion if one or all the products are withdrawn from the reaction mixture as soon
astheyare formed. -

3. Physical changes may also be reversrble innature,

Areversible 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 is
said to be at a state of chemical equilibrium.

- 5. . Since both the forward and reverse reactions keep on going at the state of chemical
equtlrbrium it is called a dynamic equilibrium. The concentrations of all the react[ng
species remain constant at equilibrium.

6. Thetimea reaction takes to attain the state of dynamic equilibrium depends uponthe
" nature of reaction and the conditions at which the reversible reaction is performed

7. 'A reversible chemical system may be disturbed either by adding or wrthdrawmg the
© reactants or the products and by changing the conditions of temperature, pressure
and catalyst




1.
(i)

(ii)

(ifi)

(v)

Tick {vV) the correct answer.

What will happen if the rates of forward and reverse reactions are very high?

(a) The equilibrium point will reach very soon.

(b) The equilibrium point will reach very late.

(c) Thereaction will not attain the state of dynamicequilibrium.

(d) Thereaction will be practically irreversible.

Predict which components of the atmosphere react in the presence of

lightening.

(a) N,and H,0 {(b) O,andH,0

{¢) CO,and O, (d) N,and Q,

An inorganic chemist places one maole of PCl, in a container A and one mole

of each Cl, and PCl, in container B. Both the containers were sealed and

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

about the composition of mixtures in both the containers.

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

(b) Container Awill have more concentration of PCl, than B.

(¢) Container Awill have less concentration of PCl; thanB.

(d) Boththe containers will have zero concentration of its reactants.

CaO or lime is used extensively in steel, glass and paper industries. It is

produced in an exothermic reversible reaction by the decompaosition of lime

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

(a) Heating at high temperaturein a closed vessel

(b) Heating athigh temperature in an open vessel

(¢) Coolingitin aclosed vessel

(d) Coolingitinanopenvessel

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.

(¢) The concentration of all the reactants and the product should become
constant, . _ )

(d) One ofthe 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 gasincreases
(b) Because the gasisinsoluble in water
(c) Because the gas is dissolved under pressure hence it comes out when
pressure is decreased
(d) Because the solubility of the gas decreases at high pressure
{vil) The following reaction is performed in an open vessel.
CaCQO,,, Cal, + CO,,
How the equilibrium will be affected if you increase the pressure?
(a) Theforward reaction will be favoured
{b) The backward reaction will be favoured
(¢) Noeffect on backward reaction
(d) No effect onforward or backward reaction
{(viilWhen a reaction will become a reversible one?
(a) If the activation energy of the forward reaction is 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) Ifthe enthalpy change of both the reactions is zero.
(i) lsreversible reaction useful for preparing compounds onlarge 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) They will keep onincreasing
{c) They will keep on decreasing
(d) They will remain constant for some time and then start decreasing

2. Questions for Short Answers

i.  Howisdynamicequilibrium different from the static equilibrium?
ii. How the following reversible reaction will be affected if its temperature is

increased? Electricity
2H,0, s




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?

2NO

Ny + O

2Ug) (g}

Constructed Response Questions

Why are some reactions irreversible while others are rever5|ble7

Why are combustion reactions generally irreversible?

Can you make an irreversible reaction reversible and vice versa?

How do 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 at equilibrium?

(a)mthe fér"wafd'-diréttion (b) in the backward dlrectton
Explain how the forward and backward reactions change when the system
approaches equilibrium.

Describe the effect of a catalyst on the reversible reaction.
How can a 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 itis used in -
the preparation of urea fertilizer. Explain the conditions you will use to get
the maximum yield of ammonia.




Student Learmng Outcomes

After studymg this chapter, students Wl" be able to

L. _Defme Bronsted Lowry a<:|ds as proton donors and Bronsted Lowry bases as proton
acceptors el :

e Recognlze that aqueous solut|ons of ac1ds contaln H* fons and aqueous solu’clons of :
alkallscontam OH ions : ', : L TR

. Defme a strong acid and base as an ac1d or base that completely d|ssoc13tes in

aqueous solution : -and weak  acid and: base that partlally dlssoaates in aqueous'

~solution. (Some exampies include: Student: wrltmg symb ol equatior 'to'show these"
'forhydroch[ortcaad squhuncamd n|tr|_:'ac1d and ethanorca_c:d y s :

T : Formulate dlssocrat[on equatlons foran acnd or base in aqueous so[ution

e :'ERECOQHIZE that bases are omdes or. hydrox1des of metals and th_at

Ikahs are water-
solubie bases '

' . _"_Descrlbe the characterlstlc'propert!es of aCldS in- terms of their reactlons W|th metals _
- basesandcarbonates .. .- D T e L

. identlfy the characterlsnc propemes of bases m terms of thelr reactlons W|th acsds.
" and amr _omum salts v

i Deflne ac:d rain:

R _-_ D:scuss effects ofamd ram and relate them thh propemes ofac&ds

7.1 Acmls and Bases

Acids and bases have been known to mankind since centuries. Acidshave
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, tamarind, lemon and lime, etc.

Common examples of acids 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 agueous solutions as they can be easily
dissolved in water.
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Acids are divided into two types on the basis of their occurrence: natural
acids and mineral acids. Acids which are obtained from natural sources are calied

natural or organic acids. Mineral or man-made acids are prepared from minerals
like sodium chloride or sodium nitrate. Common examples of mineral acids are
hydrochloric acid, sulphuric acid and nitric acid.

Some common arganic acids and their natural sources are given in table (7.1)

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, alkalis 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 agueous 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,O is basic oxide because it contains oxide ion, 0%, which
is a very strong base with a strong tendency to react with water to produce

hydroxide ions. Na,0, + H,0, > 2NaOH,,

Other examples of basic oxides are calcium oxide (Ca0O), zine Oxide (ZnQO) and
magnesium oxide (MgO). ' '

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.

Name some fruits which contain citric acid.

sl
R

" interestng

Oxalic acid (HECZO4) is the simplest organic diprotic acid. Its commercial uses’
include bleaching straw and leather and removing rust and ink stains from fabrics.
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The following compounds are provided i the fOrkﬁ of'!iquid'br in the -
form of their aqueous solut|ons Use blue and red ||tmus paper stripes to
_ show whetherthese substances are ac:dlc or baS|c in their aqueous solutions. -

Tap water

Battery water

Rain water

Soap solution

Tooth paste

Shampoo
Bleach

ys_are mmeral ac:ds useful for us?

7.2 DIFFERENT CONCEPTS OF ACIDS AND BASES

Although the earlier definitions of acids and bases describe some
distinctive features of these substances, yet new and broader definitions 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 (HQO). 1
Some typical Arrhenius acids are HCl, HNO,, H,SO, and &8
HCN.

Similarly, a base is that substance which Svante Arrhenius
dissociates in water to give hydroxy! ions (OH)", (1855-1927)
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Some typical Arrhenius bases are NaOH, KOH and Ba(OH),.
H,O

‘NaOH

2Maa

Na',, + OH’

(ag)

Water has an essential role 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 hydroxy! 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",

H—08"—H

CHG o+ oH

According to some reports upto
four water molecules may surround the

proton. Similarly, hydroxyl ion are also [
surrounded by water molecules as shown
inthefigure (7.1).
Arrhenius also explained the
process of neutralization. According to
him when a strong acid and a strong base
are dissolved in water, they completely
dissociate intoions.
Arrangement of water molecules
around H* -
Tt HS+ HS+
HCl,, ]
: 'q'._‘ : \%/ - HS+
NaOH,
..S- .;O.S'__ HS+
H5+ HS+ HS+
| Fig (7.1) )

“How do chloride ions existin water? -
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The hydroxonium ion and the hydroxyl ion then react to form water with
. the evolution of heat

_HO

+ 7 OH

w —> 2HO

s o T Heat

The salt NaCl that is formed with water does not exist as solid crystals. It
remains present in the solution as hydrated spectator sodium ions (Na") and
chlorideions (CIN).

" 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 completelyglvmg a Iarge amount of hydromum ions in water.

(aql .

HO, + HSQ;(;'
__ Hotaq) "'" -
Nltr[c aCId lonlzes ln smg[e step
" HNO,, H, o o

3(ﬂq} H O(')

Contrary to mmeral acids, organic acuds ionize upto a very limited extent
and hence they are weak acids.
Glacial aceticacid hasa percent ionization of oniy 0.132%.

CH COOH H O

(aq) (aq) e

It means that out of 100 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 + H,0, =— H,0",, + HCOO"

{aq) (ag)

NaOH and KOH are the examples of strong bases because they also ionize
completelyinwater. - :

s

NaOH

(aq) ;




NH,OH and Al{OH); are the examples of weak bases because they only

partlally ionize in water.

ﬂ.’ NH:{aq]+ 7 OH-

g .

NH OH

(aq)

Stomach ACIdI‘l’y

Stomach acidity or hyperacidity conditions are a common problem. Most
often the problem arises when a person takes fatty and spicy foods which cause
more acid to produce in the stomach thanrequired.

Our stomach produces hydrochloric acid to digest the food that we eat '
Whenever we eat, cells within the lining of the stomach produce acid. Problem
occurs when these cells produce more acid than your stomach needs. When lt .

