
Sugar, salt, sand, diamond, graphite, copper, silver, gold, iron, aluminium, wood, rocks, minerals,
food and fabrics (clothes) are all different kinds of matter. Matter is called ‘padarth’ in Hindi. An
Indian philosopher, Maharishi Kanad, said that if we go on dividing matter (padarth), we will get

smaller and smaller particles of matter. Ultimately, we will get the smallest particle of matter, which cannot
be divided any further. Based on this
philosophy, Kanad was one of the first
persons to propose that matter (or
padarth) is made up of very small
particles called ‘parmanu’. John Dalton
called these particles by the name of
atom. The word ‘atom’ means
‘indivisible’— something which cannot
be divided further.

Another Indian philosopher Pakudha
Katyayama went a step further and
proposed that the particles of matter
(atoms or parmanu) normally exist in a
combined form and various
combinations of particles give us various
kinds of matter. This combined form of
atoms is now called ‘molecules’. We now
know that all matter is made up of small
particles called atoms and molecules. Different kinds of atoms and molecules have different properties
due to which different kinds of matter also show different properties. Thus, the properties of matter
depend on the properties of atoms and molecules from which it is made.
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Figure 1. If somehow we could go on dividing matter (say, a gold brick as shown
above), we will get smaller and smaller particles. Ultimately we will get the
smallest particle of matter which cannot be divided any further. This smallest
particle of matter will be atom (or parmanu).
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We will now describe the laws of chemical combination (established by experiments) which confirmed
the idea of atoms being the smallest particles of matter.

LAWS OF CHEMICAL COMBINATION
There are three important laws of chemical combination. These are :

1. Law of conservation of mass (or matter),

2. Law of constant proportions, and

3. Law of multiple proportions.

The laws of chemical combination are the experimental laws which have been formulated by scientists
after performing a large number of  experiments involving various types of chemical reactions. These
experimental laws ultimately led to the idea of ‘atoms’ being the ‘smallest unit’ of matter. In fact, the laws
of chemical combination played a significant role in the development of Dalton’s atomic theory of matter.
In this class we will  study only two laws of chemical combination : the law of conservation of mass, and
the law of constant proportions. The third law of  chemical combination, the law of multiple proportions,
will be studied in higher classes.

LAW OF CONSERVATION OF MASS
In the 18th century, scientists noticed that if they carried out a chemical

reaction in a closed container, then there was no change of mass. This
preservation of mass in a chemical reaction led to the formulation of the law
of conservation of mass (or law of conservation of matter). Law of conservation
of mass was given by Lavoisier in 1774. According to the law of conservation
of mass : Matter is neither created nor destroyed in a chemical reaction. The
substances which combine together (or react) in a chemical reaction are known
as ‘reactants’ whereas the new substances formed (or produced) as a result of
chemical reaction are called ‘products’. The law of conservation of mass
means that in a chemical reaction, the total mass of products is equal to the
total mass of reactants. There is no change in mass during a chemical
reaction. Since there is no gain or loss in mass in a chemical reaction, the
mass remains conserved. Please note that the term ‘total mass’ of reactants
and products includes solids, liquids and gases – including air – that are a
part of the reaction. The law of conservation of mass will become clear from
the following example.

When calcium carbonate is heated, a chemical reaction takes place to form
calcium oxide and carbon dioxide. It has been found by experiments that if
100 grams of calcium carbonate are decomposed completely then 56 grams of calcium oxide and 44
grams of carbon dioxide are formed. This can be written as :

Calcium carbonate
Heat

)(Chemical reaction Calcium + Carbon
oxide dioxide

100 g 56 g 44 g

  56 + 44 = 100 g

In this example, calcium carbonate is the reactant and it has a mass of 100 g. Calcium oxide and carbon
dioxide are the products and they have a total mass of 56 g + 44 g = 100 g. Now, since the total mass of
products (100 g) is equal to the total mass of reactant (100 g), there is no change of mass during this
chemical reaction. The mass remains the same or conserved. So, this example supports the law of
conservation of mass.

Figure 2. Antoine Lavoisier : The
scientist who gave the law of
conservation of mass in chemical
reactions.
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We can verify the law of conservation of mass in the laboratory by taking known masses of two chemicals
(reactants), allowing them to react by mixing them, and then finding the masses of the products formed.
There should be no change in the mass. This will become more clear from the following experiment in
which we will carry out a chemical reaction between barium chloride and sodium sulphate to form barium
sulphate and sodium chloride.

