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1Chapter

Chemical Reactions
and Equations

In lower class you have studied about various changes like temporary
changes, permanent changes, natural changes and man made changes etc.
and categorized them as physical changes and chemical changes. In this
chapter we discuss about chemical changes, reactions in these changes
and expressing the reactions in symbolic form.

Consider the following events and think about changes and reactions
that are taking place during the occurance of events.

- coal is burnt.
- food gets digested in our body.
- iron nail is exposed to humid atmosphere for a longtime.
- we respire.
- milk is converted into curd.
- water is added to quicklime.
- crackers are burnt.

• What changes do you notice?
• Are they physical changes or chemical changes?
• Are they temporary changes or permanent changes?

In all the above events, the nature of original substance is changed.
Whenever new substances are formed with properties completely unlike
those of the original substances, we say a chemical change has taken place.
• How do we know a chemical reaction has taken place?

Let us perform some activities to know this.
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Activity -1
Take about 1 gm of quick lime (calcium oxide) in a beaker. Add 10 ml

of water to this. Touch the beaker with your finger.
• What do you notice?

Test the nature of solution with litmus paper.
• What is the nature of the solution?

In the above activity you will notice that, the beaker is hot when you
touch it with you finger. The reason is that the calcium oxide (quick lime)
reacts with water and releases heat energy. White calcium oxide dissolves
in water producing colourless solution. The solution obtained Is a basic
solution. This you will find with litmus paper test.

Activity -2
Take about  100 ml of water in a beaker and dissolve

a small quantity of Sodium sulphate (Na2SO4).
Takeabout 100ml of water in another beaker and

dissolve a small quantity of Barium chloride (BaCl2),
observe the colours of the solutions obtained.
• What is the colour of these solutions?
• Can you name the solutions obtained?

Add the solution that obtained into beaker and observe
changes.
• Did you observe any change on mixing these

solutions?

Activity 3:
fig-1:Formation of Barium

Sulphate precipitation

Na2SO4

BaCl2

Take a few zinc granules in a conical flask.
Add about 5 ml of dilute hydrochloric acid to
the conical flask.

Observe the changes in the conical flask.
• What changes did you notice?

Now keep a burning match stick near the
mouth of the conical flask.
• What happens to burning match stick?
• Touch the test tube with your fingers. What

did you notice?
• Is there any change in temperature?

Cork

fig-2:Formation of Hydrogen gas by action
of dilute HCl on Zinc and testing of H2 gas

Glass tube

Conical plask

Dil. HCl
Zinc granules

H2 gas
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From the above activities you can conclude that:
1. A change that changes state and colour of substance.
2. A change that release heat energy.
3. A change which forms an insoluble substance as precipitate.
4. A change that liberate a gas.
In our daily life we observe variety of changes taking place around us.

In this chapter we study various types of chemical reactions and their
symbolic representation.

Chemical Equations
In activity 1, when calcium oxide reacts with water a new substance is

formed which is unlike either calcium oxide or water. This description of
chemical reactions that took place in activity-1 is quite long. It can be
written in shorter form as a word equation.

The word equation of the above reaction is,
Calcium oxide + Water  Calcium hydroxide  ......................... (1)
        (Reactants)                   (Products)

The substances which undergo chemical change in the reaction are
called reactants and the new substances formed are called products.

A chemical reaction written in a the form of word equation shows the
change of reactants to products by an arrow placed between then the
reactants, are written on the left side of arrow and the final substances, or
products are written on the right side of the arrow. The arrow head point
towards the product shows the direction of the reaction.

If there is more than one reactant or product involved in the reaction,
they are indicated with a plus (+) sign between them.

Describing a chemical reaction using least possible words or symbols
is called a chemical equation.
Writing a Chemical Equation

Can you write a chemical reaction in any other shorter way other than
the way discussed above?

Chemical equations can be made more precise and useful if we use
chemical formulae instead of words.

Generally, a compound is written by giving its chemical formula,
which tells us about the symbols of the constituent elements and the
subscript written indicate the number of atoms of each element present in
the compound. If no subscript is written we assume that the number as 1.
Thus we can write calcium oxide as CaO, water as H2O and the compound



Free distribution by A.P. Government 5

formed by the reaction of these two compounds is calcium hydroxide Ca
(OH) 2.

Now the reaction of calcium oxide with water can be written as,
CaO + H2O Ca (OH)2      ............................ (2)
In the above chemical equation, count the number of atoms of each

element on left side and right side of arrow.
• Is the number of atoms of each element on both sides equal?

Observe the following reactions and their chemical equations. Zinc
metal reacts with dilute HCl to yield ZnCl2 and liberates Hydrogen gas.

Zn + HCl ZnCl2 + H2    ............................ (3)
Sodium sulphate reacts with barium chloride to give white precipitate,

barium sulphate and sodium chloride.
Na2SO4 + BaCl2     BaSO4 + NaCl     ............................. (4)
CaO + H2O  Ca(OH)2           ............................. (5)

• Do the atoms of each elements in left side are equal to the atoms their
corresponding element?

• Are the atoms of all elements of reactants present in products?
• Is there any element that taking part in reaction disappears in products?
Balancing Chemical Equations

According to the law of conservation of mass, the total mass of the
substances thatare taking part in chemical reaction must be the same before
and after the reaction. You know an atom is the smallest particle of an
element that take part in a chemical reaction as it is the atom which account
for the mass of any substance. The number of atoms of each element before
and after reaction must be the same.

All the chemical equations must balance, because atoms are neither
created nor destroyed in chemical reactions. A chemical equation in which
the numbers of atoms of different elements on the reactants side (left
side) are same as those on product side (right side) is called a balanced
reaction.

Balancing a chemical equation involves finding out how many formula
units of each substance take part in the reaction. A formula unit, as the
name implies, is one unit – whether atom, ion, or molecule – corresponding
to a given formula. One formula unit of NaCl for example is one Na+ ion
and one Cl- ion; one formula unit of MgBr2 is one Mg+ ion and two Br- ions
and one formula unit of H2O is one H2O molecule.



Chemical reactions and Equations6 X Class

Complicated chemical equations need to be balanced using a systematic
method, but simple equations can be balanced using a mixture of common
sense and trial and error.

Now let us balance the chemical equation using a systematic method.

Step 1: Write the unbalanced
equation using the correct chemical
formula for each reactant and products.
In the reaction of hydrogen with
oxygen to yield water, you can write
unbalanced chemical equations as
follow:

H2     +     O2        H2O……………(6)
Step 2: Compare number atoms of each element on both sides. Find

the suitable coefficients – the numbers placed before formula to indicate
how many formula units of each substance are required to balance the
equation. Only these coefficients can be changed when balancing an
equation, the formulas themselves can’t be changed. We take the
reaction of hydrogen with oxygen as an example; we can balance the
equation by adding a coefficient of 2 to both H2 and H2O. By so doing
there are 4 hydrogen and 2 oxygen atoms on each side of the equation:

2H2 + O2 2H2O …………..(7)
Step 3: Reduce the coefficients to their smallest whole number values,

if necessary by dividing them all by a common devisor.
Step 4: Check the answer by making sure that the numbers and kinds

of atoms are the same on both sides of the equation.
Let us work out some examples to see how equations are balanced.

Example.1
Propane, C 3 H8 is a colorless, odorless gas often used as a heating and

cooking fuel. Write the chemical equation for the combustion reaction of
propane with oxygen to yield carbon dioxide and water and balance it.

Follow the four steps described in previous discussion.
Step 1: Write the unbalanced equation using correct chemical formulas

for all substances.
C3H8 + O2 CO2 + H2O (8)

Element No of atoms
LHS RHS

H 2 2
O 2 1
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Element No of atoms
LHS RHS

C 3 1
H 8 2
O 2 3

Step 2: compare number of atoms of each
element on both sides.

Find the coefficients to balance the
equation. It is usually best to start with the most
complex substance – in this case C3H8 – and to
deal with one element at a time. Look at the
unbalanced equation, and note that there are 3
carbon atoms on the left side of the equation but only 1 on the right side.
If we add a coefficient of 3 to CO2 on the right side the carbon atoms
balance.

C3H8 + O2 3CO2 +   H2O ................... (9)
Now, look at the number of hydrogen atoms. There are 8 hydrogens

on the left but only 2 on the right side. By taking a coefficient of 4 to the
H2O on the right, the hydrogens balance.

C3H8 + O2 3CO2 +   4H2O  .................(10)
Finally, look at the number of oxygen atoms. There are 2 on the left

side but 10 on the right side, by takinga coefficient of 5 to the O2 on the
left, the oxygen balance.

C3H8 + 5O2 3CO2 +  4H2O .....................(11)
Step 3: Make sure the coefficients are reduced to their smallest whole-

number values. In fact, the equation – 11 we got is already coefficients in
smallest whole number. There is no need to reduce its coefficients, but
this might not be achieved in each chemical reaction.

Let us assume that you have got chemical equation as shown below:
2C3H8 + 10O2 6CO2 +   8H2O ....................... (12)

• Is it a well-balanced equation?
• How do you say?

Though the equation-12  is balanced, the coefficients are not the
smallest whole numbers. It would be necessary to divide all coefficients
by 2 to reach the final equation.

Step 4: Check the answer. Count the numbers and kinds of atoms on
both sides of the equation to make sure they are the same.
Example 2:

Iron oxide reacts with aluminum to form iron and aluminum trioxide.
Write the chemical equation to show the reaction and balance it.
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Step 1: Write the equation using the correct chemical formulas for all
the reactants and products.

Fe2O3 + Al  Fe +    Al2O3 ................. (13)
Step 2: Find the suitable coefficient for the reactants and products, to

equate the number of atoms of each element on both sides.
I: Examine the number of atoms of each element present in equation

(13) on both sides.

In the above equation (13), Number of Oxygen atoms is equal on both
sides. We have to balance the remaining atoms.

II. There are 2 Fe atoms on left side(on reactant side). There is one Fe
atom on right side(on products side). To equate number of Fe atoms,
multiply Fe by 2 on product side.

Now the partially balanced equation is:
Fe2O3 + Al   2Fe  + Al2O3 .................. (14)
III. In the above equation(14) number of Aluminum atoms still

unbalanced.
There is one Al atom on left side and 2 Al atoms on the right side (in

Al2O3), to balance ‘Al’ atoms on both sides multiply Al by 2 on left side of
arrow mark.

Now the partially balanced equation:
Fe2O3 + 2Al    2Fe    + Al2O3 ................ (15)
The above equation(15), the number of atoms of each element is same

on both sides of arrow mark. This is a balanced chemical equation.
Step 3: The above equation(15) is  balanced and coefficients are also

smallest whole numbers.
Step4: Finally to check the correctness of balanced equation, count

the number of atoms of each element on both sides of equation.
Fe2O3 + 2Al     2Fe    + Al2O3 ................. (16)

Elements No. of atoms in reactants No. of atoms in products

Fe 2  (in Fe2O3) 1  (in Fe)
O 3  (in Fe2O3) (in Al2O3)
Al 1  (in Al)3 2  (in Al2O3)

Elements No of Atoms of Reactants No. of Atoms in products

Fe 2 (in Fe2O3) 2(in Fe)
O 3 (in Fe2O3) 3(in Al2O3 )
Al 2 (in 2 Al) 2(in Al2O3 )
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(Note: The above method of balancing is called trial and error method
only. Sometimes you may have to take more care to balance the equation.)

Making Chemical Equations more informative:
Chemical equations can be made more informative by expressing

following characters of the reactants and products.
i. Physical state
ii. Heat changes (exothermic and endothermic reactions)
iii. Gas evolved
iv. Precipitate formed
i. Expressing physical state: To make the chemical equation more

informative, the physical states have to be mentioned along with their
chemical formulas. The different states ie., gaseous, liquid, and solid states
are represented by the notations (g), (l)  and (s) respectively. If the
substance is present as a solution in water the word aqueous is written as
(aq),

The balanced equation(16) is written along with the physical states as:
Fe2O3(s) + 2Al(s)   2Fe(l)      +   Al2O3 (s) .................... (17)
In the above equation Fe(l) indicates that iron is  produced in liquid

state, remaining all the substances are in solid state.

ii. Expressing the heat changes: you know heat is liberated in an
exothermic reactions and heat is absorbed in endothermic reactions. See
the following examples.

1. C(s)  +  O2 (g)    CO2  + Q   (exothermic reaction)
2. N2 (g)  + O2 (g)   2NO (g)  -  Q   (endothermic reaction)
iii. Expressing the gas evolved: if a gas is evolved in a reaction, it is

denoted by an upward arrow.
Example: Zn + H2SO4    ZnSO4  +  H2 

fig-3(b): Iron in liquid statefig-3(a): Aluminium in solid state
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iv. Expressing precipitate formed: if a precipitate is formed in the
reactions it is denoted by a downward arrow.

Example: AgNO3  +  NaCl    AgCl   + NaNO3

Some times the reaction conditions such as temperature, pressure,
catalyst, etc are indicated above and / or below the arrow in the equation.

For example,
    sunlight

2Agcl(s)
––––– 2 Ag (s) + Cl2(g)

       Sunlight
6CO2 (aq) + 6 H2O (l)      ––––– C6H12O6 (aq) + 6O2 (aq)     Chlorophyll

Interpreting a balanced chemical equation:
A chemical equation gives information about symbols and formula of

reactants and products. It also explains about number atoms of elements
of reactants involved in the ractionand type product obtained.

It gives information about relative masses of reactants and products.
Let us consider the following example:
2Cu(s) + O2 (g)  2CuO(s)

• What information do you get from above equation?
The above equation tells us that:
-  Copper reacts with oxygen to form copper oxide
-  The formula of copper(II)oxide is CuO and that of oxygen is O2.
-  2 moles of copper atoms react with 1 mole of oxygen molecules

(O2) to produce 2 moles of copper oxide (CuO)

Types of chemical reactions
In chemical reactions atoms are neither created nor destroyed. A

chemical reaction is a process that is usually characterized by a chemical
change in which the starting materials (reactants) are different from the
products. Chemical reactions occur with the formation and breaking
of chemical bonds. (you will learn about chemical bonding in chapter …)
Some common reaction types are discussed below.
Chemical Combination

Activity- 4
(This activity needs Teacher’s assistance)
- Take a small piece (about 3 cm long) of Magnesium ribbon).
- Rub the Magnesium ribbon with sand paper.
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- Hold it with a pair of tongs.
- Burn it with a spirit lamp or burner.

• What you observe?
You will notice that,
Magnesium burns in oxygen by producing dazzling white flame and

changes into white powder. The white powder is
Magnesium oxide.

2Mg(s) +       O2 (g)      2MgO (g)  ......... (18)
Magnesium              Oxygen             Magnesium oxide

In this reaction Magnesium and oxygen combine to
form a new substance magnesium oxide, such a reaction
in which single product is formed from two or more
reactants is known as chemical combination reaction.

You will also notice that the release of heat energy
when magnesium burnt in air.

Let us discuss some more examples of combination
reactions.

i. Burning of Coal: When coal is burnt in oxygen, carbon dioxide is
produced.

C (s) + O2 (g)     CO2 (g) +  Q   (heat energy)   .............(19)
ii. Slaked lime is prepared by adding water to quick lime.
Ca O (s) + H20 (l)   Ca (OH) 2 (aq) +   Q  (heat energy).....(20)
Large amount of heat energy is released on reaction of water with

CaO(s). If you touch the walls of the container and you will feel the hotness.
Such reactions are called exothermic reactions.

A solution of slaked lime produced in the
reaction equation(20) is used to white wash walls.
Calcium hydroxide reacts slowly with the carbon
dioxide in air to form a thin layer of calcium
carbonate on the walls. It gives a shiny finish to the
walls.

Ca (OH)2(aq)   +   CO2(g)  CaCO3(s)  +    H2O(l)

The chemical formula of marble is CaCO3

fig-4: Burning of Magnesium
ribbon

fig-5: Formation of slaked
lime by the reaction of CaO

with water

Beaker

Water

CaO
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iii) Do you know that respiration is an exothermic process?
We need energy to stay alive. We get this energy from food we eat.

During digestion, food is broken down into simpler substances. For
example rice, potato contains starch. The starch breaks down to form
glucose. This glucose combines with oxygen in the cells of our body and
releases energy which helps to do the various works. The special name of
this reaction is respiration.

It is an exothermic reaction.
C6H12O6 (aq)  +  6O2 (aq)     6CO2 (aq)  +  6H2O  +  Q (energy)
iv) The decomposition of vegetable matter into compost is also an

example of an exothermic reaction.
v)  Formation of NO from N2 and O2

N2 (g) + O2 (g)      2NO (g) ............................ (21)
In the above chemical reaction the reactants absorb energy to form the

product NO. Reactions which occur by the absorption of energy are called
endothermic reactions.

vi)Formation of HI from H2 and I2 is another example of endothermic
reaction.

H2 (g) +    I2 (g)       2HI (g) .............................(22)
Decompostion Reaction

Activity- 5
- Take a pinch of Calcium Carbonate (lime stone) in a boiling tube.
- Heat the boiling tube over the flame of spirit lamp or burner.
- Now take a burning match stick near the mouth of boiling tube.
- What do you observe?
You will notice that match stick kept near the mouth of the boiling

tube will be put off.

Do you know?

A solution of slaked lime produced in the reaction equation(20) is used to white
wash walls. Calcium hydroxide reacts slowly with the carbon dioxide in air to form
a thin layer of calcium carbonate on the walls. It gives a shiny finish to the walls.

Ca (OH)2(aq)    +   CO2(g)  CaCO3(s)   +      H2O(l)

The chemical formula of marble is CaCO3
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In the above activity, on heating calcium carbonate, it decomposes to
calcium oxide and carbon dioxide.

     Heat
CaCO3 (s)

––––– CaO(s)    +    CO2 (g) .................. (23)
Lime stone                                  quick lime

It is a thermal decomposition reaction. When a decomposition reaction
is carried out by heaing, it is called thermal decomposition reaction.

Activity: 6
- Take about 0.5g of lead nitrate powder in

a boiling tube.
- Hold the boiling tube with a test tube

holder.
- Heat the boiling tube over a flame. (see

figure)
- Note down the change.
- What do you observe?

Heating of lead nitrate and emission of
nitrogen dioxide

On heating lead nitrate decomposes to
lead oxide, oxygen and Nitrogen dioxide. You
observe the brown fumes liberating in the boiling tube. These brown fumes
are of Nitrogen dioxide (NO2).

Heat
2Pb (NO3)2   –––––   2PbO(s)  +   4NO2 (g)     +  O2 ............... (24)
Lead Nitrate     lead oxide          Nitrogen dioxide       Oxygen

This is also a thermal decomposition reaction.
Let us perform some more decomposition reactions

fig-6: Heating of calcium carbonate and testing
the gas evolved with burning match stick

Stand
Bunsen
burner

Clamp

Delivery tube

Boiling test tube

Calcium Carbonate

Burning match stick

Putoff match stick

fig-7:Heating of lead nitrate and
emission of nitrogen dioxide

Stand

Clamp

Delivery tube

NO2

Gas
collecting
jar

Lead nitrate
Boiling

tube

Bunsen
burner
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Activity: 7
- Take a plastic mug. Drill two holes at its base.
- Fit two rubber stoppers in these holes.
- Insert two carbon electrodes in these rubber stoppers.
- Connect the electrodes to 6V battery as shown in fig.
- Fill the mug with water, so that the electrodes are immersed.
- Add few drops of dilute sulphuric acid to water.
- Take two test tubes filled with water and invert them over the two

carbon electrodes.
- Switch on the current and leave the apparatus undisturbed for some

time.
• What do you observe in the test tubes?

You will notice the liberation of
gas bubbles at both the electrodes.
These bubbles displace the water in
the test tubes.

Is the volume of gas collected the
same in both the test tubes?

Once the test tubes are filled with
gases take them out carefully. Test
both the gases separately by bringing
a burning candle near the mouth of
each test tube.

• What do you observe in each case?
Can you predict the gas present in each test tube?
In the above activity on passing the electricity, water dissociates to

Hydrogen and oxygen.
      Electrolysis

2H2O (l)     –––––  2 H2 (g) + O2 (g) ...................... (25)

Activity-8
- Take a pinch of Silver bromide on a watch glass.
- Observe the colour of silver bromide.
- Place the watch glass in sunlight for some time.

fig-8: Electrolysis of water

O2 H2

+ –Anode Cathode

6V
battery

Plastic mug

Test tubes

Switch

Graphite rodsAcidified
water
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- Now observe the colour of silver bromide.
• What changes do you notice?
• Did the colour of the silver bromide change?

Silver bromide decomposes to silver and bromine in sunlight. Light
yellow coloured silver bromide turns to gray due to sunlight.

                    sunlight
2AgBr(s)

–––––  2 Ag (s) + Br2 (g) ............................ (26)

This decomposition reaction occurs in presence of sunlight and such
reactions are called photochemical reactions.

All the above decomposition reactions require energy in the form of
heat, light or electricity for converting the reactants to products. All these
reactions are endothermic.

Carry out the following Activities:
i) Take a pinch of AgCl in a watch glass. Keep it in sunlight for some

time and observe the change.
ii) Take some ferrous sulphate crystals in a boiling tube. Heat it over

spirit lamp.
iii) Take about 2 gm of barium hydroxide in a test tube. Add about 1 gm of

Ammonium chloride and mix with glass rod. Touch the test tube with
your palm.
What do you observe?
Displacement reaction.
In displacement reaction one element displaces another element from

its compound and takes its place there in.
Displacement of hydrogen from acids by metals:
Generally metals which are more active than hydrogen displace it from

an acid.
Let us observe the reaction in following activity.

fig-9(a): Silver bromide
(light yellow colour)

fig-9(b) when exposed to sunlight
(gray colour) silver metal
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Activity-9
- Take a small quantity of zinc dust in a conical flask with nozzle.
- Add dilute hydrochloric acid slowly.
- Now take a balloon and tie it to the mouth of the conical flask as

shown in fig.
- Closely observe the changes in the conical flask and balloon.
- What do you notice?
You can see the gas bubbles coming out from the solution and the

balloon bulges out.  Zinc pieces react with dilute hydrochloric acid and
liberate hydrogen gas as shown below.

Zn (s) + 2HCl (aq)  ZnCl2(aq ) + H2 (g) ..........................(27)

In reaction (27) the element zinc has displaced hydrogen from
Hydrochloric acid. This is displacement reaction.

Activity- 10
- Take two iron nails and clean them by rubbing with sand paper.
- Take two test tubes and mark them as A and B.
- Take about 10ml of copper sulphate solution in each test tube.

One iron nail is dipped in copper sulphate solution in test tube A
with the help of thread.

- Keep other iron nail aside for comparison after the reaction.
- Keep the test tube with iron nail undisturbed for 20 minutes.
- Now take out the iron nail from copper sulphate solution.
- Keep the iron nail and test tubes A&B side by side.
- Compare the colour of iron nails and solutions in the test tubes.
- What change do you observe?

fig-10(a): fig-10(a):

Dil. HCl
Conical flask

Zinc dust

Balloon

Cork

Conical flask

Zinc dust

Balloon
with H2

gas

Cork

Dil. HCl
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You will find that the Iron nail dipped in copper sulphate solution
becomes brownish and blue colour of copper sulphate solution in test
tube A fades.

The iron nail and copper sulphate solutions compared before and after
the experiment

The chemical reaction in this activity is:
Fe (s)    +     CuSO4 (aq)   FeSO4 (aq)  +  Cu (s) ...............(28)
 Iron is more reactive than copper, so it displaces copper from copper

sulphate. This is another example of displacement reaction.
Other examples of displacement reaction are:
i)   Zn(s)   +   2AgNO3 (aq)   Zn (NO3)2 (aq)  +  2 Ag (s)  ............ (29)
ii)  Pb (s)  +   CuCl2 (aq)   PbCl2 (aq)  +  Cu (s) .................. (30)

Double displacement reaction

Activity-11
- Take a pinch of lead nitrate and dissolve in 5.0mL of distilled water

in a test tube.
- Take a pinch of potassium iodide in a test tube and dissolve in

distilled water.
- Mix lead nitrate solution with potassium iodide solution.
- What do you observe?
A yellow colour substance which is insoluble in water, is formed. This

insoluble substance in known as precipitate. The precipitate is Lead Iodide.
 Pb (NO3) 2(aq)  +   2KI (aq)    PbI2 (s)  +  2KNO3 (aq) ..................(31)
Lead nitrate potassium Iodide Lead iodide     Potassium nitrate

fig-11(a):Iron nail dipped in
copper sulphate solution

fig-11(b): Iron nail and copper
sulphate solutions compared before

and after the experiment
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In the above reaction, lead ion
and Potassium ion exchange their
places each other. Lead ion
combines with iodide ion and forms
PbI2 as precipitate and KNO3

Such reaction is double
displacement reaction. A reaction
in which positive and negative
radicals of two reactants are
exchanged leading to precipitation
of a product is called a double
decomposition reaction.

Other examples of double
displacement reactions are:

1) Sodium sulphate solution on mixing with barium chloride solution
forms a white prepitate of barium sulphate and soluble sodium chloride.

Na2So4 (aq) + BaCl2 (aq)  BaSO4(s) + 2 NaCl (aq) ...........................(32)
2) Sodium hydroxide reacts with hydrochloric acid to form sodium

chloride and water.
NaOH (aq) + HCl(aq)   NaCl(aq) + H2O(l)         ............................(33)
3) Sodium chloride spontaneously combines with silver nitrate in

solution giving silver chloride precipitate.
NaCl (aq) + AgNO3(aq)  AgCl(s) + NaNO3(aq) ............................(34)

Oxidation and Reduction
‘oxidation’ is a reaction that involves the addition of oxygen or removal

of hydrogen.
‘reduction’ is a reaction that involves the addition of hydrogen or

removal of oxygen.
Let us try to understand more clearly doing this experiment.

Activity-12
- Take about 1.0g of copper powder in a china dish.
- Keep the china dish on a tripod stand containing wire gauge
- Heat it with a Bunsen burner or with a spirit lamp.
- Do you find any change in colour of copper?
You will notice that the surface layer of copper becomes black.

• Why does the colour of copper change?

fig-12: formation of lead iodide
and potassium nitrate

Pb(NO3)2

KI

Lead Iodide

KNO3



Free distribution by A.P. Government 19

• What is the black colour product formed on the surface of copper?
In the activity on heating copper it reacts with oxygen present in the

atmosphere to form copper oxide.
The reaction is shown below.

                           HeatCU(s)        +        O2(g)   
––––– 2 CuO(S)

Here copper combines with oxygen to form copper oxide. Here oxygen
is gained and the process is called oxidation.

Now pass hydrogen gas over hot copper oxide obtained in above activity
and observe the change.
• What do you notice?
• Is there any change in black colour of copper oxide?

You will notice that the black coating on copper turns brown because
copper oxide loses oxygen to form copper. In this process oxygen is lost
and the process is called Reduction.

           Heat

CuO(s)    +   H2(g)
    ––––– Cu(s)    +    H2O (g)

fig-13(b)
China dish

fig-13(a): Black
copper oxide

fig-13(c): Oxidation of copper to
copper oxide

Chind dish
containing

Copper
powder

Wire gauze

Tripod
stand

Bunsen
burner

fig-14: Reduction of copper oxide to copper

H2 gas H2 gas

Bunsen
burner

Stand

Glass tube

Black copper oxide Cork
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In above reaction hydrogen is gained; such reaction is called reduction
reaction.

Generally oxidation and reduction occur in the same reaction. If one
reactant gets oxidized, the other gets reduced. Such reactions are called
oxidation-reduction reactions or redox reactions.

In the CuO, H2 reaction CuO is reduced and H2 is oxidized.
Some other examples of redox reactions are:
i) 2 Fe2O3(s)   +   3C(s)     4 Fe (s)   +   3CO2 (g)

ii) 2 PbO (3)    + C(s)     2Pb(s)    +   CO2 (g)

Have you observe the effectsof Oxidation Reactions in daily life
Corrosion:

You must have observed that a freshly cut apple turning brown, the iron
articles shiny when new, but gradually become reddish brown when left
for some time, burning of crackers with dazzling white fumes.
• How do these changes occur?

They are all the examples of the process called oxidation.
Let us know how?
Oxidation is defined as the interaction oxygen molecules with all the

different substances from metal to living tissue which mmay come into
contact with it. 

Apples and other produce (e.g., pears, bananas, potatoes etc.,) contain
an enzyme called polyphenol oxidase or tyrosinase, that reacts with oxygen.
The oxidation reaction in fruits basically forms a sort of rust on the surface
of the fruit. You might have observed the browning of cut surface of fruit,
when the fruit is cut. When the fruit is cut, it damages the cells in the fruit
and allows the  oxygen in the air to react with the enzyme and other

chemicals of fruit. This reaction leads to
browning of cut surface of fruit.

The browning of iron, when left for sometime
in moist air, is a process commonly known as
rusting of iron. This process is basically
oxidation reaction which requires both oxygen
and water. Rusting does not occur in oxygen free
water or dry air.

The rust formed on iron articles is a
complicated material that contains various types
of hydrated iron (III) oxide (Fe2O3.xH2O).fig-15: Rusting of iron
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Burning of crackers is an oxidation reaction. It involves oxidation of
magnesium. Evolution of excess amount of heat and dazzling white fumes
involves this reaction shows that it is an exothermic reaction.

2Mg    +    O2   2MgO    +   Heat
• Did you notice the colour coating on silver and copper articles?

When some metals are exposed to moisture, acids etc., they tarnish
due to the formation of respective metal oxide on their surface. This
process is called corrosion.

Look at the following examples:
i. The black coatings on silver(see fig  …below)

4Ag    +   2H2S     +     O2        2Ag2S      +      2H2O
           black

ii. Green coating on copper (see fig …below)

2Cu    +    O2      2CuO
Corrosion is the oxidative deterioration of a metal.
Corrosion causes damage to car bodies, bridges iron railings, ships

etc., and to all other objects that are made of metals. Especially corrosion
of iron is a serious problem.

Corrosion can be prevented or at least minimized by shielding the
metal surface from oxygen and moisture. It can be prevented by painting,
oiling, greasing, galvanizing, chrome plating or making alloys. Galvanizing
is a method of protecting iron from rusting by coating them a thin layer of
Zinc.

fig-16: Tarnishing of silverware (before & after)

fig-17: Corrosion of copper
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Alloying is also a very good method of improving properties of metal.
Generally pure form of iron is very soft and stretches easily when hot.
Iron is mixed with carbon, nickel and chromium to get an alloy stainless
steel. The stainless steel is hard and does not rust.

A metallic substance made by mixing and fusing two or more metals,
or a metal and a nonmetal, to obtain desirable qualities such as hardness,
lightness, and strength is known as alloy.

 For example: Brass, bronze, and steel.

Some more effects of oxidation on everyday life:
• Combustion is the most common example for oxidation reactions.

For example: burning of wood involves release of carbon di oxide,
water vapour along with huge amount of energy.
• Rising of dough with yeast depend on oxidation of sugars to carbon di

oxide and water.
• Bleaching of coloured objects using moist chlorine

Cl2  +  H2O    HOCl  +  HCl
HOCl             HCl  +   (O)
Coloured object + (O) ’!    Colourless object.
Some times during rainy season the power supply to our home from

the electric pole will be interrupted due to formation of the metal oxide
layer on the electric wire. This metal oxide is an electrical insulator. On
removing the metal oxide layer formed on the wire with a sand paper, supply
of electricity can be restored.

Rancidity
• Have you ever tasted or smelt the fat / oil containing food materials

left for a long time?
• When fats and oils are oxidized they become rancid. Their smell and

taste change.
Thus we can say that oxidation reactions in food material that were

left for a long period are  responsible for spoiling of food.
Rancidity is an oxidation reaction.

Do you know?

Gold one of the most valuable of elements has been prized since antiquity for
its beauty and resistance to corrosion.
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• How can we prevent the spoiling of food?
The spoilage of food can be prevented by adding preservatives like

Vitamin C and Vitamin E.
Usually substances which prevent oxidation (Antioxidants) are added

to food containing fats and oil. Keeping food in air tight containers helps
to slow down oxidation process.

Do you know that chips manufacturers usually flush bags of chips with
gas such as nitrogen to prevent the chips from getting oxidized.

Key words

aa
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• Chemical change is permanent change.
• A Chemical equation represents a chemical reaction.
• Complete chemical equation represents the reactants, products and their physical state.
• A Chemical equation is said to be balanced, when the number of atoms of each element is same

on both reactants side and products side.
• A chemical equation must always be balanced.
• In a combination reaction two or more substances combine to form a new single substance.
• In a decomposition reaction a single substance decomposes to give two or more substances.
• Reactions in which heat energy is absorbed by the reactants are endothermic reactions.
• In exothermic reaction heat energy is released by the reactants.
• A displacement reaction occurs, when an element displaces another element from its compound.
• Two different atoms or ions are exchanged in double displacement reactions.
• Oxidation is the gain of Oxygen or loss of Hydrogen.
• Loss of oxygen or gain of Hydrogen is Reduction.
• Corrosion causes damage to iron appliances.
• When fats and oils are oxidized, they become rancid.
• Precipitation reactions produce insoluble salts.