‘ 'happens the person suffers from stomach acidity. The common indication of such a
condition is the feeling of burning sensation right below our breast bone. A person
may also feel sour taste in mouth and heart burn or pain near the heart area. The,

- uneasy condition may easily be cured by taking weak bases like calcium hydromde
and magnesium hydroxide commonly known as antacids. These antacids remove.
minor stomach disorders by neutralizing the stomach acid, but the concentration of i
hydroxylionsin them is too low to harm the throat or stomach -

i

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;COj3, K,CO3 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 ora base. It was realized that a broader definition for a¢ids and
bases is needed to cover all the aspects of the concept.
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To remove the limitations of {--
Arrhenius concept, Bronsted and
Lowy gave the following definitions
of acids and bases:

An acid Is a substance that
donates a 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, Bronsted-Lowry acids as well for
example, HCI. It dissociates in water to give H" and Cl". It also donates H* to H,0
forming H,0".

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

Abase 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
Arrhenius bases. All Arrhenius bases are, however, Bronsted-Lowry bases as well.

All Bronsted-Lowry acids and bases are not Arthenius ac:ds 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.

Consider the following reaction between hydrogen chloride gas and
liguid water.

HCI@
Aad

In this reaction, HCI 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.
NH3(9] + HZO(I) T— OH-(aq) + -NH4+(aq)
Base Acid Conjugate base Conjugate acid

Ammonia 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 ca]led an amphotenc compound Wthh means a
compound that can behave both as an acid and a 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.

+ H,O, =——= H,0" + . CN’

fag) (2q)
Acid Base Conjugate acid Conjugate base

‘ Gtve two exampies of Bronsted—Lowry bases wh:ch are notbases
_' by Arrhemus def|n1t|on :

7.4 Properties of Acids and Bases

a. Acids give the following three types of reactions.

1. With alkahs or metal ox1des they form salts and water.
2""NO_, q)' T Ca (Noa)z(aOI)
2504(aq) ; KSO (aq)

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

Take a few granules of zmc'[_ a clean test tube Add dl[ute HZSO4 in 1t
| and heat it. gently identn‘y the gas evoived in this reactlon by takmg a.
burning match st|ck nea’rithe mouth of test tube Note the observatnons m
your| notebook . ‘ SR ' ' ' R
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3. Theydecompose metal carbonates and hydrogen cabonates evolving
carbon dioxide gas.

s caCl(ag) + H0 () + o, @

2NaHC03 (s) + HZSO4 (aq) —» NaZSO4(aq) + 2H;_O(1) +: 2C02 (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(OH). is insoluble.
Apart from reacting with acids in neutralization reactions, alkalies also

react with ammonium salts and liberate ammonia gas
NaOH(aq) + HCl(aq) — NaCl(aq) + H,O{)
Ca(OH), + H:SO4aq) | — CaS0, (aq) + 2H20 (B
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7.5 Acid Rain and its 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
asacid rain.

250,, + 0,y —> 250,

503(9) + H,0, — H,S0,.0
2NO,, + H,0,—— > HNO,;, + HNO,,

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 live or grow in
an acidic soil. It 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 deposition of
acidic particles damage buildings, statues, automobiles and other structures
made of stone and metal.

_"-Aads are those compounds wh|ch have asour taste and whrch turn blue Il’cmus red
-Theyalso g|ve hydroxonlum lonswhen dlssolved in water : :

g -iBases or alkalls are-those compounds which are bltter in. taste have a shppery touch
& 'and wh|ch change red l|tmus blue They also form hydrox1de ions when d|ssolved in

3 -In a neutral:zatlon reactlon an aqueous solutron of -an- acld reacts Wl‘th an aqueous _
R .solutlon ota baseto glve saltand water. :

1

.'_Accordmglto Arrhenlus defmltlons ac:ds glve protons m-wat"

: _"ydromde lons inwater. : - _
05 Bronsted — Lowry defme aCId as a proton donor and base as roton acceptor

6. 4Genera|ly aads dlssoive metals with the evolutlon of.‘_ ydrogen gas They also
' o 'decompose carbonates and hydrogen carbonates "
-7 Generally alkalls or bases react wrth ammonrum salts to evolve ammoma gas.

nd-=_ b'as'es-i_give' “ -.
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(if})

(iv)

{v}

(vi)

(vii)
(viii)

(i)

{x)

Tick (V) the correct answer.

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

(a) Tartaricacid (b) Ascorbicacid

(c¢) Citricacid (d) Formicacid

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

(a) Oxygen (b) Carbon dioxide

() Nitrogen (d) Carbon monoxide
Predict the main characteristics of the reactions of metals with acids.

(a) Metals are dissolved

(b) Metals are converted into salts

(c) Hydrogengasisevolved

(d) Allthe above mentioned characteristics are true

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

(a) 1 by 2 (c) Zero (d) 3

In a neutralization reaction between KOH and H3;PQ4 how many
molecules of KOH will react with one molecule of H3PQO,?

(a) 2 (b) 1 () 3 (d) 4

Which acid is used in the preparation of spap?

(a) Tartaricacid (b) Citricacid

(¢) Stearicacid (d) Oxalic acid

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

(a) SO_:, (b) H,S03 (C) H,S0, (d) HzSzO",.'
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",
(a) CHsCOOH {by H,O () CHiCOO" (d) H3O’
When a chemical reaction is carried out with a substance Z; a gas is
produced which turns red litmus paper blue. Whatis the reaction?
(a) Reaction of an acid with a metal carbonate
(b) Reaction of an acid withammonium salt
(c) Reaction ofan alkali with a metal carbonate

(d) Reactionofan alkali withammonium salt
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I.

Questncms for Short Answers

Choose Arrhenius Acids among the following compounds.
HF, NH, H,S0, SO, H,S, H,0

How does calcium metal react with dilute H,SO,?

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
fordigestion of food?
In the presence of adrop of an acid, water is known to ionize as follows:
H. Oy =— H" + OH
In your opinion, which name will be suitable for water: an acid, a base or
both?
Why does Na,CO, behave like a base in water?
ls 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.

How does sulphuric acid react with the following compounds?

NH,Cl, NH,NO,, MgO, MgCO;

What happens when a base reacts with a non-metallic oxide. What do you
infer about the nature of non-metallic oxide?

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

Differentiate between an acid and its conjugate base.

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

What is observed when CQ, is passed through lime water (i) for a short
duration (i) foralongduration? :




Atomic Mass

e ﬁ‘i‘f‘% Pedlirnaiion inelala -

8.1 Modern Periodic Table

The modern periodic table is based upon the arrangement of elements
according to 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 inthe same vertical columns.

The horizontal rows of elements in the periodic table are called periods
while the vertical columns are called groups.
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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,
elements present in a group possess similar electronic configurations in their
outermost shells. Therefore, the elements in a group show similar chemical
properties. As a whole the periodic table shows the repetition of the properties of
elements after regular intervals. The study of properties in a sequence s 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 alkali 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

giveninTable (8.1).
Table (8.1) Periods in the Periodic Table

1st Short 2 1st
2nd Normal 8 2nd
3rd Normal 8 3rd
4th Long 18 4th
5th Long 18 Sth
6th Very long 32 6th
7th Incomplete 23 7th

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 a 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.

In the modern periodictable, the electronic configuration of the elements -




- The vertical columns present in the periodic 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
each 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).

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°®

Thegroups 1to 2 and 13 to 17 contain the normal elements. In the normal
elements, all the inner shells are completely filled 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 cutermost 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. '

sul

Mendeleev arranged only 63 elements in his periodic table because only thesa
elements were discovered at that time. He left many spaces vacant for those elements
which were yet to be discovered.

111




Table (3.3)

PERIODIC TABLE OF THE ELEMENTS

@ ALKALI METALS ' METALLOIDS . NOBLE GASES

71 ALKALINE EARTH METALS B OTHERNONMETALS ) LANTHANIDES

{5 TRANSITION METALS B HaLoGENS & activioes

2 @ PosT-TRANSITION METALS ) UNKOWN PROPERIES

GUIDE

ATOMIC NUMBER
ELEMENT SYMBOL
ELEMENT NAME
ATOMIC WEIGHT

E.G. Mazurs co!lected 700 different published versions of the periodic table. Many -
forms retain the regu[ar rectangular structure. Some forms had spirals, circles and
triangular shapes.

(1)~ The electronic configuration of the outermost shell of an element is s p Find out
period number and the group number of the element. In which block w1|| you place
this element?

(2) What is the group of the element havmg eight electrons in its outermost shell? In
which physical state does this element exist?

(3) Anelement belongstosixth'group anditis a gas. To which penod doesit belong7

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 intheir outermost shells, so they
show a strong tendency to lose their electron forming cations. They are thus




known as electropositive metals. These metals react vigorously with water
producing hydrogen and giving alkali inthe solution
Na(s] +° H O o *———b NaOH

| Alkali

Oxides of these metals are also strongly basic in nature. They are readily
solublein waterglvmg alkalies.

Kom + H,0, — 2KOH,

HZ &)}

(o) -

(aq} .
Alkali metals aiso reactwith halogens glvmg halldes
Na(s) + CEZ@ ““,___’ 2NaCI o
The reactivity of alkali metals gradually increases down the group.

The second group elements also show a tendency to lose both of their
outermost electrons forming dipositive ions.

Mg(s) ] 3 Mg fs) ‘ 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 alkaliesinw

All elements in group 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 reactivity of halogens decreases down the group.

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

When we move from left to right in the perlodlc 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
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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 charge 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

Periadic properties of the elements occur due to recurrence of similar
electronic configuration in the outermost shells. They include:

i) Atomicradius ii) lonization Energy
iii) Electron affinity iv) Electronegativity
pmic Radius

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 to measure the
radius of an atom when itis 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 = 107°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
covalentradius of carbon atom.

£ir iR
When we move from left to right in a period, the size of atoms decreases
generally. It is because as we go from lithium (Li) to neon (Ne) in the second
period, we are adding electrons to the outermost shell. 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 to neon Table
(8.4).