Experiment to Verify Law of Conservation of Mass

Take a clean conical flask fitted with a rubber cork, and a small test-tube having a long thread tied to its
neck. All these things are weighed together on a sensitive balance to find the initial mass of this apparatus.
Let us perform the experiment now.

(i) Take some barium chloride solution in the conical flask. Put some sodium sulphate solution in the
small test-tube and lower it carefully in the conical flask by holding from the free end of thread tied to its
neck. Fix a rubber cork in the mouth of the flask so that it holds the thread firmly [see Figure 3(a)]. The
mouth of the small test-tube should remain above the liquid level in the flask so that the reactants do not
get mixed at this stage. Find the mass of the apparatus alongwith reactants by weighing on the balance. If
we subtract the initial mass of apparatus from this mass, we will get the mass of reactants. Let the mass of
reactants be x.

(ii) Remove the rubber cork from the mouth of conical
flask for a moment so that the thread becomes loose. The
small test-tube containing sodium sulphate solution now
drops in the flask due to which sodium sulphate solution
mixes with barium chloride solution [see Figure 3(b)]. Now,
barium chloride solution reacts with sodium sulphate
solution to form a white precipitate of barium sulphate,
and sodium chloride solution. We again find the mass of
the apparatus alongwith products by weighing on a
balance. If we subtract the initial mass of the apparatus
from this mass, we will get the mass of products. Suppose
the mass of products is y, Now, if the mass of products (y)
is equal to the mass of reactants (x), then this experiment
verifies the law of conservation of mass.

Rubber
cork

Conical
flask

Barium
chloride
solution

Thread

Small
test-tube

Sodium sulphate
solution

Barium sulphate
and sodium
chloride formed

(a) Before reaction (b) After reaction
Figure 3. Experiment to verify the law of conservation of mass.

Figure 4. When barium chloride solution is added to
sodium sulphate solution, then a chemical reaction takes
place in which a white precipitate of barium sulphate and
sodium chloride solution are formed.
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The chemical reaction taking place in the above experiment can be written as :

Barium chloride + Sodium sulphate Barium sulphate + Sodium chloride
(solution) (solution) (white solid) (solution)

In an experiment to verify the law of conservation of mass, the following data was obtained :

(i) Mass of barium chloride taken = 20.8 g

(ii) Mass of sodium sulphate taken = 14.2 g

(iii) Mass of barium sulphate formed = 23.3 g

(iv) Mass of sodium chloride formed = 11.7 g

In this case, barium chloride and sodium sulphate are reactants.

So, Mass of reactants = 20.8 g + 14.2 g

= 35.0 g ... (1)

Here, barium sulphate and sodium chloride are products.

So, Mass of products = 23.3 g + 11.7 g

= 35.0 g ... (2)

Since the total mass of products (35 g) in this chemical reaction is equal to the total mass of reactants
(35 g), therefore, the given data verifies the law of conservation of mass. Let us solve some problems
now.

Sample Problem 1. Sodium carbonate reacts with ethanoic acid to form sodium ethanoate, carbon dioxide
and water. In an experiment, 5.3 g of sodium carbonate reacted with 6 g of ethanoic acid to form 8.2 g of
sodium ethanoate, 2.2 g of carbon dioxide and 0.9 g of water. Show that this data verifies the law of
conservation of mass. (NCERT Book Question)

Solution. All that we have to do in this problem is to calculate the mass of reactants and products
separately, and then compare the two. If the two masses are equal, then the law of conservation of mass
gets verified. The given reaction can be written as :

Sodium + Ethanoic Sodium + Carbon + Water
carbonate acid ethanoate dioxide

Reactants Products

(i) Sodium carbonate and ethanoic acid are reactants.

    So, Mass of reactants = Mass of sodium + Mass of ethanoic
carbonate acid

= 5.3 + 6

= 11.3 g ... (1)

(ii) Sodium ethanoate, carbon dioxide and water are products.

So, Mass of products = Mass of sodium  + Mass of carbon + Mass of
ethanoate dioxide water

= 8.2 + 2.2 + 0.9
= 11.3 g ... (2)

We find that the mass of reactants is 11.3 g and the mass of products is also 11.3 g. Since the mass of
products is equal to the mass of reactants, the given data verifies the law of conservation of mass.