1. What is a balanced chemical equation? Why should chemical equations be balanced?
2. Balance the following chemical equations.

a) NaOH   +   H2SO4         Na2SO4   +   H2O
b) Hg (NO3)2  +   KI     Hg I2  +  KNO3

c) H2   +   O2   H2O
d) KClO3      KCl    +   O2

e) C3H8    +   O2   CO2   +   H2O
3. Write the balanced chemical equations for the following reactions.

a) Zinc + Silver nitrate  Zinc nitrate + Silver.
b) Aluminum + copper chloride  Aluminum chloride + Copper.
c) Hydrogen + Chlorine.  Hydrogen chloride.
d) Ammonium nitrate  Nitrogen + Carbon dioxide + water.

What we have learnt

Improve your learning
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4. Write the balanced chemical equation for the following and indentify the type of reaction in each
case.
a) Calcium hydroxide (aq) + Nitric acid (aq)  Water (l) + Calcium nitrate (aq)

b) Magnesium (s) + Iodine (g)  Magnesium Iodide. (s)

c) Magnesium(s) +  Hydrochloric acid(aq)  Magnesium chloride(aq) +  Hydrogen(g)

d) Zinc(s) + Calcium chloride (aq)  Zinc Chloride (aq)  +  Ca(s)

5. Fe2O3   +   2Al   Al2O3   +   2 Fe.
The above reaction is an example of:
a) Combination reaction b) Decomposition reaction
c) Displacement reaction d) Double decomposition reaction

6. What happens when dil.hydrochloric acid is added to iron filings? Chose the correct answer.
a) Hydrogen gas and iron chloride are produced.
b) Chlorine gas and iron hydroxide are produced.
c) No reaction takes place.
d) Iron salt and water are produced.

7. Write an equation for decomposition reaction where energy is supplied in the form of
heat/ light/ electricity.

8. What do you mean by precipitation reaction?
9. Why is respiration considered as an exothermic reaction? Explain.
10. What is the difference between displacement and double displacement reactions?

Write equations for these reactions?
11. What is the use of keeping food in air tight containers?
12. What do you mean by corrosion? How can you prevent it?
13. MnO2   +  4HCl    MnCl2  +  2H2O   +   Cl2

In the above equation, name the compound which is oxidized and which is reduced?
14. Match the following:

1) 2AgNO3 + Na2CrO4  Ag2CrO4+ 2NaNO3 (     ) a) combination reactions
2) 2 NH3  N2+ 3H2 (     ) b) decomposition reactions
3) C2H4 + H2O  C2H6O (     ) c) displacement reactions
4) Fe2O3 + 3CO 2 F2+ 3CO2 (     ) d) double displacement Reactions

15. Give two examples for oxidation-reduction reaction.
16. In the refining of silver, the recovery of silver from silver nitrate solution involved displacement

by copper metal. Write the reaction involved.
17. Explain rancidity.
18. Name the reactions taking place in the presence of sunlight?
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19. 2 PbO(s)  +  C (s)  2Pb(s)  +   CO2 (g)

Which of the following statements are correct for the above?
a) Lead is reduced. b) Carbon dioxide is oxidized.
c) Carbon is oxidized. d) Lead oxide is reduced.
i) (a)and (b) ii) (a) and (c) iii) (a), (b), and (c) d) all.

20. Balance the following chemical equations including the physical states.
a) C6H12O6

–––––     C2H5OH + CO2

b) Fe +   O2
–––––  Fe2O3

c) NH3 +   Cl2
–––––  N2H4+NH4cl

d) Na +    H2O –––––  NaOH +H2

21. Balance the chemical equation by including the physical  states of the substances
for the following reactions.
a) Barium chloride and sodium sulphate aqueous solutions react to give

insoluble Barium sulphate and aqueous solution of sodium chloride.
b) Sodium hydroxide reacts with hydrochloric acid to produce sodium chloride

and water.
c) Zinc pieces react with dilute hydrochloric acid to liberate hydrogen gas and

forms zinc chloride
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2Chapter

Structue of Atom

In class IX you have learnt sub atomic particles such as electrons,
protons and neutrons. It was also discussed there about the arrangement of
these sub-atomic particles in an atom by the atomic models proposed by
J.J.Thomson, Ernst Rutherford and Neils Bohr.

Let us recall the postulates and limitations of Bohr’s atomic model.
Postulates:
• Electrons revolve around nucleus in stationary circular orbits of fixed

energies which we call as energy levels.
• As long as electron revolves in a stationary orbit it neither looses nor

gains energy.
• We denote these stationary orbits by the letters K,L,M,N,… or by the

number n=1,2,3,4… where ‘n’ stands for orbit number.
• The energy of each orbit increases with increase in the distance of

orbit from the nucleus, i.e., energy of K shell < L shell < M shell < N
shell.

• When electron jumps from lower energy state to higher energy state
it absorbs energy. Electron emits energy if it jumps from higher energy
state to lower energy state.

Limitations:
i. Neils Bohr was able to explain the atomic spectrum of hydrogen and

hydrogen like atoms with his postulates. But he failed to explain atomic
spectra of larger atoms which are heavier than hydrogen atom.
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ii. Also, unable to explain the relative intensities of spectral lines, the
existence of hyperfine lines and the Zeeman effect.

• What do you mean by atomic spectrum?
• How it helps us to understand the atomic structure?
• Do the atoms of different elements produce different atomic spectra?

Why?
To answer these questions and understand the limitations of Bohr’s

atomic model we need to know about the nature of light and wave theory
of light and dispersion of light.
Dispersion of light:

You might have observed rainbow of spectacular colours formed after
a rain shower.
• How do we get a rainbow?
• Why it always formed opposite to the Sun?

A rainbow is a natural spectrum appearing in the sky just after a rain
shower. It is caused by dispersion of sunlight by tiny water droplets present
in atmosphere. These water droplets act like small prisms.

In physics, chapter (…) about Dispersion and Scattering of light, you
have learnt that splitting of light into colours (VIBGYOR) is called
dispersion.

The reasons for dispersion of light can be explained by the wave nature
of light.
Wave nature of light:

We have studied about sound waves in the previous classes.
You are familiar that vibrating bodies produce sound, and sound travels

in the form a wave in various media.
Light is considered as an electromagnetic wave according to wave

theory.
Electromagnetic waves are produced when an electric charge vibrates

(moves back and forth).
A vibrating electric charge causes change in the electric field. The

changing electric field creates a changing magnetic field.
Both the fields created are perpendicular to each other and at right

angles to the direction of propagation of the wave (see figure 1).
Figure-(1) An electromagnetic wave
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Visible light is an electromagnetic wave and the speed of light (c) is
3 × 108 m s-1.

Electromagnetic energy travelling through a vacuum behaves in the
same way like ocean waves travelling through water. Electromagnetic
energy is characterized by wavelength ( λ) and frequency (f).

You have learnt about how frequency wave length and velocity of sound
are related. The relation is also applicable for velocity of light.

c = f λ …………….(1)
from the above equation you can understand that if the frequency

increases, the wavelength becomes smaller.
Electromagnetic waves have a wide range of frequencies. The entire

range of electromagnetic wave frequencies is known as electromagnetic
spectrum.

The electromagnetic spectrum consists of a continuous range of
wavelengths of gamma rays of shorter wavelength to radio waves of longer
wavelength (see figure-2). But our eyes are sensitive only to visible light
which is represented by visible spectrum.

The familiar example of visible spectrum in the nature is the formation
of a rainbow.

Each colour in the rainbow is characterized by a specified wavelength
from red colour of higher wavelength to Violet colour of shorter
wavelength. These colours (wavelengths), for which the human eye is
sensitive, are called visible light. The range of wavelengths covering red
colour to violet colour is called the visible spectrum.
• What happens when you heat an iron rod on a flame?
• Do you find any change in colour while heating an iron rod?

When we heat an iron rod, some amount of heat energy that was
absorbed by iron rod is emitted as light. First iron rod turns into red (lower
energy corresponding to higher wavelength) and as the temperature rises

Electric field

Direction

Magnetic field

Wave
length

fig-1: An electromagnetic wave
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it glows and turns into orange, yellow, blue respectively (higher energy
and of lower wavelength). If you go on heating the rod further it turns into
white light which includes all visible wavelengths.
• Do you observe any other colour at the same time when one colour is

emitted?
While heating the rod if the temperature is high enough, other colours

will also be emitted, but due to higher intensity of one particular emitted
colour (e.g., red), others cannot be observed.

Fig.2 Electromagnetic Spectrum

• Do you enjoy Deepavali fireworks?
• Variety of colours is seen from fireworks.

How do these colours come from fireworks?

Activity 1
Take a pinch of cupric chloride in a watch glass and make a paste with

concentrated hydrochloric acid. Take this paste on a platinum loop and
introduce it into a non-luminous flame.
• What colour do you observe?

Carry out similar activity with strontium chloride.
Cupric chloride produces a green colour flame while strontium

chloride produces a crimson red flame.
• Do you observe yellow light in street lamps?

Sodium vapours produce yellow light in street lamps.
• Why do different elements emit different flame colours when heated

by the same non-luminous flame?
• What do you mean by spectrum?

fig-2: Electromagnetic Spectrum
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Spectrum
When light coming from a source is dispersed by a prism (or) by any

other dispersing element, different wave lengths of light are deviated
through different angles and get separated. Such a dispersed light may be
received on a screen (or) on a photographic plate or it may be viewed
directly by eye.

A collection of dispersed light giving its wavelength composition is
called a ‘spectrum’.

The spectrum is of two kinds like emission spectrum and absorption
spectrum. To understand about atomic spectra, we confine our discussion
only to emission spectra.

Emission spectra
We know that light is emitted by an object when it is suitably excited

by heating. When a light beam emitted by such source is dispersed to get
the spectrum, it is called an emission spectrum. An emission spectrum
carries information about the source of material.

An emission spectrum can be of three forms namely continuous
spectrum, line spectrum and band spectrum.
a    Continuous spectrum emission:

Quite often, a source emits light which has continuously varying
wavelengths in it. An electric bulb, a burning candle, (or) a red hot iron
piece emits light of this type. When such light is dispersed, a bright
spectrum of continuously distributed colours is obtained on a dark
background. The colours gradually changes, there are no sharp boundaries
in between. Such a spectrum is known as continuous spectrum of emission.
Rainbow is a simple example for continuous spectrum.
b    Line spectrum of emission:

All the materials are made of atoms and molecules. These atoms and
molecules posses certain fixed energies.

An atom (or) molecule having lowest possible energy is said to be in
its ground state, otherwise, it is said to be in excited state.

An atom or molecule, in excited state can emit light to lower its energy
in order to get stability.

Light emitted in such process has certain fixed wavelengths. The light
emitted by one kind of atoms generally has various wave length
components. When such a light is dispersed, we get certain sharp bright
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line on a dark background. Such a spectrum is called line spectrum of
emission. It carries information about the atoms of the source.

For example, when electric discharge is passed through the sodium
vapour, the vapour emits light of the wavelengths 589.0 nm to 589.6 nm.
When this light is dispersed by a high resolution grating we can obtain two
bright yellow lines on a dark background.

Scientists found that each element emits its own characteristic colour.
These colours correspond to certain discrete wavelengths of light and are
called line spectra. It is also known as discrete spectrum.

The atomic spectrum of hydrogen atom is a line spectrum.
The lines in atomic spectra can be used to identify unknown atoms,

just like fingerprints are used to identify people.
Thus the atoms with half filled orbitals in their outermost orbit are

more stable. When compared with their neighboring elements.

Bohr’s model of hydrogen atom and its limitations
Let us examine the spectrum of

hydrogen atom.
What does a line spectrum tell

us about the structure of an atom?
Niels Bohr proposed that

electrons in an atom occupy
“stationary” orbits (states) of
fixed energy at different distances
from the nucleus.

When an electron ‘jumps’ from a lower energy state (ground state) to
higher energy state (excited state) it absorbs energy. When such a jump
occurs from a higher energy state to a lower energy state energy is emitted.

The energy of electrons in an atom can have only certain values E1,
E2, E3 ……; that is, the energy is quantized. The states corresponding to

Niels Henrik David Bohr was a Danish physicist
 who made foundational contributions to understanding
 atomic structure and quantum theory, for which he received
the Nobel Prize in Physics in 1922. Bohr was also
a philosopher and a promoter of scientific research.

fig-3: Hydrogen Spectrum
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these energies are called stationary states and the possible values of
the energy are called energy levels.
• The lowest energy state of the electron is known as ground state.
• What happens when an electron gains energy?

The electron moves to a higher energy level, the excited state.
• Does the electron retain the energy forever?

The electron loses the energy and comes back to its ground state. The
energy emitted by the electron is seen in the form of electromagnetic
energy and when the wavelength is in the visible region it is visible as an
emission line.

Bohr’s model explains all the line spectra observed in the case of
hydrogen atom. It is a successful model as far as line spectra of hydrogen
atom is concerned.

But the line spectra of hydrogen atom when observed through a high
resolution spectroscope appear as groups of finer lines.
• Did Bohr’s model account for the splitting of line spectra of a hydrogen

atom into finer lines?
Bohr’s model failed to account for splitting of line spectra.

Bohr-Sommerfeld model of an atom
In an attempt to account for the structure

(splitting) of line spectra, Sommerfeld
modified Bohr’s atomic model by adding
elliptical orbits. While retaining the first of
Bohr’s circular orbit as such, he added one
elliptical orbit to Bohr’s second orbit, two
elliptical orbits to Bohr’s third orbit, etc., such
that the nucleus of the atom is one of the
principal foci of these elliptical orbits. He was
guided by the fact that, in general, periodic
motion under the influence of a central force
will lead to elliptical orbits with the force
situated at one of the foci.

Bohr-Sommerfeld model, though successful in accounting for the fine
line structure of hydrogen atomic spectra, does not provide a satisfactory
picture of the structure of atom in general.

This model failed to account for the atomic spectra of atoms of more
than one electron.

fig-4: The allowed electronic orbits for
the main Quantum numbers by Bohr -

Sommerfeld model

5(l=0)s
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• Why is the electron in an atom restricted to revolve around the nucleus
at certain fixed distances?

Quantum mechanical model of an atom
• Do the electrons follow defined paths around the nucleus?

If the electron revolves around the nucleus in defined paths or orbits,
the exact position of the electron at various times will be known. For that
we have to answer two questions:
• What is the velocity of the electron?
• Is it possible to find the exact position of the electron?

Electrons are invisible to naked eye. Then, how do you find the position
and velocity of an electron?

To find articles during dark nights we take the help of torchlight.
Similarly, we can take the help of suitable light to find the position of

electron. As the electrons are very small, light of very short wavelength is
required for this task.

This short wavelength light interacts with the electron and disturbs the
motion of the electron. Hence, it is not possible to find the exact position
and velocity of an electron simultaneous sly. This was stated by Heisenberg,
popularly known as Heisenberg’s “Principle of Uncertainty”.

From the above experiment, it is clear that electrons do not follow
definite paths in an atom.
• Do atoms have a definite boundary, as suggested by Bohr’s model?

If the electrons are not distributed in orbits around the nucleus this
means that an atom does not have a definite boundary.

As a result, it is not possible to pinpoint an electron in an atom.
Under these circumstances in order to understand the properties of

electrons in an atom, a quantum mechanical model of atom was developed
by Erwin Schrodinger.

Max Karl Ernst Ludwig Planck was
a German theoretical physicist who originated quantum
theory, which won him the Nobel Prize in Physics in 1918.
Planck made many contributions to theoretical physics, but
his fame rests primarily on his role as originator of the
quantum theory. This theory revolutionized human
understanding of atomic and subatomic processes,
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According to this model of an atom, instead of orbits of Bohr’s model,
the electrons are thought to exist in a particular region of space around the
nucleus at a given instant of time
• What do we call the region of space where the electron might be, at a

given time?
The region of space around the nucleus where the probability of finding

an electron is maximum, called an orbital.
In a given space around the nucleus, only certain orbitals can exist.

Each orbital of a stable energy state for the electron is described by a
particular set of quantum numbers.

Quantum numbers
Each electron in an atom is described by a set of three numbers n, l,

and ml .These numbers are called quantum numbers. These numbers
indicate the probability of finding the electron in the space around the
nucleus.
• What information do the quantum numbers provide?

The quantum numbers describe the space around the nucleus where
the electrons are found and also their energies. These regions are called
atomic orbitals.
• What does each quantum number signify?
1.     Principal Quantum Number (n):

The principal quantum number explains about the size and energy of
the orbitals (which we call as energy levels or shells of electron in Bohr-
Sommerfeld theory)

n can have only non-zero positive integer values like  1, 2, 3 …
As n increases, the orbitals become larger and the electrons in those

orbitals are farther from the nucleus.
An increase in n also means higher energy. n = 1, 2, 3 . . .  are often

represented by the letters K, L, M…. . These are called shells.
If principle quantum number of an electron is said as n = 1, it explains

this is near to the nucleus than the electron n = 2.
Shell K L M N
N 1 2 3 4
The number of electron in a shell is limited to 2n2

2.    Orbital quantum number (l):
This quantum number defines the shape of the orbital occupied by the
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electron and the orbital angular momentum of the electron in motion. Due
to this fact this quantum number is called as orbital quantum number or
angular-momentum quantum number.

‘l’ has integer values from 0 to (n-1) for each value of n.
Each value of l is related to the shape of orbitals in the space around

the nucleus.
The value of l for a particular orbital is generally designated by the

letters s, p, d, f . . . as follows:
L 0 1 2 3

Name of the orbital s p d F
These orbitals (s, p, d, f, …) are generally called sub-shells.
When n = 1 and l = 0 then there is only one sub-shell. This is designated

as 1s orbital. In 1s, 1 correspond to size of orbital or shell number and
correspond to shape of the orbital or sub-shell.

When n = 2, there are two possible values for l. i.e., l = 0 and l = 1.
Thus there are two orbitals (sub-shells) s-orbital and p-orbital.
• What is the maximum value of l for n=4?
• How many values can l have for n = 4?

Orbitals having same value of n but different values of l. the quantum
number l also governs the degree with which the electron is attached the
nucleus the larger is the value of l, smaller is the bond with which it is
maintained with the nucleus.
3.   Magnetic orbital quantum number (ml):

ml represents the magnetic quantum number.
When an atom is placed in a strong magnetic field,

the electrons with same values of principal quantum
number ‘n’ and orbital quantum number ‘l’, may still
differ in their behavior. To account for one more
quantum number ml, known as magnetic orbital quantum
number has been introduced.

This is produced by Zeeman Effect and Stark effect.
Zeeman Effect refers to the splitting of spectral lines
due to magnetic field while the Stark effect refers to
the splitting of spectral lines due to electric field.

The orientation of l (orbital) with external magnetic
field determines magnetic orbital quantum number (see
figure below) fig-5:

N

ml

θ

l
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ml has integer values between -l and l, including zero. Thus for a certain
value of l, there are        (2l +1) integer values of ml as follows:

-l, (-l+1) . . . 0, 1. . . (+l - 1), +l
These values describe the orientation of the orbital in space relative to

the other orbitals in the atom when atom is kept in a strong magnetic field.
When l = 0, (2l+ 1) = 1 and there is only one value of ml, thus we have only
one orientation of orbital i.e., 1s (which refers ‘s’ orbital of shell 1).

When l= 1, (2l+ 1) = 3, that means ml has three values, namely, -1, 0,
and 1. Thus there are three orientations of ‘p’ orbitals, along x, y, z axes.
These are labelled as px, py, and pz.
• Do these three p orbitals have the same energy?

The magnetic orbital quantum number (ml) indicates the number of
orbitals in a sub-shell with a particular l value.
Orbitals in the sub-shell belonging to the same
shell possess same energy with different
orientations. Hence, px, py, and pz have same energy,
but they differ in their orientations.

Fill the following table with the number of
orbitals per sub-shell using (2l+1) rule.

The following table represents the shells, sub-
shells and the number of orbitals in the sub-shells.

Table-2

Table.1

l Orbital Number of
orbitals

0 s
1 p
2 d
3 f

The quantum numbers The number of the quantum states

n l ml In the subshell In the coat

1 0(s) 0 2 2

2 0(s) 0 2 8

1(p) -1,0,+1 6 8

0(s) 0 2

3 1(p) -1,0,+1 6

2(d) -2,-1,0,+1,+2 2

0(s) 0 2

4 1(p) -1,0,+1 6 32

2(d) -2,-1,0,+1,+2 10

3(f) -3,-2,-1,0,+1,+2,+3 14
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Each sub-shell holds a maximum of twice as many electrons as the
number of orbitals in the sub-shell 2(2l + 1).

The maximum number of electrons that can occupy various sub-
shells is given in the following
table.
4. Spin Quantum Number
(ms):

The three quantum numbers
n, l, and ml describe the size
(energy), shape, and orientation,
respectively, of an atomic
orbital in space.

As you have observed in the
case of street lights (sodium vapour lamp), yellow light is emitted. This
yellow light is comprised of a very closely spaced doublet when analyzed
using high resolution spectroscope.

 Alkali and alkaline earth metals show such type of lines.
To account for such a behavior of electron an additional quantum

number is introduced. This is spin quantum number. This quantum
represents spin of the electrons about their own axes. It is denoted by ms.

This quantum number refers to the two possible orientations of the
spin of an electron, one clockwise and the other anticlockwise spin. These
are represented by +1/2 and -1/2. If both are positive values, then the spins
are parallel otherwise the spins are anti-parallel.

The importance of the spin quantum number is seen when electrons
occupy specific orbitals in multi-electron atoms.
• How do electrons in an atom occupy shells, sub-shells and orbitals?

Distribution of electrons in shells, sub-shells and orbital in an atom is
known as electronic configuration.

Electronic Configuration
Let us first consider the hydrogen atom for understanding the

arrangement of electrons, because it contains only one electron.
The shorthand notation consists of the principal energy level (n value),

the letter representing sub-level (l value), and the number of electrons (x)
in the sub-shell is written as a superscript as shown below:

nlx.

Table.3
Sub Shells Number of Maximum

orbitals (2l+1) number of
electrons

s (1=0) 1 2
p (1=1) 3 6
d (1=2) 5 10
f (l=3) 7 14
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For the Hydrogen (H) atom having atomic number (Z) = 1, the number
of electrons is one, then the electronic configuration is 1s1.

The electron configuration can also be represented by showing the
spin of the electron.

For the electron in H, as you have seen, the set of quantum numbers is:
n = 1, l = 0, ml= 0, ms=    ½ or – ½.

The distribution of electrons in various atomic orbitals provides an
understanding of the electronic behavior of the atom and, in turn, its
reactivity. Let us consider the He atom.
• He (Z=2) atom has two electrons.
• How are these two electrons arranged?

To describe the electron configuration for more than one electron in
the atom, we need to know three principles:

Those are the Pauli Exclusion Principle, Aufbau principle and Hund’s
Rule.

Let us discuss them briefly.
The Pauli Exclusion Principle:

Helium (He) atom has two electrons. The first electron occupies 1s
orbital. The second electron joins the first in the 1s orbital, so the electron
configuration of the ground state of He is 1s2.
• Then the question is: what are the spins of these two electrons?

According to Pauli Exclusion Principle no two electrons of the same
atom can have all four quantum numbers the same. If n, l, and ml are same
for two electrons, then ms must be different. In the ‘He’ atom the spins
must be paired.

Electrons with paired spins are denoted by ‘!“!. One electron has ms=
+1/2, the other has        ms= “1/2. They have anti-parallel spins.
• How many electrons can occupy an orbital?

The major consequence of the exclusion principle involves orbital
occupancy. Since only two values of ms are allowed, an orbital can hold
only two electrons and they must have opposite spins.

Denotes the principle
quantum number

Denotes the number of
electrons in orbital

Denotes the angular momentum
quantum number

1s1
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Hence, the electronic configuration of Helium atom is:

          1s2

Aufbau Principle:
As we pass from one element to another one of next higher atomic

number, one electron is added every time to the atom, called differentiating
electron.

The maximum number of electrons in any shell is 2n2 where ‘n’ is the
principal quantum number.

The maximum number of electrons in a sub-shell (s, p, d or f) is equal
to 2(2l+1) where l=0, 1, 2, 3…. Thus these sub-shells can have a maximum
of 2, 6, 10, and 14 electrons respectively.

In the ground state the electronic configuration can be built up by
placing electrons in the lowest available orbitals until
the total number of electrons added is equal to the
atomic number. This is called the Aufbau principle
(The German word “Aufbau” means “building
up.”).Thus orbitals are filled in the order of increasing
energy.

Two general rules help us to predict electron
configurations.
1. Electrons are assigned to orbitals in order of

increasing value of (n+l).
2. For subshells with the same value of (n+l),

electrons are assigned first to the subshell with
lower n.
The following diagram shows the increasing value

of (n+l).
Ascending order of energies of various atomic

orbitals
1s < 2s < 2p < 3s < 3p < 4s < 3d < 4p < 5s < 4d

< 5p < 6s < 4f < 5d < 6p < 7s < 5f < 6d < 7p < 8s …
The electronic configuration of some elements in the increasing

atomic number (Z) value is given below.

fig-6: The filling order of atomic
orbitals (Moeller Chart)
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H (Z=1)        1s1

He (Z=2)      1s2

Li (Z=3)       1s22s1

Be (Z=4)      1s22s2

B (Z=5)       1s22s22p1

• For Carbon (Z=6), where does the 6th electron go?
• Whether the electron pairs up in the same p orbital or will it go to the

next p orbital?
Hund’s Rule:

According to this rule electron pairing in orbitals starts only when all
available empty orbitals of the same energy (degenerate orbitals) are
singly occupied.

The configuration of Carbon (C) atom (Z=6) is 1s22s22p2. The first
four electrons go into the 1s and 2s orbitals. The next two electrons go
into separate 2p orbitals, with both electrons having the same spin

Note that the unpaired electrons in the 2p orbitals are shown with
parallel spins.

Activity 4
Complete the electron configuration of the following elements.

Table.4

Element Atomic  number (Z) Electron Configuration electrons
C 6
N 7
O 8
F 9
Ne 10
Na 11
K 19
Sc 21
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Stable electron configuration
We know that certain elements like He, Ne, and Ar which belong to

18th group or VIII A  group are chemically non reactive and the atoms of
these elements are highly stable. These elements are also known as noble
gases.
• Why do elements like He, Ne and Ar are highly stable?
• Is there any relationship between stability of these elements and their

electron configurations?
Let us see.
Observe the electron configurations of the following elements.
i. He (Z = 2)      1s2

ii. Ne(Z=10)1s22s22p6

iii. Ar (Z=18)1s2 2s2 2p6 3s2 3p6                  

• What similarities do you notice in electron configuration of these
elements?
You will notice in all there elements the outermost orbitals are

completely filled.
Helium (He) atom has two electrons in its outer most orbit (1s2).
Its electron configuration, is known as duplet configuration (ns2),

where as in case of Neon and Argon there are eight electrons in their
outermost orbitals, giving rise to a general outermost orbital electron
configuration of ns2 np6. This is known as octet configuration.

Because these particular electron configuration (ns2, ns2 np6). The
elements like He, Ne and Ar are more stable.

Let us compare the electron configurations of some other elements
like Li, Na, F and Cl with those of above inert gas elements.

Li (Z=3)       1s2            2s1 which can also be written as
[He] 2s1
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Na(Z=11)       1s2          2s2 2p6                          3s1   (or) [Ne]3s1

F (Z=9)          1s2            2s2                  2p5            (or) [He]2s2 2p5

Cl (Z=17)
    1s2            2s2                   2p6                   3s2             3p5    (or) [Ne] 3s2 3p5

• What difference do you find during these elements with respect to
their electron configuration?
You will notice that
Lithium and sodium are having just one electron more than their nearest

inert gas electron configuration. Therefore, these elements try to lose
one electron to get stability by acquiring inert gas electron configuration.

Similarly, fluorine and chlorine have shortage of one electron to get
electron configuration of their nearest inert gases. Hence they readily
accept one electron to get stability by acquiring inert gas electron
configuration.

From the above discussion we can say that the atoms with ns2 or ns2

np6 configuration in their outer most orbitals are more stable.
• Why Nitrogen is more stable than oxygen?

Compare the electron configurations of Nitrogen and Oxygen.

N (Z=7)  [He] 2s2 2p3

O (Z=8)  [He] 2s2 2p4

You will notice that for Nitrogen the degenerate 2p orbitals of its
outermost sub-shell is half filled. This electron configuration of Nitrogen
explains its stability.

Thus the atoms with half filled orbitals in their outermost orbit are
more stable when compared with their neighboring elements.

Let us observe the electron configuration of Cr and Cu.

Cr (Z=24)  [Ar]18 4s2 3d4

Cu (Z=29)  [Ar]18 4s2 3d9
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If you observe the above electron configurations of Cr and Cu you
will notice that their outermost orbits are neither half-filled nor completely
filled. But these elements show stability in terms of reactivity with other
elements.
• How could you explain this?

The predicted electron configurations of chromium, [Ar]18 4s2 3d4 and
copper, [Ar]18 4s2 3d9, where as experimentally it has been showed that the
actual electron configuration of chromium, [Ar]18 4s1 3d5 and copper, [Ar]18

4s1 3d10 .
In chromium and copper the electrons in 4s and 3d re-distributes their

energies to attain stability by acquiring half filled and completely filled d-
orbitals.

Hence the actual electron configuration of chromium and copper are
as follows:

Cr (Z=24)     [Ar]18 4s1 3d5

Cu (Z=29)  [Ar]18 4s1 3d10

Key words

Wave, Spectrum, intensity, discrete energy, line spectrum,
orbital, quantum numbers, shell, sub-shell, electron spin,
electron configuration,  the Pauli’s exclusion principle, Aufbau
principle, Hund’s rule, stable electron configuration.

c = fλ E = hf



Structure of Atom20 X Class

• Light can be characterized by its wavelength ë and frequency í, and these quantities are related
to the speed of light c as: c = fλ.

• Spectrum is a group of wavelengths.
• Electromagnetic energy (Light) can have only certain discrete energy values which is given by

the equation   E=hf
• Electrons in an atom can gain energy by absorbing a particular frequency of light and can lose

energy by emitting a particular frequency.
• Bohr’s model of atom: Electrons are present in stationary states. The electron moves to higher

energy level if it absorbs energy in the form of electromagnetic energy or moves to a lower
energy state by emitting energy in the form of electromagnetic energy of appropriate frequency.

• Atomic line spectra arise because of absorption /emission of certain frequencies of light energy.
• It is not possible to measure the position and velocity of an electron simultaneously.
• The space around the nucleus where the probability of finding the electron is maximum is called

orbital.
• The three quantum numbers n, l, ml describe the energy, shape and orientation respectively, of

an atomic orbital.
• Spin is an intrinsic property of an electron.
• The arrangement of electrons in shells, sub-shells and orbitals in an atom is called the electron

configuration.
• According to Pauli Exclusion Principle no two electrons of the same atom can have the entire

four quantum numbers same.
• Aufbau principle: The lowest-energy orbitals are filled first.
• Hund’s rule: The orbitals of equal energy (degenerate) are occupied with one electron each

before pairing of electrons starts.

1. The wave length of a radio wave is 1m. Find its frequency.
2. Your father asked you to go to the market and purchase an electric lamp. The shop-keeper

displayed two lamps one is violet and another is red, which coloured lamp do you purchase to
put in your bed room. Support your choice of solution?

3. An emission spectrum consists of bright spectral lines on a dark back ground. In this the bright
spectral lines corresponds to   [     ]
a. Frequency of emitted radiation b. Wave length of emitted radiation
c. Energy of emitted radiations d. All the above.

4. Collect the wave lengths and corresponding frequencies of three primary colours red, blue and
green

What we have learnt

Improve your learning
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5. Rainbow is an example for continuous spectrum – explain.
6. How many elliptical orbits are added by Sommerfeld in third Bohr’s orbit? What

was the purpose of adding these elliptical orbits?
7. Heisenberg contradicts Neils Bohr. Explain in what way he contradicts.
8. What is an orbital? How it is different from Bohr’s orbit?
9. Explain the significance of three Quantum numbers in predicting the position ns of

an electron in an atom.
10. a. how many maximum number of electron can be accommodated in a principal

energy shell?
b. how many maximum number of electrons can be accommodated in a sub shell?
c. how many maximum number of electrons can be accommodated in an orbital?
d. how many sub shells will be present in a principal energy shell?
e. for ‘n’, the minimum value is …………… and the maximum value is …………..
f. for ‘l’, the minimum value is …………..and the maximum value is ………….
g. for ‘ml’ the minimum value is ………… and the maximum value is ………….
h. how many orbitals are present in a sub shell?
i. how many spin orientations are possible for an electron in an orbital?
j. the value of ‘ml’ for an electron spinning in clock-wise direction is

……………… and for anti clock-wise direction is ……….
11.  i. An electron in an atom has the following set of four quantum numbers to which

orbital it belong to:
n l ml ms

2 0 0 + ½
ii. Write the four quantum numbers for 1s1 electron.

12. What is nl
x method? How it is useful?

13. Following orbital diagram shows the electron configuration of nitrogen atom. Find
out the mistake in it? Which rule do you mention to support your answer?

N (Z = 7)

      1s              2s                     2p
14. 1s2 2s2 2p6 3s2 3p6 3d10 4s1 is the electron configuration of Cu (Z = 29) which rule is

violated while writing this configuration. What might be the reason for writing this
configuration?

15. Writ e the four quantum numbers for the differentiating electron of sodium (Na)?
16. Why are chromium and copper exceptions to electronic configuration?
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3Chapter

Metallurgy

In class 8th we studied about metals. In our daily life we come across a
lot of items made of metals.