2

Table(8.4) Atomic Radii of Second Period Elements
2nd period elements | Li | Be | B C | N | O F | Ne

Atomic Radii (pm): | 152 | 113 | 88 | 77 | 75 | 73 | 71 | 69

The atomic radii of atoms increase from top to bottom in a group. It is
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 E!éments

Li 2 152

Na 10 186
K 18 227

Rb 36 248
54 265

Although you might expect atoms to become larger with the increase in their atomic
numbers, this does not always occur because the size of an atom is determmed by the
diameter of its electron shells.

 lonization Energy _

lonization energy is the amount of energy required to remove the most
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 kJ mol™. For
example, the firstionization energy of sodium atom is +496 kJ mol™.

Na — Na' + ¢ AH = +496 ki 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,

Mg, ——> Mg*, + € AH +737 kJ mol™

+1450 kJ mol™

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
‘bottomin a group. Table (8.6) and Table (8.7) '

Table (8.6) icmzatmn Energies of Elements of Second Period
2n__:_per|od elements Li | Be | B C | NiO F | Ne

Ionlzatlon energy (kJ mol) 520 | 899 | 801 |1086|1402|1314| 1681|2081

Mg y—> Mg¥, + & AH




eri'ts of-First G-l:*ou'

520

Na 496
K 419
Rb - 403
Cs 377

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
kdmol™ energy is released when an electron enters in the fluorine atom.

+ & ———> "

F' o @ AH = =328 kimol™
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
nucleus will attract the entering electron and hence higher is the value of

electron affinity. Table (8.8)
Table (8.8) Electron Affinities of Second Period Elements
2nd period elements Li Be B C N 0 F

Electron Affinity (k) mol™) | -60 0 =29 | =122 7 -1411 -328

In a group, the electron affinity values decrease from top to bottom
because the sizes of atoms increase down the group. In a bigger atom, the
nucleus will attract the incoming electron with a weaker force and hence the
electron affinity will also be low.

Whille first electron affinities can be negative, positive or zero,
second electron affinities are always positive.

Electronegativity of an atom 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. It increases from left to right in a period and decreases from
top to bottom in a group. Thus the most electronegative atoms are found at the




top-right-hand corner of the periodic table. The most electronegative atoms are
F,O,N and Cl. Table (8.9) and Table {(8.10). The most electropositive elements lie at
the bottom left of the periodic table.

Table {8.9) Electronegativities of Elaments of Second Period

2nd period elements .| LI Be B C N O F

~Electronegativity | 10 | 16 | 20 | 26 | 30 | 34 | 40

Electronegativity is one of the most well- known property for explaining why chemical
reactions take place..

Table (8 10) Electronegatlwtles of Elements of First Group

| ‘Electronegatmty

F _ 4.0
Cl 3.2
Br 3.0
I ' 2.7

8.5 Metallic Character and Reactivity

The metallic characteris 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 a period from
left to right.

The chemical reactivity gradually decreases as we move from left to right
in a period. 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 graduallyinc_réases. | :

Metallic character of a metal generally':
determines its level of reactivity.
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[t is mass of a substance in a unit volume. Density of elements generally
increases from top to bottom in a group but varies less significantly from left to
rightina period. It is expressed in g/cm’.

Table (8. 11) Densities of First Group Elements

Li Na K Rb Cs
0.53 0.97 0.89 1.63 1.879

Flrst group-‘
Elements densrty '

(1) ‘Baruim (Ba) is- present in an group and Gth per;od
_:.‘Efollowmg questions aboutthls element E ;
iy ls ita metal or anon- metal? _

(i) Wl” it be eiectroposrtlve or electroneg_atlve?

m) What is the nature of |ts ox1de?

| '-A _basu: omde and

Anacidicoxide?




“In the modern perrodrctable eiements have been arranged inthe ascending order of R
thelratomrc numbers There are erghteen groups and seven periods in'this tab!e

L Inthe modern perrodrctable elements have been drvrded_:ntos p,dandfblocks B

(ii)

(i)

-Exercise

Tick (V) the correct answer.

In which period and group will you place the element which is an
important part of the solar cell?

(@) Third period and fourth group
(b) Second period and fourth group
(¢) Third period and fifth group

(d} Third period and sixth group

Identify the electronic configuration of the outermost shell of a transition
metal,

(a) ns*np* (b) ndxns®

(¢) ns’np® , (d) ns’np®

Which is the softest metal? _
(a) Na {(b) Ca () Al {d) Zn




i)

{v)

(vi)

(vii)

(viii)

(ix)

vi.
vii.

viii.

- A yeliow solid element exists in allotropic forms which is also present in
fossil fuel. Indicate the name.

{(a) Carbon (b) lodine

() Aluminium (d) Sulphur

How many electrons can nitrogen accept inits outermost shell?

(a) 2 b) 3 {c) 4 (d) 5
Which elementis the most reactive element?

(a) Oxygen {b} Chlorine (¢) Fluorine (d) Nitrogen
Which elementhas the highest melting point?

(a) Na (BYK (c)R6 (d)Cs
In what 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

Which of the following best describe the carrect order of oxygen, fluorine,
and nitrogen's atomic radii?

(@) O<F<N by N<F<O {¢) F<O<N (dy O<N<F
Which of the following elements has delete two shells, both of which are
filled completely?

(a) Ne (b)Ca (c)B (d) He

Questions for Short Answers

Why was atomic number chosen to arrange the elements in the periodic
table?

What is the significance of the word periodic?

Why does the size of a period increase as we move down the periodic table?
In a group, the elements have the same number of electrons in the
outermost shell. Why is it s0?

Do you expect calcium to be more reactive than sodium? Give the reason of
your answer. :
Which element has the maximum atomic radius and which element has the
minimum atomic radiusin third period?

Why are the most electronegative elements present in sixth and seventh:

groups?

The first ionization energy value of magnesium is less than the second one.
Give reason. '

Is it possible 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 elementin the periodic table?

What is the first element of the periodic table? Will it lose an electron or 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?

How would you find the atomic radius of an atom?

Why is it not possible for oxygen atom to accept three electrons to form O
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 not know its atomic number? Is atomic mass helpful for this purpose?
How many blocks of elements are present in the periodic table? Are these
blocks helpful in studying 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
achievement of chemists. Comment on this statement citing the benefits of
this table. _ _ ' 7

Both lithium and beryllium show behaviour different from 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:

Define 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, glven ;nformatlon about the
elemenits.

_Predict properties of elements in group 1 in order of reactlwty given relevant

information.

Define group 17 halogens as dlatomic non- metals wrth general trends limited to
increasing den5|ty, and decreasing reactivity. '

Identify the appearance of halogens at rtp as fluorme as paie yellow gas, chiorine as
yellow -green gas, bromine asred -brown liquid, iodine as grey- black sclid

Explain the displacement reactions of halogens with other halide ions and also as
reducing agents '

_Predlctthe properties of elements in group 17 given mformatlon aboutthe elements
.Analyse the relative thermal stabilities of the hydragen halrdes and explain these in

terms of bond strengths Transition elements
Describe the transition elements as metals that: have high densmes high melting

" points, variable oxidation numbers, form coloured compounds and act as catalysts
~ for industrial purposes. (Some examples include catalysts being used are the Haber

process, catalytic converters, Contact processand manufacturmg of margarine).

~* Definethe Group 18 noble gases as unreactive, monatomic gases
' Explam this interms of electronic configuration properties of metals

Compare the general physmal propertles of metals and non-metals (Specrfrcally in
terms of:

a. thermal conductivity

. b.electrical conductivity =
_ c.malleability and ductility

d. melting paints and boiling points)




9.1 Properties of Group 1 Elements

Elements present in a group of the periodic table show similar chemical
properties owning to the presence of same number of electrons in their
outermost shells. However, a small variation in the chemical properties of
elements 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 bottom 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. |

Liyz, + HO0, - LIOH,, + Hyy
Na, + HOp ————> NaOH, + H,,
Ke + HOy ——— KOH,, + H,,

Similarly, reaction of these metals with chlorine becomes more vigorous
as we go down the group.

iy, + Cly Heat ., 2uicl,
Heat
+ | . — a
2Na, Cl vigarous reaction 2NaCl,,
Heat .
2K + - —3p 2KC|
() % yiolent reaction )

i first group elements how would

Li, Na and K are lighter than water but rubidium sinks in water, Cesium explodes an
- contact with water, possab!y 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 volume; so the density 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 R Li Na K Rb Cs
Melting point °C | 180 98 64 39 28
Density g/fcm® | 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 points 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 their intermolecular forces and
so their melting and boiling points 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 top to bottom in the group. This is due to the fact that atomic size
increases down the group and tendency o 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 dense.

Fluorine gas is very pale yellow, chlorine gas yellowish green while
bromine is fuming red-brown liquid. lodine exists as shiny grey crystals which
easily turns 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
foses an electron is called a reducing agent.

Na, ————» 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_2 + 28 ————p 2CF
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electron islost only when there is.a substance to accept it.
Halogens are reducing agents and their reducing power decreases down

the group.

Sl > B
This fact gives a unique property to halogens when a halogen having
more reducing power displaces an ion of another halogen from its compound.

Cl,, + 2NaBr,, —————>» 2NaCl +  Bry,

(aq}

(aq) (zq) IZ(V)

Brag + 2Nal ————3 2NaBr,, +

(20) | 2(v)

Halogens react with hydrogen to give hydrogen halides, Hydrogen
halides behave as strong acids in water.

H, + X; ———p 2HX

All halides exist in gaseous state at ordinary temperature except
hydrogen fluoride which is a liquid. Bond 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 > HOL > HBr > HI

* Howdohalogens react

vith water?