Sample Problem 2. Calcium carbonate decomposes, on heating, to form calcium oxide and carbon
dioxide. When 10 g of calcium carbonate is decomposed completely, then 5.6 g of calcium oxide is formed.
Calculate the mass of carbon dioxide formed. Which law of chemical combination will you use in solving
this problem ?
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Solution. This problem is to be solved by using the law of conservation of mass in chemical reactions.
In this reaction, calcium carbonate is the reactant whereas calcium oxide and carbon dioxide are products.
Now, from the law of conservation of mass we have :

                                      Mass of products = Mass of reactants

or Mass of calcium + Mass of carbon = Mass of calcium
oxide dioxide carbonate

So, 5.6 + Mass of carbon = 10
dioxide

And, Mass of carbon = 10 – 5.6
dioxide

= 4.4 g

Thus, the mass of carbon dioxide formed is 4.4 g.

LAW OF CONSTANT PROPORTIONS

The law of constant proportions was given by Proust in 1779. He
analysed the chemical composition (type of elements present and
percentage of elements present) of a large number of compounds and
came to the conclusion that the proportion of each element in a compound
is constant (or fixed). Based on these observations, Proust formulated
the law of constant proportions. According to the law of constant
proportions : A chemical compound always consists of the same
elements combined together in the same proportion by mass. This law
means that whatever be the source from which it is obtained (or the
method by which it is prepared), a pure chemical
compound is always made up of the same elements in
the same mass percentage. For example, water is a
compound which always consists of the same two
elements, hydrogen and oxygen, combined together in
the same constant proportion of 1 : 8  by mass (1 part
by mass of hydrogen and 8 parts by mass of oxygen).
Let us discuss this in a little more detail.

We know that water is a compound. If we
decompose 100 grams of pure water by passing
electricity through it, then 11 grams of hydrogen and 89
grams of oxygen are obtained. Now, if we repeat this
experiment by taking pure water from different sources
(like river, sea, well, etc.), the same masses of hydrogen
and oxygen elements are obtained in every case. This
experiment shows that water always consists of the same
two elements, hydrogen and oxygen, combined together
in the same constant proportion of 11 : 89 or 1 : 8 by
mass. And this is the law of constant proportions.

Let us take another example to illustrate the law of
constant proportions. Ammonia is a compound. It has
been found by analysis that ammonia always consists
of the same two elements, nitrogen and hydrogen,
combined together in the same ratio of 14 : 3 by mass.

Figure 6. A student carrying out the electrolysis of water (by
passing electric current through it) so as to decompose it into
its two constituent elements : hydrogen and oxygen.

Figure 5. Joseph Proust : The scientist
who gave the law of constant proportions
in chemical combinations.



SCIENCE FOR NINTH CLASS : CHEMISTRY114

Please note that the law of constant proportions is also known as the law of definite proportions or the
law of constant composition. We will now solve some problems based on the law of constant proportions.

Sample Problem 1. In an experiment, 1.288 g of copper oxide was obtained from 1.03 g
of copper. In another experiment, 3.672 g of copper oxide gave, on reduction, 2.938 g of
copper. Show that these figures verify the law of constant proportions.

Solution. In order to solve this problem we have to calculate the ratio (or proportion) of
copper and oxygen in the two samples of copper oxide compound. Now :

(a) In the first experiment :

Mass of copper = 1.03 g ... (1)

And, Mass of copper oxide = 1.288 g

So, Mass of oxygen = Mass of copper oxide – Mass of copper

= 1.288 – 1.03

= 0.258 g ... (2)

Now, in the first sample of copper oxide compound :

Mass of copper : Mass of oxygen = 1.03 : 0.258
1.03

= : 1
0.258

= 3.99 : 1

= 4 : 1 ... (3)

(b) In the second experiment :

Mass of copper = 2.938 g ... (4)

And, Mass of copper oxide = 3.672 g

So, Mass of oxygen = Mass of copper oxide – Mass of copper

= 3.672 – 2.938

= 0.734 g ... (5)

Now, in the second sample of copper oxide compound :

Mass of copper : Mass of oxygen = 2.938 : 0.734
2.938

= : 1
0.734

 = 4 : 1 ... (6)

From the above calculations we can see that the ratio (or proportion) of copper and oxygen elements in
the two samples of copper oxide compound is the same 4 : 1. So, the given figures verify the law of constant
proportions.

Sample Problem 2. Hydrogen and oxygen combine in the ratio of 1 : 8 by mass to form water. What
mass of oxygen gas would be required to react completely with 3 g of hydrogen gas ?