Can you name them some?
If you wish to prepare an item with metal, where would you get it?
Can you get it directly any where? If not, are there any processes to

get metals directly?
Metals are not available as free element on earth. We have to extract

it. In this lesson we will discuss about the process of extraction of metals.
Have you ever heard the word Metallurgy?
“Metallurgy is the process of extraction of metals from their ores

and preparation of alloys”.
Human history in terms of materials had the Bronze Age and Iron Age

pertaining to the metals they started to use the bronze (an alloy of copper
and tin) and iron. Now we have more than 75% metals among the elements
available.

Occurrence of the metals in nature:
• How the metals are present in nature?

The earth’s crust is the major source of metals. Sea water also contains
some soluble salts such as sodium chloride and magnesium chloride etc.
Some metals like gold (Au), silver (Ag) and copper (Cu) are available in
nature in Free State as they are least reactive. Other metals mostly are
found in nature in the combined form due to their more reactivity. The
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Think and discuss

elements or compounds of the metals which occur in nature in the earth
crust are called minerals.

At some places, minerals contain a very high percentage of a particular
metal and the metal can be profitably extracted from it. The minerals from
which the metals are extracted without economical loss are called ores.

Aluminium, for example, is the most common metal in the Earth’s
crust, occurring in all sorts of minerals. However, it isn’t economically
worthwhile to extract it from most of these minerals. Instead, the usual
ore it is profitable to extract i from is bauxite – which contains from 50 –
70 %  of aluminium oxide .

Activity 1
Look at the following ores.
Identify the metal present in each ore.

Table - 1

• Do you agree with the statement “All ores are minerals but all
minerals need not be ores?” Why?

ORE Formula ORE Formula

Bauxite (Al2O3 2H2O)

Copper Iron Pyrites (CuFeS2)

Zinc Blende (ZnS)

Magnesite (MgCO3)

Epsom salt (MgSO4 7H2O)

Horn Silver (AgCl)

 Pyrolusite (MnO2)

Haematite (Fe2O3)

Zincite (ZnO)

Rock salt (NaCl)

Cinnabar (HgS)

 Magnetite (Fe3O4)

Galena (PbS)

Gypsum (CaSO4 2H2O)

Lime stone (CaCO3)

Carnallite (KCl MgCl2 6H2O)
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Now try to classify them as shown in the table.
Table - 2

• What metals can we get from the ores mentioned in Table – 1?
• Can you arrange these metals in order of their reactivity?
• What do you notice in Table – 2?

You will notice that the ores many metals are oxides.
The metals like K, Na, Ca, Mg and Al are so reactive that they never

found in nature at free state.
The metals like Zn, Fe, Pb etc., are moderately reactive. They are found

in the earth crust mainly as oxides, sulphides and carbonates.
Metals like Au, Ag are very least reactive and they found in free state

in nature.
Based on reactivity we can arrange metal in descending order of their

reactivity as shown below:
   K, Na, Ca, Mg, Al       Zn, Fe, Pb, Cu       Ag, Au
–––––––––––––––       –––––––––––––––           –––––––––––––
        High reactivity                      Moderate reactivity                  Low reactivity

• Can you think how do we get these metals from their ores?
• Does the reactivity of a metal and form of its ore (oxides, sulphides,

chlorides, carbonates sulphates) has any relation with process of
extraction?
Let us find.

• How are metals extracted from mineral ores?
• What methods to be use?

Extraction of metals from the ores:
The extraction of a metal from its ore involves mainly three stages.

They are:
i) Concentration or Dressing
ii) Extraction of crude metal
iii)Refining or purification of the metal.

IOxides Sulphides Chlorides Carbonates Sulphates
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i.   Concentration or Dressing of the ore:
Ores that are mined from the earth are usually contaminated with large

amount of impurities such as soil and sand etc.
Concentration or Dressing means, simply getting rid of as much of

the unwanted rocky material as possible before the ore is converted into
the metal. The impurities like clay are called gangue.

Enrichment of the ore: Physical methods are used to enrich the ore.
In many cases, it is possible to separate the metal compound from unwanted
rocky material by physical means. A common example of this involves
froth flotation.

The physical methods adopted in dressing the ore (or) enriching the
ore depends upon difference between physical properties of ore and gangue.

Impure Metal

Purification
of the
metal

Pure metal

Extracting of
Crude metal

Concentrated Ore

Concentration

Ore

Convertion into
metal Oxide

Convertion of
Oxide into metal

Hand picking
Washing
Froth flotation
Magnetic Separation

Roasting
Calcination

Chemical Reduction
Auto Reduction
Displacement method
Electrolytic reduction

Distillation
Poling
Liquation
Electrolytic refining
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Name of the
method

Process

Hand picking If the ore particles and the impurities are different in
one of the properties like colour, size etc. Then using
that property the ore particles are handpicked separating
them from other impurities.

Washing Ore particles are crushed and kept on a slopy surface.
They are washed with controlled flow of water. Less
densive impurities are carried away by water flow,
leaving the more densive ore particles behind.

Froth floatation This method is mainly useful for sulphide ores which
have no wetting property whereas the impurities get
wetted. The ore with impurities is finely powdered and
kept in water taken in a flotation cell. Air under pressure
is blown to produce froth in water. Froth so produced,
takes the ore particles to the surface whereas impurities
settle at the bottom. Froth is separated and washed to
get ore particles.(see fig.1)

Magnetic separation If the ore or impurity, one of them is magnetic and the
other non-magnetic they are separated using
electromagnets. (see Fig.2)

Froth bubbles
carrying sulphide

ore particles Compressed
Air

Sulphide ore
particles

Water
containing
pine oil

Gangue

fig-1: Froth floatation process for the
concentration of sulphide ores

Powdered ore

Magnetic
wheel

Moving belt

Non Magnetic ore

Non
Magnetic
wheel

fig-2: Magnetic separation
Magnetic ore



Free distribution by A.P. Government 7

There are some other methods also for dressing which you will learn
at higher classes.

ii   Extraction of crude metal from the ore:
After concentration and dressing of ore that obtained earth, we get a

concentrated or enriched ore. To extract metal from this enriched ore it is
converted into metallic oxide by reduction reaction. Then this metallic
oxide further reduced to get a metal with certain impurities.

Extraction of the metal from its ores depends on the reactivity of the
metal. To understand the reactivity of a metal and its position in the activity
series, you need to know its electrode potential value, which you will learn
at higher classes. To understand the order of reactivity of metals that are
very familiar, we study their chemical reactions with cold water, steam,
dilute strong acids and Cl2 and based on their vigorous activity order in
these reactions we frame out activity series. Arrange the metal in decreasing
order of their reactivity is known as activity series.

The classification of the metals on the basis of their reactivity:
Based on the decreasing reactivity order in several reactions the metals

are arranged in the following order as activity series:
A) Extraction of Metals at the top of the activity series:

(K, Na, Ca, Mg and Al). Simple chemical reduction methods like heating
with C, CO etc to reduce the ores of these metals are not feasible. The
temperature required for the reduction is too high and more expensive. To
make the process economical, electrolysis methods are to be adopted.
Again the electrolysis of their aqueous solutions also is not feasible
because water in the solution would be discharged at the cathode in
preference to the metal ions.

The only method viable is to extract these metals by electrolysis of
their fused compounds. For example to extract Na from NaCl, fused NaCl
is electrolysed with steal cathode (-) and graphite anode (+). The metal
(Na) will be deposited at cathode and chloride liberated at the anode.

At Cathode 2Na+  +  2e-  ’!  2Na; and
At Anode 2Cl -  ’!  Cl2 + 2e-

Tin stone is separated from wolframite by magnetic method

Do you know?
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Metals Action of
Oxygen

Reaction with
cold water

Reaction with
steam

Reaction with
dilute strong Acids

Reaction with
chlorine on heating

K

Na

Ca

Mg

Al

Zn

Fe

Pb

Cu

Hg

Ag

P t

Au

Form Na2O, K2O
in limited supply
of O2 but form
peroxides in
excess of O2

K to Mg
displace H2 from
coldwater with
decreasing
reactivity
{K violently but
Mg very
slowly}

K to Fe displace
H2 with steam
without
decreasing
reactivity.
{K very
violently but Fe
very slowly}

K to Pb displace
H2 from dilute
strong acids with
decreasing
reactivity.
{K-explosively,
Mg-very
vigorously,
Fe-steadily,
Pb-very slowly}

All metals react with
Chlorine on heating
toform their respective
Chlorides but with
decreasing reactivity
from top to bottom.
This is understood
from the heat evolved
when the metal reacts
with one mole of
Chlorine gas to form
Chloride.

Burn with
decreasing
vigour to form
oxides CaO,
MgO, Al2O3,
ZnO, Fe2O3

Don’t burn, but
only form a

surface layer of
oxide PbO, CuO,

HgO

Don’t burn or
oxidise even on
the surface

From Al to Au
do not displace
H2 from cold
water

From Pb to Au
donot displace
H2 from steam Cu to Au do not

displace H2 from
dilute strong
acids

KCl, NaCl, CaCl2,
MgCl2, Al2Cl3, ZnCl2,
FeCl3, PbCl2, CuCl2,
HgCl2, AgCl, PtCl3
and AuCl3 are
formed

In the above electrolysis, a large quantity of electricity is required to
keep the ore in molten state. Suitable impurities are added to the ore to
decrease its melting point.
B)  Extraction of metals in the middle of the activity series:

(Zinc, iron, tin, lead and copper): The ore of these metals are generally
present as Sulphides or Carbonates in native. Therefore prior to reduction
of ores of these metals, they must be converted into metal oxides.

Sulphide ores are converted into oxides by heating them strongly in
excess of air. This process is known as roasting. Generally the sulphide
ores are roasted to convert them into oxides before reducing them to metal.

Eg: 2PbS  +  3O2    2PbO  +  2SO2

The metal oxides are then reduced to the corresponding metal by using
suitable reducing agent such as carbon

i) Reduction of metal oxides with carbon: The oxides are reduced
by coke in a closed furnace which gives the metal and carbon monoxide
(CO).

                   at 1400 oCEg: PbO  + C        ––––––––––>  Pb  +  CO
ii) Reduction of oxide ores with CO.

          in blast furnace
Eg: Fe2O3  +  3CO   ––––––––––––> 2Fe  +  3O2
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iii) Auto (self) reduction of sulphide ores: In the extraction of Cu
from its sulphide ore, the ore is subjected partial roasting in air to give its
oxide.

2Cu2S  +  3O2    2Cu2O  +  2SO2

When the supply of air is stopped and the temperature is raised. The
rest of the sulphide reacts with oxide and forms the metal and SO2.

2Cu2O  +  Cu2S    6Cu  +  2SO2

iv) Reduction of ores (compounds) by more reactive metals.
                                              850 oC
Eg: TiCl4  +  2Mg   ––––––––––––>Ti + 2MgCl2

         850 oC
      TiCl4  +  4Na   ––––––––––––>  Ti + 4NaCl

Thermite process: When highly reactive metals such as sodium,
calcium, aluminium etc., are used as reducing agents, they displace metals
of lower reactivity from the compound. These displacement reactions are
highly exothermic. The amount of heat evolved is so large that the metals
produced in molten state. This type of reaction is used in thermite process.

The reaction of Iron (III) oxide (Fe2O3), with aluminium is used to join
railings of railway tracks or cracked machine parts. This reaction is known
as the thermite reaction.

2Al + Fe2O3   Al2O3 + 2Fe  +  Heat
2Al + Cr2O3   Al2O3 + 2Cr  +  Heat

C) Extraction of metals at the bottom of the activity series
(Ag, Hg etc)

Metals at bottom of the activity series are often found in free state.
They reactivity with other atoms is very low. The oxides of these metals
can be reduced to metals  by heat alone and sometimes by displacement
from their aqueous solutions.

fig-3(a): fig-3(b): fig-3(c):
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i) When cinnabar (HgS) whch is an ore of mercury, heated in air, it is
first converted into (HgO) then reduced to mercury on further heating.

Eg: 2HgS  +  3O2  ––––>  2HgO  +  2SO2 ––––> 2HgO  –––> 2Hg  +  O2    Heat                                       Heat                   Heat

ii) Displacement from aqueous solutions:
Eg: Ag2S  +  4CN-   2[Ag(CN)2]

-  +  S2-

       2[Ag(CN)2]
- (aq) +  Zn(s)  [Zn(CN)4]

2- (aq) +  2Ag (s)
Here Ag2S is dissolved in say KCN solution to get dicyanoargentate

(I) ions. From these ions Ag is precipitated by treating with Zn dust powder.

Purification of the crude metal:
The metal obtained by the reduction of the ore is usually contaminated

with impurities like unchanged ore, other metals present in the ore and
non metals from the anions in the ore.

For example, the (blister) copper obtained from its sulphide ore is a
compound of copper iron pyrites (CuFeS2). It contains some copper
sulphide, iron and sulphur. It is purified by suitable methods including
electrolysis. The process of obtaining the pure metal from the impure
metal is called refining of the metal. Refining of the metal involves several
types of processes. Some refining methods are given below:

a) Distillation    (b) Poling    (c) Liquation   (d)   Electrolysis  etc.
The process that has to be adopted for purification of a given metal

depends on the nature of the metal and its impurities?
a) Distillation: This method is very useful for purification of  low

boiling metals like zinc and mercury whether contain high boiling metals
as impurities. The extracted metal in the molten state is distilled to obtain
the pure metal as distillate.

b) Poling: The molten metal is stirred with logs (poles) of green
wood. The impurities are removed either as gases or they get oxidized and
form scum (slag) over the surface of the molten metal. Blister copper is
purified by this method. The reducing gases, evolved from the wood,
prevent the oxidation of copper.

c) Liquation: In this method a low melting metal like tin can be made
to flow on a slopy surface to separate it from high melting impurities.

d) Electrolytic refining: In this method, the impure metal is made
to act as anode. A strip of the same metal in pure form is used as cathode.
They are put in a suitable electrolytic bath containing soluble salt of the
same metal. The required metal gets deposited on the cathode in the pure
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form. The metal, constituting the impurity, goes as the anode mud. The
reactions are:

Anode:   M     Mn+   +   ne-

Cathode: Mn+   +   ne-     M            (M = pure metal )
Where n = 1,2,3, ...
We use this electrolytic method to refine copper.
 For this an impure copper is taken

as anode and pure copper strips are
taken as cathode. The electrolyte is a
acidified solution of copper sulphate.
As a result of electrolysis copper in
pure form is transferred from the
anode to the cathode.

Anode: Cu   Cu2+   +   2e-

Cathode: Cu2+   +   2e-     Cu
The suitable impurities go into the solution, where as insoluble

impurities from the blister copper deposited at the bottom of anode as
anode mud which contains antimony. Selenium, tellurium, silver, gold and
platinum; recovery of these elements may meet the cost of refining.

Zinc may also be refined this way.

Corrosion:
You have learnt about corrosion in chapter – 1. In corrosion of metals,

metallic objects are slowly coated with oxides or other salts of the metal
and forms thin layer. The compounds that a coated layer contains are
generally of the same metal as the compounds of their minerals.

The rusting of iron (iron oxide), tarnishing of silver (silver sulphide),
development of green coating on copper (copper carbonate) and bronze
are some of the examples of corrosion.
• Do you know why corrosion occure?
• Whar eare condition for corrosion to take place?

Let us find

Activity -2
• Take three test tubes and place clean irobn nails in each of them.
• Label these test tubes A,B and C. pour some water in test tube A and

cork it.

fig-4: Experimental setup for the electrolic
refining of copper
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• Pour boiled distilled water in test tube B, add
about 1 ml of oil  and cork it. The iol will flowat on
water and prevent the air from dissolving in the
water.
• Put some anhydrous calciuym chloride in test
tube C and cork it. Anhydrous calcium chloride will
absorb the moisture, if any, from the air. Leave these
test tubes for a few days and then observe
(see figure).

You will observe that iron nails rust in test tube
A, but they do not rust in test tubes B and C. in the
test tube, the nails are exposed to both air and water.
In the test tube B, the nails are exposed to only water,
and the nails in test tube C are exposed to dry air.

• What does this tell us about the conditions under which iron articles
rust?
In metallic corrosion, a metal is oxidised by loss of electrons generally

to oxygen and results in the formation of oxides. Corrosion of iron
(commonly known as rusting) occurs in presence of water and air.

The chemistry of corrosion is quite complex but it may be considered
essentially as an electrochemical phenomenon. During corrosion at a
particular spot on the surface of an object made of iron, oxidation takes
place and that spot behaves as anode and we can write the reaction.

Anode:    2Fe(s)     2Fe2+   +   4e-

Electrons released at this anodic spot move through the metal and go
to another spot on the metal and reduce oxygen at it in presence of H+

(which is believed to be available from H2CO3 formed due to dissolution
of carbon dioxide from air into water in moist air condition of atmosphere.
Hydrogen ion in water may also be available due to dissolution of other
acidic oxides from the atmosphere). This spot behaves as cathode with the
reaction.

Cathode:   O2(g)   +   4H+ (aq)  +  4e-   2H2 O(l)

The overall reaction is: 2Fe(s)+O2(g)+4H+
(aq)  2Fe2+

(aq)+2H2O(l)

The ferrous ions are further oxidised by atmospheric oxygen to ferric
ions which come out as rust in the form of hydrated ferric oxide
(Fe2O3.XH2O) and with further production of hydrogen ions.

Boiled
distilled water

Anhydrous
calcium chloride

Water

Rusty
iron
nails

Air Air Dry
air

Layer
of oil

fig-5: Investigating the conditions
under which iron rusts
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Prevention of corrosion:
Prevention of corrosion is of prime importance. It not only saves money

but also helps in preventing accidents such as a bridge collapse or failure
of a key component due to corrosion.

One of the simplest methods of preventing corrosion is to prevent the
surface of the metallic object to come in contact with atmosphere. This
can be done by covering the surface with paint or by some chemicals (eg:
bisphenol).

Another simple method is to cover the surface by other metals (Sn, Zn
etc) that are inert or react themselves with atmosphere to save the object.

An electrochemical method is to provide a sacrificial electrode of
another metal (like Mg, Zn etc) which corrodes itself but saves the object.

A few important processes used in metallurgy:
Smelting: Smelting is a pyrochemical process, in which the ore is

mixed with flux and fuel then is strongly heated. The heat is so strong that
the ore is reduced to even metal as in the case of iron (Fe), and the metal
is obtained in molten state. During smelting the impurities (gangue) in the
ore react with flux to form slag which is removed. For haematite
(Fe2O3)ore, coke is used as fuel and lime stone (CaCO3) is used as flux.
The smelting is carried out in a specially built furnace known as blast
furnace.

Do you know?

Alloying is a very good method of improving the properties of a metal. We
can get desired properties by this method. For example, iron is the most widely
used metal. But it is never used in its pure state. This is because pure iron is very
soft and stretches easily when hot. But, if it is mixed with a small amount of
carbon, it becomes hard and strong. When iron is mixed with nickel and chromium
we get stainless steel. Pure gold, known as 24 carat gold, is very soft. It is, therefore,
not suitable for making jewellery. It is alloyed with either silver or copper to
make it hart. Generally, India 22carat gold is used for making ornaments. It means
that 22 parts of pure gold is alloyed with  2 parts of either silver or  copper.
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The reactions inside the furnace are:
2C(s)   +   O2   ––––>  2CO

         Fuel

Fe2O3(s)   +   3CO(g)   ––––>  2Fe(l)   +   3CO2(g)
haematite

CaCO3(s)              ––––>  CaO(s)   +   CO2
Limestone(flux)                          lime

CaO(s)   +   SiO2(s)   ––––>   CaSiO3(l)
Lime              silica(gangue)              calcium silicate(slag)

Flux: Flux is a substance added to the ore to remove the gangue from
it by reacting with ore. If the impurity (gangue) is acidic substance like
SiO2, basic substance like CaO is used as flux and if the impurity is of
basic nature like FeO acidic flux like SiO2 is added to the gangue.

CaO(s)   +   SiO2(s) ––––>   CaSiO3(l)
Fiux                  silica(gangue) calcium silicate(slag)

FeO(s)   +   SiO2(s) ––––>   FeSiO3(l)
gangue              silica(gangue) calcium silicate(slag)

Roasting: Roasting is a pyrochemical process in which the ore is
heated in the presence of oxygen or air below its melting point. The
products (like metal oxide from sulphide ore) obtained in the process
also are in solid state. Generally reverberatory furnace is used for roasting.

2ZnS(s)   +   3O2(g)   ––––>  2ZnO(s)   +    2SO2(g)
zinc blende

Ore

Health

fig-6: Reverberatory
furnace

fig-5: Blast furance
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Calcination:  Calcination is a pyrochemical process in which the
ore is heated in the absence of air. The ore gets generally decomposed in
the process.

Eg: MgCO3(s)       MgO(s)   +   CO2(g)

CaCO3(s)         CaO(s)   +   CO2(g)

• What is the role of furnace in metallurgy?
• How they bear large amounts of heat?
• Do all furnaces have same structure?

Let us see:
Furnace: Furnace is the one which is used to carry out pyrochemical

processes in metallurgy. We have mainly three parts in a furnace known
as Hearth, Chimney and fire box.

Hearth is the place inside the furnace where the ore is kept for heating
purpose.

Chimney is the outlet through which flue (waste) gases go out of the
furnace.

Fire box is the part of the furnace where the fuel is kept for burning.
In Blast furnace both fire box and hearth are combined in big chamber

which accommodate both ore and fuel. Reverberatory furnace has both
fire box and hearth separated, but the vapours (flame) obtained due to the
burning of the fuel touch the ore in the hearth and heat it.

In furnaces like retort furnaces there is no direct contact between the
hearth or fire box and even the flames do not touch the ore.

Key words

Minerals, ores, froth flotation, Thermite process, distillation,
poling, liquation, electrolytic refining, smelting, roasting,
calcinations, blast furnace, reverberatory furnace.
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• A metallic compound occurring in the earth crust along with impurities is called mineral.
• A mineral from which a metal can be extracted economically and conveniently is called ore.
•  The impurity present in the ore is called Gangue..
• The new substance added to ore remove gangue is called flux.
• The extraction of metal from its ore involves mainly three stages: Concentration, extraction of

crude metal, Refining of the metal.
• Physical methods adopted in dressing the ore are Hand picking, washing, froth flotation, Magnetic

separation etc.
• Activity series.
• The methods used for Extracting of Crude metal are Calcination, Roasting, Chemical reduction,

Auto reduction, Displacement  method, Electrolytic reduction .
• Calcination is a process of heating the ore strongly in the absence of air or oxygen.
• During calcinations, carbonate is converted to its oxide.
• Roasting is a process of heating the ore strongly in a free supply of air or oxygen.
• Calcination, Roasting are  carried out in a riverboratory furnace
• Purification methods
• Corrosion and prevention of corrosion.

1. List three metals that are found in nature as Oxide ores.
2. List three metals that are found in nature in uncombined form
3. Write a note on ore  dressing in metallurgy?
4. What is an ore ? On what basis a mineral is chosen as an ore?
5. Write the names of any two ores of iron?
6. How do metals occur in nature? give examples to any two types of minerals.
7. Write short notes on frothfloatation process?
8. What is magnetic separation method for concentration of an ore used ? explain with an example?
9. Draw a neat diagram of riverboratory furnace and label it neatly?
10. Write short notes on each of the following :
1. Roasting 2. Calcination 3. Smelting.
11. What is thermit process?

Improve your learning

What we have learnt
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Multiple Choice Questions

12. What is the difference  between roasting and calcinations? Give one example for each?
13.  Magnesium is an active metal if it occurs as a chloride in nature, which method of reduction is

suitable for it
14. Mention two methods which produce very pure metals?

1. The impurity present in the ore is called as _________ [        ]
A) Gangue B) flux C) Slag D) Mineral

2.    Which of the following is a carbonate ore? [        ]
A) Magnesite B) Bauxite C) Gypsum D) Galena

3. Which of the following is the correct formula of Gypsum  [        ]
 A) CuSO4. 2H2OB). CaSO4. 2H2O C) CuSO4 .H2O D)CaSO4 .H2O

4. The oil used in the froth floatation process is __________  [        ]
A) Kerosene  oil   B) pine oil C) coconut oil D) olive oil.

5. Froth floatation is method used for the purification of ______ore.  [        ]
A) Sulphide B) Oxide C)carbonate D) nitrate

6. Galena is an ore of —-———————  [        ]
A) Zn B) Pb C) Hg D) Al

7. The metal that occurs in the native form is __________   [        ]
A) Pb B) Au C) Fe D) Hg

8. The most abundant metal in the earth’s crust is ——————   [        ]
A) Oxygen B) Aluminium C) zinc D) iron

9. The reducing agent in thermit process is ___________    [        ]
A) Al B) Mg C) Fe D) Si

10.   The purpose of smelting an ore is to __________ it.  [        ]
A) Oxidise B) Reduce C) Neutralise D) none of these
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4Chapter

The Periodic Table

A medical shop contains a vast number of medicines. The shop keeper
finds difficult or impossible to remember all the names of medicines that
he has. When you go to a chemist shop and you ask the shopkeeper for a
particular medicine, without any difficulty he hands over it to you. How is
it possible?

Think of a super bazaar. When you step inside it you see a particular
arrangement of goods inside it. When you look for grocery that you need,
you go to it and select what you want. In what way it makes you easy
selection?

From the above daily observations, you can conclude that a special
arrangement are made basing upon a special character of items in all the
cases. This is done for convenience.

Even in chemistry, from the earliest times, scientists have been trying
to classify material. In earlier classes, we studied about grouping matter
into solids, liquids and gases. After elements were defined, attempts started
to classify them.

Need for the arrangement of elements in an organised manner:
Robert Boyle (1661) defined an element as any substance that cannot

be decomposed into a further simple substance by a physical or chemical
change.

At his time, about thirteen elements were known.
Towards the end of eighteenth century, by the time of Lavoisier another

eleven elements were discovered. By 1865 about sixty three elements
were known and by 1940, a total of ninety one elements from natural
sources and another seventeen elements synthetically were obtained.
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By now, including synthetic elements, there are more than 115
elements. As the number of elements increased, it became difficult to
keep in memory the chemistries of individual elements and their
compounds.

In previous classes we learnt that elements were classified into metals
and non-metals. But this classification had so many limitations. So there
is a need to classify in other ways. Hence chemists started to frame ways
to group these elements and compounds on the basis of their physical and
chemical properties.

In the beginning of 18th century Joseph Louis Proust stated that
hydrogen atom is the building material and atoms of all other elements
are simply due to the combination of number of hydrogen atoms. (It is to
be noted that at his time the atomic weight of all elements were given as
whole numbers and the atomic weight of hydrogen was taken as one.)

Dobereiner’s law of Triads:
A German chemist Johann Wolfgang Döbereiner (1829) noted that

there were groups of elements with three elements known as triads.
Elements in each group or a triad possess with similar chemical properties.

Döbereiner discovered that “the relative atomic mass of the middle
element in each triad was close to the average of the relative atomic masses
of the other two elements”. This statement is called the Dobereiner’s law
of Triads.

Activity-1
Observe the following table.
Elements in each column represent a triad.

Group Elements and their Atomic Mass Arithmetic mean of Atomic mass

A Lithium (Li) Sodium (Na) Potassium (K)
7.0 23.0 39.0

B Calcium (Ca) Strontium(Sr) Barium (Ba)
40.0 87.5 137.0

C Chlorine (Cl) Bromine (Br) Iodine (I)
35.5 80.0 127.0

D Sulphur (S) Selenium (Se) Tellurium (Te)
32.0 78.0 125.0

E Manganese(Mn) Chromium(Cr) Iron (Fe)
55.0 52.0 56.0

    7.0 + 39.0
   –––––––––    = 23.0
            2
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Think and discuss

• Sodium forms NaH, Na2O and NaOH with H2, O2 and H2O respectively.
Write the formulae of respective compounds formed when Potassium
(K) reacts with H2, O2 and H2O.

• The densities of Calcium (Ca) and Barium (Ba) are 1.55 and 3.51 gcm-

3 respectively. Based on Dobereiner’s law of triads can you give the
approximate density of Stronsium (Sr)?

In the first row you will find that atomic mass of sodium (Na) is equal
to the average of relative atomic mass of Li and K.
• Can you establish the same relationship with the set of elements given

in the remaining rows?
• What do you observe?

Döbereiner’s attempts gave a clue that atomic masses could be
correlated with properties of elements. It made chemists look
at elements in terms of groups of elements with similar chemical and
physical properties. This eventually led to rigorous classification
of elements and the modern periodic table of elements.

Limitations :
i. All the then known elements could not be arranged in the form of triads.
ii. The law failed for very low mass or for very high mass elements. 

In case of F, Cl, Br, the atomic mass of Cl is not an arithmetic mean of
atomic masses of F and Br.

iii. As the techniques improved for measuring atomic masses accurately,
the law was unable to remain strictly valid.

Newland’s law of Octaves:
John Newlands was a British chemist. Newlands (1865) found that

when elements were arranged in the ascending order of their atomic masses.
They appeared to fall into seven groups. Each group contained elements
with similar chemical properties. Newlands proposed the law of octaves.

Newlands law of octaves states that when elements are arranged in
the ascending order of their atomic masses they fall into a pattern in which
their properties repeat at regular intervals. Every eighth element starting
from a given elements resembles in its properties to that of the starting
element.
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No.

H 1

Li 2

G 3

Bo 4

C 5

N 6

O 7

No.

F 8

Na 9

Mg 10

Al 11

Si 12

P 13

S 14

No.

Cl 15

K 16

Ca 17

Cr 19

Ti 18

Mn 20

Fe 21

No.

Co&Ni 22

Cu 23

Zn 24

Y 25

In 26

As 27

Se 28

No.

Br 29

Rb 30

Sr 31

Ce&La 33

Zr 32

Di&Mo34

Ro&Ru 35

No.

Pd 36

Ag 37

Cd 38

U 40

Sn 39

Sb 41

Te 43

No.

I 42

Cs 44

Ba&V 45

Ta 46

W 47

Nb 48

Au 49

No.

Pt&Ir 50

Os 51

Hg 52

Tl 53

Pb 54

Bi 55

Th 56

Think and discuss

• Do you know why Newlands proposed the law of octaves? Explain your
answer in terms of the structure of the atom.

• Do you think Newlands proposed the law of octaves is correct? Justify

Table 1:  Newlands’ table of elements.

Newlands was the first to assign atomic numbers to the elements.
Unfortunately his work was neither accepted by his seniors nor by the
journal of the Chemical society.

In Newland’s table of element, if we start with hydrogen, the eighth
element is fluorine and next eighth element is chlorine and so on. The
properties hydrogen, fluorine and chlorine are similar.

Similarly, if you start at lithium, then eighth element is sodium and
next coming eighth is potassium and so on.

Newlands’ table is not without problems.
• There are instances of two elements fitted into the same slot, e.g.

cobalt and nickel.
• Certain elements, totally dissimilar in their properties, were fitted into

the same group, e.g. cobalt and nickel are grouped with fluorine,
chlorine and bromine.
For example he arranged Co, Ni, Pd, Pt and Ir which have different

properties compared to halogens (F, Cl, Br, I).
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It was found that the law of octaves holds good only for the elements
up to calcium. The law was not valid for elements that had atomic masses
higher than Calcium.

Newland’s periodic table was restricted to only 56 elements and did
not leave any room for new elements. Elements that were discovered later
could not be fitted into Newland’s table in accordance with their properties.

Newlands attempted to link the periodicity of the chemical properties
of elements with the periodicity found in the music in musical scale any
note in a key is separated from its octave by an interval of seven notes.
This must have made him to force all the elements into this pattern
sometimes without caring the similarities.

Mendeleeff’s Periodic Table:
Mendeleef arranged the elements known at that time in a chart in a

systematic order in the increasing order of their atomic weights. He divided
the chart into 8 vertical columns known as groups.  Each group is divided
into A, B sub groups. Each column contained elements of similar chemical
properties.

The elements in the first column, for example, react with oxygen to
form compounds with the general formula R2O. For example, Li, Na and K
when react with oxygen form compounds like Li2O, Na2O and K2O
respectively.

Elements of the second column react with oxygen to form compounds
with the general formula RO. For example, Be, Mg and Ca when react with
oxygen form BeO, MgO and CaO.

Mendeleef tried to explain the similarities of elements in the same
group in terms of their common valency.

Do you know?

Are you familiar with musical notes?
In the Indian system of music, there are seven musical notes in a scale – sa, re

ga, ma, pr, da, ni. In the west, they use the notations -  do, re, mi, fa, so, la, ti. The
notes in a scale are separated by whole and half-step frequenc intervals of tones and
semitones. A musician uses these notes for composing the music of a song. Naturally,
there must be some repetition of notes. Every eighth note is similar to the first one
and it is the first note of the next scale.
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Gruppe I.
–

R 2O

Gruppe II.
–

R O

Gruppe III.
–

R2O3

Gruppe IV.
RH4

RO2

Gruppe V.
RH3

R2O5

Gruppe VI.
RH2

RO3

Gruppe VII.
RH

R2H7

Gruppe VIII.
–––
RO4R

ei
h

en

1         H = 1

2 Li=7 Be=9.4 B=11 C=12 N=14 O=16 F=19

3       Na=23 Mg=24     Al=27.3 Si=28 P=31 S=32 Cl=35.5

4 K=39 Ca=40 –=44 Ti=48 V=51 Cr=52 Mn=55 Fo=56, Co=59

Ni=59, Cu=63

5 (Cu=63) Zn=65 –=68 –=72 As=75 So=78 Br=80

6 Rb=85 Sr=87 ?Yt=88 Zr=90 Nb=94 Mo=96 –=100 Ru=104, Rh=104

Pd=106, Ag=108

7 (Ag=108) Cd=112 In=113 Sn=118 Sb=122 Te=125 J=127

8 Cs=133 Ba=137 ?Di=138 ?Ce=140 – – – –  –  –  –

9 (–) – – – – – –

10 – – ?Ek=178 ?La=180 Ta=182 W=184 – Os=195, Ir=197,

Pt=198, Au=199

11 (Au=198) Hg=200 Tl=204 Pb=207 Bi=208 – –

12 – – – Th=231 – U=240 – –  –  –  –

Dmitri ivanovich Mendeleeff.
•  Why is Mendeleev considered to be the ‘father’ of the
Periodic Table whilst others, such as Newlands, Meyer and
De Chantcourtois are considered to be also-rans?