Water in swimming pool is sterilized with chiorine.

9.3 Group Properties of Transition elements

, Elements present at the centre of the modern periadic 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 often
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. lron, a transition metal, is used as a
catalyst in one of the most important industrial reactions which gives ammonia.
ftis called Haber process. Thisammonia is used to prepare urea fertilizer.

Fe
2N,, + 3H,y ———» 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.

V50

SOy + Oy SOy

SOy + H,0p ——— H,S0,,,

A catalytic converter is a device used in the exhaust of an automobile
which converts more harmful gases produced in the engine to such gases which
do not pollute the atmosphere. Platinum, palladium 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.

Transition metals have high tensile
strength. What doesitmean? .

9.4 Properties of Noble Gases

Elements present in group 18 of the modern periadic 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 s? electronic configuration. Since their outer shells are complete, they
show very little chemical reactivity.




9.5 Physical 'Properi’:ie;dbf Metals and Non-metals

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 hold
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, etc.

Non-metals generally gain electrons easily. Non-metals show a greater
variety of colours and physical states compared to 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 cannot 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 loosely held and hence they can become mobile.
The conduction of electricity of graphite is due to the mobility of these electrons.

Fig (9.1): Graphite structure
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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-metals are not strong at all. Their bonds being
weak break easily. All non-metals have low melting and boeiling points. 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,
bromine, etc.

ALl
R

About 75% of all the elements in the periodic table are metals. There are total 20 non-
metals which exist in a solid or liquid or gaseous state at room temperature..

1. Metals usually have high melting | 1. Non-metals may be solids, liquids

and boiling points. or gases at room temperature.
They show wide range of melting
and boiling points. '

2. Metals are good conductors of | 2. Non-metals are bad conductors of
heat and electricity. heat and electricity {except
graphite).

3. Metals can be made into different | 3. Non-metals are brittle.
shapes by applying pressure.}
Metals can therefore be easily
drawn into wires and sheets.

4. Metals are dsualiy lustrous solids | 4. Non-metals are dull and cannot be
(exceptmercury). polished (exceptiodine).

5. Metals are generally tough and | 5. Non-metals are neither tough nor
strong. strong.

. According to one'report nine elements are facing serious threat of extinction. Some of
" those elements are arsenic, gallium, gold, helium and zinc.




E Atomtc size mcreases from top to bottom for elements of group -1. It becomes eaS|er .
' ._'for elements to Iose thelr smgle eEectron

2. -Chem|cal reactlwty ofthe elements in group -1i mcreases down the group.”

: '_ _Due to. mcrease in thelr atomlc SIZGS the mtera_ton__uc attractlon decrease down the:.”
_ lf:rst group elements Thismakes them softer. and their eltlng pomts decrease down._ :

(if)

{iii)

Tick (v') the correct answer.

Which halogen will have the least reactivity with alkaline earth metals?

(a) Chlorine (b) lodine
{¢) Bromine (d) Fluorine
Which compound do you expect to be coloured?
(a) KCI {b) BaCl,
(c) AlCl; {d) NiCl,

In which element there exists the strongest forces of attraction between
atoms?

(a) Mg (b) Ca
{(c) Sr (d) Ba
Elements of which group are all coloured?
{a) Secondgroup (b) Sixth group
() Fourthgroup (d) Fifth group
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(vi)

{vii)

Which halogen acid is unstable at room temperature?

(a) HBr (b) HI

{c) HCI (d) HF

Which oxide is the most basic oxide?

{(a) NaxO by Li,O (c) MgO (d) CO
Which group elements are the most reactive elements?

(a) Transition metal Group (b) Firstgroup

(c) Second group (d) Third group

(vii) The following solutions of a halogen and a sodium halide are mixed

(x)

ii.

together. Which solution will turn dark because of a reaction?

(a) Bryand NaCl (b) Broand NaF

(¢} Cl;and NaF (d) Cl; and Nal

X is a monoatomic gas, which statement about thisis correct?

(a) Xburnsinair (b) Xis coloured

{c) Xisunreactive (d) X will displace iodine from it
Which property is correct for group 1 elements?

(a) Low catalytic activity (b} High density

(c) Low electrical conductivity (d) High melting point

Questions for Short Answers

Why does it become easier to cut an alkali metal when we move from top to
bottominagroup|?

Predict the reactivity of potassium towards halogens.

In the following reaction, chlorine acts as a reducing agent. What is the
oxidizing agent? -

Cle, + 2NaBr,, ————s 2NaCl,, + Bryy

Why does iodine exist in the solid state at room temperature?

How does Ni catalyse the reaction involving hydrogenation of oil?




vi.

Vi,

Vi,

vil.

il

Constructed Response Questions

Which noble gas should have the lowest boiling point and why?
Compare the reactions of alkali metais with chlorine.

Why are almost all the metals solids while non-metals generally exist as
gases and solids?

Name any three elements in 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.

Which element is the most reactive and which is the least reactive among
halogens? Give two reasons to explain your answer. '

Descriptive Questions

Explain the role of catalytic converter in 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 norstrong? '

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.

V,Os 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 s 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 cooking utensils whereas
magnesium is not considered useful for this purpose?







. 'Descrlbe the ro[e of sulf n the. formation of aCId rain and lmpact on the
'enwronment Descr!be the strategles to reduce the eﬁects of: major envu‘onmental

h

~issues (some examp[es mcIude

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 non-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
urgentneed to control the emission of pollutants to the atmosphere.
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10.1 Composition Of Atmosphere

Earth is covered with a blanket of air called the "atmosphere” which is
made up of several layers of gases. Air is essential 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

Nitrogen 78.0 Carbon dioxide 0.03
Oxygen 210 Noble gases About 1.0
Water Vapours Variable

'”: and the Impactsron k uman fife

10.2 Air Pollutants

Any substance (solid, liquid or gas) in the air which has adverse effect on
human health, quahty of life and natural functlonlng of ecosystem is called an air
pollutant.

The concentration of a pollutant is expressed in parts per million (ppm). A
concentration of one ppm means one part of pollutant per million part of solid,
quuid orgas mixtu re inwhich the pollutantis formed.

Every Indl\ndual should try to.....
Pour liquid waste into sewers not in open drains, river and sea. Stop usmg
chloroﬂuorocarbon (CFCs) products. :




aj:g

Air is not always as pure as it should be. There are five types of harmful
substances which account for more than 90% of air poliution. These are fast
growing sources of air pollution created by our day-to-day activities. The detail
of these substances is mentioned below.

(i) Carbondioxide (CO,)

(i)  Carbonmonoxide (CO)

(i) Oxides of nitrogen (NO, NO,) collectively referred to as NQ,
(iv) Oxides of sulphur (SO,, SO,) collectively referred to as SO,
(v} Hydrocarbons (Methane, ethane etc.)

(vi) Particulates (Dust, pollens, metallic compounds)
(vii) Ozone (O;)

(viii) 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 pollution 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 decomposition of vegetation. It
is also present in waste gases produced during digestion in animats,

_ Rapid growth of population, urbanization, industrialization and
transportation are the main factors which are responsible for environmental
pollution. All these factors areincreasing in every city of the world especially in
the last half century. These pollutants are affecting the environment very badly.

Another pollutant ozone (Oj) is formed when heat and sunlight cause
chemical reaction between oxides of nitrogen (NOx) and volatile organic
compounds (hydrocarbons). '
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An extremely ugly poliutant, 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 organic compounds in air.

The following Table (10.2) shows the major air pollutants and their
harmful effects on human beings and on the environment.

Carbon
dioxide
(COy)

" Table {10.2) Pollutants and Their Harmful Effects

i

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.

Carbon
monoxide
(CO)

It is extremely poisonous 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.

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.

Qxides of
sulphur (5O,)
SQ,, SO,

SQ, irritates the éyes and causes breathing |
difficulties and acid rain.

Hydrocarbeons

Poisonous and cause global warming.

Particulate matter

Irritates 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.

Smog It can lead to health complications like
allergies, asthma and lung infections. Inhibits
the proper growth of plants.

Amazmg Facts about the Environment
78% of marine mammals are at risk of choking on plastic.
Human use only 1% of all available water.

The world has over 3.04 trillion trees. 27000 out of them are cut down daily to
make toilet paper. : J
| Exercise.

W

{
|
I
|
|

L

How does air pollution affect p '

10.3 Acid Rain

When rain water has pH less than 5.6, itis known as acid rain. In 1852,
Robert Angus Smith was the first to show the relationship between acid rain and
atmospheric 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, SO3) are produced due to the presence of sulphur
inthe fossil fuels. SO, is converted to SO; in the presence of oxides of nitrogen of
the atmosphere. Oxides of nitrogen are produced mostly by the direct
combination of atmospheric oxygen and nitrogen in the industrial and domestic
combustion processes. gms
They are also produced
by the combination of §
atmospheric nitrogen
and oxygen in the
presence of lightning.
Significant amount of §
nitrogen oxides is |
produced by the
reactions taking place
in automobile engines
Fig.(10.1).

F:g {10. 1} Ac1d rain usally falls far from th.e site where the
acidic oxides are generated.

137 -




These gases mix with the moisture that is always present in the air to 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
causes widespread damage to the environment.

Thereis a glant floating patch of garbage spread over in the Pacific Ocean It contams
about 100 million. tons of garbage.

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 whlch are naturally present in the
sail.
(ii) Plants

Many plants cannot live or 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.

(i) Aquatic Life

Acid rain falls into drains, streams, Iakes marshes rivers and damages the
aquatic life. Acid rain can make water too acidic for animals to live in. Due to this,
many lakes and rivers no longer have fish.