(NCERT Book Question)
Solution. Here we have been given that hydrogen and oxygen always combine in the fixed ratio of

1 : 8 by mass. This means that :
 1 g of hydrogen gas requires = 8 g of oxygen gas

So, 3 g of hydrogen gas requires = 8 × 3 g of oxygen gas

= 24 g of oxygen gas

Thus, 24 grams of oxygen gas would be required to react completely with 3 grams of  hydrogen gas.
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Sample Problem 3. When 3 g of carbon is burnt in 8 g of oxygen, 11 g of carbon dioxide is produced.
What mass of carbon dioxide will be formed when 3 g of carbon is burnt in 50 g of oxygen ? Which law of
chemical combination will govern your answer ? (NCERT Book Question)

Solution. Our answer will be governed by the law of constant proportions. Now, since carbon and
oxygen combine in the fixed proportion of 3 : 8 by mass to produce 11 g of carbon dioxide, therefore, the
same mass of carbon dioxide (11 g) will be obtained even if we burn 3 g of carbon in 50 g of oxygen. The
extra oxygen (50 – 8 = 42 g oxygen) will remain unreacted.

Sample Problem 4. A 0.24 g sample of compound of oxygen
and boron was found by analysis to contain 0.096 g of boron and
0.144 g of oxygen. Calculate the percentage composition of the
compound by mass.                            (NCERT Book Question)

Solution. (i) Mass of boron in compound = 0.096 g

And, Mass of compound = 0.24 g

So, Percentage of boron Mass of  boron in compound
= ×100

Mass of compound(in compound)
0.096

= ×100
0.24

=  40 ... (1)

(ii) Mass of oxygen in compound = 0.144 g

And, Mass of compound = 0.24 g

So, Percentage of oxygen Mass  of  oxygen  in  compound
= ×100

Mass of compound                    (in compound)
0.144 

= ×100
0.24

= 60 ... (2)

Thus, the percentage composition of the compound is : Boron = 40 %; Oxygen = 60 %.

The laws of chemical combination were the experimental laws. The only logical explanation of the
laws of chemical combination is that matter (say, elements) must be made up of minute ‘unit particles’,
which take part in chemical combination in fixed whole numbers. These ‘unit particles’ of matter were
called atoms. So, in an attempt to explain the laws of chemical combination, Dalton put forward his atomic
theory of matter. This is discussed below.

DALTON’S ATOMIC THEORY
The theory that ‘all matter is made up of very tiny indivisible particles (atoms)’ is called atomic theory

of matter. Dalton put forward his atomic theory of matter in 1808. The various postulates (or assumptions)
of Dalton’s atomic theory of matter are as follows :

1. All the matter is made up of very small particles called ‘atoms’.
2. Atoms cannot be divided.
3. Atoms can neither be created nor destroyed.
4. Atoms are of various kinds. There are as many kinds of atoms as are elements.
5. All the atoms of a given element are identical in every respect, having the same mass, size and

chemical properties.
6. Atoms of different elements differ in mass, size and chemical properties.
7. Chemical combination between two (or more) elements consists in the joining together of atoms of

these elements to form molecules of compounds.

Figure 7. This is boron oxide. It is a
compound of boron and oxygen.
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8. The ‘number’ and ‘kind’ of atoms in a given compound is fixed.
9. During chemical combination, atoms of different elements combine in small whole numbers to

form compounds.
10. Atoms of the same elements can combine in more than one ratio to form more than one compound.

Dalton’s atomic theory was based on the laws of chemical combination. For example, the postulate of
Dalton’s atomic theory that “atoms can neither be created nor destroyed” was the result of law of
conservation of mass given by Lavoisier. And the postulates of Dalton’s atomic theory that “the elements
consist of atoms having fixed mass, and that the number and kind of atoms in a given compound is fixed,”
came from the law of constant proportions given by Proust.

Dalton’s atomic theory was the first modern attempt to describe the behaviour of matter (or properties
of matter) in terms of atoms. This theory was also used to explain the laws of chemical combination in
terms of atoms. Dalton’s atomic theory provides a simple explanation for the laws of chemical combination.

(a) The postulates of Dalton’s atomic theory that “the elements consist of atoms and that atoms can
neither be created nor destroyed” can be used to explain the law of conservation of mass.

(b) The postulates of Dalton’s atomic theory that “the elements consist of atoms having fixed mass,
and that the number and kind of atoms of each element in a given compound is fixed” can be used
to explain the law of constant proportions.