First he put elements into their correct places in the table.
In some cases the relative atomic mass had been wrongly
calculated by others. By correcting the relative atomic mass
he put the element in the correct place.

At the time, relative atomic masses (then called atomic weights) were
laboriously determined using the formula:

atomic weight = equivalent weight x valency.

The Periodic Law:
Based on Mendeleeff’s observations regarding the properties of

elements in the periodic table, a law known as the periodic law of the
properties of elements was proposed.

“The law states that the physical and chemical properties of the
elements are a periodic function of their atomic weights.”
Table-2 : Mendeleeff’s Periodic Table (1871 version) Published in

the journal Annalen der Chemi
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Salient features and achievements of the Mendeleeff’s periodic
table:
1. Groups and sub-groups: There are eight vertical columns in

Mendeleeff’s periodic table called as groups. They are represented
by Roman numerals I to VIII. Elements present in a given vertical
column (group) have similar properties. Each group is divided into
two sub-group ‘A’ and ‘B’. The elements within any sub-group resemble
each other to great extent. For example, sub-group IA elements called
‘alkali metals’ (Li, Na, K, Rb, Cs, Fr) resemble each other very much.

2. Periods: The horizontal rows in Mendeleeff’s periodic table are called
periods. There are seven periods in the table, which are denoted by
Arabic numerals 1 to 7. A period comprises the entire range of elements
after which properties repeat themselves.

3. Predicting the properties of missing elements: Based on the
arrangement of the elements in the table he predicted that some
elements were missing and left blank spaces at the appropriate places
in the table.
Mendeleef believed that some new elements would be discovered

definitely. He predicted the properties of these new additional elements
in advance purely depending on his table. His predicted properties were
almost the same as the observed properties of those elements after their
discovery.

He named those elements tentatively by adding the prefix ‘eka’ (eka
is a Sanskrit numeral means one) to the name of the element immediately
above each empty space. The predicted the properties of elements namely
eka-aluminium, eka-boron, eka-aluminium and eka-silicon were close to
the observed properties of Scandium, Gallium and Germanium respectively
which were discovered later.

S.
No.

Property Predicted property by
Mendeleeff

Observed property

Eka-Aluminium (Ea) Eka-Silicon (Es) Gallium (1875) Germanium (1886)

1 Atomic weight 68 72 69.72 72.59
2 Density 5.9 5..5 5.94 5.47
3 Formula of  oxide Ea2O3 EsO2 Ga2O3 GeO2

4 Formula of chloride EaCl3 EsCl4 GaCl3 GeCl4
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Do you know?

Do you know what Mendeleev said about the melting point of eka Al?
‘If I hold it in my hand, it will melt’ the melting point Ga is 30.2C and our body

temprature 37C.
What an accurate prediction!

4. Correction of atomic mass: the correct placement of elements in
Mendeleeff’s periodic table helped in correcting the atomic masses
of some elements like, Beryllium, Indium, Gold.

For example, At the time of Mendeleef, beryllium was given atomic
weight 13.5.
Atomic weight = equivalent weight × valency
The equivalent weight of Be was found experimentally as 4.5 and its
valency was understood as 3. Therefore atomic weight of beryllium
was given as 4.5 × 3 = 13.5. With this atomic weight it had to be placed
in a wrong group in the table. He said that its valency should be only 2
and then its atomic weight then would be 4.5 × 2 = 9. If atomic weight
of ‘Be’ is 9 it would fit in the second group and its properties practically
are similar to Mg, Ca etc., of the second group elements. He also
helped in the calculation of the correct atomic weights of ‘Indium’
and ‘Gold’ in this manner.

5. Some anomalous series of elements like ‘Te’ and ‘I’ were observed in
the table. The anomalous series contained element with more atomic
weight like ‘Te’ (127.6 u) placed before the element with less atomic
weight like ‘I’ (126.9 u). Mendeleeff accepted minor inversions in the
order of increasing atomic weight when these inversions resulted in
elements being placed in the correct groups.
It was the extraordinary thinking of Mendeleeff that made the chemists

to accept the periodic table and recognise Mendeleeff more than anyone
else as the originator of the periodic law.

Do you know?

At the time when Mendeleeff introduced his periodic table even electrons were
not discovered.  Even then the periodic table was able to provide a scientific base
for the study of chemistry which at that time was described as an unorganised kitchen.
In his honour the 101th element was named Mendelevium.



The Periodic Table10 X Class

Think and discuss

• Why Mendeleeff had to leave certain blank spaces in his periodic table.
What is your explanation for this?

• What is your understanding about Ea2O3, EsO2

Limitations of Mendeleeff’s periodic table:
1. Position of hydrogen: The position of hydrogen in the table is not

certain because it can be placed in group IA as well as in group VIIA as
it resembles both with alkali metals of IA group and halogens of VIIA
group.

2. Anomalous pair of elements: Certain elements of highest atomic mass
precede those with lower atomic mass.
For example, tellurium (atomic mass 127.6) precedes iodine (atomic
mass 126.9).
Cobalt and nickel: argon and potassium which were placed in table
by deviating the basis of classification (placement in ascending order
of atomic masses).
For example, potassium (atomic mass 39) placed after argon (atomic
mass 40).
Similar situation was found in pairs of cobalt and nickel and tellurium,
iodine.

3. Dissimilar elements placed together: elements with dissimilar
properties were placed in same group as sub-group A and sub-group B.
For example, alkali metal like Li, Na, K etc., of IA group have little
resemblance with coinage metals like Cu, Ag, Au of IB group.

4. Some similar elements separated: some similar elements like ‘copper
and mercury’ and ‘silicon and thalium’ etc are placed in different groups
of the periodic table.

5. Position of isotopes: isotopes of elements are placed in the same
position in the table.

Modern Periodic Table:
H.J. Moseley (1913) found that each element emits a characteristic

pattern of X-rays when subjected to bombardment by high energy
electrons. By analyzing the X-ray patterns, Moseley was able to calculate
the number of positive charges in the atoms of respective elements with
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analysis Moseley realised that the atomic number is more fundamental
characteristic of an element then its atomic mass.
• What is atomic number?

The number of positive charges (protons) in the atom of an element is
the atomic number of that element.

After knowing the atomic numbers of elements, it was recognized that
a better way of arranging the elements in the periodic table is according to
the increasing atomic number. This arrangement eliminated the problem
of anomalous series. For example, though ‘Te’ has more atomic weight
than ‘I’. It has fewer atomic numbers by one unit compared to I.

The periodic law is changed from atomic weight concept to atomic
number concept and now it is called the modern periodic law.

We know that Mendeleeff’s periodic law stated as “The properties of
elements are the periodic functions of their atomic weights”.  Now, let us
try to write modern periodic law.

Based on the modern periodic law, the modern periodic table which is
given below is proposed. It is the extension of the original Mendeleeff’s
periodic table known as short form of the table and this modern table is
called the long form of the periodic table. It is given in     fig (2). Atomic
number of an element (Z) indicates not only the positive charges i.e., the
protons in the nucleus of the atom of the element but also the number of
electrons in the neutral atom of that element.

The physical and chemical properties of atoms of the elements depend
not on the number of protons but on the number of electrons and their
arrangements (electronic configurations) in atoms. Therefore, the modern
periodic law may be stated as “The physical and chemical properties of
elements are the periodic function of the electronic configurations of
their atoms.”

Positions of elements in the Modern Periodic Table:
The modern periodic table has eighteen vertical columns known as

groups and seven horizontal rows known as periods.
Let us see what decides the position of an element in modern periodic

table.
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We can explain the classification of the modern period table in termsof
periodicity of  electron configuration among elements. The elements with
similar outer shell (valence shell) electronic configurations in their atoms
are in the same column called group. Elements get listed in a group are in
the order of their increasing principal quantum numbers.

In the chapter ‘Structure of atom’ you have learnt that ‘s’ sub-shell
with one orbital contains a maximum of two electrons. Each ‘p’ sub-shell
contains 3 orbitals and accommodates a maximum of six electrons. The‘d’
sub-shell contains 5 orbitals and accommodates a maximum of 10 electrons
and ‘f’ sub-shell contains 7 orbitals with 14 electrons maximum. Depending
upon to which sub-shell the differentiating electron. i.e., the last coming
electron enters in the atom of the given element, the elements are classified
as ‘s’ ‘p’, ‘d’ and ‘f’ block elements.

Let us observe the electronic configurations of the following elements.
The last coming electron is underlined.

11Na   1s2 2s2 2p6 3s1

13Al    1s2 2s2 2p6 3s2 3p1

21Sc   1s2 2s2 2p6 3s2 3p6 4s2 3d1

58Ce  1s2 2s2 2p6 3s2 3p6  3d10 4s2 4p6 4d10 5s2 5p6 6s2 4f1

For example: In sodium (Na)atom, the last coming electron
(differentiating electron) enters into ‘3s’ level. Therefore, ‘Na’ is an s-
block element. The elements with valence shell electronic configuration
ns1 and ns2 are called s-block elements.
1. The elements with valence shell electronic configuration from ns2np1

to ns2np6 are called p-block elements.
2. The s-block and p-block elements together known as Representative

elements.
3. The elements with valence electronic configuration ns2np6nd1 to

ns2np6nd10 are called d-block elements. In d-block elements as we move
from left to right in periodic table, we observe a transition of elements

Z Elements n 1       2        3     4              5 6

/ 0 0 1 0 1 2 0 1 2 3 0 1 2 3 0
Sub 1s 2s 2p 3s 3p 3d 4s 4p 4d 4f 5s 5p 5d 5f 6s
Shell

11 Na 2 2 6 1

13 Al 2 2 6 2 1

21 Sc 2 2 6 2 6 1 2

58 Ce 2 2 6 2 6 10 2 6 10 1 2 6 1 2
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from metals, to non-metals. Hence we call d-block elements as
“Transition elements”.

4. The elements in which f-orbitals are being filled in their atoms called
f-block elements. These elements are also called “inner transition
elements”.
Now answer these questions:

• Why aluminium (Al) is a p-block element?
• Scandium (Sc) is a d-block element what is its valency shell?
• Why Cerium (Ce) is a f-block element?

Groups:
These vertical columns in the periodic table are known as groups. There

are eighteen groups in long form of periodic table. They are represented
by using Roman numeral I through VIII with letters   A and B in traditional
notation.

According to latest recommendation of the IUPAC, these groups are
represented by Arabic numerals 1 through 18 with no A and B designations.
We have used the latest system with the traditional heading following in
parenthesis.

Eg: Group 2 (II A); Group 16 (VI A)
Group of elements is also called element family or chemical family.
For example Group 1 (IA) has from Li to Fr with outer shell electronic

configuration ns1 and is called Alkali metal family.

Activity -2
Observe the long form of the periodic table and complete the following

table with proper information.

Group
No.

Name of the
element family

Elements

From   To

Valence
electrons

Valance
shell

configuration
Valency

1 (IA) Alkali metal family Li Fr ns1 1 1
2 (IIA) Alkali earth metal family
13 (IIIA) Boron family
14 (IVA) Carbon family
15 (VA) Nitrogen family
16 (VIA) Oxygen family or

Chalcogen family
17 (VIIA) Halogen family
18 (VIIIA) Noble gas family
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Periods:
The horizontal rows in the periodic table are called periods. They are

seven periods in form of periodic table. These periods are represented by
Arabic numerals 1 through 7.
1. The number of main shells present in the atom of particular element

decides to which period it belongs. For example, hydrogen (H) and
helium (He) atoms contain only one main shell (K). Therefore they
belongs to period-1. Similarly, the elements Li, Be, B, C, N, O, F and
Ne contain two main shells (K and L) in their atoms. Therefore their
belongs to period-2.

2. The number of elements in period depend on how electrons are filled
into various shells. Each period starts with a new shell and ends when
shell is completely filled.
The first period starts with K-shell. The first main shell (K) contains
only one sub-shell, the (1s). For this subshell only two types of
electronic configurations are possible and they are 1s1 (H) and 1s2

(He). Therefore, the first period contains only two elements.
3. Second period starts with the 2nd main shell (L). Hence L-shell has

two sub-shell, namely, 2s and 2p. Eight types of configurations are
possible in this shell (L) like 2s1 and 2s2 and 2p1 to 2p6. Hence the
second period contains 8 elements Li, Be, B, C, N O, F and Ne in the
order given. Thus, the 2nd period consists two s-block elements (Li,
Be) and six p-block elements (B to Ne).

4. Third period starts with third main shell (M). This shell (M) has 3 sub-
shells, namely, 3s, 3p and 3d, but while electrons are being filled into
the shell ‘3d’ gets electrons only after ‘4s’ is filled. Therefore, the 3rd

period contains again 8 elements, which includes two s-block elements
(Na, Mg) and six p-block elements (Al to Ar).

5. Fourth period starts with fourth main shell (N). This shell (N) has four
sub-shells namely 4s, 4p, 4d and 4f, but while electrons are being filled
into the shell , electrons enter the atoms in the order 4s, 3d and 4p.
Due to this, the fourth period contains 18 elements which includes
two s-block (K, Ca), 10 elements from d block (Sc to Zn) and six
elements from p-block (31Ga to 36 Kr). There are altogether eighteen
elements in the fourth period.
On the same lines, we can explain why there are 18 elements in the

fifth period (37Rb to 54Xe).
There are thirty two elements in the Sixth period from 55Cs to 86 Rn
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which includes 2 elements from s-block (6s) and 14 elements from f-
block (4f). 10 elements from d-block (5d) and 6 elements from p-block
(6p).

‘4f’ elements are called Lanthanoids or lanthanides. Elements from

58Ce to 71Lu possess almost the same properties as 57 La. So they are called
lanthanoids.

7th period is in complete and contains 2 elements from s-block (7s)
and 14 elements from f-block (5f), 10 elements from d-block (6d) and
some elements from p-block (7p). The 5f elements are called Actinoids
also known as Actinides they are from 90Th to 103Lr .

The f-block elements known as lanthanoids and actinoids are shown
separately at the bottom of the periodic table.

Do you know?

‘Ide’ means ‘heir’ and it is used generally for a change like Cl to Cl-. ‘Cl’ is
chlorine atom and Cl- is chloride ion. ‘Oid’ means ‘the same’.

Some scientists suggest lanthanoids as 57La to 70Yb, some suggest them as 58Ce
to 71Lu and some take 57La to 71Lu (15 elements). There is another arrangement that
even 21Sc and 39Y should be included in lanthanoids. All these suggestions have
substance because 21Sc, 39Y and 57La to 71Lu all have the similar outer shells
configurations.

Also in the case of actinoids. There are different arguments like actinoids are
from 90Th to 103Lr or 89Ac to 102No or 89Ac to 103Lr.

Think and discuss

• Why lanthanoids and actinoids placed separately at the bottom of the
periodic table?

• If they are inserted within the table imagine how the table would be?

Metals and Non metals and Metalloids:
You have learnt about the properties of metals in the chapter Metals and

Non Metals in class VIII. Let us study the metallic properties elements in
periodic table.

The elements with three or less electrons in the outer shell are considered
to be metals and those with five or more electrons in the outer shell are
considered to be non metals. We may find some exceptions to this.  ‘d’ block
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elements (3rd group to 12th group) are metals and they are also known as
transition metals because metallic character of d-block elements decreases
from left to right in periodic table. Lanthanoids and actinoids are actually
belongs to 3rd group (III B) which is within the transition elements: hence
they are called the inner transition elements.

Metalloids or semi-metals are elements which have properties that
are intermediate between the properties of metals and non metals. They
possess properties like metals but brittle like non metals. They are generally
semi conductors. Eg: B, Si, Ge.

All elements in s-block are metals, where as in p-block (except 18th

group) there are metals, non metals and metalloids. In periodic table you
will notice a staircase like demarcation. The elements to the left of this
demarcation are metals and to the right are non-metals. The elements on
staircase (or) very near to it like B, Si, As, Ge etc., are metalloids.
Periodic properties of the elements in the modern table:

The modern periodic table is organized on the basis of the electronic
configuration of the atoms of elements. Physical and chemical properties
of elements are related to their electronic configurations particularly the
outer shell configurations. The atoms of the elements in a group possess
similar electronic configurations. Therefore, we expect all the elements
in a group should have similar chemical properties and there should be a
regular gradation in their physical properties from top to bottom.

Similarly, across the table, i.e., from left to right, elements get an
increase in the atomic number by one unit between any two successive
elements. Therefore, the electronic configuration of valence shell of any
two elements in a given period is not same. Due to this reason elements
along a period possess different chemical properties with regular gradation
in their physical properties from left to right. To understand this we will
take some properties of elements and discuss how they vary in groups and
in periods.
Properties of elements and their trends in Groups and in Periods:

1. Valence: Valence (or) valency of an element was defined as the
combining power of an element with respect to hydrogen, oxygen.

‘Valence’ of an element is the number of hydrogen atoms are double
the number of oxygen atoms which will combine with it.

For example one atom of ‘Na’ chemically combines with one atom of
‘H’ to give NaH. Therefore, the valence of Na is 1. One atom ‘Ca’ combines
with one atom of ‘O’ to give CaO. So the valency of Ca is 2.
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In general, the valence of an element with respect to hydrogen is its
traditional group number. If the element is in the group V or above, its
valence is 8– group number. (Here the group number given in roman letters
only) For example, chlorine valence is 8-7 = 1.

In general, each period starts with valency 1 and ends in 0.

Activity:
• Find out the valencies of first 20 elements.
• How does the valency vary in a period on going from left to right?
• How does the valency vary in going down a group?
Atomic radius:

Atomic radius of an element is not possible to measure in its isolated
state. This is because it is not possible to determine the location of the
electron that surrounds the nucleus. However, we can measure the distance
between the nuclei of adjacent atoms in a solid. From this we can estimate
the size of the atom by assigning half of this distance to the radius of each
atom. This method is best suited to elements such as the metals that exist
in the solid state. More than 75 percent of the elements are metals and
atomic radii of metals are called metallic radii. Another way of estimating
the size of an atom is to measure the distance between the two atoms in
covalent molecules. The size of a chlorine atom is estimated by measuring
the length of the covalent bond between two chlorine atoms in a Cl2

molecule. Half of this distance is taken as atomic radius which is called
as the covalent radius of chlorine atom.

Atomic radius is measured in ‘pm’ (pico meter) units.
1 pm = 10-12m

Variation of atomic radii in group:
Atomic radii increase from top to bottom ina group (column) of the

periodic table. As we go down in a group, the atomic number of the element
increases. Therefore to accommodate more number of electrons, more
shells are required. As a result the distance between the nucleus and the
outer shell of the atom increases as we go down the group in spite of
increase in nuclear change.

Table:
Group Element (atomic radius in pm)

Group1: Li (152), Na (186), K (231), Rb (244) and Cs (262)
Group 17: F (64), Cl (99), Br (114), I (133) and At (140)
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Variation of atomic radii in period:
Atomic radii of elements decrease across a period from left to right.

As we go to right, electrons enter into the same main shell. i.e., there is
change in distance between nucleus and outer shell but nuclear charge
increases because of the increase in the atomic number of elements in
period. Hence, the nuclear attraction on the outer shell increases. As a
result the size of the atom decrease.

Table-

• Do the atom of an element and its ion have same size?
Let us consider the following situation.
Assume that sodium (Na) atom has lost an electron and formed a cation

of sodium (Na+).
Which one between Na and Na+ would have more size? Why?
Atomic number of sodium (Na) is 11. Therefore sodium (Na) atom

contains 11 protons and 11 electrons with outer electron as 3s1. On the
other hand Na+ ion has 11 protons but only 10 electrons. The 3s shell of
Na+ level has no electron in it. Hence its outer shell configuration is 2s2

2p6. As proton number is more than electrons in it, the nucleus of Na+ ion
attracts outer shell electrons with strong nuclear force. As a result the Na+

ion shrinks in size. Therefore, the size of Na+ ion is less than ‘Na’ atom.
Consider another example:
Assume that chlorine (Cl) atom gained an electron to form anion of

chlorine (Cl-):
• Which one between Cl and Cl- would have more size? Why?

Electronic configuration of Chlorine (Cl) atom is 1s2 2s2 2p6 3s2 3p5

and the electronic configuration of chlorine (Cl-) ion is 1s2 2s2 2p6 3s2

3p6. Both chlorine and chlorine ion have 17 protons each but there are 17
electrons in chlorine atom, where as 18 electrons in chlorine ion.
Therefore, the nuclear attraction is less in Cl- ion when compared with
chlorine atom.  Therefore the size of the chlorine (Cl) atom is less size
than Cl- ion.
• Which one in each of the following pairs is larger in size?

Period Element (atomic radius in pm)

2nd period Li (152), Be (111), B (88), C (77), N (74), O (66), F (64)

3rd period Na (186), Mg (160), Al (143), Si (117), P(110), S(104), Cl(99)
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(a) Na, Al  (b) Na, Mg+2  (c) S2-, Cl-  (d) Fe2+, Fe3+  (e) C4-, F-

Ionization Energy:
The energy required to remove electron from the outer most orbit or

shell of a neutral gaseous atom is called ionization energy. The energy
required to remove the first electron from the outer most orbit or shell of
a neutral gaseous atom of the element is called its first ionization energy.
The energy required to remove the an electron from uni- positive ion is
called the 2nd ionization energy and so on.

M(g) + IE1 à M+
(g) + e- (IE1= first ionization energy)

M+
(g) + IE2 à M+2

(g) + e- (IE2= second ionization energy)

Ionization energy decreases as we go down in a group and generally
increases from left to right in a period.

Ionization energies expresses in KJ mol-1

Electron affinity:
Atoms of some elements gain electrons while forming ionic

compounds. an atom is able to gain an electron only when the electron
outside the atom is attracted by its nucleus. Attraction involves the
liberation of energy.

The electron affinity of an element is defined as the energy liberated
when an electron is added to its neutral gaseous atom.

M(g) + e- à M-
(g) + EA (EA = Electron affinity)

The energy liberated when an electron is added to a uni-negative ion is
called the 2nd electron affinity of that element. However, practically no
element shows liberation of energy when the 2nd electron is added to its
uni-negative ion. It does not mean that di-negative or   tri-negative ions do
not form. They do form, but for adding 2nd electron energy in another way
must be given.

Table-

Think and discuss

• Second ionization energy is higher than the first ionization energy. why?

Electron affinity values of halogens are (in KJ mol-1); F(-328); Cl(-349); Br (-
325); I(-295) KJ mol-1 . Similarly for group 16 elements, the electron gain enthalpies
are O(-141); S(-200); Ge(-195) and Te(-190) KJ mol-1.
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Electron gain enthalpy values decreases as we go down in a group, but
increase along a period from left to right.

Electro negativity:
The ionization energy and the electron gain enthalpy are properties of

isolated atoms of elements. There has been a need to have a comparative
scale relating the abilities of elements to attract electrons when their atoms
are combined. For this purpose, the concept of electro negativity is
introduced.

The electro negativity of an element is defined as the relative tendency
of its atom to attract electrons towards it when it is bounded to the atom
of another element.

All the factors that influence the ionization energy and the electron
affinity of elements influence the electro negativity values of those
elements. Because of this, Milliken proposed that the electro negativity
of an element is the average value of its ionization energy and electron
affinity.

Electro negativity =     ionization energy + electron affinity
            2

Pauling assigned the electro negativity values for elements on the basis
of bound energies. He assumed that the electro negativity of hydrogen is
2.10 and calculated the values of other elements with respect to hydrogen.

Table

Electro negativity values of elements decreases as we go down in a
group and increase along a period from left to right. The most electro
negative element is ‘F’ and the least electro negative stable element is
‘Cs’.

Think and discuss

• The second period element for example ‘F’ has less electron gain
enthalpy than the third period element of the same group for example
‘Cl’. Why?

Observe the values in the following example

Halogens: F(4.0), Cl(3.0), Br(2.8), I(2.5)
2nd period: Li(1.0), Be(1.47), B(2.0), C(2.5), N(3.0), O(3.5), F(4.0), Ne(-)
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Metallic and Non-Metallic Properties:
Metals generally show less electro negative character. In compounds,

they generally show a tendency to remain as positive ions. This property is
often termed as electro positive character. Metals are electro positive
elements.

Non metals are generally more electro negative due to their smaller
atomic radii.

Let us examine the elements of 3rd period.
3rd period: Na Mg Al Si P S Cl
We know Na and Mg are metals, Al and Si are semi metals (metalloids),

P, S and Cl are non metals. So we find metals on left side and non metals
on right side of the periodic table. This means metallic character decreases
while non metallic character increases as we move along a period (from
left to right).

Let us take group 14 (IVA) elements.
IVA group: C Si Ge Sn Pb
Here also we know that Carbon is non metal. Si and Ge are metalloids.

Sn and Pb are metals.
So we find non metals at the top and metals at the bottom of the periodic

table. This means metallic character increases while non metallic character
decreases in a group as we move from top to bottom.

Key words

a
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What we have learnt

1. Without knowing the electronic configurations of the atoms of elements Mendeleeff still could
arrange the elements nearly close to the arrangements in the Modern periodic table. How can
you explain this?

2. Newlands proposed the law of octaves. Mendeleeff suggested eight groups for elements in his
table, how do you explain these observations in terms of modern concepts?

3. What are the limitations of Mendeleeff’s periodic table? How could the modern periodic table
remove various animation of Mendeeff’s table?

4. Define the modern periodic Law. Discuss the construction of the long form of the periodic table.
5. Explain how the elements are classified into s.p.d and f- block elements in the periodic table and

give the advantage of this kind of classification.

Improve your learning
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6. Given below is the electronic configuration of elements A,B,C,D
A.1S2  2S2 1. Which are the elements coming with in the same period
B.1S2 2S2 2P6 3S2 2. Which are the ones coming with in the same group?
C.1S2 2S2 2P6 3S2 3P3 3. Which are the noble gas elements?
D.1S2 2S2 2P6 4. To which group and period does the elements ‘C ‘belong

7. Write down the characteristics of the elements having atomic number 17.
Electronic configuration __________________________________
Period number __________________________________
Group number __________________________________
Element family __________________________________
No. of valence electrons __________________________________
Valency __________________________________
Metal or nonmetal __________________________________

8. a. State the number of valence electrons, the group number and the period number of
each element.

b. State whether the following elements are in a Group (G), Period (P) or Neither (N)

9. Name two elements you would expect to chemical reactions similar to Mg. What is the basis for
your choice?

10. Elements in a group have generally similar properties, but elements along a period have different
properties. How do you explain this statement?

Element Valence electrons Group number Period number

Sulphur
Oxygen
Magnesium
Hydrogen
Fluorine
Aluminum

Elements G/P/N

Li,C,O
Mg, Ca, Ba
Br, Cl, F
C,S, Br
Al, Si, Cl
Li, Na, k
C,N,O
K, Ca, Br.
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11. s- block and p- block elements except 18th group elements are sometimes calls ‘Representative
elements’ based on their abundant availability in the nature. Is it justified? Why?

12. Aluminum does not react with water at room temperature but reacts with both dil. HCl and
Na OH solutions. Verify the statements experimentally. Write your observations with chemical
equations. From these observations, can we conclude that Al is a metalloid?

13. Predict on the basis of atomic numbers for example 9,37,46 and 64 to which blocks those
elements belong?

14. Complete the following table.

15. Complete the table given below:

16. What is a periodic property? How does the following change in a group and period? Explain.
(a) Atomic radius (b) Iodization energy (c) Electron affinity (d) Electron negativity

17. Using the periodic table, predict the formula of compound formed between and element X of
group 13 and another element Y of group 16.

18. An element X belongs to 3rd period and group 2 of the periodic table. State (a) The no. of
valence electrons (b) The valency (c) Whether it is metal or a nonmetal

19. An element has atomic number 19. Where would you expect this element in the periodic table
and why?

Period
number

Filling up orbital’s
(sub shells)

Maximum number of
electrons, filled in all

the sub shells

Total no. of
elements in the

period

1
2
3
4 4s, 3d, 4p 18 18
5
6
7 7s, 5f, 6d, 7p 32 incomplete

Period
number

Total no. of
elements

Elements Total no. of elements in

From To s-block p-block d-block f-block
1
2
3
4
5
6
7
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20. Indicate the element that has the larger atomic radius
(i) Mg or Ca (ii) Li or Cs (iii) N or P (iv) B or Al

21. Indicate the element that has the lower Ionization an energy
(i) Mg or Na (ii) Li or O (iii) Br or F (iv) K or Br

22. In period 2, element X is to the right of element Y.
Then, find the element that has
(i) Less nuclear charge (ii)  Less atomic size
(iii) High ionization energy (iv) High electronegativity
(v) More metallic character
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5Chapter

Acids, Bases
and Salts

In class VII you have learnt about acids, bases and salts.
You know that,
 Acids are sour to taste and turn blue litmus to red, bases are soapy to

touch and turn red litmus to blue.
If someone in the family is suffering from a problem of acidity, which

of the following would you suggest as a remedy: lemon juice, vinegar or
baking soda solution.
• Which property do you think of while suggesting the remedy?
• Why are acid and base indicators important?
• How could they be used in everyday life?

There are many natural materials like litmus, extract of red cabbage,
turmeric solution and extracts of coloured petals of some flowers indicate
the presence of acid or base in a solution.  These are natural acid-base
indicators. Some synthetic indicators such as methyl orange and
phenolphthalein can be used to test for acids and bases.

In this chapter you will study the reactions of acids and bases. How do
acids neutralize bases? Many more interesting activities that we use and
see in our day-to-day life are also studied.

Do you know?

Litmus solution is a dye extracted from lichen, a plant belonging to the division
of Thallophyta and is used as indicator. In neutral solution litmus colour is purple.
Coloured petals of some flowers such as Hydrangea, Petunia and Geranium are also
used as indicators.
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chemical properties of Acids and Bases
Response of various laboratory substances with indicators.

Activity -1
Collect the following samples from the science laboratory,

hydrochloric acid (HCl), sulphuric acid (H2SO4) nitric acid (HNO3), Acetic
acid (CH3COOH), Sodium hydroxide (NaOH), calcium hydroxide[
Ca(OH)2], magnesium hydroxide [Mg(OH)2],ammonium hydroxide
(NH4OH) and potassium hydroxide (KOH), prepare dilute solutions of
the above substances.

Put a drop of one of the above solutions on four different watch glasses
and test the change in colour by touching the drop of the solutions with
red and blue litmus papers. Note down the changes in colour of litmus
paper.

Now add a drop of phenolphthalein and methyl orange solution to
remaining drops of the solutions taken in watch glasses. Observe the change
in colour and note down. Repeat the process for remaining solutions and
observe the change in colour in each case and tabulate the results in the
table.

• What do you conclude from the observation noted in table?
• Which of sample solution are acidic and which are basic?

Discuss with your friends to categorize the given sample solution as
acids and bases.
• What changes do you notice when acids or bases react with metals?

Sample
solution

Red litmus
paper

Blue litmus
paper

Phenolphthalein
solution

Methyl
orange

solution
HCl
H2SO4

HNO3

CH3COOH
NaOH
KOH
Mg(OH)2

NH4OH
Ca(OH)2
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Let us find.
The change in colour of these indicators tells us whether a given sample

substance is acidic or basic.
There are some substances whose odour changes in acidic or basic

media. These are called olfactory indicators.
Let us work with some of such indicators.

Activity -2
- Put some finely chopped onions in a plastic bag along with some

clean cloth. Tie up the bag tightly and keep it overnight in the fridge.
The cloth strips can now be used to test for acid or base.

- Check the odour of the cloth strips.
- Keep two strips on a clean surface and put a few drops of dilute

HCl on one strip and a few drops of dilute NaOH on the other.
- Rinse both the strips separately with distilled water and again check

their odour and note the observation.
- Take some clove oil and vanilla essence.
- Take some dilute HCl in one test tube and dilute NaOH in another

test tube. Add a drop of dilute vanilla essence to both test tubes
and shake well. Check the smell and record your observations.

- Test the change of odour with clove oil using dilute HCl and dilute
NaOH and record your observations.

Decide which of these- onion, vanilla essence and clove oil, can be
used as olfactory indicators on the basis of your observations.
• What do you conclude from above activity?
• Can you give example for use of olfactory indicators in daily life?

Discuss with your teacher.
• Why do pickles and sour substances not be kept in brass and copper

vessels?
Reaction of Acids and bases with Metals.

Materials required: Two empty bottles, plastic tube, plastic tub,
match stick, dil. HCl, and Zinc granules.

Procedure: Take 10 ml of dilute HCl in one of the bottles.  Add few
pieces of Zinc granules to it.  Insert one end of the plastic tube in to the
bottle through its rubber cork. Fill the other bottle with water and invert it

Lab Activity 3
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in the water tub and as shown in the figure.
Now fix the other end of plastic tube in to this
bottle through its rubber cork. Make another
hole in this cork.
• What do you observe in the second bottle?