{iv) “ Human Health

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 monitoring the conditions of the soil and when necessary
adding crushed lime to neutralize the acid. '

{vi) Human-made Structure

Acid rain and the dry deposition of acidic particles damage buildings,
statues, automobiles, and other structures made of stone, metal etc. Historical
buildings like Parthenon in Athens (Greece) and the Taj Mahal in Agra (India) are
deteriorating due to acid rain.

(a) Which acids are made when SO, and NO; dissolveinrain?
(b)Y Whathappens 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 gasesin the atmosphere
is called Greenhouse Effect.

The sun emits short
wave radiation that passes
through greenhouse
gases to heat the surface
of the Earth. At night, the
hot Earth's surface emits
longwave radiation that is
mostly absorbed by green
house gases. This process
of absorption prevents
the radiation to reach
space, reducing the speed |

at which the Earth can cool Fig 10.2: Global wa ng/greenhouse effect
off (Fig 10.2).
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ngher the concentratron of carbon dioxide and other gases greater will
be the absorption of thermal and radiation the increase in global warming.

. Ve — ~
| Due to the buming ,Of the Sunlight passes TheEarthwarmsupand
arge amount of coal, oil and through the gives out heat. Some

natural gas, the amount of green | greenhouse gases  heat pass through the
house gases, carbon dioxide | andwarmseverything greenhouse ‘gases but

together with other gases in the | onthefarth some are trapped.
atmosphere has increased for the g‘:,ﬁe warming up the
last 300 years. About half of this
carbon dioxide is utilized by plant
life during photosynthesis. As
human beings cut down forests, the
capacity of the trees to remove CO;
from the airis diminished.
Methane is 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
increased farming of the rice fields.

- Fig (10.3): GREENHOUSE GASES

AL

" Water vapours also act as greenhouse gas When released inta- the
atmosphere,watersooncomes back to earth asacrd rain. . _ : .

The remaining carbon dioxide goes on accumulating in the fower 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 not allow it to
escape outside; as a result of this the average temperature of the Earth rises.
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A rise of a few degrees in temperature may seem small, but it can be
enough to cause significant changes in the climate. Atthe moment, it is difficult
for scientists to say how big the changes will be and where the worse effects will

Howdo | |V|ngh|ng addand piants remove carbon dioxide frbm;thg |

Which gas do rice pla nts produce? 4
- Which gasis given 'ojut by rotting garbage?

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-
lying coastal areas of the world such as
the Netherlands and Bangladesh Fig
(10.4).

Fig (10.4): Global warming at sea level

crease 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)

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
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 notFig (10.6).

Fig (10.6): Global warming risking the
agriculture drought.

In moderate region, the winter
will be shorter and warmer and the
summer will be longer and hotter Fig
(10.7).

1
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Since 1990, we have lost around 28
trillion’ tons of ice. At presents, its
melting rate is 1.2 trillion tons peryear. .

10.5 Strategies to Reduce Environmental Issues

Huge amount of pollutant gases are thrown out in the atmosphere by
burning fossil fuels. Automobiles, aeroplanes, industrial machines and coal-fired
electricity generating plants, etc. are mainly responsibie for the extremely
polluted air especially in big cities. Scientists have developed a number of
different ways to control this menace of pollution.

Planting trees is thought to be very helpful in 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 oxygen. This famous
reaction takes place in the presence of sunlight and it is catalysed by chlorophyli,
the green pigments present in leaves,

- Chlorophyll
* Sunlight
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The particulate matter present in the atmosphere is also removed 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 burn
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. Itreduces nitrogen oxide into elemental nitrogen and oxygen.

NO, 4 > Ny + Oy
2. ltoxidizes COto CO,
2C0, + O,y » 2C0O,,
3. ltoxidizes hydrocarbonsintoc CO; and H;O
CHyw + 2X0yy, » X CO,, + 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 process 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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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 outdoors without posing a risk to
your health. As the (AQl) number increases, so does the risk to health. An (AQI)
over 300 is considered hazardous. Children under 18, adults over 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.

1.

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 outdoors
and the more laborious the activity.

If you are forced to go out, then consider wearing a mask. Unfortunately,
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 saferto 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 poliuted 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 or even premature death.




':'Earth is covered Wlth a blanket of air called atmosphere WhICh is made up of several
Iayers ofgases. e ‘ :

_ Any substance-in the air whtch has an adverse effect on human health quallty of life
'and natural funct|on|ng ofthe ecosystem is called a pollutant -

L OXIdes of carbon mtrogen and sulphur along wnth methane and partlculate matter g
: -f-'arethe ma|n pollutantsm thea|r : : LI -

MaJor sources of pal utants are due to human actlvmes espeaallythe burnlng of fossﬂ :
o fuels, . : SRR : :

PoIIutants have extremely adverse and harmful effects not oniy on the human belngs o

- increased the ter

Every effort sho:

o _ﬁ'renewable SOurC
‘ Steps should be

but on thewhole cosystem

‘due to the presence of ox;des 0

_ roge'n" an aulp'hu'r'wh'é'n _they.

(i)

Tick (V') the correct answer.

Which gases are responsible for greenhouse effect?

(a) SO, NOQ, (b) CO, CO

(c) CO,CH, (d)y 0, 0,

Indicate the source of sulphur which is respons;ble for the presence of
oxides of sulphur in the atmosphere.

(a) Decomposition of vegetation

(b) Waste gases from digestion of animals

(c) Photochemicalofsmog

(d) Combustion of fossil fuels

Concentration of which gas in the atmosphere is decreased by

photosynthesis in plants?
(@) Oxygen {b) Nitrogen

(¢) Carbondioxide : (d) Watervapour
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. (v} Which substance remains unaffected in the catalytic converter fixed in the |
exhaust of the automobiles? , \
(a) CO, (b) CO
(€) NO (d) NO,
(v}  People of which age groups are the most affected by the air pollution? o
(a) Youngadult |
(b) Cancer patient
() Children
(d) Both children and aged people
(vi)  Inwhich areathereis a greater possibility of acid rain?
(a) Aroundvillage (b) Aroundbigcities -
(¢) Aroundindustrial area {d) Aroundwater bodies
(vii)  Whyissmog notfeltinsummer?
(a) Because fogis not presentinsummer
{b) Because duetoheat of the earth the smoke risesup
() Because in summer smoke and fog cannot mix with each other
(d) Because less fossil fuels are burntin summer
(viiiy  Which catalyst is used in the catalytic converter fixed in the exhaust
systems of autornobiles?

(@) Ni (b) Cu (c) Pt,Pdand Rh (d)CaO
(ix) Which companents are essential for the formation of photochemical
smog?

(@) CO,NO,, CO,

(b) NO,, volatile organic compounds, sunlight

(¢) CO2, NO, sunlight

(d) volatile organic compounds, NO,, CO ;
{x) Which air pollutant can cause respiratory problems? :

a)CO, b) Ozone ¢) Smog d) CO

2. Questions for Short Answers

i.  Whatisthe main objective of environmental education?

ii. Howisparticulate matter released in the atmosphere?

iii. Which gasis more poisonous, CO; or CO?

iv. How does acid rain affect forests?

v. Inwhatway sulphurpresentinfossil fuels becomes dangerous?

vi. Name any three major sources responsible for the greenhouse effect.
vil. Howis 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 air is 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 do not?

How can you reduce the emission of CO present in the gases emitted by the
burning of fuel in the automobile engines? :

Mention three different ways in which solar energy can be usedful for us.

Descriptive Questions

Describe the harmful effects of the major pollutants present in the air.
Explain greenhouse effect. How is global warming dangerous for us?

What s 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 AQl in winter which renders
them the most poliuted cities in the world. Point out some of the major
causes of high AQl in these cities.

Why does AQI notrise in Pakistan in hot days of summer?

How has climate change affected Pakistan during the last five years?
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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 oxides of carbon are, however, classified as inorganic
compounds. Apart from carbon, most of the organic compounds contain
hydrogen and oxygen as well.

Organic compounds are famous for their large number and dlverse
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 numbet of compounds formed by the element carbon 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 carbon.
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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 short 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 to this it forms long, straight and
branched chainsand rings.

Carbon atom mostly forms covalent bonds with carbon, hydrogen,
oxygen, nitrogen and halogens. Compounds in which carbon 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
1

H—C—H orits condensed form is CH.

I
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,OH, CH,NH,,
etc. '

Exercise .

What do you understand by the term structtral formula of an organic.

1.1 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
and varnishes.

‘Hydrocarbons are classified into several structural types called, alkanes,
alkenes, alkynes and aromatic hydrocarbons. Only alkanes are discussed in this
chapter.
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used to make hydrogen gas, carbon black, carbon disulphide, chloroform,
hydrocyanic acid, etc.

- 11.2 Alkanes

Alkanes are the simplest family of hydrocarbons with only
carbon — carbon and carbon — hydrogen single bond. Alkanes are also called
saturated hydrocarbons because all the four valencies of carbon in them are fully
utilized either by hydrogen atoms or by other carbon atoms. For example, in
ethane (CHs—CH3;) both the carbon 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
hydrocarbon.

As a result of the great complexity and large number _
of organic compounds, it is not possible to name each
and every compound individuaily. The International
Union of Pure & Applied Chemistry has devised a &

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: lttells us the number of carbon atomsin But- 4
the longest continuous chain present in Pent- 5
the molecule. The roots upto ten carbon Hex- 6
atoms are shownintable 11.1.
2 Suffix: It is added after the root and tells us | oPT !
about the class of organic compounds. Oct- 8
3.Prefix: Itis indicated before the root and tells Non- 9
us about the group or groups attached Dec- 10

tothelongest chain.

To explain the above system, let us name the following compound.