Explanation of the Law of Conservation of Mass

According to Dalton’s atomic theory, atoms can neither be created nor destroyed. Now, since an atom
cannot be created or destroyed, therefore, the number of various types of atoms in the products of a chemical
reaction is the same as the number of all those atoms in the reactants. The
same number of various atoms in products and reactants will have the same
mass. So, the total mass of products is equal to the total mass of reactants. The
mass remains the same (or conserved) in a chemical reaction. And this is the
law of conservation of mass. This explanation will become more clear from
the following example of calcium carbonate.

Calcium carbonate (CaCO3) is made up of 1 calcium atom, 1 carbon atom
and 3 oxygen atoms. The products of its decomposition, calcium oxide (CaO)
and carbon dioxide (CO2), taken together, also contain 1 calcium atom, 1 carbon
atom and 3 oxygen atoms. Now, since the number of various types of atoms
in the products (CaO and CO2) and reactant (CaCO3) remains the same,
therefore, the mass of products and reactants also remains the same in this
reaction. There is no change in mass during the decomposition of calcium
carbonate to form calcium oxide and carbon dioxide. The mass remains
conserved.

(a) Particles in a solid (b) Particles in a liquid (b) Particles in a gas

Figure 8. According to Dalton’s atomic theory, all matter (whether a solid, liquid or a gas) is
made of very tiny particles called ‘atoms’.

Figure 9. This is calcium
carbonate (CaCO3). On strong
heating, calcium carbonate
decomposes to form calcium
oxide (CaO) and carbon
dioxide (CO2).

5

5
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Figure 10. John Dalton :
The scientist who gave
atomic theory of matter.

Explanation of the Law of Constant Proportions

According to Dalton's atomic theory, every element consists of small particles called atoms, each having
a fixed mass. It also says that atoms of different elements combine to form compounds, and that the ‘‘number’’
and ‘‘kind’’ of atoms of each element in a compound is fixed. Now, since the ‘‘number of atoms’’, the “kind
of atoms’’, and the ‘‘mass of atoms’’ of each element in a given compound is fixed, therefore, a compound
will always have the same elements combined together in the same proportion by mass. And this is the law
of constant proportions. This explanation will become more clear from the following example of water.

According to Dalton's atomic theory, hydrogen element consists of hydrogen atoms (H), and oxygen
element consists of oxygen atoms (O). It also says that two hydrogen atoms always combine with one
oxygen atom to form water molecule (H2O). Since a water molecule always contains the same number of
hydrogen and oxygen atoms, each atom having a fixed mass, therefore, the masses of hydrogen and oxygen
elements in water will be in constant proportion. And this is the law of constant proportions.

Drawbacks of Dalton’s Atomic Theory

It is now known that some of the statements of Dalton's atomic theory of matter are not exactly correct.
Some of the drawbacks of the Dalton's atomic theory of matter are given below :

1. One of the major drawbacks of Dalton's atomic theory of matter is that atoms were thought to be
indivisible (which cannot be divided). We now know that under special circumstances, atoms can
be further divided into still smaller particles called electrons, protons and neutrons. So, atoms are
themselves made up of three particles : electrons, protons and neutrons.

2. Dalton's atomic theory says that all the atoms of an element have exactly the same mass. It is, however,
now known that atoms of the same element can have slightly different masses.

3. Dalton's atomic theory said that atoms of different elements have different
masses. It is, however, now known that even atoms of different elements
can have the same mass.

John Dalton

John Dalton was born in 1766 in a poor weaver’s family in England. He
received his early education from his father and at the village school. Dalton
started teaching in the village at the age of 12. In 1793, Dalton left for Manchester
to teach physics, chemistry and mathematics in a college. In 1794, he described
colour blindness. In 1808, Dalton presented his atomic theory to explain the
properties of matter. Dalton’s atomic theory of matter became one of the
foundations of modern chemistry. Dalton was the first to calculate the masses of
the atoms of several elements. He died in 1844.

ATOMS
Just as all the houses are made up of bricks, in the same way, all the

matter is made up of atoms. Thus, atoms are the building blocks of all
the matter around us. In chemistry, atom is defined as follows : An atom
is the smallest particle of an element that can take part in a chemical
reaction. Atoms of most of the elements are very reactive and do not
exist in the free state (as single atoms). They exist in combination with
the atoms of the same element or another element. There are as many
kinds of atoms as are elements.