A gas is evolved and collected by the
downward displacement of water in the bottle.
Take the bottle out by closing the rubber cork
with thumb.

Now remove the thumb slowly and place
a burning match stick at the mouth of the
bottle.  You will notice the gas coming out from the mouth of the bottle
burns with a pop sound indicating H2 .

The chemical reaction of the above activity is:
Acid          +   Metal     Salt             +     Hydrogen
2 HCl (aq)   +   Zn(s)     Zn Cl2 (aq)   +     H2 (g)

Repeat the above experiment with some more acids like H2SO4, HNO3

and CH3COOH.
· What do you observe in all these cases?
From this activity you can conclude that when acid reacts with metal it

evolves H2 gas and forms the corresponding salt (ZnCl2).

Activity - 3
Place a few pieces of Zinc metal in one of the bottles and add 10 ml of

sodium hydroxide (NaOH) solution and warm the contents of the bottle.
Repeat the rest of the steps as in activity-2 and record your observations.

The reaction is written as follows.
2 NaOH    +   Zn       Na2 ZnO2    +    H2

                                                   (Sodium zincate)

In this activity also you will notice that evolved gas is hydrogen (H2)
and salt formed is sodium zincate. The   reactions discussed in above
activities are not possible with all metals.

Reaction of carbonates and metal hydrogen carbonates  with Acids:

fig-1:Reaction of Zinc granules with Dil.
HCl and testing Hydrogen gas by burning

match stick

Zinc
granules

HCl H2
Testing of
Hydrogen

gas

Delivery
tube

Water
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Activity-4
• Take two test tubes; label them as A
and B.  Take about 0.5 gm of sodium
carbonate (Na2CO3) in test tube A and
about 0.5 gm of sodium hydrogen
carbonate (NaHCO3) in test tube B.
• Add about 2 ml of dilute HCl to both
the test tubes.
• What do you observe?
• Pass the gas produced in each case
through lime water (calcium hydroxide
solution) as shown in Fig. and record your
observations.

The reactions occurring in the above activity are as follows:
Na2 CO3 (S)  +  2 HCl (aq)   2 NaCl (aq)  +  H2O (l) + CO2 (g)

NaHCO3 (S)  +  HCl (aq)     NaCl (aq)   +  H2O (l) + CO2 (g)

Pass the gas evolved through lime water.
Ca (OH)2 (aq) +  CO2 (g)  CaCO3     +     H2O (l)

(White precipitate)

On passing excess carbon dioxide the following reaction takes places:
CaCO3 (S) +   H2O (l) + CO2 (g)        Ca (HCO3)2 (aq)

                                                              (Soluble in water)

Thus from above activity you can conclude that when metal carbonates
and hydrogen carbonates react with acids they give a corresponding salt,
carbon dioxide and water. We can write generalized form these chemical
reaction as shown below:

Metal Carbonate + Acid    Salt + carbon dioxide + water
Metal Hydrogen carbonate + Acid  Salt + carbon dioxide + water

Neutralization reaction:

Activity-5
Acid – base titration.

• Take about 2 ml of dilute NaOH solution in a test tube and add two
drops of phenolphthalein indicator. Observe the colour of the solution
after adding phenolphthalein.

fig-2: Passing CO2 gas through
Ca(OH)2 solution

Dilute HCl
acid

CO2 gas

Cork

Stand
Thistle
funnel

Delivery tube

Test tube

Na2CO3

Ca(OH)2
solution
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• Add dilute HCl solution to the above solution drop by drop.  Is there
any change of colour of the solution?

• Why did the colour of the solution change after adding the HCl
solution?

• Now add one or two drops of NaOH to the above mixture.
• Does the Pink colour reappear?
• Did you guess the reason for reappearance of pink colour?

In the above activity,  when HCl is added to the solution you observe
that the pink colour of the phenolphthalein indicator disappears because
of NaOH present in the solution reacts with HCl. i.e., the effect of base is
nullified by an acid and vice-versa. The reaction that is taking place between
acid and base in above activity can be written as:

NaOH (aq)    +     HCl (aq)           NaCl (aq) + H2O (l)
The reaction of an acid with a base to give a salt and water is known as

a neutralization reaction.  In general, a neutralization reaction can be written
as:

Base   +   Acid    Salt    +   Water

Reaction of metallic oxides with acids:

Activity -6
• Take a small amount of copper oxide in a beaker and slowly add dilute

hydrochloric acid while stirring. Observe the changes in the solution.
• Note the colour of the solution.
• Do you find any change in the copper oxide that is taken into beaker?

You will notice that the copper oxide present in the beaker dissolves
in dilute HCl and the colour of the solution becomes blueish-green. The
reason for this change is the formation of Copper (II) Chloride in the
reaction.  The general reaction between a metal oxide and an acid can be
written as:

Metal oxide    +   acid     salt   +   water

Think and discuss

• Is the substance present in antacid tablet acidic or basic?
• What type reaction takes place in stomach when an antacid tablet is consumed?
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Now write the chemical equation for the reaction between copper oxide
and HCl and balance it. In above reaction metallic oxides react with acids
to give salt and water. This reaction is   similar to the reaction of a base
with an acid that we have observed in activity - 5.
• What do you conclude when you compare reactions in Activity – 5 and

6?
In both reactions we got salt and water as products. Both metallic

oxides and base gives salt and water when they react with an acid. Thus we
can conclude that metallic oxides are basic in nature.
Reaction of a non-metallic oxide with a base:

You saw the reaction between carbon dioxide and calcium hydroxide
(lime water) in activity-4.  Calcium hydroxide, which is a base, reacts with
carbon dioxide to produce a salt and water. This reason is similar to the
reaction between a base and an acid. Thus we can conclude that carbon
dioxide which is a non metallic oxide is acidic in nature. In general all
non-metallic oxides are acidic in nature

Common elements of acids:
• What do acids have in common?

In previous sections you have seen that acids have similar chemical
properties. In lab activity and in Activity-3  you have observed that acids
generate hydrogen gas on reacting with metals, so hydrogen seems to be
common elements to all acids.  Let us perform an activity to investigate
whether all compounds containing hydrogen are acids or not.

Think and discuss

• You are provided with three test tubes containing distilled water, an acid and a
base solution respectively.  If you are given only blue litmus paper, how do you
identify the contents of each test tube?

• Which gas is usually liberated when an acid reacts with a metal?  How will you
test for the presence of this gas?

• A compound of a metal reacts with dilute hydrochloric acid to produce
effervescence.  The gas evolved extinguishes a burning candle; write a balanced
chemical equation for the reaction if one of the compounds formed is calcium
chloride.
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Activity-7:
- Prepare solutions of glucose, alcohol, hydrochloric acid, sulphuric

acid etc.,
- Drill two holes on a rubber cork and introduce two nails into it.

Connect two different coloured electrical wires and keep it in a
100 ml beaker.

- Connect free ends of the wire to 6 volts DC battery and complete
the circuit as shown in the fig-3.

- Now pour some dilute HCl in the beaker and switch on the current.
• What do you notice?

- Repeat activity with dilute sulphuric acid and glucose and alcohol
solutions separately.

• What do you observe?
• Does the bulb glow in all cases?

You will notice that the bulb glows only in
acid solutions but not in glucose and alcohol
solutions. Glowing of bulb indicates that there
is flow of electric current through the solution.
Acid solutions have ions and the moment of
these ions in solution helps for flow of electric
current through the solution.

The positive ion (cation) present in HCl
solution is H+. This suggests that acids produce
hydrogen ions H+ in the  solution, which are
responsible for their acidic properties. In
glucose and alcohol solution the bulb did not glow. This indicates the
absence of ions in these solutions.
Common elements of Bases:
• What do Bases have in common?

Repeat the Activity-7 using alkalis such as sodium hydroxide, calcium
hydroxide solutions etc., instead of acid solutions.
• Does the bulb glow?
• What do you conclude from the results of this activity?
• Do acids produce ions only in aqueous solution?  Let us test this.

6 volt battery Bulb

Switch

Beaker

Nail

Dil HCl solution

Rubber cork

fig-3: Acid solution in water
conducts electricity
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Activity - 8
- Take about 1.0g solid NaCl in a clean and dry test tube and set up

the apparatus as shown in Figure.
- Add some concentrated sulphuric acid to the test tube.

• What do you observe?  Is there a gas coming out of the delivery tube?
You will notice that a gas is evolved through delivery tube.

• Can you guess what that gas is?
Let us write chemical equation to above reaction.
2NaCl   +    H2SO4     2HCl    +  Na2SO4

Thus the gas evolved is hydrogen chloride.
- Test the gas evolved successively with dry and wet blue litmus paper.
- In which case does the litmus paper change colour?

• What do you infer from the above observation?
You can conclude that dry HCl gas (Hydrogen chloride) is not an acid

because you have noticed that there is no change in colour of dry litmus
paper but HCl aqueous solution is an acid because wet blue litmus paper
turned into red.

Note to teachers:   If the climate is very humid, pass the gas produced
through a guard tube (drying tube) containing calcium chloride to dry the
gas.
• Can you write the chemical equation for the reaction taking place at

the mouth of delivery tube?

The HCl gas evolved at delivery tube dissociates in presence of water
to produce hydrogen ions.  In the absence of water dissociation of HCl
molecules do not occur.

fig-4: Preparation of HCl gas

Test tube

NaCl

Test tube

Cork
Delivery tube

Moist litmus paper

Conical flask
containing
conc H2SO4
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The dissociation of HCl is shown below.
HCl   +   H2O       H3O

+  +  Cl-
(aq)

Hydrogen ions cannot exist as bare ions. They associate with water
molecules and exist as hydronium ions (H3O

+).
H+   +    H2O    H3O

+

You have learnt that acids give H3O
+ or H+ (aq) ion in water. Thus acids

produce ions only in aqueous solutions.
Let us see what happens when a base is dissolved in water.

              H2O
NaOH (s)      –––––              Na + 

(aq) + OH – (aq)

            H2O
KOH (s)      –––––              K + 

(aq)  +  OH – (aq)
              H2O

Mg (OH) 2(s)    –––––          Mg2 (aq) + 2OH – (aq)

On dissolving bases in water produces hydroxide (OH-) ions. Bases
which are soluble in water are called alkalis. All bases donot dissolve in
water.
Reaction of water with acids or bases:

Activity -9
- Take 10 ml water in a beaker.
- Add a few drops of concentrated H2SO4 to it and swirl the beaker

slowly.
- Touch the base of the beaker.

• What do you feel?
• Is it an exothermic or endothermic process?

- Carry out the above activity with sodium hydroxide pellets instead
of H2SO4 and record your observation.

The process of dissolving an acid or a base in water is
an exothermic process.  Care must be taken while mixing
concentrated nitric acid or sulphuric acid with water.  The
acid must always be added slowly to water with constant
stirring.  If water is added to a concentrated acid, the heat
generated may cause the mixture to splash out and cause
burns.  The glass container may also break due to
excessive local heating.  Look out for the warning sign
(shown in Fig.5) on the can of concentrated sulphuric acid
and on the bottle of sodium hydroxide pellets.

fig-5: Warnings and
displayed on containers
containing concentrated

Acids and Bases
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Mixing an acid or base with water result in decrease in the concentration
of ions (H3O +/OH- ) per unit volume.  Such a process is called dilution and
the acid or the base is said to be diluted.

• Can you decide the strength of an Acid or Base solutions?
Let us find.

Strength of acid or base:

Activity-10
A test to know whether the Acid is strong or weak.
- Take two beakers A and B.
- Fill the beaker A with dil. CH3 COOH (Acetic acid) and beaker B

with dil. HCl (Hydrochloric Acid)
- Arrange the apparatus as used in activity-7, and pass electric current

through both the solutions simultaneously.
• What do you observe?
• Can you guess the reason for the changes you observed?

You will notice that the bulb glows brightly in HCl solution while the
glowing intensity of the bulb is low in acetic acid solution. This indicates
that there are more ions in HCl solution and fewer ions in acetic acid
solution. More ions in HCl solution mean more H3O

+ions.Therfore it is a
strong acid. Whereas acetic acid has fewer H3O

+ions and hence it is weak
acid.

Carry out the above experiment by taking bases like dil. NaOH (sodium
hydroxide) and dil. NH4OH (Ammonium hydroxide) instead of acids.
• What do you observe?

Explain your observations.
Not only the above activities but universal indicator can also be used

to know the strength of acid or base. Universal indicator is a mixture of
several indicators.  The universal indicator shows different colours at
different concentrations of hydrogen ions in a solution.

Think and discuss

• Why do HCl, HNO3 etc., show acidic characters in aqueous solutions while
solutions of compounds like alcohol and glucose do not show acidic character?

• While diluting an acid, why is it recommended that the acid should be added to
water and not water to the acid?
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pH scale:
A scale for measuring hydrogen ion concentration in a solution is called

pH scale. (The p in pH stands for ‘Potenz’ its meaning in German is power).
pH value of a solution is simply a number which indicates the acidic or
basic nature of a solution.
• What is pH?
• How pH of a solution is related to the [H3O

+] of that solution?
pH is a negative logarithm of hydrogen ions [H+]. It was introduced by

Sorensen. Generally the range of pH scale is taken as 1 – 14. (Note: you
will learn about logarithm representation of pH scale in higher classes)

The pH of neutral solutions is 7, values less than 7 on the pH scale
represent an acidic solution.  As the PH value increases from 7 to 14, it
represents a decrease in H3O

+ ion concentration or an increase in OH- ion
concentration in the solution. i.e., if pH value of a solution above is ‘7’
then it represents a basic solution.

Observe the following figure.

Activity-11
- Test the pH value of solutions given in table using litmus paper.
- Record your observations in column three of Table – 2.
- Write approximate pH values in column 4. Compare your

observations with Universal Indicator Chart.
• What is the nature of each substance on the basis of your observations?

10–14 10–13 10–12 10–11 10–10 10–9 10–8 10–7 10–6 10–5 10–4 10–3 10–2 10–1 10–0

100 10–1 10–2 10–3 10–4 10–5 10–6 10–7 10–8 10–9 10–10 10–11 10–12 10–13 10–14

0 1 2 3 4 5 6 7 8 9 10 11 12 13 147
NeutralAcidic

[H+]

1:1

 10,000,000 [H+]: 1[OH]

Basic

1[H+]: 10,000,000: [OH–]

[OH–]

fig-6: Aariation of pH with the change in concentration
of H+ (aq) ions and OH- (aq) ions.
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Activity-11
- Take a little of soil in a test tube and add 5 ml distilled water to it.
- Shake the contents of the test tube thoroughly.
- Filter the contents and collect the filtrate in a test tube.
- Check the pH of the filtrate with the help of universal indicator/

pH paper.
• What can you conclude about the ideal soil pH for the growth of plants

in your region?
• Under what soil conditions a farmer would treat the soil of his fields

with quicklime (calcium hydroxide) or calcium carbonate?

NEUTRALACID ALKALI
strong weak weak weak

fig -7: pH value as shown by different colour in universal indicator

1 2 3 4 5 6 7 8 9 10 11 12 13 14

S.No. Solution Colour pH

paper
Approximate

pH value
Nature of

substances

1 HCl
2 CH3COOH

3 NH4Cl
4 CH3COONa

5 NaHCO3

6 Na2CO3

7 NaOH
8 Distilled water
9 Lemon juice
10 Carrot juice
11 Coffee
12 Tomato juice
13 Tap water
14 Banana juice
15 Colourless aerated drink
16 Saliva (before meal)
17 Saliva (after meal)
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Do you know?

Range of pH and how to read it
The pH scale is often referred to

as ranging from 0-14 or perhaps 1-14.
Neither is correct. The pH range does
not have an upper nor lower bound,
since as defined above, the pH is an
indication of concentration of H+. For
example, at a pH of zero the hydronium
ion concentration is one molar, while
at pH 14 the hydroxide ion
concentration is one molar. Typically
the concentrations of H+ in water in
most solutions fall between a range of
1 M (pH=0) and 10-14 M
(pH=14). Hence a range of 0 to 14
provides sensible (but not absolute)
“bookends” for the scale. However, in
principle, one can go somewhat below
zero and somewhat above 14 in water,
because the concentrations of
hydronium ions or hydroxide ions can
exceed one molar. Figure 1 depicts the
pH scale with common solutions and
where they are on the scale. 

battery acid

lemon juice

pure rain (H2O in
equilibrium with

atmospheric CO2

freshly
distilled water

seawater

baking soda
(NaHCO3 solution)

household
ammonia (NH3)

household lye
(NaOH solution)

household bleach
(NaClO solution)

gastric fluid
carbonated
beverages

vinger
orange juice
beer
coffee

egg yolks

milk

blood

milk of
magnesia
[Mg(OH)2]
solution

Importance of pH in everyday life:
1.  Are plants and animals pH sensitive?

Our body works within the pH range of 7.0 to 7.8. Living organisms
can survive only in a narrow range of pH change.  When pH of rain water is
less than 5.6, it is called acid rain.  When acid rain flows in to the rivers, it
lowers the pH of the river water, the survival of aquatic life in such rivers
becomes difficult.

fig -8: Solutions and the
placement of them on pH

scale

Think and discuss

• What happen pH value of chemicals in our body increases?
• Why do living organism have narrow pH range?
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2.  Is pH Change cause of teeth decay?
Tooth decay starts when the pH of the mouth is lower than 5.5. Tooth

enamel, made of calcium phosphate is the hardest substance in the body.
It does not dissolve in water, but is corroded when the pH in the mouth is
below

5.5. Bacteria present in the mouth produce acids by degradation of
sugar and food particles remaining in the mouth.  The best way to prevent
this is to clean the mouth after eating food.  Using tooth pastes, which are
generally basic neutralize the excess acid and prevent tooth decay.
3.   pH in our digestive system:

It is very interesting to note that our stomach produces hydrochloric
acid.  It helps in the digestion of food without harming the stomach.  During
indigestion the stomach produces too much acid and this causes pain and
irritation.  To get rid of this pain, people use bases called antacids; These
antacids neutralize the excess acid in the stomach. Magnesium hydroxide
(milk of magnesia), a mild base, is often used for this purpose.
4.   pH of the soil:

Plants require a specific pH range for their healthy growth.  To find
out the pH required for the healthy growth of a plant, you can collect the
soil samples from various places and check the pH in the manner described
below in the following activity.   Also you can note down what type of
plants are growing in the region from which you have collected the soil.

Activity-13
- Take dil. HCl in a beaker and add two to three drops methyl orange

indicator.
· Note the colour of the solution
· Mix antacid tablet powder to the above solution in the beaker. Now

observe the change in colour of solution.
• What is the reason for the change in colour of solution?
• Can you write the chemical equation for this reaction taking place in

above activity?

Self defense by animals and plants through chemical war fare?
Have you ever been stung by a honey-bee?  Bee sting leaves an acid

which causes pain and irritation.  Use of a mild base like baking soda on
the stung area gives relief.  Stinging hair of leaves of nettle plant, inject
methanoic acid causing burning pain.
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• Do you know that the atmosphere of Venus is made up of thick white
and yellowish clouds of sulphuric acid?  Do you think life can exist on
this planet?

More about salts
In the previous sections you have studied new salts are formed by the

neutralization reaction of base with an acid.  Let us understand more about
their preparation properties and uses of salts.
Family of salts:

Activity-14
- Write the formulas of the following salts.
- Potassium sulphate, sodium sulphate, calcium sulphate, magnesium

sulphate, copper sulphate, sodium chloride, sodium nitrate, sodium
corbonate and ammonium chloride.

- Identify the acids and bases from which the above salts are obtained.
- Salts having the same positive or negative radicals belong to a

family.  For example, NaCl and Na2SO4 belong to the family of
sodium salts.  Similarly, NaCl, and KCl belong to the family of
chloride salts.

• How many families can you identify among the salts given above?

Do you know?

Nature provides neutralisation options
Nettle is a herbaceous plant which grows in the wild. Its leaves have stinging

hair, which cause painful stings when touched accidentally. This is due to the
methanoic acid secreted by them. A traditional remedy is rubbing the area with the
leaf of the dock plant, which often grows beside the nettle in the wild. Can you
guess the nature of the dock plant? So next time you know what to look out for if
you accidentally touch a nettle plant while trekking. Are you aware of any other
effective traditional remedies for such stings?
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pH of Salts:

Activity-15
- Collect the salt samples like, sodium chloride, aluminum chloride,

copper sulphate, sodium acetate, ammonium chloride,  sodium
hydrogen carbonate and sodium carbonate.

- Dissolve them in distilled water.
- Check the action of these solutions with litmus papers.
- Find the pH using pH paper.
- Classify them into acidic, basic or neutral salts?
- Identify the acid and base used to form the above salts.
- Record your observations in Table -   given below.

Salt of a strong acid and a strong base are neutral and the pH value is 7.
The salts of a strong acid and weak base are acidic and the pH value is less
than 7. The salts of a strong base and weak acid are basic in nature and the
pH value is more than 7.
• What do you say about salts of both weak acid and weak base?

In such cases the pH depends on the relative strengths of acid and base.
Chemicals from common salt:

Salts are the ionic compounds which are produced by the neutralization
of acid with base.  Salts are electrically neutral.  There are number of salts
but sodium chloride is the most common among them.  Sodium chloride
is also known as table salt or common salt.  Sodium chloride is used to
enhance the taste of food.

Sea water contains many salts dissolved in it.  Sodium chloride is the
predominant component and it is separated from these salts.  Deposits of
solid salt are also found in several parts of the world.  These deposits of
large crystals are often brown due to impurities.  This is called rock salt.
Beds of rock salt were formed when seas of bygone ages dried up.  Rock
salt is mined like coal.

Salt pH Acidic Basic Neutral
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Do you know?

Salt – a symbol of freedom struggle:
You know common salt as a substance which
enhances the taste of food; it also has played
a remarkable role in motivating the people
towards freedom struggle. The tax levied by
the British government on common food
substance (salt), for both the poor and the
rich, made them to become unite in the
freedom struggle.

You must have heard about Mahatma
Gandhi’s Dandi March and about ‘salt
satyagraha’ in the struggle for freedom of
India.

Common salt – A raw material for chemicals:
The common salt is an important raw material for various materials of

daily use, such as sodium hydroxide, baking soda, washing soda, bleaching
powder and many more. Let us see how one substance is used for making
all these different substances.
Sodium hydroxide from common salt:

When electricity is passed through an aqueous solution of sodium
chloride (called brine), it decomposes to form sodium hydroxide.  The
process is called the chlor-alkali process – because of the products formed
chlorine and sodium hydroxide(an alkali).

fig-9: Important product from chlor-alkali process

at Cathode at Anode

Fuels, margarine,
ammonia for fertilisers

Water treatment, swimming pools, PVC,
disinfectants, CFC’s, pesticides

HYDROCHLORIC ACID
For: cleaning steel, ammonium chloride, medicines, cosmetics

BLEACH
For: household bleahes, bleaching fabric

De-greasing metals, soaps and detergents,
paper making, artificial fibres
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2 NaCl ( aq) + 2H2O (l)     2 NaOH (aq) +  Cl2 (g) + H2 (g)

Chlorine gas is given off at the anode and hydrogen gas at the cathode,
sodium hydroxide solution is formed near the cathode the three products
produced in this process are all useful Fig. shows the different uses of these
products.
Bleaching Powder:

You know that chlorine is produced during the electrolysis of aqueous
sodium chloride (brine).  This chlorine gas is used for the manufacture of
bleaching powder.  Bleaching power is produced by the action of chlorine on
dry slaked lime [Ca(OH)2]. Bleaching powder is represented by formula
CaOCl2, though the actual composition is quite complex.

Ca (OH)2  +  Cl2 CaOCl2  +  H2O
Uses of Bleaching Powder:

1. It is used for bleaching cotton and linen in the textile industry for bleaching
wood pulp in paper industry and for bleaching washed clothes in laundry.

2. Used as an oxidizing agent in many chemical industries.
3. Used for disinfecting drinking water to make it free of germs.
4.  Used as a reagent in the preparation of chloroform.

Baking soda:
This is commonly used in the kitchen for making tasty crispy pakodas is

baking soda.  Sometimes it is added for faster cooking.  The chemical name
of the compound is sodium hydrogen carbonate (NaHCO3). It is produced
using sodium chloride as one of the raw materials.

NaCl + H2O + CO2 + NH3     NH4 Cl  +  NaHCO3

Can you find the pH of sodium hydrogen carbonate as you have done in
activity-12?  Can you predict the reason for using NaHCO3 to neutralize an
acid?

Baking soda is a mild non-corrosive base.
The following reaction takes place when it is heated during cooking.

        Heat
2NaHCO3    –––––         Na2CO3 + H2O+CO2

Uses of sodium hydrogen carbonate:-
i) Baking powder is a mixture of baking soda and a mild edible acid such as

tartaric acid.  When baking powder is heated or mixed in water, the
following reaction takes place.
NaHCO3 + H+      CO2 + H2O  +  Sodium  Salt of acid.
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Carbon dioxide produced during the reaction causes bread or cake to
rise making them soft and spongy.

ii) Sodium hydrogen carbonate is also an ingredient in antacids.  Being
alkaline, it neutralizes excess acid in the stomach and provides relief.

iii) It is also used in soda-acid fire extinguishers
iv) It acts as mild antiseptic.
Washing soda (sodium carbonate):

Another chemical that can be obtained from sodium chloride is Na2

CO3. 10 H2O(washing soda).  You have seen above that sodium carbonate
can be obtained by heating baking soda. Recrystallisation of sodium
carbonate gives washing soda.  It is also a basic salt.

Na2 CO3 + 10 H2O        Na2 CO3 .10 H2O
Sodium carbonate and sodium hydrogen carbonate are useful

chemicals for many industrial processes.
Uses of Washing soda:
i) Sodium carbonate (washing soda) is used

in glass, soap and paper industries.
ii) It is used in the manufacture of sodium

compounds such as borax.
iii) Sodium carbonate can be used as a cleaning

agent for domestic purposes.
iv) It is used for removing permanent hardness

of water.
• What does 10 H2O signify?
• Does it make Na2CO3 Wet?
• Are the crystals of salts really Dry

Activity-15
Removing water of crystallisation
- Take a few crystals of copper sulphate in a dry test tube and heat

the test tube.
- What change did you notice in the colour of the copper sulphate

after heating?
- Did you notice water droplets on sides of the test tube?  Where

did they come from?

fig-10: Removing water of
crystallisation

Test tube holder
Water droplets

Copper sulphate
crystals

Boiling
tube

Burner
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• Add 2-3 drops of water on the sample of copper sulphate obtained
after heating.

• What do you observe?  Is the blue colour of copper sulphate restored?
In the above activity copper sulphate crystals which seem to be dry

contain the water of crystallization, when these crystals are heated, water
present in crystals is evaporated and the salt turns white.

When the crystals are moistened with water, the blue colour reappears.
Water of crystallization is the fixed number of water molecules present

in one formula unit of a salt.  Five water molecules are present in one
formula unit of copper sulphate.  Chemical formula for hydrated copper
sulphate is CuSO4.5 H2O.

Now you would be able to answer the question whether the molecule
of Na2 CO3. 10 H2O is wet or not.

Another salt which possesses water of crystallisation is gypsum.  It
has two water molecules in its crystals and the formula is CuSO4. 2H2O.

Let us see the use of this salt.

Plaster of paris (CaSO4 ½ H2O):
On careful heating of gypsum (CaSO4 2 H2O) at 373 K it loses water

molecules partially to become calcium sulphate hemihydrate (CaSO4.½
H2O).  This is called plaster of paris, the substance which doctors use as
plaster for supporting fractured bones in the right position.  Plaster of
paris is a white powder and on mixing with water, it sets into hard solid
mass due to the formation of gypsum.

CaSO4. ½ H2O    +     1½ H2O       CaSO4. 2H2O
        (Plaster of Paris)                                                (Gypsum)

Note: You might have noticed that only half a water molecule is shown
as that has attached to CaSO4 in above reaction.
• How can you get half a water molecule?

It is written in this form because two formula units of CaSO4 share
one molecule of water.

Plaster of paris is used for making toys, materials for decoration and
for making surfaces smooth.
• Try to collect the information to reasons for calling calcium sulphate

hemihydrates as Plaster of Paris?
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• Acid – base indicators are dyes or mixtures of dyes which are used to indicate the presence of
acids and bases.

• Acidic nature of a substance is due to the formation of H+ (aq) ions in solution.  Formation of
OH- (aq) ions in solution is responsible for the basic nature of a substance.

• When a base reacts with a metal with the evolution of hydrogen gas, a salt is formed with a
negative charge composed of the metal and oxygen.

• When an acid reacts with a metal carbonate or metal hydrogen carbonate gives the corresponding
salt, carbon dioxide gas and water.

• Acidic and basic solutions in water conduct electricity because they produce hydrogen ions and
hydroxide ions respectively.

• The strength of an acid or an alkali can be tested by using a scale called the pH scale (0-14)
which gives the measure of hydrogen ion concentration in a solution.

• A neutral solution has a pH of 7, while an acidic solution has a pH less than 7 and a basic
solution has a pH more than 7.

• Living beings carry out their metabolic activities within an optimal pH range.
• Mixing concentrated acids or bases with water is a highly exothermic process.
•  Acids and bases neutralize each other to form corresponding salts and water.
•  Water of crystallization is the fixed number of water molecules chemically attached to each

formula unit of a salt in its crystalline form.
•  Salts have various uses in everyday life and in industries.

What we have learnt
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1. Compounds such as alcohols and glucose contain hydrogen but are not categorized as acids.
Describe an activity to prove it.

2. Why does distilled water not conduct electricity, whereas rain water does?
3. Why do acids not show acidic behavior in the absence of water?
4. Five solutions A, B, C, D and E when tested with universal indicator showed pH as  4, 1, 11, 7

and 9, respectively, which solution is:
a)  neutral b)  strongly alkaline? c)  strongly acidic
d)  weakly acidic e)  weakly alkaline
Arrange the pH in increasing order of hydrogen ion concentration.

5. What is a neutralization reaction?  Give two examples.
6. What happens when an acid or base is mixed with water?
7. Equal lengths of magnesium ribbons are taken in test tubes A and B.  Hydrochloric  acid is

added to test tube A, while acetic acid is added to test tube B.  The concentrations taken for
both the acids are same in which test tube the reaction occur more vigorously and why?

8. Fresh milk has a pH of 6.  How does the pH change as it turns to curd?  Explain your answer.
9. A milkman adds a very small amount of baking soda to fresh milk.

a) Why does he shift the pH of the fresh milk from 6 to slightly alkaline?
b) Why does this milk take a long time to set as curd?

10. Why does tooth decay start when the pH of mouth is lower than 5.5?
11.  How does the flow of acid rain water into a river make the survival of aquatic life in
        a river difficult?
12.  Dry hydrogen chloride gas does not turn blue litmus whereas hydrochloric acid does.  Why?
13. What is meant by “water of crystallization” of a substance?  Describe an activity to demonstrate

water of crystallization.
14. Plaster of paris should be stored in a moisture – proof container.  Explain why?
15.  What is baking powder?  How does it make the cake soft and spongy?
16.  Give two important uses of washing soda and baking soda.
17. WHO AM I?

• I can roughly measure pH value from 0-14.
• I am called antichlor and am used to remove excess chlorine from clothes when treated

with bleaching powder.
• I am a product of gypsum and am used to making chalks and fire proof materials.
• I am a compound of calcium and can be used for disinfecting drinking water as well as for

decolourisation.
• I give different smell in acid and base solution.
• I am an oxide capable of showing properties for both acids and bases.

Improve your learning
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• I am a covalent compound and conducts electricity in aqueous medium.
• I am a salt of potassium hydroxide and nitric acid.
• I am the term used when a solid becomes liquid when exposed to moist air.
• I am derived from tomato and turn blue litmus into red.

18. The colour of methyl orange indicator in acidic medium is: (      )
a)  Yellow  b) green c) orange d) red

19.  The colour of phenolphthalein indicator in basic solution is: (       )
a)  Yellow b) green c) pink d) orange

20. What is the colour methyl orange in alkaline medium? (       )
a)  orange b)  yellow c)  red d)  blue

21 A solution turns red litmus blue, its pH will be:              (       )
      a)  1 b) 4 c) 5 d) 10
22. A solution reacts with crushed egg-shells to give a gas that turns lime-water (       )

Milky, the solution contains:
      a)  NaCl b)  HCl c)  LiCl d)  KCl
23. Why is universal indicator a better one than litmus paper?              (       )

a)  Litmus paper can only be used for acids.
b)  Litmus paper can only be used for alkalis.
c)  Universal indicator goes green if something is neutral.
d)  Universal indicator is useful for all ranges of pH of the solution.