CH; ~— CH — CHy— CH3

CHjs

Methane is the simplest alkane and it is mainly used as a fuel but itis also -




(b} Identify the class of organic compounds.
(c) ldentify 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

| N\
CH3

Longest continuous chain

The name of the only branch methyl- will be added to this name as prefix.
So the name will become:

CHs— CH — CH;—CH3

«——— 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
CHz = CH = CHp= CH3

CH3
2-Methylbutane or iso-Butane

If a compound has no branches, its name will contain only root and suffix.

\\ )

ir

The disfiﬁguiéhihg feature of aEikanes making them distinct from other compounds is
theirlack of reactivity towards usual chemical reagents. :
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‘Name the following compounds according to IUPAC system of
-nomenclature.

(i) {CH3)s CH—— CH — CHz~—CH3 (i) (CH3)2 CH — CH; — CHs

CHs -
2. Draw the structu rél formulae of the following saturated compounds.
‘CoHsBr, CH3NHz, CH3CH.OH |

e compouncs?

11.3 Preparation

Generally, any member of the alkane series can be prepared by the
following methods.




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.

|kenes containing
atoms .

l[/

- Cracking of hydrocarbons helps balance the availability of petrolieurh fractions with the
-demand for_' them. When cracking transforms bigger hydrocarbons into small |
hydrocarbons, the fuel supply is increased. That helps to balance:deménd with supply.

s and ‘Alkyne

Alkanes can be prepared by reducing alkenes and alkynes with hydrogen
gas in the presence of nickel metal 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.

Reduction reaction of unsaturated compounds is used to prepare banaspati ghee and
- margarine. S ' ; ' .




Alkyl halides (R-X) can be reduced to alkanes with hydrogen generated by

reaction of zinc metal with hydrochloric acid.

| CRHL
———

R—H + H—X.

R— X + Zn/Hd

- 11.4 Impeortant Reactions

Alkanes are sometimes reffered to as paraffins which means “little
affinity”. This term describes their behaviour, for alkanes show little chemical
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 nhot differ appreciably and the bonding electrons between C -
H and C —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.

Alkanes give substitution reactions. The reactions which involve 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.
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The reaction may proceed ahead and all the hydrogen atoms attached
with carbon of the methane are successwely replaced by chlorlne atoms.

. CHs --—c1 . ctz L» CH,Cly, + HOl

S AR y SR chhloromethane : :"
CHZCIz + cnz —-ﬁ—» CHCl; |+ HCl-

. R T Trlchloromethane or .
ch!oroform E

o B ocha
SN N Te‘trachloromethan or -
- carbon tetrachlorl_e-

Structural Formulae of the Products. | _

Alkanes burn in oxygen or air to form CO; and H,0 with the evolution of
large amount of heat. Thereactionis called combustion.
CHi(g) + 20,(g) ——> CO; + 2H,0(g) + heat
Methane _ _, _ y .
2CH; — CH3(g) + 70:(g) —— 4C0O; + 6H,O(g) + heat
Ethane ' _ : _

1
\\‘

- Amixture of natural gas (methane) and air may explode when ignited. Thisis
the main cause of explosnon at homes where gas leakage occurs. '
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(in)

{iii)

(iv)

(vi)

{vii)

(vii)

Tick (V') the correct answer.
Which other atom is almost always present along with carbon atom in all
organic compounds?

(@) Oxygen {b) Nitrogen

{(c) Hydrogen {(d) Halogen

Which other metal can be used to reduce alkyl halides?

(a) Al - {b)Mg () Ni {(d) Co

If naphtha undergoes a combustion reaction what products do you

expectto form?

(a) Alkanes (b} Alkenes

() COzand H,0 {(d) Both alkanes and alkenes

Why does a mixture of zinc and hydrochloric acid acts as a reducing

agent?

(a) Becausezincacts asareducingagent.

(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
areducing agent.

(d) Because chloride ions are produced with Zn / HCl which act as a
reducing agent. :

Which alkane will evolve the most amount of heat when it is burnt with

oxygen?

{a) Ethane (b) Propane

(¢) Butane (d) iso-Butane

Indicate the most reactive hydrocarbon.

(@) CHz—CH3 (b) CH;=CH;

(c) CH=CH (d) CH,4

Which hydrocarbonis responsible for explosions in coal mines?

a) Butane b)Pentane ¢) Methane d) Ethene

Which product will be formed when ethyl bromide (C; Hs Br) is treated
with Zn/HCl

(@) CH4 (b) CH3—CHs;
(c) CHz—CH,;—CH,—CHs; (d) CHs—CH,;—CHs;
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Which of the following is not a process of halogenation of alkanes?

(a) Cracking (b) Chlorination -

(c) Bromination (d) lodination

How many moles of oxygen will be required to completely burn propane?
(a)4 moles (b) 5 moles {c)3 moles (d) 6 moles

Questions for Short Answers

Differentiate between an organic and an inorganic compound.

Why are organic compounds found inlarge numbers?

Name the products which are obtained when natural gas is oxidized under
controlled conditions. '

How naphtha fraction is decomposed to give lower hydrocarbons?

Write down the molecular formula, structured formula and the condensed
structural formula foriso-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 compound.

CHsy— C]H — CH,—CH;

CH;

How do the melting and boiling 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 natural gas and air explode?

How do you compare the melting 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? 7

How do you compare the boiling point of n — butane with that of iso -

butane?

Why are organic compounds not generally soluble in water?




s

N

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 [UPAC system of nomenclature for alkanes.

How combustion reaction of alkanes is useful for us?

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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mmunication and callaboration. .
|stry, the Internattonal System of .

Introduction

Science is a systematic study of this world through observation and
experimentation. It is a method through which we make sense of this world in
which we live.

Scientific research is done in all the countries of the world. But the way it is

" done is not identical everywhere. In order to make sure things are done'properly -

and carefully, we need to share ideas and standardize our approach towards
solving the problems.

'1_60; :




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 alot easier when we use these units.

The adoption of Sl units is important in all branches of science because it
makes communication easy worldwide. It allows scientists to share data easily.

St units are preferred because they reduce the number of conversions
needed to coordinate information among the scientists.

Sl units use base 10, just like our 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
from other ur1lits without conversion factors.

The followmg systems of units are common[y usedinthe world
1. Sl System

2. ¢ CGSSystem

3. | MKSSystem

Stunits are used almost everywhere in the world. It alfows scientists to 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 verlfled 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 SI units allow scientists to work together
effectively, advancing the frontiers of our knowledge. All of this ensures safety,
rehabul:ty reproduabllrty and progress

1 Whatlsthe dn‘ference between re[[ab[e and reproducible results? e
2 "How Sl units have brought harmony in the scientific communlty?
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12.1 S| Units in Chemistry

There are seven base units in S| system for physical quantities out of which
we use five in Chemistry. These physical quantities are length, time, amount of
substance, mass and temperature.

etr

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: Meterrod

2.1.2 Kilogram ;
Its symbol is kg and it is the standard unit of mass. A block is kept in France

which is taken as a standard unit of mass. It is also defined as the mass of 1000
cm’ of water.

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.

Symbols are not changed in plural forms.
Use a space between units Nm™not Nm™
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Itis represented by K and it is the standard unit of temperature, Itis "2“17”3"rd of
the thermodynamic temperature of the triple point of water. It is a point at which
all the states of water exist at the same time.

It is the base unit of the amount of pure substance and it is denoted by
mol. It is defined as having exactly 6.022 x 10” particles of substance.

- 12.2 S1 Units in Chemistry

Chemistry involves taking measurements, analyzing results and sharing it
with others, You may be working anywhere in the world, 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 common system of units calied Sl units.

Table {12.1). Base Units of Sl system

Length Meter (m)

Time Second (s)

Amount of substance Mole (mol)
Mass Kilogram (kg)

Temperature Kelvin (K)

" Derived Units

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 7 Unit
Volume _ Cubic meter (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 or a fraction of the base ten. It allows the reduction
of zeros of a very small number or a very large number. These SI prefixes also
have a set of symbols that precede the unit symbol.

Mega M 10°
Kilo k 10°
Deci d 107
Centi c 107
Milli m 107

Micro u 10°
Nano n 107
Pico P 107"

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. Moreover, 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 provides more

manageable numbers for calculation and prevents the need for excessively large

orsmali values. : . :
Similarly, Celsius scale is most often used to measure temperature in

Chemistry rather than Kelvin because it is more convenient to use it. Celsius scale

has 100 divisions in total which makes it more compatible with the base ten
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format of SI system. Another reason is that it is easier to convert 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 laboratory, we usually measure smaller volumes of liquid which are
more manageable in cubic centimeter rather than cubic meter.

12.3 Tools and Techniques to Manage Accuracy and
Precision

Measurement is the foundation for all experiments in science. Every
measurement carries a level of uncertainty which is known 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 orinstrument for measurement, it
is not necessary that both of them get similar results. 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 one 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 air affects the balance. A
random error often determines the precision of the experiment. The goal of any
experiment s to obtain accurate and precise results. | ' "

165 -




| 12.4 Aemrecy and Precision

Accuracy and precision are both ways to 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 result as 27cm’. The student is not accurate because he has not
calculated the exact resulit.