24.  Water soluble bases are known as? (       )
a)  neutral b)  base c)  acid d)  alkali

25.  Which of one of the following pairs of substances when mixed together produces table salt.
(       )

a)  Sodium thiosulphate and sulpur dioxide
b)  Hydro chloric acid and sodium hydroxide
c)  Chlorine and oxygen
d)  Nitric acid and sodium hydrogen carbonate

26. What colour would hydrochloric acid (pH=1) turn universal indicator.  (       )
a)  Orange b) purple c) yellow d) red

28. Which one of the following medicines is used for treating indigestion. (       )
a)  Antibiotic b) analgesic c) antacid d) antiseptic

29.  If magnesium reacts with hydrochloric acid, what gas is produced?              (       )
a)  Hydrogen b) oxygen c) carbon dioxide d) chlorine

30. Which of the following is the most accurate way of representing neutralization? (       )
a)  Acid + base           neutral solution
b)  Acid + base    salt + water
c)  Acid + base    sodium chloride + hydrogen
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 d)  Acid + base    acidic solution
31. Classify the following examples as acid, base or salt:

Mg (OH)2 ____________ KCl _____________ HCl ____________
H3 PO4 _____________ HBr _____________ Al (OH)3 _____________
KNO2 ____________ NaCl _____________
Ba (OH)2 ____________ HFO4 _____________________

32. A ____________ taste is a characteristic property of all acids in aqueous solution.
33. Acids react with some metals to produce _____________ gas
34. Aqueous acid solutions conduct electricity because they have ________
35. Acid reacts with base to produce a ________ and water.
36. Acid turn methy orange to  ____________ colour.
37.  Bases tend to taste _____________ and feel ____________
38. Aqueous basic solutions conduct electricity because they have ___________.
39.  Bases react with ______________ to produce a salt and ______________
40. Bases turn phenolphthalein to _________________ colour.
41. Match the following:

a)  Plaster of Paris ( )     1)  CaO Cl2

b)  Gypsum ( )     2)  NaHCO3

c)  Bleaching powder ( )     3)  Na2 CO3

d)  Baking soda ( )     4)  CaSO4 . ½ H2O
e)  Washing soda ( )     5)  CaSO4 . 2 H2O

Group Activity
1. Dancing balls

Take a glass with 3/4 full of water.  Pour four spoons of vinegar and a pinch
of baking soda into it, stir the continents.  Drop four Naphthalene balls into
the glass. The balls reach to the bottom of the glass. After some time the
naphthalene balls start moving up and down.
How does this happen?  Vinegar reacts with baking soda and releases CO2

gas. This gas settles on the balls in the bottom of water.  Due to this the
density decreases and the ball moves to the surface of the water, when it
reaches the surface of the water the gas bubbles burst and gas is released.
Again the density of the balls is more and the balls move to the bottom of the water.

2. Prepare your own indicator
• Crush beetroot in a mortar.
• Boil the contents for a few minutes.
• Filter the extract; collect the filtrate and use it as indicator to test acids and bases.
• You can prepare indicators by using other natural materials like coloured petals of some

flowers such as petunia, hydrangea and Geranium.
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3. Preparing a Soda – acid fire extinguisher
The reaction of acids with metal hydrogen carbonates is used in the fire extinguishers which
produce carbon dioxide.
• Take 20ml of sodium hydrogen carbonate (NaHCO3) solution in a wash bottle.
• Suspend an ignition tube containing dilute sulphuric acid in the wash bottle.  Close the

mouth of the wash bottle.
• Tilt the wash bottle so that the acid from the ignition tube mixes with the sodium hydrogen

carbonate solution.
• You will notice gas coming out of the wash bottle nozzle.
• Direct this gas on a burning candle.  What happens?

Thread

Wash-bottle

Ignition tube
Dil H2SO4

NaHCO3

Nozzle

Discharge
coming out

(a)

(a) Ignition tube containing dilute H2SO4 suspended in a
wash-bottle containing NaHCO3

(b) Discharge coming out of nozzle

(b)
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6Chapter

Carbon and its
Compounds

The food you eat, the clothes you wear, the cosmetics you use, the
fuels that are used to run car and trucks are all the compounds of carbon.
Carbon plays a huge role in our lives, from the carbon dioxide in the air to
the graphite in your pencil. Life on earth could not exist without carbon. It
is part of DNA and also makes up important sugars and fats that we need to
live.

Carbon is the fourth most abundant element in the universe by mass. It
is also the second most abundant element in the human body after oxygen.
It is the 15th most common element in the Earth’s crust.

Carbon was discovered in prehistory and it was known to the ancients.
They used to manufacture charcoal by burning organic material.

Carbon is a non-metal. It belongs to the fourteenth group or IV A
group in the modern periodical table. The elements of this group have four
electrons in the valence shell.

Let us write the electronic configuration of 6C.

Atomic number of carbon is 6.
Electronic configuration of carbon (ground state): 1s2 2s2 2p2. To get

the octet in its outer shell it has to gain four more electrons to form C4-.
The electronegativity of carbon is only 2.5 eV and its nucleus has only six
protons. Therefore it would be difficult for a nucleus with six protons to
hold two electrons. Hence, carbon cannot form C4- ions so easily.
• Can carbon get Helium configuration by losing four electrons from

the outer shell?
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 If carbon loses four electrons from the outer shell, it has to form C4+

ions. This requires huge amount of energy which is not available normally.
Therefore C4+ formation also is a remote possibility. Hence, carbon has
to satisfy its tetravalency by sharing electrons with other atoms. It was
found that carbon forms four covalent bonds either with its own atoms or
with the atoms of other elements.

The possibility of bonds formation by a carbon atom is as follows:
a) Four single covalent bonds, may be atoms of same element like

Chlorine which are monovalent, such as CCl4                     or

Four single covalent bonds with atoms of different elements which

are       monovalent, like;           

b) Carbon atoms may form one double bond and two single bonds as
shown in the following examples CH2 = *CH2  or CH3 – H*C = O.

c) Carbon atom may form one single bond and a triple bond as shown
below H–C=C–H or CH3 –C =_    N or it may form two double bonds as
in CH2 = C = CH2.

• How do carbon atoms form bonds in so many different ways as
mentioned above?

• Explain the four unpaired electrons in carbon atom through excited
state.
As per valence bond theory (see chapter, chemical bonding), the four

unpaired electrons in a carbon atom are shown by suggesting excited state
to carbon atom.

Electronic configuration of carbon (ground state):
1s2 2s2 2p2 (or) 1s2 2s2 2px

1 2py
12pz

0

Carbon (ground state)
Electronic configuration of carbon (excited state):

1s2 2s1 2px
1 2py

1 2pz
1

Carbon (excited state)

1s 2s 2p

1s 2s 2p

Cl
|

Cl – C – Cl
|

Cl

H
|

H – C – Cl
|

Br
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In excited state carbon atom gets its one of the ‘2s’ electrons to say
2pz.

Each carbon atom has four unpaired electrons when excited and tends
to form four covalent bonds.
• Where this energy to excite electron comes from?

We have to understand that free carbon atom would not be in excited
state under normal conditions. When the carbon atom is ready to form
bonds with other atoms, the energy required for excitation is taken up
from bond energies. These bond energies are liberated when bonds are
formed between carbon atom and other atoms.

For example:
In methane (CH4) molecule all four carbon – hydrogen bonds are

identical and bond angle HCH is 109o282/.
In the above discussion, we have found that in excited state, carbon

atom has three unpaired electrons in p-orbital and one electron in s-orbital.
These four valence electrons are with different energies.
• How these energetically unequal valence electrons form four equivalent

covalent bonds in methane molecule?
Let us see how?

Promotion of an electron:
When bonds are formed, energy is released and the system becomes

more stable. If carbon forms four bonds rather than two, still more energy
is released and so the resulting molecule becomes even more stable.

Linus Pauling - the world’s one of the greatest scientists
and humanitarians. He has been recognised on as one of the
two greatest scientists of the 20th century, he was usually
acknowledged as the most influential chemist since Lavoisier,
the 18th-century founder of the modern science of chemistry.
He is also often considered the founding father of molecular
biology, which has transformed the biological sciences and

medicine and provided the base for biotechnology.
He is the only person ever to receive two unshared Nobel Prizes — for

Chemistry (1954) and for Peace (1962).
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2s
2px 2py 2pz

Promotion
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2s
2px 2py 2pzEn
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gy

The energy difference between the 2s
and 2p orbitals is very small. When carbon
atom is ready to form bonds it gets a small
amount of energy from bond energies and
get excited to promote an electron from the
2s to the empty 2p to give four unpaired
electrons.

We have got four unpaired electrons
ready for bonding, but these electrons are
in two different kinds of orbitals and their
energies are different. We are not going to
get four identical bonds unless these
unpaired electrons are in four identical
orbitals.

How to explain the four orbitals of
carbon containing unpaired electrons as energetically equal?

We can explain it by the phenomenon called hybridisation.

Hybridisation
The excited carbon atom allows its one s-orbital (2s) and three p-

orbitals (2px, 2py, 2pz) to intermix and reshuffle into four identical orbitals
known as sp3 orbitals.

This re-organises the electrons into four identical hybrid orbitals called
sp3 hybrids (because they are made from one ‘s-orbital’ and three ‘p-
orbitals’).

NOTE: Read  “ sp3 “ as “ s p three”.

From ground state to
excited state

Do you know?

The concept of hybridisation was introduced by Linus Pauling (1931).  The
redistribution of orbitals of almost equal energy in individual atoms to give equal
number of new orbitals of equivalent energy is called “hybridisation”. The newly
formed orbitals are called as ‘hybrid orbitals.’

2sEn
er

gy 2py2px 2pz sp2 hybrids
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The hybridisation enables the carbon to have four sp3 hybrid orbitals
and these have one electron each of equal energies. Since carbon has four
unpaired electrons of equal energies it is capable of bonding with four
other atoms of carbon or atoms of some other monovalent element. When
carbon reacts with hydrogen, four hydrogen atoms allow their ‘s’ orbitals
containing one electron each to overlap the four sp3orbitals of carbon atom
which are oriented at an angle of 109o282  (Four orbitals of an atom  in the
outer shell orient along the four corners of a tetrahedron to have minimum
repulsion between their electrons. The nucleus of the atom is at the centre
of the tetrahedron).see figures below:

This leads to form four sp3 – s sigma bonds between carbon atoms and
four hydrogen atoms. All these bonds are of equal energy.
sp2 hybridisation:

How do you explain the ability of C – atom to form two single covalent
bonds and one double bond?

Let us consider Ethene (Ethylene, CH2 = CH2) molecule as the
example.

In case of ethene, there is a difference from, say, methane or ethane,
because each carbon is only joining to three other atoms rather than four.
When the carbon atoms hybridise their outer orbitals before forming bonds,
this time they only hybridise three orbitals not all the four.

In excited state each carbon atom undergoes sp2 hybridisation by
intermixing and reshuffling one s-orbital (2s) and two p-orbitals (say 2px,
2py) to form three sp2 orbitals.  Now each carbon atom is left with one ‘p’
orbital (say pz) unhybridised. The three sp2 orbitals having one electron
each get separated around the nucleus of carbon atoms at an angel of  120o.

2sEn
er

gy 2py2px 2pz sp1 hybrids
2pz
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when carbon is ready to form bond one sp2 orbital of one carbon atom
overlaps the sp2 orbital of the other carbon atom to form sp2 – sp2 sigma
(ó) bond. The remaining two sp2 orbitals of each carbon atom get
overlapped by‘s’ orbitals of two hydrogen atoms containing unpaired
electrons. The unhybridised pz orbitals on the two carbon atoms overlap
laterally as shown in figure to form a ð bond. That means there exist a
sigma (ó) and a pie (ð) between two carbon atoms in ethylene molecule.
Hence, the molecule ethene (C2H4) is

sp hybridisation:
Each carbon is only joining to two other atoms rather than four (as in

methane or ethane) or three (as in ethene). Here the carbon atoms hybridise
their outer orbitals before forming bonds, this time they only hybridise
two of the orbitals.

They use the 2s orbital and one of the 2p orbitals, but leave the other
2p orbitals unchanged. The new hybrid orbitals formed are called sp hybrid
orbitals, because they are made by an s-orbital and a single p-orbital
reorganizing themselves.

How do you explain the ability of carbon atom to form one single
bond and one triple bond?

To know the ability of ‘C’ to form one single bond and one triple bond,
let us consider Ethyne (Acetylene, C2H2) molecule as our example.

In acetylene molecule there exists a triple bond between two carbon
atoms and single bond with hydrogen atom on each (H–C =_    C–H )
• What type hybridisation is taking place in acetylene case?

To answer above question you need to understand sp – hybridisation
observe the following figure(…)

2s
2py2px 2pz

sp1 hybrids

2pz2py

H H

H H

C C
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        fig of C2H2

In C2H2 molecule there are two carbon atoms and two hydrogen atoms.
In excited state each carbon atom undergoes sp- hybridisation by mixing
its one ‘s’ orbital (2s) and one ‘p’ orbital (2px) and reshuffle to form two
identical orbitals known as sp-orbitals. Each carbon atom has two
unhybridised p-orbitals (say 2py, 2pz). One sp-orbital of a carbon overlaps
the sp-orbital of other carbon to give sp-sp sigma bond. The other sp-
orbital of each carbon atom overlaps ‘ s ’ orbital of a hydrogen atom to
form two s-p sigma bonds. The unhybridised ‘ p ‘ orbitals of other carbon
atom to give two ð bonds between two carbon atoms (say ðpy-py, ðpz-pz ,
see figure). Thus ethyne molecule   there exists three  ó-bonds and two
π-bonds in the molecule.
• Can you predict the bond distance between the nuclei of atoms that

form bond and bond energy order of angle , C = C and C - C? Explain
it.

• What are bond angles HCH in CH4, C2H4 and C2H2 molecules?
Allotropes of Carbon:
You might have see pencil lead that we use for writing and a black

cylindrical rod inside a dry cell.
• What do you call it? Have you ever thought what it is made of?

The pencil lead and cylindrical rod in a dry cell are made up of graphite
which is a form of carbon. Apart from this, you have learnt in class-8 that
even coal, coke, coaltar and wood charcoal etc are also carbon compounds.
The precious material diamond is also a form of carbon.
• Do all the substances mentioned above have similar physical

properties?
• Why do they differ though all of them are made up of carbon?

Let us find.
The property of an element to exist in two or more physical forms

having more or less similar chemical properties but different physical
properties is called allotropy. The different forms of the element are called
allotropes and are formed due to the difference in the arrangement of
atoms.
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The allotropes of carbon are classified into two types. They are
•  Amorphous forms
•  Crystalline forms

Amorphous forms:
Different amorphous allotropes of carbon are: Coal; Coke; Wood

Charcoal; Animal charcoal; Lamp black; Gas carbon; Petroleum coke; Sugar
charcoal.
Crystalline forms:

Carbon atoms can arrange themselves into different hybridised
chemical bonds. Therefore they exhibit different physical and chemical
structures such as diamond and graphite. Carbon in solid phase can exist
in three crystalline allotropic forms: diamond, graphite and
buckminsterfullerene.

Diamond and graphite form covalent network structures whereas
buckminster fullerene has a molecular solid structure with discrete C60

molecules. As these crystalline allotropes differ in their structures, they
possess different physical properties.

Diamond: In diamond each carbon atom undergoes in its excited state
sp3 hybridisation. Hence, each carbon atom has a tetrahedral environment.
The three dimensional structure of diamond is as shown:

             Lattice structure of diamond  Diamond structure

As C-C bonds are very strong any attempt to distort the diamond
structure requires large amount of energy. Hence diamond is one of the
hardest materials known.

Graphite: Graphite forms a two dimensional layer structure with C-
C bonds within the layers. There are relatively weak interactions between
the layers.  The arrangement of carbon atoms in graphite layers
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The arrangement of carbon atoms in graphite layers
In the layer structure, the carbon atoms are in a trigonalplanar

environment. This is consistent with each carbon atom in sp2 hybridisation.
Interactions between the sp2 orbitals (overlaps) lead to the formation of
C-C bonds. Each carbon atom is with one unhybridised ‘p’ orbital. The
unhybridised ‘p’ orbitals interact to form a ð system that is delocalised
over the whole layer. The interactions (bond on dispersion forces) between
the layers which are separated by a distance of 3.35 Ao are weakened by
the presence of water molecules so that it is easy to cleave graphite. For
this reason graphite is used as lubricant and as the ‘lead’ in pencils.
• How do you understand the markings (writings) of a pencil on a paper?

When we write with a pencil, the interlayer attractions breakdown and
leave graphite layers on the paper. Pencil marks are easy to remove from
paper with an eraser because, the layers does not bind strongly to the paper.
Graphite is a good conductor of electricity because of the delocalised ð
system.

Buckminsterfullerene (60C): Buckminsterfullerenes are molecules
of varying sizes that are composed entirely of carbon. The arrangement of
these molecules leads to the form of a hollow sphere, ellipsoid, or tube
depending upon their orientations. Fullerenes are formed when vaporized
carbon condenses in an atmosphere of an inert gas.

Do you know?

The buckminsterfullerene, or usually just fullerene for short, were discovered
in 1985 by a team of scientists, Robert F. Curl, Harold W. Kroto and Richard E.
Smalley from Rice University and the University of Sussex, three of whom were
awarded the 1996 Nobel Prize in Chemistry. They are named for the resemblance
of their allotropic structure to the geodesic structures devised by the scientist and
architect Richard Buckminster “Bucky” Fuller.
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Buckyballs: Spherical fullerenes are also called buckyballs.
Buckminsterfullerene (60C) contains nearly spherical 60C molecules

with the shape of a soccer ball.

Buckminsterfullerene (60C) 3D structure of Buckminsterfullerene (60C)
Fullerene, 60C molecule contains 12 pentagonal and 20 hexagonal

faces on its soccer ball shape, and each carbon atom has sp2 hybridized
orbitals.

The chemical and physical properties of fullerenes are still under heavy
study, Fullerenes were under study for potential medicinal use — such as
specific antibiotics to target resistant bacteria and even target certain cancer
cells such as melanoma.

Nano tubes:
Nano tubes are another allotropic from of carbon discovered in 1991by

Sumio li jima. Nano tubes consist of hexagonal arrays of covalently bonded
carbon atoms, similar to the sheets in graphite. Unlike the flat graphite
sheets, in nano tubes the sheets are rolled into cylinders, due to this reason
they are called nanotubes. Nanotubes like graphite, are electrical
conductors and can be used as molecular wires. In integrated circuits
nanotubes were used instead of copper to connect the components together.
Scientists inserted biomolecules into nanotubes
to inject them into a single cell.

single-walled carbon nanotube or buckytube.
Carbon also exists in more than 40 other

non-crystalline amorphous forms like coke,
charcoal, carbon-black etc.
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Do you know?

Graphene - The new wonder material:

As its name indicates, graphene is extracted from graphite, the material used
in pencils. Like graphite, graphene is entirely composed of carbon atoms. For a
thickness of 1mm graphite contains some 3 million layers of graphene. The
carbons are perfectly distributed in a hexagonal honeycomb formation only in
0.3 nanometers thickness.

Graphene conducts electricity better than copper. It is 200 times stronger
than steel but six times lighter. It is almost perfectly transparent to light.

3D illustration showing a sheet of
graphene

A piece of graphene aerogel - weighing
only 0.16 milligrams per cubic

centimeter - is placed on a flower.

Versatile nature of carbon:
In eighteenth century scientists tried to explain the difference between

the compounds in a broader way.
J. J. Berzelius (1807) named the compounds that derived from living

organism as organic compounds and those from non-living materials as
inorganic compounds. He thought that organic compounds would be
prepared in the living bodies through vital force, the essence of life. As
this force is absent outside the living bodies, it was thought that the so
called organic compounds could not be synthesized in the laboratories.

Surprisingly F. Wohler (1828) produced an organic compound Urea
in the laboratory by heating an inorganic salt ammonium cyanate.

NH4CNO
Ammonium

cyanate

H
heat H

N
C

O

N
H

H

Urea
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It inspired many other chemists and they were successful to prepare
the so called organic compounds, methane, acetic acid etc., in the
laboratory. This gave a death blow to the idea that organic compounds are
derived from living organism. Chemists thought about a new definition
for organic compounds. After observing the structures and elements of
organic compounds, they defined organic compounds as compounds of
carbon. Therefore, organic chemistry is totally allotted to carbon
compounds. Is it justified?

Let us find.
We understand that all molecules that make life possible –

carbohydrates, proteins, nucleic acids, lipids, hormones, and vitamins
contain carbon. The chemical reactions that take place in living systems
are of carbon compounds. Food that we get from nature, various medicines,
cotton, silk and fuels like natural gas and petroleum, all are of carbon
compounds. Synthetic fabrics, plastics, synthetic rubber are also
compounds of carbon. Hence, carbon is a special element with the largest
number of compounds.
Catenation:

If any element forms bonds among its own atoms to give big molecules
we call that property as catenation property.

Carbon with its catenation property has the ability to form longest
chains, branched chains, as well as rings with its own atoms. This peculiar
behavior of carbon made it to stand as a special element.

Sulphur, Phosphorus and some other non metals have this property
but to very less extent.

Wöhler Friedrich (1800 – 1882)
German chemist who was a student of Berzelius. In

attempting to prepare ammonium cyanate from silver cyanide
and ammonium chloride, he accidentally synthesized urea
in 1828. This was the first organic synthesis, and shattered
the vitalism theory. 

Wöhler pursued the matter further and discovered that
urea and ammonium cyanate had the same chemical formula,
but very different chemical properties. This was an early

discovery of isomerism, since urea has the formula CO(NH2)2 and ammonium
cyanate has the formula NH4CNO.
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• What is the reason for carbon exhibiting catenation property?
You have learnt that carbon can form:

a) Four single covalent bonds  ,

b) A double bond and two single covalent bond s   (                 )
c) A single covalent bond and a triple bond (–C =_   C), or two double

bonds (C = C = C) with its own atoms or atoms of other elements – to
satisfy its tetravalency.

This ability of carbon to form bonds in so many ways made it as a
versatile element in nature.

What are hydrocarbons?
The compounds containing only carbon and hydrogen in their molecules

are called hydrocarbons.
Hydrocarbons are classified into two categories known as open

chain hydrocarbons and closed chain hydrocarbons. Open chain
hydrocarbons are also called aliphatic hydrocarbons or acyclic
hydrocarbons.

Open and closed chain hydrocarbons:
Let us observe the following structural formulae of different

hydrocarbons.
1) CH3–CH2–CH2–CH2–CH3  n-pentane, a straight chain compound
2) CH3–CH–CH2–CH2–CH3.   Iso pentane, a branched chain compound
                 |
               CH3

3) CH2   –  CH2     cyclo pentane, a cyclic compound or a ring compound
 |                    |
CH2       CH2
  \           /
       CH2

• Do all the compounds have equal number of C and H atoms?
In the first example you will notice that all carbons are linked to one

another resulting a  linear structure, where as in the second example four
carbons are linked in linear way and the fifth carbon is linked to the parent
chain resulting a branch. In the third example we find that carbon chain is
closed to form a ring. So, it is closed chain hydrocarbon or ring
hydrocarbon.

H
 C

H

H
H

C C
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All hydrocarbons (both Aliphatic and cyclic hydrocarbons) are again
classified as Alkanes, Alkenes and Alkynes:
1) Hydrocarbons containing only single bonds between carbon atoms are

called Alkanes.
2) Hydrocarbons containing atleast one double bond between carbon

atoms are called Alkenes, and
3) Hydrocarbons containing atleast one triple between carbon atoms are

called Alkynes.
Saturated and unsaturated hydrocarbons:

The hydrocarbons containing C C single bonds are known as saturated
hydrocarbons. All alkanes are saturated hydrocarbons. The hydrocarbons
contain at least one double bond (C=C) or contain atleast one triple bond
(C =_  C) between the two carbon atoms are called unsaturated
hydrocarbons. Alkenes and Alkynes are the examples for unsaturated
hydrocarbons.

Straight chain, branched chain and closed chain compounds may be
saturated or unsaturated. See the following examples.
1) Which of the following compounds are unsaturated? Justify your

answer.
a. CH3–CH2–CH3 b. CH3 – CH – CH2

c. CH – CH2 d. C =_    C – CH = CH2
  ||         |

      CH –  CH2

e. CH3 – CH – CH= CH2      f.  CH3–CH2– CH2– CH2
|                                                                 |
CH3                                                                              CH2 – CH3

2) Identify the compounds in the following, as branched chain and closed
chain compounds.
(a) CH3 – CH  – CH – CH3         (b)  CH2    –    CH2

 | |         |  |
CH3    CH2 – CH3          H3C–CH–CH2

             CH3
                          |

(c)CH   –  CH2 (d)  HC =_    C – C – CH3
 ||               |   |
CH       CH2                             CH3
  \           /
      CH2
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Binding of carbon with other elements:
We have understood that the component carbon and hydrogen are called

hydrocarbons.
• Can carbon form bonds with the atoms of other elements?

Practical observations reveal that carbon forms compounds not only
with atoms of hydrogen but also with atoms of other elements like oxygen,
nitrogen, sulphur, phosphorus  halogens etc.

Let us see the compounds of carbon with other elements.
Carbon compounds with halogens:

• Compounds containing C, H, X where ‘X’ represents halogens (Cl, Br
etc. atoms).
Eg: CH3Cl, CH3– CH2–Br, CH2Cl – CH2I, CH3 – CHCl2

These are known as halogen derivatives of hydrocarbons or halo
hydrocarbons.

Carbon compounds with oxygen:
• Compounds containing C, H, O are of different types:
Alcohols:

The hydrocarbons that contain –OH group are called alcohols. Observe
the following examples:

  CH3OH, CH3CH2OH, CH3-CHOH-CH3 etc.
General formula of alcohols is R – OH where ‘R’ is alkyl group.

 Aldehydes:
The hydrocarbons with functional group –CHO are called aldehydes.

Observe the following examples:
 H – C = O, CH3 – C = O, CH3 – CH2 - C = O  etc.
         |                      |                                 |
        H                    H                               H
    Formaldehyde           Acetaldehyde                         Propionaldehyde

General formula of aldehydes is R – CHO, where R = alkyl group and
CHO is functional group.
Ketones:
The hydrocarbons with                       functional group are called ketones.

                                O                                       O
                                 ||                                        ||

CH3 – C – CH3,   CH3 –  CH2 – C – CH3 etc.
        Di methyl ketone                     ethyl methyl ketone

                   group is known as Ketone group(common system)

C OC
C

C OC
C
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                   group is known as Ketone group.
General formula of Ketones is

R and R1 are alkyl groups which may be same or different.
Carboxylic acids:

The general molecular formula of carboxylic acid is R – COOH,
where R is an alkyl group or H atom.
H – C = O,           CH3 – C = O, CH3 – CH2– C = O,
        |                                |                                  |
       OH                           OH                             OH
    Formic acid           Acetic acid         Propionic acid

       – C = O  group is called the carboxyl group.
           |
        OH

Ethers:
Ethers are carbon compounds related to H2O in such a way that both

hydrogen atoms are replaced by two alkyl groups which may be same or
different.

Eg: CH3 – O – CH3 , CH3 – CH2 – O – CH3, CH2 = CH – O – CH3 etc.
               Di methyl ether                 ethyl methyl ether  methyl vinyl ether

Esters:
These compounds are derivatives of carboxylic acids. If the hydrogen

atom of  - COOH gets replaced by ‘R’, the alkyl group esters are obtained.
            O                                    O                                       O
            ||                                      ||                                        ||
CH3 - C - OCH3, CH3 -  CH2 – C - OCH3 ,  CH3 -  CH2 – C – OCH2CH3 etc.

Di methyl ester ethyl methyl ester Di ethyl ester

Compounds containing C, H, N:
Amines:                                                                           NH2
                                                                                          |

Eg: CH3–NH2, CH3–CH–NH2,  CH3CH2NH2,  CH3–CH2–C–CH3     etc.
                             | |
                            CH3            CH3
 - NH2 group is called amine group. We may compare amines to NH3

as we have done ROH and  R – O – R2  to H2O.
If one hydrogen atom is replaced from NH3 by an alkyl group we get

the so called primary amines. If two hydrogen atoms of NH3 are replaced
by two alkyl groups (same or different) we get secondary amines and if all
the three hydrogen atoms are replaced by the same or different alkyl groups
we get tertiary amines.

Let us summarize binding nature of carbon with other elements:

C OR
R/
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Functional groups in carbon compounds:
The characteristic properties of an organic compound depend mainly

on an atom or group of atoms in its molecule known as the functional
group.

Organic compounds are classified by the type of functional group they
contain. Functional groups are responsible for the behavior of the organic
compounds. Compounds containing the same functional group undergo
the similar types of reactions.

Isomerism:
Observe the following two structures:
(a)  CH3–CH2–CH2–CH3           (b)   CH3–CH–CH3

     |
                                                                      CH3

• How about their structures? Are they same?
• How many carbon and hydrogen atoms are there in (a) and (b) structures?
• Write the molecular formula for (a) and (b).Do they have same

molecular formulae?
Take the help of your teacher and name the compounds mentioned in

the above examples.
The first one is called butane  (or)  in the common system as n-butane.
The second one is called 2-methyl propane or iso-butane in the

common system.
We find both of these compounds in nature. They have different

properties due to the difference in their structures. Compounds of this
type which have the same molecular formula but different properties are
called isomers.

Isomerism: The phenomenon of possessing same molecular formula
but different properties by the compounds is known as isomerism. The
compounds that exhibit isomerism are called  isomers.

(iso = same; meros = part,  i.e., they have same molecular formula)
In the above example isomerism is due to the difference in the

structures. Therefore, it is called the structural isomerism.
Try to draw different structures for the follow carbon compounds and

name the isomers of each (Take the help of your teacher)
(a) C5H12   (b) C6H14
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Homologous series:
Till now we have classified Organic compounds on the basis of carbon

chains and functional groups. There is another classification based on
Homologous series:

The series of carbon compounds in which two successive compound
are differed by –CH2 unit is called homologous series.

Example: 1) CH4, C2H6, C3H8 …
2) CH3OH, C2H5OH, C3H7OH …

If you observe above series of compound, you will notice that each
compound in series differs by –CH2 unit by its successive compound.

Homologous series of organic compounds have following characters:
1) They have one general formula.

Eg: Alkanes (CnH2n+2); Alkynes(CnH2n-2); Alcohols (CnH2n+1)OH etc.
2) Successive compounds in the series possess a difference (-CH2) unit.
3) They possess similar chemical properties due to the same functional

group
Eg: Alcohols, Aldehydes and Carboxylic acids have functional groups
C–OH,  C–CHO and C-COOH respectively.

4) They show a regular gradation in their physical properties (see the
table-  ).
For example: we may take alkanes, alkenes, alkynes, alcohols,

aldehydes, and carboxylic acids etc. as homologous series. The individual
members of a homologous series are called homologs.

Observe the following tables 3, 4 and 5. They represent three different
homologous series.

Table-3: homologous series of Alkanes

The general formula of this homologous series is CnH2n+2, where n = 1,2,3,
Alkanes have general formula CnH2n+2, where ‘n’ is 1, 2, 3, …

Alkane Molecular
formula

Methane CH4 H-CH2-H 1 –164 –183 0.55
Ethane C2H6 H-(CH2)2-H 2 –89 –183 0.51
Propane C3H8 H-(CH2)3-H 3 –42 –189 0.50
Butane C4H10 H-(CH2)4-H 4   0 –138 0.58
Pentane C5H12 H-(CH2)5-H 5  36 –136 0.63

Structure No. of
carbons

Boiling
Point

Melting
Point

Density
(gml -1at20oC)
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Table-4:homologous series of Alkenes

Alkenes have general formula CnH2n, where ‘n’ is 2, 3, 4, …

Table-5: homologous series of Alkynes

Alkynes have general formula CnH2n-2, where ‘n’ is 2, 3, 4, …

Nomenclature of organic compounds:
We have millions of organic compounds. The carbon compounds that

wre found early called by general popular names. For example: Ethyne (C2H2)
was popularly known as Acetylene. As member of organic compound is very
big it is difficult to remember their names individually. To overcome this
problem they have to be properly named. The International Union of Pure and
Applied Chemistry (IUPAC) had been formed. One of its responsibilities is
to name the organic and inorganic compounds in a systematic order. The basic
idea behind the systematic nomenclature is that there should be only one
name for the given structure throughout the world also there should be only
one structure for the given name.

The name of a compound gives information about:
a) The number of carbon atoms present in the molecules we call; this part

as word root
b) The substituent in the molecule ; which is known as the prefix
c) The functional group in the molecule; which we call as the suffix.

Prefix: Prefix again has several parts known as primary prefix,
secondary prefix, numerical prefix and number prefix.

Alkane No. of Carbons Structure Formula

Ethene 2 CH2 =CH2 C2H4

Propene 3 CH3-CH=CH2 C3H6

Butene 4 CH3-CH2-CH=CH2 C4H8

Pentene 5 CH3-CH2-CH2-CH=CH2 C5H10

Alkane No. of Carbons Structure Formula

Ethyne 2 HC=CH C2H2

Propyne 3 CH3- C=CH C3H4

Butyne 4 CH3-H2C-C=CH C4H6

Pentyne 5 CH3-CH2-CH2-C=CH C5H8
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Primary prefix is ‘cyclo’ and it is useful only for cyclic compounds
which have properties similar to aliphatic compounds. If the compounds
are not cyclic, this part of the name is absent.

Secondary prefix tells about the second grade functional groups known
as substituents. They are ‘halogens’ which are written as halo; alkyl
groups(R), alkoxy groups(-OR) etc.

Suffix: It also contains several parts known as primary suffix,
secondary suffix, numerical suffix and number suffix.

Primary suffix  tells about the saturation of the compound. For
saturated (C-C) it is ‘an’;

For unsaturated (C=C) double bonded compounds it is ‘en’ and for
unsaturated triple bonded (C =_   C ) compounds it is ‘yn’.

There is a Secondary suffix that tells about the functional groups with
the particular term.

For example: For hydrocarbons it is ‘e’
for Alcohols it is ‘ –ol ’
Aldehydes it is ‘ –al ‘
Ketones it is ‘ –one ‘ and
Carboxylic acid it is ‘ –oic ‘ etc.