The closeness of two or more measurements to each other is called
precision. For example, if you weigh a given substance five times and every time
you get 3.2kg 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. -

A student welgh' glven substance thre ree times, and ach tlme m'e Jets
~ the readmg 2g.Thetrue welghtofthe substancels however, 5. 0g. Is the‘ :
e work' d'one byt tudent @) precise and accu te (iil)-_a'ccurate but not :
. pr forecise but not accurate? s L

ou avmd.systemat[c and random €rrors 2

- 1. The subject of chemistry needsa consi'stent way to measure and to communicate the
' guantities like mass, volume, temperature, amount and time. To make sure that all of
us can understand each ather, scientists all over the world have adopted a common '
system of units which is based upon the metric systemanditis called Stunits. ™

2. Thereareseven base units and twenty two dérived units in Sl system but all these umts
are not'used in chemlstry tn chemlstry we generally use five base umts and three
denved units e T - -




1. Tick (V) the correct answer.

() Which of the following pairs of quantities may be measured in the same

unit?
(a) Heat and temperature (b)  Temperatureand area
(©) Heatand work (d) Length and work
(i) Inwhichunitwe usually measure the energy present in the food?
(a) Kilojoules (b) Megajoules
(c) Calorie (d) Joule
(i) What prefixis used for 107'%?
(a) Mega (b} Pico
Q) Giga (dy Tessa
(iv) InSlunitof pressureis exprassed in:
(a) Newton per metre (b) Newton per metre square
() Joule (d) Pascal
(v} Which symbolis used for kilogram in Sl units?
(a) K by k
(©) Kgm d kg
(vi) What doesa mole represent?
(a) Number {b) Mass
(€) Volume (d) Length
(vil) Which unit of volurne should usually be used in chemistry?
(@) Millilitre (b) Litre
(©) Cubic centimetre o {d) Cubic metre
(viil)Express 0.000840 in scientific notation:
(a) 8.40x10° (b) 7.40x10*
() 8.40x10™ (dy 7.4x10°
() InSlunits prefix nano means: :
{a) 107 by 10°
() 10™ (dy 10"
(x} 65°Cisequivalent to:
(a) 85°F : (b)  120°F
(c) C149°F ' (d)  -85°F
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Questions for Short Answers

What is consistency of results?

Why Sl units are user friendly?

Does systematic error affect the accuracy?

Whatis reason behind arandomerror?

What is the difference between precision and accuracy?

Which other systems of measurements are used apart from S| units?
Define metre.

Mention two benefits scientists get by using Sl units.

Constructed Response Questions

Compare the unitsin Sl system with those in MKS system?

What are five basic Sl units 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 a student be both inaccurate and imprecise in his measurements?

Investigative Question

Elaborate the importance of using Sl units in space exploration.




Introductlon

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 laboratory 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
instructor and other laboratory 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. Appropriate safety precautions must be
observed at all cost. There must not be any crowding in the lab and students
should stick to 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 or vapor towards

your nose. o
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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 for 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 workers. 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 commonly encountered in the labaratory
helps to identify and minimize many of the health and safety problems. Most
hazards which we might face while working in the laboratory fall into the
following categories.

13.1 Chemical Hazards in the Laboratory

To start working in the laboratory requires great care, responsible
behaviour and good attention. Itis important to 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 health 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 to explode are picric acid, 2,4 -di-nitrophenyl
hydrazine, benzoyl peroxide, nitrocellulose etc.

Flammable chemicals or mixtures are those which have a flashpoint
around room temperature. Examples of flammable compounds are ethers,
methylated spirit, benzene, acetone, petrol etc.

[f you ever come across any chemical that you suspect to expiode do not
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attempt to-move the container to avoid shock. Explosives can cause damage to

people, 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 experimentin fume hood.

Remove all other chemicals and apparatus around you.

[nform other people working with you. _

Always wear safety spectacles, gloves and lab coat.

Always keep flammable compounds away from heat source.

Pour the flammable liquid very carefully.

Properly dispose off any hazardous waste.

0. Donotstoreflammable liquidin refrigerator.

= W0 oSN WN =

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 work
with corrosive chemicals, wear splash goggles instead of safety glassesand use a
face shield.

Safety Precautions

1. Corrosive chemicals must be used in a fume cupboard to avoid breathing
COrrosive vapours. _

2. While mixing concentrated acids with water, always add acid slowly to
water and notvice versa.

3. 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.

A toxic chemical is a poisonous material which is capable of causing
serious health problems. Mercury, benzene, chlorine, pesticides, ammaonia,
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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
poisonous substance.

A i adl

The reactivity property of chemicals is vital for the production of many
chemicals, pharmaceutical and food products 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 peroxide 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 experiment.
4. Glass equipment must be shielded by wrapping with tape.
5. After use carefully dispose off every dangerous material.

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 radiation syndrome. |

Radioactive materials that emit alpha and beta particies inflict-extreme -
damage when inhaled or injected. Gamma rays cause external injuries. Medical
x-rays produce ionizing radiation which can affect living tissues.




Safety Instructions

1. Keep radioactive sources shielded.

2. Avoid prolonged exposures to the radiation.

3. Stay inside as walls and ceilings can protect you from radiation fall out.

4. Never operate equipment that produces radiation without sufficient
training. :

5. Wear protective clothing, wear face mask.

6. Avoid contact of the material with bare skin.

7. Monitor exposure to radiation using badges etc.

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 carbon dioxide etc.

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 exposed 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.

. :'wa WI|| you
finished?

173




113.2 Hazard Signs

A chemistry laboratory 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 for 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 to
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
that area. i

5
SANITIZE
HANDS

doeswarning sign “cautio
- Name some explosive chemicals.




43:3 Personal Protectlve Eqmpment .(PPE)
in the Laboratory

Personal protective equipment should be made available fo 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 apply 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 to face that
emergency situation.

3.5 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 periodic drills should be held with compulsory participation. Students
should not only been given lectures but involve them practically to handle the
emergency situations. During drill firefighting and other equipments must be
checked whether they are in proper working order or not.




The following points should- be kept in mind to cope with the emergency-

situation.

1. Stay calm and do not panic.

2. Alert peopleinthe area to evacuate.

3. In case of fire, close doors to confine fire. Use fire extlngwsher to put
down the fire.

4. In case of chemical emergency adopt safety procedures as mentioned
article 13.1.

5. Call and assist emergency staff.

3__'Work|ng in the laboratory requrres care and respon5|ble behawour Hazardous:
: chemlcals and open flames n‘not handled properly can cause health problems B




(ii)

(ii}

(iv)

Tick (v') the correct answer.

Safety inthe chemistry laboratoryis:

(@)  theresponsibility of the students only

(b)  theresponsibility of the professor only

(0 the responsibility of the lab incharge only

(d)  ashared responsibility

Accidents often result from:

(a) making mistakes

(b)  failure to use common sense

() failure to follow instructions

() all of the above -

Thelabel "Warning” on a chemical bottle signifies:

(a) that the chemical can cause less serious injury
(b)  thatthe chemical can cause serious injury

(€) that user should be careful when using chemical
(d)  thatusershould openitonlyinthe presence of a teacher
The label "Corrosive” on a chemical bottle indicates:

(a) that the material is an oxidizing agent

(b)  thatthe material can degrade rapidly upon exposure
(c) that the contact destroys living tissue

(d)  thatthe chemical can explode

Example of highly toxic chemical:

(a) Ethanol (b) Acetic acid

() Potassium Cyanide (d) Potassium permanganate
Example of self-reactive chemical:

(a) Potassium (b) Phenol

Q) Picricacid {d} n-Hexane
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{(vii)

(viii)

Vi,
vil.

viil.

When diluting an acid with water:

(@) - doitquickly

{b)  donotstirthe container

() always add acid to water

(d) always add water to acid

What should you doin case of a fire drillinlab?

(a) run to safety shower

(b) climb into the fume cupboard

()  closegasvalues andturn offall equipments
(d)  carry chemicals outofthelab

Questions for Short Answers

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
radiation.

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?

Constructed Response Questions

How will you handle an emergency situation caused by fire due to short
circuiting?

What type of reactions should be carried out 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
chemicals? ' '

Why sudden shock can cause.some chemicals to explode?
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Descriptive Questions
i. Explain hazards due to explosive and toxic chemicals.

i, Write down five such common safety instructions which are used to avoid
all types of hazards.

il. Explain the importance of warning signs and symbols to avoid any
accidentinthe lab.

Iv. Name some toxic chemicals. Describe the effects of spreading toxic gas in
thelab.
V. A student has spilled over a corrosive and explosive chemical due to an

accident. Which emergency measures you will take to tackle the situation.

5. Investigative Question

i 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
nersons as well as animals. Give some concrete proposals to avoid such an
accidentin future.
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2n’ Formula: Formula used for filling the electrons in shells, _
Accuracy: Itrefersto how close ameasurementis to the true value.
Acid Rain: Pollutant gases mixed with rain water come down as acid rain.

Activation Energy: Energy absorbed by the reactants and product molecule"s
inordertobe converted into the transition state.

Aerobic Respiration: The process of respiration in the presence of oxygen.

Aldehydes: organic compounds containing the aldehydic functional group
Q-

(—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: Organlc compounds contamlng ‘amino group (NH) as; a
functional group.

Alkyl Halides: A family of organic compounds containing halogen atomasa
functional group.-

AIkyI Radical: When an aIkyI molecule drops one of its many hydrogen
atoms.

Alkynes. Compounds containing atriple bond between two carbons atoms
Anaeroblc Resplratlon. Respiration without oxygen

Aromatic Compounds: Compounds containing atleast one benzenering.
Arrhemus Acid: Achemicalwhich gives proton (H")inwater.

Arrhenius Base: A chemical compound WhICh gives hydrox;de ion (O'H) in
water. -

Astrochemlstry It is the study of molecules and ions occurring in stars and
interstellarspace.




Atomic Mass: The mass of an atom of an element relative to the unit mass,
whichis 1/12th of the mass of C-12:.