Numerical prefixes like di, tri are written before the secondary
prefixes, primary suffixes and secondary suffixes, when the same
substituent, multiple bond or functional group is repeated twice, thrice
etc., as di, tri etc.

Numbers are written to tell about to which carbons of the compound
the substituent(s), multiple bond(s) or functional group(s) are attached.

The following order to be followed while naming an carbon compound.
The order is as follows:
Numbers - Numerical Prefixes – Secondary Prefix – Primary Prefix - Word Root – Numbers
         1                           2                                           3                              4                                 5                    6

-Numerical Prefix, Primary Suffix, numbers, numerical Prefixes and Secondary Suffixes.
            7                                   8                           9                              10                                         11

What differences among (1), (2), (3); (6), (7), (8) and (9), (10) and (11) do you find?
(1), (2) are numbers and numerical designations to be written for secondary

prefixes(3) which tell about the position and repetitions of second grade functional
groups known as substituents respectively.

        1        2      3      4
Eg: CH3–CH–CH–CH3     2, 3 – di   chloro   but     an       e_
                  |       |                    (1)        (2)         (3)          (5)        (8)        (11)
                 Cl   Cl
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 (6) and (7) tell about the positions and repetitions of the multiple
bonds in the structures of the molecule of the compound.. These are related
to the primary suffix (8) that tells about the unsaturation.

              5        4       3        2          1

Eg: CH3-C=CH-CH =_   CH       but –  3  – ene –   1  –  yn –      e_
          (5)       (6)        (8)          (9)        (8)           (11)

(9) and (10) tell about the functional group or principal functional
group (11) in a poly functional compound. It gives the information which
carbon represents it or to which carbon that functional group is attached
and how many times it is repeated. If it comes only once we need not write
mono i.e., if no numerical prefix is present it is understood that the
functional group is not repeated. Similarly, in the names of aliphatic
compounds except [word root (5)], primary suffix (8) and secondary suffix
(11), all others may or may not be present.

Eg:        CH3-CH2-CH-CH2-OH but     ane – 1,2 –     di     ol_
                                |   (5)         (8)         (9)           (10)     (11)

             OH
Punctuation: Numbers are separated by commas (,) and numbers &

designations by hyphens(-)
If you find more than one substituent in the structure you have to follow

alphabetical order while naming them. For this numerical prefixes should
not be considered. Substituents: X (halo), R (alkyl), -OR (alkoxy), -NO2

(nitro), NO (nitroso) etc.
If you find more than one functional group in the structure you select

the principal functional group and write it as secondary suffix. All other
functional groups become substituents.

A decreasing order of priority for choosing and naming a principal
characteristic group:

Activity 1
Observe the names of the following compounds. Give reasons in the

space provided.
Divide the given name as per the notations given above and identify the

parts in the name through the numbers given above from (1) to (11) and
write them in your note book.

(Take the help of your teacher)

-COOH > (CH3CO)2O > -COOR >   -COX    > CONH2 > nitrile > aldehydes > ketones > alcohols, phenols > amines
      Acid        anhydride         ester       acid halide    amide      (CN)        (-CHO)



Free distribution by A.P. Government 23

One example is given at the bottom of the table to guide you in dividing
the name as per notation.
v CH3–CH2–CH2–CH3  :

Butane   ......................................................................................................

 4         3          2        1

v CH3–CH2–CH=CH2  :
But-1-ene ...................................................................................................

          1           2        3          4

v CH3–CH–CH2–CH3   :
     |

                     Cl
2 – Chloro butane ......................................................................................

          1           2        3        4

v CH3–CH–CH–CH3   :
                        |      |
                     Cl     Cl

2,3 – dichloro butane ..............................................................................

 4          3        2         1

v CH3–CH=CH=CH2  :
Buta 1, 2- diene .........................................................................................

 4          3          2        1

v CH3–CH2–CH2–CH2–OH  :
Butan – 1 – ol ............................................................................................

 4          3          2        1

v CH3–CH2–CH2–CHO  :
Butanal .......................................................................................................

v CH3–CH2–CH2–COOH  :
Butanoic acid.............................................................................................

v CH2–CH2 :
 |         |
CH2–CH2
Cyclo butane.............................................................................................

v Br     Br :
 |        |
CH– CH
 |        |
CH2–CH2
1,2 – di bromo cyclo butane ...................................................................
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v CH2–CH–CHO :
 |        |
Cl     Cl
2,3 – di chloro propanal ..........................................................................

v CH3–C–CH2–CH2–CH3  :
     ||

          O
Penta n – 2 - one .......................................................................................

Numbering carbon atoms:
1) We can number carbon atoms from left to right or from right to

left so that sum of the numbers indicating the positions of substituent and
functional groups should be minimum possible.

2) The functional group carbon should be given the lowest number
even if it does not obey Rule (1). The chain terminating with a functional
group say –CHO, or –COOH groups should be given always number ‘1’
even it does not obey Rules (1) & (2).

Table - :

Class Formula Prefix Sufix

Suffixes and prefixes for some important characteristic functional groups:

Acid halides -COX halocarbonyl carbonyl halide
(Where X is halogen atom)

-(C)O-X oyl halide
Alcohols -OH hydroxy ol
Aldehydes -CHO formyl carbaldehyde

-(C)HO oxo -al
Amides -CONH2 carbamoyl carboxamide

-(C)ONH2 oxo -al
Amines -NH2 amino amine
Carboxylic acids -COOH carboxy carboxylic acid

-(C)OOH oic acid
Ethers -OR (R)oxy
Esters -COOR oxycarbonyl (R)…carboxylate

(C)OOR R - oxycarbonyl (R)… oate
Ketones -C = O oxo -one
Nitriles -CN cyano -carbonytrile

-(C)N Nitrile
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NOTE: (C) designates a carbon atom included in the name of the parent
hydride and does not belong to a group designated by a suffix or a prefix.

Example-1: CH3CH2OH
Principal functional group :  -OH    (-ol)
Parent hydride        :  CH3 – CH3

Parent hydride  +  one Principal functional group    CH3CH2OH
  Eth  an    ol

                 (5)    (8)   (11)

Example-2: OH      OH
                        |           |

                 CH2  –  CH2

Parent hydride  +  two Principal functional groups    OH        OH
     |       |

  eth ane – 1,2 – di    ol     CH2 –   CH2
  (5)                   (9)      (10)   (11)

Example-3:CH3-C-CH2-CH2-CH2-CH2-CH2-OH
Principal functional group  >(C)=O  -one
Parent hydride  CH3-CH2-CH2-CH2-CH2-CH2-CH3   Heptane
Parent hydride  +  Principal functional group

                  O
                   ||

CH3-CH2-CH2-CH2-CH2-C-CH3  Heptan -2-one
        7          6         5         4         3          2    1

Substituent  -OH   hydroxy
     O

                  ||
Name of the compound  OH-CH2-CH2-CH2-CH2-CH2 -C-CH3

  7     –       hydroxy      hept      ane   –   2   –   one
–––       –––––––    ––––   ––––     ––      ––––
  (1)                (3)                  (5)            (8)            (9)           (11)

Note: in the solution of principal functional group >C=O (Keto) group
is given more priority than to –OH (alcohol).

Example-4:CH2 = CH – CH2 – CH –CH3      |
     OH

Parent hydride  CH3 – CH2 – CH2 – CH2 – CH3    Pentane
Principal functional group  -OH -ol
Principal hydride  +  Principal functions                Pentan – 2 – ol
Subtractive modification   (-2H) -en
Name of the compound:   Pent  -  4  -  en  -  2  -  ol

          (5)          (6)       (8)       (9)      (11)
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• Can we write the structure of a compound if the name of the compound
is given?
Yes, we can write the structures from the name of the compound as

follows:
1) From the word root in the name write the carbon atoms in the main

chain
2) Select counting of carbon atoms in the appropriate manner from left

to right or might to left.
3) Attach the substituent at respective numbers of carbon atoms as per

their numbers and numerical designations.
4) Write the functional groups formula as per the name at the respective

carbon atom.
5) Keeping in view that the tetravalency of each carbon atom is satisfied.
Examples:
1) 2–methyle pental–3–ol       2) 2–bromo–3–ethyl penta–1,4–diene
3) 3–bromo–2–chloro–5–oxohexanoic acids
4) 3–ameno–2–bromo hexan–1–ol
5) 3, 4–dichloro but–1–ene

Chemical properties of carbon compounds:
Though we have millions of organic compounds, the reactions they

undergo are limited. Some important reactions among them are discussed
here.

They are:
1) Combustion 2) Partial oxidation  reactions
3) Addition reactions 4) Substitution reactions

Combustion reactions:
Carbon, and its compounds burns in presence of oxygen or air to give

CO2, heat and light.
The process of burning of carbon or carbon compound in excess of

oxygen to give heat and light is called the combustion reaction. Combustion
reactions are oxidation reactions.

Eg: 1) C  +   O2  CO2 + Energy
      2) 2C2H6  + 7O2   4CO2 + 6H2O  + Energy
      3) CH3CH2OH  + 3O2   CO2 + 3H2O  + Energy
Generally, saturated hydrocarbons burn with a clear light blue flame,

whereas unsaturated hydrocarbons burn with yellow flame with soot

the suspect to blow up a plastic bag through a mouth
f potassium-di-chromate (K2Cr2O7). As K2Cr2O7 is a
oxidizes any ethanol in the driver’s breath to ethanol
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(carbon). If air is not sufficiently available during combustion, even
saturated hydrocarbons give sooty flame. When Coal, Petroleum etc., burn
in air they give oxides of sulphur and nitrogen which pollute the
environment. When Coal or Charcoal is burnt sometimes they just glow
red without flame.

Most of the aromatic compounds burn with sooty flame.
• Why do sometimes cooking vessels get blackened on a gas or kerosene

stove?
When inlets of air of gas (or) kerosene which supports combustion of

fuel gas get obstructed due to various reasons, the supply of oxygen
decreases. As a result the fuel gases do not completely undergo
combustion. Hence, it forms a sooty carbon form which gets coated over
the vessels.
Oxidation reactions:

A combustion reaction is generally defined as any reaction that sustains
a flame. Combustion reaction is always exothermic. i.e., energy is liberated
during combustion reactions.

Though combustion is generally oxidation reaction, all oxidation
reactions are not combustion reactions. Oxidation reactions may be carried
out using oxidizing agents. Oxidizing agents or Oxidants are substances
that oxidize other substances. They themselves undergo reduction.

Eg: Alkaline Potassium permanganate or Acidified Potassium
dichromate in liquid form act as oxidizing agents supplies oxygen to convert
alcohols into carboxylic acids.

For example, Ethyl alcohol undergoes oxidation to form the product
Acetaldehyde and finally Acetic acid.(see following equation)

Addition reactions:
Unsaturated hydro carbons that contain multiple bonds (=, =_    bonds)

like alkenes and alkynes undergo addition reactions to become saturated.
During the reactions addition of the reagent takes place at the double
bonded or triple bonded carbon atoms.

Observe the following reaction Hydrogen (H2) is alcohol as reagent.
Apart from H2, carbon, nitrogen and oxygen can also add during these
reactions.

CH3CH2OH alkalime KMnO4+Heat

Ethanol
(Ethyl alcohol)

CH3CHO
Ethanol

(Acetadehyde)

CH3COOH
Ethanoic

(Acetic Acid)

acidified K2Cr2O7+Heat
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In the above reactions ‘Ni’ acts as ‘catalyst.’
• Do you know what is a ’catalyst’?

A catalyst is a substance which regulates (increase/decrease) the rate
of a given reaction without itself finally undergoing any chemical changes.

These reactions are commonly used in the hydrogenation of vegetable
oils using nickel as catalyst. Vegetable oils generally have long unsaturated
carbon chains, while animal fats have saturated carbon chains.

Fats and oils are both of fatty acids. Oils are generally liquids at room
temperature due to unsaturated fatty acids but fats are solids due to saturated
fatty acids.
Substitution reactions:

A reaction in which one atom or a group of atoms in a given compound
is replaced by other atom or group of atoms is called a substitution reaction.

Alkanes, the saturated hydrocarbons are chemically least reactive.
Therefore they are also called paraffins (parum = little; affins = affinity,
i.e., no affinity towards chemical changes). However they undergo some
chemical changes under suitable conditions which are substitution
reactions.

For example, methane (CH4) reacts with chlorine in the presence of
sunlight. Hydrogen atoms of CH4 are replaced by chlorine atoms.

CH4           +  Cl2               CH3Cl          +     HCl
Methane              Methyl Chloride      Hydrogen Chloride

CH3Cl       +  Cl2             CH2Cl2         +     HCl
Methyl Chloride Methylene Chloride       Hydrogen Chloride

CH2Cl2      +  Cl2             CHCl3           +    HCl
Methylene Chloride Chloroform                  Hydrogen Chloride

CHCl3       +  Cl2             CCl4             +    HCl
Chloroform                Carbon     Hydrogen Chloride

Tetrachloride

Think and discuss

• Why we are advised not to use animal fats for cooking?
• Which oil is recommended for cooking? Why?

CH3C =====_____   C–CH3
H2, Ni catalyst

But–2-yne

CH3CH=CH–CH3 CH3–CH2–CH2–CH3
But–2-ene

H2, Ni catalyst

Butane

sunlight

sunlight

sunlight

sunlight
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Some important carbon compounds:
Many carbon compounds are invaluable to us. But here we study, the

properties of  Ethanol (Ethyl alcohol) and Ethanoic acid (Acetic acid)
which are two important carbon compounds.

Ethanol (Ethyl alcohol):
Preparation: Ethanol is prepared on large scale from ethene by the

addition of water vapour to it in the presence of catalysts like P2O5 ,
Tungsten oxide at high pressure and temperature.

CH2 = CH2  + H2O         CH3CH2OH
          ethene         100-300 atm                ethyl alcohol
                                                  At 300 oC

Grains such as corn, wheat, barley are common sources for ethanol.
Therefore, it is also called grain alcohol.
Cooking grain  +  sprouted Barley   glucose                    ethanol  +  CO2

(starch)                           (called Malt)                                          enzymes

The process of conversion of starches and sugars to C2H5OH is called
fermentation process.
Properties:

Ethanol is a colourless liquid with characteristic sweet odour. Pure
ethanol boils at 78.3 oC. Pure ethanol is called absolute (100 %) alcohol.
Denatured alcohol is ethanol that contains impurities that make it
undrinkable. The impurities are methanol, methyl isobutyl ketone, aviation
gasoline etc. It is toxic and 200 ml of it is a fatal dose to an adult. Solution
of about 10% ethanol in gasoline (gasohol) is a good motor fuel.
• Do you know how the police detect whether suspected drivers have

consumed alcohol or not?

catalyst

yeast

The police officer asks the suspect to blow air into a plastic
bag through a mouth piece of the detecting instrument which
contains crystals of potassium-di-chromate (K2Cr2O7). As
K2Cr2O7 is a good oxidizing agent, it oxidizes any ethanol in the
driver’s breath to ethanal and ethanoic acid.

Orange Cr2O7
2- changes to bluish green Cr3+. The length of the

tube that turned into green is the measure of the quantity of alcohol
that had been drunk. Now a days police are using even an electronic
instrument containing small fuel cell that measures the electrical
signal produced when ethanol in the breath is oxidized.

The police even use the IR Spectra to detect the C – OH and
C – H of CH3 – CH2OH.
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Ethanol is commonly called alcohol and is active ingredient of all
alcoholic drinks. Consumption of small quantity of dilute ethanol causes
drunkenness. In addition, as it is a good solvent it is also used in medicines
such as tincture iodine, cough syrups and many tonics
Chemical properties:

As ethanol is similar to water molecule (H2O) with C2H5 group in place
of hydrogen, it reacts with metallic sodium to liberate hydrogen and form
sodium ethoxide.

2C2H5OH  +  2Na    2C2H5ONa  +  H2
Ethanol              sodium ethoxide

Action of conc. H2SO4:  Ethanol reacts with conc. H2SO4 at about
170oC (443 K) to give ethene. It is a dehydration reaction. H2SO4 is a
dehydrating agent and removes H2O.

CH3CH2OH CH2 = CH2  +  H2O
Conc.H2SO4

Ethanoic acid (Acetic acid, CH3COOH):
Ethanoic acid is a colourless liquid with characteristic unpleasant odour.

It is soluble in water and more acidic than H2O or ethanol, but less acidic
than mineral acids.

Ethanoic acid is commonly called as acetic acid. 5-8% solution of
acetic acid in water is called vinegar and is used widely as a preservative in
pickles.
Chemical properties:

Acidity: (Reaction with metals and alkalies)
1) Ethanoic acid like ethanol reacts with active metals like Na to

liberate hydrogen.
2CH3COOH  +  2Na    2CH3COONa  +  H2
acetic acid              sodium     sodium acetate

2) Ethanoic acid reacts with NaOH to form salt and water.
CH3COOH  +  NaOH       2CH3COONa  +  H2

       sodium hydroxide

3) Ethanoic acid reacts with sodium carbonate and sodium hydrogen
carbonate which are weaker bases and liberates CO2.

2CH3COONa  +  Na2CO3        2CH3COONa  +  H2O  +  CO2
              Sodium carbonate

CH3COOH  +  NaHCO3         CH3COONa  +  H2O  +  CO2
          sodium bi carbonate

at 170oC
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The strength of acids may be expressed in terms of their pKa values.
These values are related to their dissociation in aqueous solutions.

Note that pKa of HCl is -7.0 but pKa of CH3COOH is 4.76.  pKa
values are useful to tell about acid strength. Strong acids have pKa Â 1,
acids with pKa between 1 and 5 are moderately strong and weak acids
have pKa between 5 and 15. The weakest acids have     pKa 15.

4)  Esterification Reactions:
What are esters?
Esters contain the functional group and the general

formula is R – COO - R/ . R and R/  are alkyl groups or phenyl groups.

Activity -2

Take 1 ml of ethanol (absolute alcohol) and 1
ml of glacial acetic acid along with a few drops of
concentrated sulphuric acid in a test tube.

Warm it in a water-bath or a beaker containing
water for at least five minutes as shown in Fig.
below:

Pour the warm contents into a beaker
containing 20-50 ml of water and observe the odour
of the resulting mixture.
• What do you notice?

You will notice that the resulting mixture is a
sweet odoured substance. This substance is nothing
but an ester. The reaction in activity – 2 is called
esterification reaction.

What is pKa?
pKa is a measure of how much an acid wants to dissociate in a solution. 
pKa is the negative base-10 logarithm of the acid dissociation constant of a solution.
pKa = -log10Ka

The  lower the pKa value, the stronger the acid.

R
 C

O

O–R

Test tube
containing

reaction
mixture

WaterBeaker
Wire
guaze

Tripod
stand

Burner

Formation of ester
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Esterification:
The reaction between carboxylic acid and an alcohol in the presence

of conc. H2SO4 to form a sweet odoured substance, ester with the functional

group                      is called esterification.

The esterification reaction is slow and reversible.
The equation for the reaction between an acid RCOOH and an alcohol

R/OH
(where  R and R’ can be the same or different) is:

So, for example, if you want to prepare ethyl ethanoate from ethanoic
acid and ethanol, the equation would be:

Ethanoic acid                   Ethanol                       Ethyl ethanoate (or) ethyl acetate (or) di ethyl ester
(acetic acid)              (ethyl alcohol)

Eg: Ethanoic acid reacts in the presence of a mineral acid with ethanol
(ethyl alcohol) to form a compound called ethyl acetate, which is an ester.

Ethanoic acid    Ethanol(ethyl alcohol)                                            ethyl acetate
(acetic acid)

Soaps – Saponification and Micelles:
Do you know what ‘soap’ is?
Soap is a sodium or potassium salt of a higher fatty acid like palmitic

acid (C15H31COOH), stearic acid (C17H35COOH), oleic acid (C17H33COOH)
etc. The formula of a soap in general is RCOONa  or  RCOOK, where R =
C15H31 ; C17H35 etc.

Fats are esters of higher fatty acids and the trihydroxy alcohol known
as glycerol.

CH2OH
                              |
Glycerol is CHOH   , propane – 1, 2, 3 – triol.
                              |
                              CH2OH

C
 C

O

O–C

R – C
O–H

+  R/OH R – C
O–R/

+  H2O
O O

CH3–C
O–H

+  CH3CH2OH
O

CH3–C
O–CH2CH3

+  H2O
O

CH3COOH + CH3CH2OH                             CH3COOHCH2CH3+H2O
conc H2SO4
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When fats are treated with sodium hydroxide, sodium salts the fatty
acids and glycerol is formed. The sodium salts of these higher fatty acids
being soaps the reaction is the soap formation reaction which is generally
called as ‘saponification reaction’.
                  O
                   ||
CH2 – O – C – C17H35                                 CH2 – OH
 |                                                                    |
CH  – O – C – C17H35   + 3NaOH    CH  – O           + 3 C17H35COONa
 |                 ||                                                 |
                  O                                                CH2 – OH
CH2 – O – C – C17H35
                   ||
                   O
          Tristearin                                                               glycerol                sodium stearate (soap)

Saponification reaction:
Alkaline hydrolysis of ester producing soaps is called saponification.
Soaps are good cleansing agents. Do you know how they do this?
For understanding this you should know about a ‘true solution’ and a

colloidal solution.
• What is a true solution?

A true solution is that in which the solute particles dispersed in the
solvent are less than 1nm in diameter. A colloidal solution contains the
solute known as ‘dispersed phase’ particles with diameters greater than
1nm but lesser than 1000 nm  in  the solvent known as ‘dispersion medium’.

Soap is an electrolyte, when put in water in very small amount to get
low concentrations, it gives true solution but, above a particular
concentration known as critical micelle concentration (CMC). The soap
particles get aggregated and the aggregated particles are of colloidal size
known as micelles or associated colloids.
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Micelle
A spherical aggregate of soap molecules in the soap solution in water

is called micelle. When soap is dissolved in water, it forms a colloidal
suspension in which the soap molecules cluster together to form spherical
micelles.

Activity-3:

     Micelle                                   3D structure of a micelle
Formation of micelle:
Take about 10 ml of water each in two test tubes.
Add a drop of oil (cooking oil) to both the test tubes and label them as

A and B.
Add a few drops of soap solution to test tube B.
Now shake both the test tubes vigorously for the same period of time.
What is that you find in them?
Can you see the oil and water layers separately in both the test tubes

immediately after
• You stop shaking them?
• Leave the test tubes undisturbed for sometime and observe. Does the

oil layer separate out?
• In which test tube does this happen first? Give your observations.
Cleansing action of soap:

Suppose that we put dirty cloth in the soap solution. Dirt is mainly
greasy matter. The soap molecules are arranged radially with hydrocarbons
ends directed inwards into the greasy matter and ionic part directed outwards
into water.

When a dirty cloth is inserted in the solution then the hydrocarbon
part sticks to the dirt or oil. With a little agitation the dirt particles get
entrapped by the soap micelles and get dispersed in water due to which the
soap water gets dirty and the cloth gets cleaned.
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• What is the action of soap particles on the
greasy cloth?
We know that soaps and detergents make

oil and dirt present in a cloth dissolve in water,
thereby making the cloth clean.

Soap has one polar end (the end with
carboxy) and one non-polar end (the end with hydrocarbon chain) as shown
in the figure.

The polar end is hydrophilic in nature i.e., this end is attracted towards
water.

The non-polar end is hydrophobic, in nature i.e., it is attracted towards
hydrocarbons, but not attracted towards water.

When soap is dissolved in water, its hydrophobic ends attach
themselves to dirt and remove it from the cloth, as shown sequentially in
the figure that follows.

Diagram representing the cleansing action of soap
• The hydrophobic end of the soap molecules move

towards the dirt or grease particle.
• The hydrophobic ends attached to the dirt particle

and try to pull out.
• The molecules of soap surround the dirt particle at

the centre of the cluster and form a spherical
structure called micelle.
These micelles remain suspended in water like

particles in a colloidal solution.
The various micelles present in water do not come

together to form a precipitate as each micelle repels
the other because of the ion-ion repulsion.

Thus, the dust particles remain trapped in micelles
(which remain suspended) and are easily rinsed away
with water. Hence, soap micelles remove dirt by
dissolving it in water.

A soap molecule
Hydrophilic

end
Hydrophobic

end

 Representing the
cleansing action of

soap

Dirty
cloth

Soap
molecules

Soap
solution
Dirt
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• Carbon forms a large variety of compounds because of its tetravalency and the property of
catenation and ability to form four single bonds, a double bond and two single bonds, a triple
bond and a single bond or two double bonds.

• Hydrocarbons are the compounds of carbon and hydrogen.
• Hydrocarbons are of two types – saturated hydrocarbons (alkanes) and unsaturated

hydrocarbons (alkenes and alkynes).
• Carbon forms covalent bonds with its own atoms and atoms of other elements such as hydrogen,

oxygen, sulphur, nitrogen and chlorine.
• The functional groups such as alcohols, aldehydes, ketones and carboxylic acids bestow

characteristic properties to the carbon compounds that contain them. Even  C = C,C =_    C , give
characteristic properties.

• A group / series of hydrocarbons having same general formula, similar structures and similar
properties (i.e., same functional group) are called a homologous series.

• Carbon chains may be in the form of straight chains, branched chains or rings.
• Carbon compounds with identical molecular formula but different structures are called structural

isomers.
• Saturated hydrocarbons on combustion give carbon dioxide and water with the liberation of

heat.
• Unsaturated hydrocarbons undergo addition reactions while saturated hydrocarbons undergo

substitution reactions.
• Ethanol and Ethanoic acid (glacial acetic acid) are carbon compounds of importance in our

daily life.
• The molecules of soap are sodium or potassium salts of long chain carboxylic acids.
• Detergents are ammonium or sulphonate salts of long chain carboxylic acids.
• The action of soaps and detergents is based on the presence of both hydrophobic and hydrophilic

groups in the molecule and this helps to emulsify the oily dirt and hence its removal.

What we have learnt

Key words

Hybridisation, allotropy, diamond, graphite, buckminsterfullerene,
nanotubes, catenation, tetravalency, hydrocarbons, alkanes, alkenes,
alkynes, saturated hydrocarbons, unsaturated hydrocarbons, functional
group, isomerism, homologous series, nomenclature, combustion,
oxidation, addition reaction, substitution reaction, ethanol, ethanoic
acid, ester, esterification, saponification, micelle.
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1. Why the colour of potassium permanganate disappears, if it is added to warm solution of ethanol.
2. An organic compound with molecular formula C2H4O2 produces brisk effervescence on addition

of sodium carbonate / bicarbonate. Answer the following:
a. Identify the carbon compound.
b. Name the gas evolved.
c. How will you test the gas evolved?
d. Write the chemical equation for the above reaction.
e. List two important uses of the above compound.

3. a. What are the various possible structure formulae of a compound having molecular formula
C3H6O?

b. Give the IUPAC names of the above possible compounds and represent them in structures.
c. What is the similarity in these compounds?

4. A mixture of oxygen and ethyne is burnt for welding; can you tell why a mixture of ethyne and air
is not used?

5. Two carbon compounds A and B have molecular formula C3H8 and C3H6 respectively. Which
one of the two is most likely to show addition? Justify your answer. Explain with the help of a
chemical equation, how an addition reaction is used in vegetable ghee industry.

6. 1ml glacial acetic acid and 1ml of ethanol are mixed together in a test tube. Few drops of
concentrated sulphuric acid is added in the mixture are warmed in a water bath for 5 min.
Answer the following:
a. Name the resultant compound formed.
b. Represent the above change by a chemical equation.
c.  What term is given to such a reactions.
d. What are the special characteristics of the compound formed?

7. An organic compound ‘X’ with a molecular formula C2H6O undergoes oxidation in the presence
of alkaline KMnO4 and forms the compound ‘Y’, that has molecular formula C2H4O2

a. Identify ‘X’ and ‘Y’
b. Write your observation regarding the product when the compound ‘X’ is made to react with

compound ‘Y’ which is used as a preservative for pickles.

1. Name the simplest hydrocarbon.
2. What is the general molecular formula of alkanes, alkenes and alkynes.
3. Name the carboxylic acid used as a preservative.
4. Name the product other than water formed on burning of ethanol in air.

Improve your learning

Short Answer Questions
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5 . Give the IUPAC name of the following compounds. If more than one compound is possible
name all of them.
i. An aldehyde derived from ethane.
ii. A ketone derived from butane.
iii. A chloride derived from propane.
iv. An alcohol derived from pentane.

1. Compounds containing double and triple bonds.
2. A compound which is basic constituent of many cough syrups?
3. Very dilute solution of ethanoic acid.
4. A sweet odoured substance formed by the reaction of alcohol and carboxylic acids.
5. Gas released when sodium metal is dropped in ethanol.
6. The functional group present in methanol.
7. IUPAC name of alkene containing 3 carbon atoms.
8. The number of single covalent bonds present in pentane.
9. First member of homologous series among alkynes.
10. Name the simplest ketone and write its molecular formula.
11. What do we call the Self linking property of carbon.
12. Product formed by dehydration of ethanol in conc. Sulphuric acid.
13. Alcohol whose intake in small quantities can be lethal.
14.  Number of single covalent bonds in ammonia.
15. Type of reactions shown by alkanes.

1. Dilute acetic acid was added to the four test tubes containing the following chemical.
i. KOH ii. NaHCO3 iii. K2CO3 iv. NaCl.
Brisk effervescence was observed in test tubes
a) i & ii b) ii & iii c) I & iv d) ii & iii

2. Which of the following solution of acetic acid in water can be used as vinegar used in pickles?
a) 5-10% b) 10-15% c)20-130% d)100%

3. The suffix used for naming an aldehyde is
a. -ol b. -al c. -one d. -ene

4. When acetic acid reacts with ethyl alcohol, we add conc. H2SO4, it acts as……….and the
process is called…………………..
a) Oxidizing agent, saponification. b) Dehydrating agent, esterification

Very short answer questions

Multiple Choice questions
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c) reducing agent, Esterification     d) Acid & esterification.
5. 2ml of ethanoic acid was taken in each of the three test tubes A, B and C and 2ml, 4ml and 8ml

water was added to them, respectively. A clear solution is obtained in:
a. Test tube A only b. Test tubes A & B only.
c. Test tubes B and C only d. All the test tubes.

6. 2 ml of acetic acid was added in drops to 5ml of water it was noticed that:
a. The acid formed a separate layer on the top of water.
b. Water formed a separate layer on the top of the acid.
c. A clear and homogenous solution was formed.
d. A pink and clear solution was formed.

7. A few drops of ethanoic acid was added to solid sodium carbonate.
The observation made was that
a. A hissing sound was evolved           b. Brown fumes evolved.
c. Brisk effervescence occurred.          d. A pungent smelling gas evolved.

8. Acetic acid, when dissolved in water, it dissociates into ions reversibly because it is a:
a. Weak acid     b. strong acid        c. weak base        d. strong base
9. Which of the following hydrocarbon can show isomerism?
a. C2H4 b. C2H6 c. C3H8 d. C4H10

10. Combustion of hydrocarbon is generally accompanied by evolution of
a. Heat b. Light c. both heat and light d. Electric current.

Activity:
1. To Study the Saponification reaction for the preparation of soap in the laboratory using any

vegetable oils.
2. Collect information about artificial ripening of fruits by ethylene.

PROJECTS :
To prepare models of methane, ethane, ethene and ethyne molecules using clay balls and match
sticks.

TOPICS FOR DEBATE:
1. Role of esters in everyday life.
2. Condemning the use of alcohol as a social practice.

ADDITIONAL QUESTIONS:
1. Name the compound formed by heating ethanol at 443 K with excess of conc. H2SO4.
2. What happened when a small piece of sodium is dropped into ethanol?
3. Write the chemical equation for the decarboxylation of ethanoic acid?
4. Give an example of esterification reaction.
5. Name the product obtained when ethanol is oxidized by either chromic anhydride or alkaline

potassium permanganate.
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6. Write the chemical equation representing the preparation reaction of ethanol from ethane.
7. Name the 2 elements which are present both in CNG and Petroleum.
8. Draw the electronic dot structure of ethane molecule (C2H6)
9. Write the IUPAC name of the next homologous of CH3OHCH2CH3.
10. Define homologous series of carbon compounds, Mention any two characteristics of homologous

series.
11. Describe a chemical test to distinguish between ethanol and ethanoic acid.
12. Give the name of functional groups (i) -CHO (ii) -C=0
13. Why does carbon form compounds mainly by covalent bonding?
14. Give a chemical test to distinguish ethanol from ethanoic acid.
15. Allotropy is a property shown by which class substances: elements, compounds or mixtures?

Explain with suitable example.
16 . How are the following compounds obtained from ethanol? Give chemical equations.

i. Ethyl ethanoate ii. Sodium ethoxide.
17. Describe with chemical equation how ethanoic acid may be obtained from.

i. Ethanol ii. Methanol.
18. Explain the cleansing action of soap.
19. Distinguish between esterification and saponification reactions of organic compounds.
20. Explain the structure of graphite in term of bonding and give one property based on this structure.
21. Name the acid present in vinegar. Write a chemical equation which represents the commercial

method for the preparation of this acid from methanol.
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7Chapter

Chemical Bonding

It was seen that the metal part of the compound
migrated towards the negative electrode and the
non-metal towards the positive electrode. So it
was proposed that metals are positively charged
and non-metals are negatively charged and they
are held together by electrostatic forces in a
compound.

Do you agree with this explanation? Why or
why not? While this explanation could explain bonding in NaCl, KCl etc. it could
not explain bonding in carbon compounds or diatomic molecules of elements.