Atomic Number: The number of positively charged particles (protons)
presentinthe nucleus of anatom. '

AtomicSize: Average distance between the nucleus of an atom and its
outermost electronic shell. Its unitsare morpm,

Avogadro's Number: The huge number 6.022 x 10% is called Avogadro S
number.

| Biochemistry: Which deals W|th the study of chemlcal compounds present
in the living things.

Bronsted Acid: A compound which can donate proton
Bronsted Base: Acompound which can accept proton.
Carboxyllc Acids: Orgamc compounds containing carboxyl group
B o .- o |
(—E OH)asafunctlonaIgroup

Catalytlc Converter It is a device used in the exhaust of an automoblle';
which ¢onverts harmful gases produced inthe engme e

Catenation: The self- Imkmg property of carbon

Chemlstry [t deals with the compos:tlon and changes in matter and the Iaws_
which govern these cha nges.: : : . -

Colloidal Solutlon A solutlon in which soiute partlcies are btggerthan those
presentin atrue solutlon and WhICh cannot be flltered :

Combustion: Bu rming of an organlc com pound in an excess of oxygen.

Concentrated Solution: A solution that contalns a re[atlvely large amou nt
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 provi'ded
by one of the bonded atoms, a coordmate covalent bond is formed.

Covalent Bond It is the force of attraction that arlses ‘between two atoms
dueto mutualsharlng ofan electron pair. '

Crystal Lattice: Three- dlmenSIonaI arrangement of ions.

181




Cyclic or Ring Compounds* Compounds in which carbon atoms are Imked
together to give aring.

Dilute solution: A solution that contains a relatively small amount of
dlssolved solute.

Dlscharge Tube: A glass tube containing a gas at a very Iow pressure and
prov1ded with electrodes to study the passage ofelectr:crtythrough the gas.
Dynamic Chem:cal Eqmllbrlum When the rate of forward reaction
becomes equal to the rate of reverse reaction, at this stage the reactionis said
to be in a state of dynamic chemical equilibrium. S !

Electron It is the smallest negatively charged part|cle present in all kinds of
atoms. [ts mass is 9.1095 x 107" kg and carries a charge -1.602x 10™ C.
Electronegatlwty 1t is the power of an atom to attract the shared pair of
 electrons. : '
Emplrllcal Formula: The formula of a compound, which shows the minimum
ratio present between its atoms. _

Endothermlc Reactlons - Those chemical reactions dunng Wthh heat is
_absorbed _ : : o '
Enthalpy of Reactlon- Heat of reaction which takes-place at constant |
pressure 3

Enthalpy Itis the measurement of energyina thermodyna mlc system.
Environmental Chemistry: In this branch, we study the chemlcals and other
pollutants present in the environment. It also covers the effects of these
pollutants onliving and non-living things. i '

Error: The d|fference between the measured value and the actual value. _
Exothermlc Reactlons Those chem|cal reactions durlng Wthh heat |s
evolved T o

Exotic states of Matter These are not commonly encountered states of
matter, forexample,darkmatter |

Extranuclear Portlon' Area surrounding the nucleus ofan atom _

First lomzatlon Energy The minimum amount of energy requrred to
remove an electron from the outermost electronlc shell of an [solated
gaseous atorh. Its unit are kJ mol™; i
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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 compo_unds.

- Geochemistry: |t covers the study of chemical corﬁjposition of rocks and
minerals. S ﬁ

Global Warming: The progressive warming of the Earth s surface due to the
blanketing effect of COz, CH4 and the water vapour present in the
- atmosphere

Heat content: The tota[ amount of heat energy present in a molecule under
standard conditions, :

Heat of neutralization: The heat given out during a neutrallzatron reaction

when one mole water is formed from an acid and base is called the heat of
neutralization.

Heat of Reaction: Heat evo{ved or absorbed durmg a chemlcal reactron
which takes place at any pressure :

Hydrated Sait Asaltwith water mollecular of crystaiilzatlon
Hydrocarbons Compound of carbon and hyd rogen only

Inorganic Chemistry The study of aII other elements and their compounds
except carbon and its compounds ' '

| Inorgamc Compounds. Compounds obtarned form non- Ilvmg things or
mineral sources or synthe5|zed in the [aboratory by reactmg metals with non-
metals . L -

| 'Intermolecular Forces. Forces between two sepa rate molecules

lonic Bond A bond formed due to the eIectrostatlc force of attraction
between oppositely charged ions.

'Irrevers:ble Reaction: React1on which moves in one dlrectlon only; the '
reactantsreactto give the product =

Isomerism: The phenomenon shown by the organic compou nds havang the
-same molecular formula but drfferent structural formula.-

Isotopes: :Atoms of an element having the same atomic number but
different mass number. - - .

Isotopic Abundance: The natural abundance ofan rsotope
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Ketones: Organic compounds containing the ketonic functional group
. A .

(R lé —R).
Lipids: A group of organic compounds which serve as an energy reserve.
Liquid crystals: Itis a state of matter whose properties are between those of
liquids and salids. '
Mass number: The total number of protons and neutrons present in the
nucleus of an atom. _
Medicinal Chemlstry Designing and synthesmng medlcmes or drugs _
which are useful to mankind.

Metallic Bond: . When positively charged metal ions are held together by
freely moving electrons, the bond formed is called a metallic bond.

Metallic Lustre: Shine present on metallic surfaces.

Modern Perlodlc 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 numberof particles.

Molecular Formula: The formula of an element or a compound which tells
the actual number of atoms present in the molecule of that-element or a
compound.

Molecular Mass: Molecular mass is the mass of the molecule of an element |
oracompound relative to the unit mass, which s 1/12th of the mass of C-12.

Neutralization: Acids and bases react together to form saits and water and,

in this way, they neutralize the properties of each other. This reaction is called

neutralization reaction. ' -

Neutron: ltis the smallest neutral particle present in the nucleus of atoms. its
massis slightly more than that of a proton.

Nuclear Chemistry: This branch deals with the reactlons takmg place inthe
_nucleus of an atom. :

Nucieus ‘Central part of an atom where most of |ts mass is concentrated. Its

size is very small as compared to the size of the atom. - T

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. '




Orbit: the circular path of an electron around the nucleus.

Organic Chemistry: The branch of chemistry in which we study the
compounds of carbon.

Organic Compounds: Compounds obtained from living or plant and animal
sources and which can be synthesized in the laboratory. All the organlc
compounds contain carbon as an essential element.

Oxidation: A processinwhich an electron or electrons are lost.
Oxidising Agent: A substance which accepts an electron orelectrons.

Parts per Million: One part per million parts of the solid, liquid and gas
mixture in which poIIutant is formed.

Physical Chemistry: This branch investigates how substances behaveonan |
atomic or molecular level and how physical laws govern the ‘specific |
characterlstlcs of atoms and molecules.

Plasma: Itis the fourth state of matter. it is-composed of partlc[es wrth very
| high kinetic energy

_'Pollutant -Any solid, Ilqmd or gaseous substance present in such
concentrationasmay be i injuriousto health. -

Polymer Chem:stry It focuses on the propertres structure and synthesis of ‘
' poiymers and macromoiecules

Precision: It refers to how cIose measurements of the same item are to each' :
: other

Proton: It is the smallest positively charged particle present in all kind of_
atoms. The mass of this particle is equal to the mass of hydrogen nucleus (HY).

Radioactive rays: - Rays emitted from radioactive elements or thelr' 1
compounds, WhICh can cause fogging of the photographic plates.

Radioactive Isotopes lsotopes of elements whrch throw out excess energy |
in the form of radiation. =

Radiocarbon Datmg A method for finding out the age of a h;storlcai obJect
containing organic material with the help of ¢C. |

Random Error: Errorwhlch a student commits during measurement
Reducmg Agent: A substance which loses an electron or elect_ro ns.
Reduction: A'p'ro'ce‘ss inwhich an electron or electrons are gained. 7
Reversible Reaction: A chemical reaction, which takes place in both
directions, forward as well as backward. -
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Saturated Solution: A solution, which contains the maximum amount of a
solute at a particular temperature and wh;ch is unable to dissolve further
amount of solutein it.

Sl Umts A common system of units based on metric system.

Solublllty The amount of a solute in grams which has been dissolved in
100g of a solvent at a particular temperature to prepa re a saturated solution.
Strong Acid: An acid which ionizes completely in water. -

Strong Base: A base which can ionize- completely in water giving excess of
hydroxide ions. :
Structural Formula: The formula which shows the arra ngement of atoms in
a compou nd. _ :
Substitution Reaction: A reaction which occurs when an atom or a group of
atoms from the reagent displaces an atom or group of atoms from the
organic reactant. _ - | : '
Supercritical Fluids: They are highly compressed gases which show the
properties of both gases and Liquids. '
Surrounding: Everything else which does not faII in the system.

_System Anything under consideration for the purpose of study.

Systematlc Error:  Error which naturally occurs when we use tools for
measurement. e e

Tran5|t|on Elements: Elements having mcomplete penultlmate (next inner
to the outermost) electronic shell.

Transition State: A state of molecules when they are undergomg breakage _
or formation of bonds. :

Umfled Atomic Mass Unit: Unit of a new scale which is equal to 1/1 2th of
themass of C-12. -
Unsaturated Hydrocarbons _Hydrocarbons‘ containing double or triple
bonds. o o o
Unsaturated Solutlon A solutlon which can dlssolve further amount of a
solute ata partlculartemperature ' : :
Vltal Force: The imaginary supernatural force which was supposed to be
present in all those compounds which were obtained from living things.

Water of Crysta!llzation. The number of water molecules present in the -
crystals of a solad ' R :

Weak Acid: Anacid whichi |omzes partlaliy in water.

Weak Base: Abase which ionizes partially in water.
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