A Votaic pile

Davy’s experiment –
Humphry Davy (1778-1819),

a professor of chemistry at the
royal Institution in London,
constructed a battery of over 250
metallic plates. In 1807, using
electricity from this battery, he
was able to extract highly reactive
metals like potassium and sodium
by electrolysis of fused salts.

Experimental set up by Davy
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You have learnt about electron configuration of elements and periodic
table in previous lessons. It was learnt that there are over 115 elements.
• How do they usually exist?
• Do they exist as a single atom or as a group of atoms?

In class IX, we saw that several elements like oxygen, nitrogen and
hydrogen exist as diatomic molecules. What is the force that is holding
these constituent atoms together in molecules?
• Are there elements which exist as atoms?
• Why do some elements exist as molecules and some as atoms?
• In lower classes you have also learnt about the different laws of

chemical combinations. Since the formation of chemical compounds
takes place as a result of combination of atoms of various elements in
different ways, it raises many questions.

• Why do some elements and compounds react vigorously while others
are inert?

• Why is the chemical formula for water H2O and for sodium chloride
NaCl, why not HO2 and NaCl2?

• Why do some atoms combine while others do not?
We will try to answer such questions in this chapter.
Chemical bonding as attraction between atoms

• Are elements and compounds simply made up of separate atoms
individually arranged?

• Is there any attraction between atoms?
Let us take the example of common salt, NaCl. When you shake salt

from a shaker does it separate into sodium and chloride? No! This shows
that the sodium and chlorine atoms are being held together.
• What is that holding them together?

By the late 19th century and early twentieth century, scientists knew
about three types of forces – gravitational, magnetic and electrostatic.
They also knew about the existence of electrons and protons. So it was
believed that electrostatic forces were the cause of attraction between
atoms in a molecule. When two atoms come sufficiently close together,
the electrons of each atom experience the attractive force of the nucleus
in the other atom. But the electrons which are negatively charged and repel
each other, and the positively charged nuclei also repel each other. The
strength of attraction or repulsion will decide bond formation. If attraction
is more than the repulsion then atoms combine. If repulsion is more than
attraction then the atoms do not combine. The nucleus and the electrons
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in the inner shell reain unaffected when atoms come close together. But
the electrons in outermost shell (valence shell) of an atom get affected.
Thus electrons in valence shell (valence electrons) are responsible for the
formation of bond between atoms.

In previous lessons you studied about exothermic and endothermic.
You also studied about reactivity of elements in periodic table.

Some elements are more reactive and some are less reactive;
• Why there is absorption of energy in certain chemical reactions and

release of energy in other reactions?
• Where the absorbed energy go?
• Is there any relation to energy changes and bond formation between

atoms?
• What could be reason for change in reactivity of elements?

Discovery of inert gases and the Lewis symbols (or) Lewis dot
structures:

• Periodic classification and arrangement of elements in the periodic
table according to the electron configuration gave a new thought about
chemical bond.

The discovery of noble gases proved to be crucial in explaining the
formation of chemical bonds. Noble gases which belong to zero group are
typical gases with different behaviour when compared to other elements.
These gases undergo few or no chemical reactions. They are more stable
and do not form molecules by combining atoms of their own (or) atoms
of other elements.
• What could be the reason for this?

Let us investigate.
Consult the periodic table given in the previous chapter and fill the

following table:    Table-1

Look at the second column and third column. It is clear that all the
noble gases have eight electrons in the outermost shell, except
Helium (He).

Element Z Electron Configuration Valence elctrons
K L M N

Helium (He) 2 2 2
Neon (Ne) 10 2 8 8
Argon(Ar) 18 2 8 8 8
Krypton(Kr) 36 2 8 18 8 8
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The arrangement of electrons in different shells of an atom (electronic
configuration) of the elements is shown in the table-1. There is also a
method of depicting the valence electrons and the atom of an element.
This is known as Lewis symbol or electron dot structure. We represent
the nucleus and inner shell electrons of the atom by the symbol of the
element and electrons in the outer shell by dots or cross marks.

Let us see how.
• Lewis dot structure of argon and sodium atoms.

Let us start with argon. It’s atom has eight valence electrons.
First write the symbol of element argon.      Ar
Place the valence electrons around the symbol. Put two dots at a time

on each of the four sides of the symbol of the element till all are used up.
So, we get,

Similarly, for sodium, the number of valence electrons in sodium is
one and the symbol is Na. We can also use cross for the electrons. The
Lewis structure for sodium atom is therefore:

The Lewis dot structure of the atoms of noble gases are shown below:

• Write the Lewis structures of the given elements in the table. Also
consult the periodic table and fill in the group number of the element.

Table – 2:

: Ar ::
:

Na.

He

: : Kr ::
: : Ne ::
:

: Xe ::
: : Ar ::
: : Rn ::
:

Element Hydrogen Helium Beryllium  Boron Carbon Nitrogen oxygen

Group 1st
number
Valence 1
electron
Lewis dot H.
structure
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Activity-1
Look at your table. Do you see any relation between the number of

valence electrons and group numbers? We find that for groups 1-2 and 13
–18, we can use the periodic table to find the number of valence electrons.
Group1 has one outer electron, group 2 has two, and group 13 has three
and so on.

Note: Electrons are depicted by a dot or a cross. We should understand
that these symbols are not related in any way to shape and size of the
electron.
• What difference did you notice in lewis dot structure of noble gases

and element of table – 1.
It was found that the elements which participate in chemical reactions

get octet or ns2 np6 configuration similar to that of noble gas elements,
which gives noble gases the chemical inertness and stability. It is to be
noted that octet rule is still a rule not the law, because there are considerable
exceptions for this rule.
Electronic theory of valence by Lewis and Kossel:

Though there were number of attempts to explain the chemical bond
formation between atoms in terms of electrons, a satisfactory explanation
for this concept was given by Kossel and Lewis in 1916. They gave this
concept independently. The basis for their theory was valence in terms of
electrons. They provided logical explanation of valence on the basis of the
lack of chemical activity of noble gases which led to the proposal of octet
rule.

Octet rule: Observe the practical behaviour of atoms of main group
elements (Group IA, IIA, IIIA, IVA, VA, VIA, VIIA and zero or VIIIA group
elements) when they are allowed to undergo chemical changes. We will
notice that they try to get octet electron configuration .

Let us see the following illustrations.
Group IA elements (Li to Cs) try to lose one valence shell electron

from their atom to form corresponding uni-positive ion.
Example: 11Na  2, 8, 1 ;    11Na+  2, 8
Group IIA elements (Mg to Ba) try to lose two valence electrons from

their atoms during chemical changes and form double positive ions.
Example: 12Mg  2, 8, 2 ;    12Mg2+  2, 8
Group IIIA elements try to lose three valence electrons from their

atoms and form corresponding ions.
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Example: 13Al  2, 8, 3 ;    13Al3+  2, 8
Group VIA elements try to gain two electrons into the valence shells

of their atoms during the chemical changes and form corresponding anions.
Example: 8O  2, 6 ;    8O

2-  2, 8
Group VIIA elements try to gain one electron into the valence shells

of their atoms during the chemical changes and form corresponding anions.
Example: 9F  2, 7 ;    9F

-  2, 8
Group VIIIA elements generally do not try to lose or gain electrons.

Generally, Helium and Neon do not participate in chemical changes. Even
other elements of VIIIA do not gain or lose electrons from their atoms
even if they participate in chemical changes.

Example: 10Ne  2, 8 ;    No electron gain or loss.

• What have you observed from the above conclusions about the main
groups?

• Why do atoms of elements try to combine and form molecule?
Noble gases of VIII A possess eight electrons in the valence shells of

their atoms. Helium is an exception. Its atom has only two electrons, but
its only shell is completely filled. Noble gases with eight electrons in the
valence shell n their atoms are highly stable and rarely participate in
chemical changes. Therefore it is concluded that any species (atom or
ion) with eight electrons in the valence shell is stable.

IA group sodium(Na) atom forms sodium(Na+) ion that has eight
electron in the outermost shell. Similarly IIA and IIIA group elements
possess eight electrons in the outermost shell in their respective ions
(Mg2+  2,8 ; Al3+  2, 8).

V VI VII

N O F

P S Cl

As Se Br

Sb Te I

Bi Po At

V VI VII

Na Mg Al

K Ca Ga

Rb Sr In

Cs Ba Tl

Fr Ra

V

Ne

Ar

Kr

Xe

Ra

–3 –2 –1
Magic
octer

Lose ElectronsGain Electrons

+1 +2 +3
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VIA and VII group elements possess in their ions eight electrons in the
outermost shell        (O2-  2, 8 ; F-  2, 8).
• Is it accidental that IA to VIIA main group elements during chemical

reactions get eight electrons in the outermost shells of their ions,
similar to noble gas atoms?
No. It cannot be simply accidental. Eight electrons in the outermost

shell definitely gives stability to the ion or atom. Based on the above
observations a statement known as “ The Octet Rule” is framed.
Octet rule:

It may be stated as “The atoms of elements tend to undergo chemical
changes that helps to leave their atoms with eight outer-shell electrons.”

Lewis depicted the atom in terms of a positively charged kernel (Kernel
is the nucleus and all other electrons in the atom except the outer most
shell electrons) and the outershell that could accommodate a maximum
of eight electrons.
• Can you now predict the reason for atoms combining themselves to

form molecules of some elements or different elements?
Chemically active elements do not have an octet of electrons in the

valence shell of their atoms. Their reactivity arises from their tendency to
achieve the octet, by forming bonds either with atoms of their own type or
with atoms of other elements.

Let us learn about some chemical bonds.
The force between any two atoms or a group of atoms that results

information of a stable entity is called a ‘chemical bond’. There are many
types of chemical bonds, but here we discuss only about ionic bond and
covalent bond.
Ionic and Covalent bonds with Lewis dot formulae:
A.  Ionic bond:

Kossel proposed the ionic bond (electrostatic bond) based on the
following facts.
i. Ionic bond is formed between atoms of two dissimilar elements due

to transfer of electrons from one atom to the other.
ii. There are highly reactive metals like alkali metals (IA) and highly

reactive non-metals like halogens (VIIA) on the let side and right side
of the periodic table respectively.

iii. Noble gases except helium have eight electrons in the valence shells
of their atoms. They are chemically inactive and stable.
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iv. To attain eight electrons i the outermost shell similar to noble gases
metal atoms that have one two or three electrons in the valence shells
generally lose those electrons and form stable positive ions called
cations.
Example: 11Na  2, 8, 1   ;   Na+    2, 8

12Mg  2, 8, 2  ;   Mg2+  2, 8

13Al   2, 8, 3   ;   Al3+   2, 8

v. To attain eight electrons i the outermost shell, non-metal atoms that
have 5,6 or 7 valence electrons gain 3,2 or 1 electron respectively and
form negative ions known as anion.
Example: 15P    2, 8, 5   ;   P3-    2, 8, 8

16S    2, 8, 6   ;   S2-     2, 8, 8

17Cl  2, 8, 7   ;   Cl-     2, 8, 8

Formation of ionic bond:
vi. The positive ions (cations) and negative ions (anions) that are formed

experience the electrostatic forces and get attracted to form chemical
bond. As this bond is between charged particles known as ions, it is
called ionic bond. Sometimes based on the forces being electrostatic,
the bond is also called the electrostatic bond. As the valence concept
has been explained in terms of electrons, it is also called the
electrovalent bond.
Thus, we can define ionic bond as follows:
The electrostatic attractive force that keeps cation and anion together

to form a new electrically neutral entity is called ‘ionic bond’.

Do you know?

The number of electrons lost from a metal atom is the valence of its element
which is equal to its group number.

Ex. Na and Mg have valence 1 and 2 respectively.

Do you know?

The number of electrons gained by a non-metal element for its atom is its valency,
which is equal to (8 -  its group number).

Ex. The valency of chlorine is (8 – 7) = 1.
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• Explain the formation of NaCl, MgCl2, Na2O and MF3 through Lewis
electron dot symbols (formulae)

Eg-1.  Formation of sodium chloride (NaCl):
Sodium chloride is formed from the elements sodium and chlorine. It

can be explained as follows:
Cation formation:

When sodium (Na) atom loses one electron to get octet electron
configuration it forms a cation (Na+) and gets electron configuration that
of Neon (Ne).

11Na (g)          11Na+ (g)  +  e-

E.C. 2, 8, 1     2, 8
or    [Ne] 3s1     [Ne]

Anion formation:
Chlorine has shortage of one electron to get octet in its valence shell.

So it gains the electron that was lost by Na to form anion and gets electron
configuration that of argon (Ar).

17Cl (g)      +    e-   Cl- (g)

E.C. 2, 8, 7 2, 8, 8
or    [Ne] 3s2 3p5 [Ne] 3s2 3p6  or [Ar]

formation of the compound NaCl formation from its ions:
Transfer of electrons between ‘Na’ and ‘Cl’ atoms, they form ‘Na+’

and’Cl-‘ ions. These oppositely charged ions get attracted towards each
other due to electrostatic forces and form the compound sodium chloride
(NaCl).

Na+
(g)   +   Cl-

(g)       Na+Cl- (s)  or NaCl
Eg-2.  Formation of magnesium chloride (MgCl2):

Magnesium chloride is formed from the elements magnesium and
chlorine. The bond formation MgCl2 in brief using chemical equation is as
follows:
Cation formation:

11Mg (g)         11Mg2+ (g)  +  2e-

E.C. 2, 8, 2 2, 8
or    [Ne] 3s2 [Ne]

Anion formation:
2Cl (g)      +   2e-      2Cl- (g)

E.C. 2, 8, 7               2, 8, 8
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or    [Ne] 3s2 3p5             [Ne] 3s2 3p6  or [Ar]
The compound MgCl2 formation from its ions:

Mg2+ gets ‘Ne’ configuration and
Each Cl- gets ‘Ar’ configuration
Mg2+ (g)   +   2Cl-

(g)       MgCl2 (s)

One ‘Mg’ atom transfers two electrons one each to two ‘Cl’ atoms and
so formed Mg2+ and 2Cl- attract to form MgCl2.
Eg-3.  Formation of di sodium monoxide(Na2O):

Di sodium monoxide formation can be explained as follows:
Cation formation (Na+ formation):

2Na (g)         2Na+ (g)  +  2e-

E.C. 2, 8, 1    2, 8
or    [Ne] 3s1   [Ne]

Anion formation (O2-, the oxide formation):
O (g)      +      2e-      O2- (g)

E.C. 2, 6                                    2, 8
or    [Ne] 2s2 2p4             [He] 2s2 2p6  or [Ne]

The compound Na2O formation from its ions:
2Na+ (g)   +   O2-

(g)       Na2O(s)

Two ‘Na’ atoms transfer one electron each to one oxygen atom to
form 2Na+ and O2-

Each Na+ gets ‘Ne’ configuration and O2- gets ‘Ne’ configuration.
These ions (2Na+ and O2-) attract to form Na2O.

Eg-4.  Formation of aluminium chloride (AlCl3):
Aluminium chloride formation can be explained as follows:
Formation of aluminium ion (Al3+), the Cation:

13Al(g)          Al3+ (g)  +  3e-

E.C. 2, 8, 3 2, 8
or    [Ne] 3s23p1   [Ne]

Formation of chloride ion (Cl-), the Anion:
3Cl(g)     +      3e-      3Cl-

(g)

E.C. 2, 8, 7              2, 8,8
or    [Ne] 3s2 3p5  [Ne] 3s2 3p6  or [Ar]

Each aluminium atom loses three electrons and three chlorine atoms
gain them, one electron each.
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The compound AlCl3 is formed from its component ions by the
electrostatic forces of attractions.

Al3+ (g)   +   3Cl-
(g)       AlCl3 (s)

The arrangement of ions in ionic comounds:
• How do cations and anions of an ionic compound exist in its solid

state?
• Let us explain this with sodium chloride as our example:
• Do you think that pairs of Na+ Cl- as units would be present in the solid

crystal?
If you think so, it is not correct. Remember that electrostatic forces

are non directional. Therefore, it is not possible for one Na+ to be attracted
by one Cl- and vice-versa. Depending upon the size and charge of a particular
ion, number of oppositely charged ions gets attracted by it, but, in a definite
number. In sodium chloride crystal each Na+ is surrounded by 6 Cl- and
each Cl- by six Na+ ions. Ionic compounds in the crystalline state consist
of orderly arranged cations and anions held together by electrostatic forces
of attractions in three dimensions. The crystal structure of sodium chloride
is given below:

NaCl is said to possess face centred cubic lattice
crystal structure (see figure).

The number of ions of opposite change that surround
a given ion of given charge is known as the coordination
number of that given ion.

For example, in sodium chloride crystal, the
coordination number of Na+ is 6 and that of Cl- is also 6.

Factors affecting the formation of cation and anion:
In present lesson you have learnt about variation of

metallic and non metallic character of elements in a
group or period of the periodic table. Recall the facts

about metallic and non metallic character of elements.
Generally elements of metals have tendency of losing electron to attain

the octet in their valence shell, which we call as metallic character or
electro positivity. Elements with electro-positive character form cations.
Similarly non metals like oxygen (8O), fluorine (9F) and chlorine (17Cl).

Acquire electron configuration of elements of inert gases by gaining
electron which we call as electron negativity. Elements with electro-
negative character form anions.

fig-1:
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• Can you explain the reasons for all these?
Ionic bond is formed between atoms of elements with electronegativity

difference equal to or greater than 1.9.
B. Covalent bond:

In ionic bond formation, you have noticed that atoms either lose
electrons or gain electrons to attain octet in valence shell. i.e., in an ionic
bond, transfer of electron takes place between combining atoms.

G.N. Lewis (1916) proposed that atoms could achieve an octet in their
valence shells without transfer of electrons between them. They can attain
octet configuration in their valence shells by sharing the valence electrons
with one or more atoms.

The atoms of elements with high ionisation potential, high electron
affinity and small atomic size form anions.
• Can you guess the reasons for electro-positivity of metals and electro-

negativity of non metals?
The tendency of losing electrons to form cations (or) gaining electron

to form anions depends on the following factors:
i. Atomic size
ii. Ionisation potential
iii. Electron affinity
The atoms of elements with low ionisation energy, low electron affinity

and high atomic size form cations. The electrons shared between two atoms
belong to both the atoms and these shared electrons revolve round both
atomic nuclei. When atoms come closer, the sharing of electrons between
them lead to formation of a chemical bond.

For example, take two fluorine atoms which form a stable F2 molecule.
Each fluorine contributes one electron for bonding and the electron pair
that is formed in this way is mutually shared by both the fluorine atoms.
Each atom in the F2 molecule has an octet of valence electrons.
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The dots around fluorine atoms shows the valence electrons of
respective atoms.

The chemical bond formed between two atoms by mutual sharing of
valence shell electrons so that both of them can attain octet or duplet in
their valence shell is called the covalent bond.

The prefix co – is used to indicate when things are equal or joined.
(for example, co exist, cooperate etc). Here each atom contributes one
electron from the valence shell for the bonding. Therefore, the name
covalent is given (equal valence electrons contribution).
Formation of O2 molecule:

The electronic configuration of 8O is 2, 6. Thus oxygen atom has six
electrons in its valence shell. It requires two more electrons to get octet
in its valence shell. Therefore oxygen atoms come closer each oxygen
atom contributes two electrons for bonding. Thus, there exist two covalent
bonds between two oxygen atoms in O2 molecule.

We can say that a double bond is formed between two oxygen atoms in
O2 molecule. Observe the following figures, by formation of double bond,
both the oxygen atoms have octet in the valence shell.

• Can you say what type of bond exists between atoms of nitrogen
molecule?
Let us see

Nitrogen (N2) molecule:
The electronic configuration of ‘N’ atom is 2,5 and to have octet in the

valence shell it requires three more electrons. When two nitrogen atoms
approach each other, each atom contributes 3 electrons for bonding. There
are six electrons shared between two nitrogen atoms in the form of three
pairs. Therefore, there is a triple bond between two nitrogen atoms in N2

molecule.
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Methane (CH4) molecule:
In the formation of methane, CH4 molecule, carbon contributes 4

electrons, (one electron to each hydrogen atom) and 4 hydrogen atoms
contribute one electron each. Thus in CH4 molecule, there are four C – H
covalent bonds as shown below:

Ammonia (NH3) molecule:
In ammonia molecule, three N – H single covalent bonds are present.
Electron configuration of 7N  is 2, 5 and 1H is 1.
Nitrogen (N) needs 3 electrons to have octet in its valence shell.

Therefore it shows ‘3’ electrons with ‘3’ hydrogen(H) atoms to form
ammonia (NH3) molecule.
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Water (H2O) molecule:
In water molecule (H2O), there are two O – H single covalents bonds.
Electron configuration of 8O is 2,6 and 1H is 1.
Oxygen atom needs ‘2’ electrons to attain octet in its valence shell.

Therefore it shares ‘2’ electron with two hydrogen atoms to form water
(H2O) molecule.

If you observe covalent bonds formed between atoms of the molecules
in above mentioned examples, you will notice that there is a sharing of
single pair of electrons between two combining atoms in some examples
and sharing two pairs, as in O2 molecule and three pairs of electrons as in
N2 molecule.

Each shared pair of electrons is equivalent to a covalent bond. If two
electron pairs are being shared by two combining atoms, then the bond
formed is ‘double bond’. If three electron pairs are being shared between
two atoms then the bond formed is ‘triple bond’.

The total number of covalent bonds that an atom of an element forms
is called ‘covalency’ of the element.

The Bond lengths and Bond energies of covalent bonds:
Bond lengths or bond distance between two atoms is the equilibrium

distance between the two atoms which are connected by a covalent bond.
It is generally given in nm (nano meter) or A0 (Angstrom unit).
Bond energy or Bond dissociation energy is the energy needed to break

a covalent bond between two atoms of covalent compound to give
corresponding atoms in the gas phase.

Know more:
• An angstrom (Å) is a non-SI unit of length equal to 10-10 metres, or  0.1

nano-metres, or 100 pico-metres.
• 1 nanometre = 10-9 metre
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When a covalent bond is formed between any two atoms, the bond
lengths and bond energies are expected to be the same for atoms of the
molecule. This is because any covalent bond between any two atoms is a
result of sharing of two identical electrons. But, practically it was observed
that bond lengths and bond
energies are not same. (See
table - 3):

• What do you understand
from bond lengths and
bond energies?

• Are the values not
different for the bonds
between different types
of atoms?
Similarly, the theory

could not explain why
“ClBeCl in BeCl2 is 1800,
FBF in BF3 is 120o, HCH in
CH4 is 1090282 , HNH in
NH3 is 1070182  and HOH
in H2O is 1040312  etc.

i.e., it fails to explain the shapes of the molecules.
To explain the bond angles in the molecules with three or more than

three atoms with all atoms attached to a central atom through covalent
bonds a theory called the valence – shell – electron – pair repulsion
theory (VSEPRT) was proposed by Sidgwick and Powell (1940) and further
improved  by Gillespie and Nyholm (1957).

This theory suggests the following points.
1. VSEPRT considers electrons in the valence shells which are in covalent

bonds and in lone pairs as charge clouds that repel one another and
stay as far apart as possible. This is the reason why molecules get
specific shapes.

2. If we know the total number of electron pairs in the valence shell as
covalent bonds and lone pairs in the central atom, it will help us to
predict the arrangement of those pairs around the nucleus of the central
atom and from that the shape of the molecule.

Bond Bond Bond (dissociation)
length (A0) energy  (KJmol-1)

H –H 0.74 436
F – F 1.44 159
Cl – Cl 1.95 243
Br – Br 2.28 193
I – I 2.68 151
H – F 0.918 570
H – Cl 1.27 432
H – Br 1.42 366
H – I 1.61 298
H – O (of H2O) 0.96 460
H – N (of NH3) 1.01 390
H – C (of CH4) 410

Table – 3
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3. Lone pairs occupy more space around the central atom than bond pairs.
One lone pair means unshared electron pair or non-bonding electron
pairs are attracted to only one nucleus where as the bond pairs are
shared by two nuclei. Thus the presence of lone pairs on the central
atom causes slight distortion of the bond angles from the expected
regular shape. If the angle between lone pair and bond pair increases at
the central atom due to more repulsion, the actual bond angles between
atoms must be decreased.

* If the two bond pairs are present in two covalent bonds around the
nucleus of the central atom in the valence shell, they must be separated
by 1800 to have minimum repulsion between them. Thus, the molecule
would be linear.
Example:

* If three bond pairs are there in three covalent bonds around the nucleus
of the central atom, they get separated by 1200 along three corners of
a triangle. Therefore, the shape of the molecule is trigonal-planar.
Example:

NOTE: Did you notice that in BeCl2 and BF3 the central atoms Be and
B did not possess 8 electrons around them in the valence. They have only
4 and 6 electrons respectively. These molecules are known as electron
deficiency molecules.
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If there are four bond pairs in the valence of the central atom, the four
bond pairs will orient along the four corners of a tetrahedron (three
dimensional arrangement) and the bond angle expected is 1090282 .

Example: Methane.
* In methane molecule (CH4), HCH is 1090282  because of four electron

pairs (bonding) around carbon as shown below:

* If there are three bond pairs and one lone pair i.e., unshared electron
pair, then the lone pair occupies more space around the nucleus of the
central atom and the remaining three bond pairs come relatively closer
as in NH molecule.
Example: Ammonia
In ammonia (NH3) molecule, there are three bond pairs in covalent

bonds (3 N – H) around the nucleus of the nitrogen atom and one lone
pair. Lone pair – bond pair repulsion is greater than bond pair – bond pair
repulsion. Therefore, NH3 which is expected to be tetrahedral with four
electron pairs in the valence shell and HNH = 1090282 , it has HNH =
1070482  due to the more repulsion by lone pair on the bond pairs.

The shape of the NH3 molecule is triagonal pyramidal with N at the
apex of the pyramid.
* If there are two bond pairs and two lone pairs of electrons around the

nucleus of the central atom in its valence shell, lone pair – lone pair
repulsion is greater than lone pair – bond pair repulsion. Therefore,
the angle between bond pairs further decreases.
Example: Water
In water molecule, (H2O) around the nucleus of oxygen atom, but two

of them are lone pairs and two bond pairs. Therefore, H2O molecule gets
‘V’ shape or bent shape or angular instead of tetrahedral shape as that of
CH4 due to lone pair – lone pair and lone pair – bond pair repulsions. HOH
is 1040272 .
• What is the bond angle in a molecule?
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It is the angle subtended by two imaginary lines that pass from
the nuclei of two atoms which form the covalent bonds with the
central atom through the nucleus of the central atom at the central
atom.

Valence shell electron pair repulsion theory (VSEPRT) mainly
fails in explaining the strengths of the bonds. This is because; the theory
still depends on the Lewis concept of covalent bond formation. It could
not say anything extra about the electronic nature of covalent bonds.

To describe covalent bonding, a quantum mechanical model called
valence bond theory has been suggested by Linus Pauling (1954). You
will be learning this in higher classes.
Properties of ionic and covalent compounds:

Table -4

From the above table we understand that ionic compounds like NaCl
are solids at room temperature. They have high melting points and high
boiling points. They are soluble in polar solvents like water and insoluble
in non-polar solvents like kerosene, carbon tetrachloride etc. Their
reactions in polar solvents are instantaneous.

Covalent compounds are generally gases or liquids at room
temperature. Certain covalent compounds with high molecular weights
exist in solid state. They possess low melting points and low boiling points.
They are insoluble in polar solvents like water but soluble in non-polar
solvents like CCl4, C6H6, CS2 etc. Their reactions are moderate or very
slow.

S.No Property NaCl HCl C2H6

1. Formula mass 38.5 36.5 30.0
2. Physical appearance White crystalline solid Colourless gas Colourless gas
3. Type of bond Ionic Polar covalent Covalent
4. Melting point 801 0C -115 0C -183 0C
5. Boiling point 1413 0C -84.9 0C -88.63 0C
6. Solubility Soluble in polar Soluble in polar solvents Soluble in non-polar

solvents like water like water and to some solvents but insoluble
and insoluble in non extent in non-polar s in polar solvents like
-polar solvents  olvents water

7. Chemical activity Highly reactive in polar Moderate, relatively Slow or very slow at
solvents and reactions reactive room temperature
are instantaneous
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Polar compounds like HCl possess properties like melting point,
boiling point, reactivity, solubility etc, between those of ionic compounds
and covalent compounds.

In ionic compounds there exist stronger electrostatic forces of
attractions between the oppositely charged ions of these molecules.
Therefore they are solids with high melting points and boiling points. Based
on the principle “like dissolves in like”, they being highly polar, soluble in
polar solvents. In chemical reaction of solution of ionic compounds simply
rearrangement of ions take place in the solutions, the reactions are
instantaneous or very fast.

The forces of attractions among covalent molecules are weak.
Therefore, the covalent compounds have low melting points and low boiling
points. Based on the principle that like dissolve in like” these covalent
compounds are soluble in non-polar solvents because of non-polar nature
of solvent molecules. In chemical reactions related covalent compounds
there exist bond breaking and bond forming to get products these reactions
are moderate or very slow.

Key words

Electrons, noble gases, Lewis dot structures, Octet rule,
chemical bond, Ionic bond, covalent bond, cation, anion,
electrostatic force, electrovalent, polar solvent, non-polar
solvent, formation of molecules, ionic compounds, covalent
compounds, electro positive character, electro negative
character, polar bonds, bonded pair of electrons, lone pairs,
bond length, bond energy, shape of the molecule, linear,
tetrahedral, properties of ionic and covalent compounds.
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• Location of elements in the periodic table helps in predicting the type of bonding that will take
place between the elements.

• Ions are positively or negatively charged particles formed by the loss or gain of electrons.
• The force between any two atoms or a group of atoms that results in the formation of a stable

entity is called chemical bond.
• The outer most shell is called valence shell and electrons in this are called valence electrons.
• The gases belongs to ‘O’ group are called noble gases because they reluctant to combine

other atoms. Except helium all other noble gases have an octet of electron configuration  in
their valence shell.

• The reason why atoms bond can be explained on the basis of the octet rule
• Chemically active elements have an incomplete octet in their valence shell of the atoms.
• The number of valence electrons available in the atoms decides the type of bond
• Elements which have tendency to gain electrons for attaining octet in their valence shell called

electro negative character elements. They form anions.
• In the formation of ionic bond the atoms of electro positive elements lose their valence electrons

to atoms of electro negative elements so that both of them can attain octet in their valence shell.
• The electrostatic attractive force that keeps cation and anion together to form a new electrically

neutral entity is called an ionic bond.
• Ionic compounds are often crystalline solids with high melting points.
• A chemical bond that formed by sharing of valence-shell electrons between the atoms so that

both of them can attain octet or duplet in their valence shell is called covalent bond.
• A single covalent bond is formed when two atoms share a pair of electrons
• Each shared pair of electron is equivalent to a covalent bond.
• Electrons are not always shared equally between the atoms in a covalent bond. This leads to

bond polarity.
• Formation of various molecules.
• Factors affecting the formation of cation and anion:
• To explain the bond angles in the molecules through covalent bonds the valence – shell –

electron – pair repulsion theory (VSEPRT)
• Bond lengths and bond energies in covalent compounds
• Properties of ionic and covalent compounds.

1. List the factors that determine the type of bond that will be formed between two atoms?
2. In …………………bonding the valence electrons are shared among all the atoms of the

metallic elements.
3. Explain the difference between the valence electrons and the covalency of an element.

What we have learnt

Improve your learning
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4. Draw simple diagrams to show how electrons are arranged in the following covalent molecules:
a. Calcium oxide (CaO) b. Water (H2O) c. Chlorine (Cl2)

7. Represent the molecule H2O using Lewis notation.
8.  Represent each of the following atoms using Lewis notation:

a.  beryllium b. calcium c. lithium
9. Represent each of the following molecules using Lewis notation:

a.  bromine gas (Br2)
b. calcium chloride (CaCl2)
c.  carbon dioxide (CO2)
d.  Which of the three molecules listed above contains a double bond?

10. Two chemical reactions are described below.
• nitrogen and hydrogen react to form ammonia
• carbon and hydrogen bond to form a molecule of methane (CH4)
For each reaction, give:
a. the valency of each of the atoms involved in the reaction
b. the Lewis structure of the product that is formed
c. the chemical formula of the product
d. the name of the product

11. A chemical compound has the following Lewis notation:
a. How many valence electrons does element Y have?
b. What is the valency of element Y?
c. What is the valency of element X?
d. How many covalent bonds are in the molecule?
e. Suggest a name for the elements X and Y.

12. Why do only valence electrons involve in bond formation? Why not electron of inner shells?
13. Explain the formation of sodium chloride and calcium oxide on the basis of the concept of

electron transfer from one atom to another atom.
14. A,B, and C are three elements with atomic number 6, 11 and 17 respectively.

i. which of these cannot form ionic bond? Why?
ii. which of these cannot form covalent bond? Why?
Iii which of these can form ionic as well as covalent bonds?

15. a. Which of the following elements is electro negative?
1. sodium 2. Oxygen 3. Magnesium 4. Calcium

b. An element 11X
23 forms an ionic compound with another element ‘Y’. Then the charge

      on the ion formed by X is
1. +1 2. +2 3. -1 4. -2

c. An element ‘A’ forms a chloride ACl4. The number electrons in the valence shell of ‘A’
1.   1 2.   2 3.   3 4.    4
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16. fill in the blanks:
1. Electrons in ............ shell are called valence electrons.
2. Except ............. gas all other noble gases have octet in their valence shell.
3. Covalency of elements explains about member of ................ formed by the atom.