Atoms are very, very small in size. An idea of the extremely small
size of atoms can be had from the fact that 35,000,000 copper atoms
arranged end to end in a line would cover a distance of about

Figure 11. Just as bricks are the
building blocks of all the houses, atoms
are the building blocks of all matter.
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1 centimetre ! The size of an atom is indicated by its radius which is called ‘atomic radius’ (radius of
atom). Atomic radius is measured in ‘nanometres’ (which is a very, very small unit of measuring length).
The symbol of a nanometre is nm.

1 nanometre = 9

1
10

metre

or 1 nm = 9

1
m

10
or 1 nm = 10–9 m

Hydrogen atom is the smallest atom of all. The atomic radius of a hydrogen atom is 0.037 nanometre
(or 0.037 nm). If we express the radius of a hydrogen atom in metres, it will be 0.037 × 10–9 metre which
means 0.000000000037 metre ! It is really very, very small. The atomic radii of some of the common elements
are given below (Please note that ‘radii’ is the plural of radius).

Atomic Radii of Some Common Elements

Element Atomic radius Element Atomic radius
 (Radius of atom) (Radius of atom)

1. Hydrogen 0.037 nm 7. Sodium 0.191 nm
2. Carbon 0.077 nm 8. Magnesium 0.160 nm
3. Nitrogen 0.074 nm 9. Calcium 0.197 nm
4. Oxygen 0.073 nm 10. Iron 0.126 nm
5. Chlorine 0.099 nm 11. Copper 0.128 nm
6. Sulphur 0.104 nm 12. Gold 0.144 nm

Atoms are so small that we cannot see them even under the most powerful optical microscope. Electron
microscope (which uses electrons for its working) can produce extremely magnified images of tiny objects.
The most advanced type of electron microscope is the Scanning Tunnelling Microscope (STM). Scanning
tunnelling microscope can produce computer-generated images (pictures) of the surface of elements which
show the individual atoms. The atoms show up as blurred spheres (see Figure 12). Thus, the scanning
tunnelling microscope enables us to see atoms, though indirectly.

Figure 12. Individual atoms can be seen as bumps on the surface of a solid by using a
Scanning Tunnelling Microscope (STM). The picture above is an STM image of the
surface of a solid substance called gallium arsenide made up of gallium atoms and
arsenic atoms. The blurred spheres in this picture are ‘atoms’. The gallium atoms are
shown in blue colour and arsenic atoms in red colour (these are not their actual colours).
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SYMBOLS OF ELEMENTS
A ‘symbol’ is a thing (like a ‘sketch’ or  ‘letter’, etc.) which represents or stands for something else.

When we say ‘the symbols of elements’, it means ‘the symbols of the atoms of the elements’ (because
elements are made up of atoms). We will first discuss the Dalton’s symbols of elements and then the
modern symbols of elements.

Dalton’s Symbols of Elements
Dalton was the first scientist to use the symbols to represent elements in a short way. Dalton’s symbol

for an element represented the ‘element’ as well as ‘one atom’ of that element. Some of the symbols of
elements given by Dalton are shown below :

Element Dalton’s symbol Element Dalton’s symbol

Hydrogen Iron

Carbon Copper

Oxygen Silver

Phosphorus Gold

Sulphur Lead

Platinum Mercury

Dalton’s symbols for elements were difficult to draw and inconvenient
to use. So, Dalton’s symbols are only of historical importance. They are
not used at all. It was J.J. Berzelius of Sweden who proposed that the
first letter (or the first letter and another letter) of the name of an element
be used as its symbol. This idea led to the modern symbols of elements
which are described below.

Modern Symbols of Elements

In order to write the chemical reactions conveniently, each element is
represented by a separate symbol. The symbol of an element is the “first
letter” or the “first letter and another letter” of the English name or Latin
name of the element. For example,

The symbol of Hydrogen is H (First letter of name)

The symbol of Oxygen is O (First letter of name)

So, in the case of hydrogen and oxygen, the first letters of their English
names are taken as their symbols. There are, however, some elements
whose names begin with the same letter. For example, the names of
elements Carbon, Calcium, Chlorine and Copper, all begin with the same letter C. In such cases, one of the
elements is given a “one letter” symbol but all other elements are given “two letter” symbols. The “two
letters” are the “first letter” and “another letter” of the English name or Latin name of the element. Please
note that this “another letter” may or may not be the “second letter” of the name. Thus,

The symbol of Carbon is C (First letter of name)
The symbol of Calcium is Ca (First and second letter of name)
The symbol of Chlorine is Cl (First and third letter of name)
The symbol of Copper is Cu (First and second letter of its Latin name Cuprum)

Figure 13. Jons Jakob Berzelius :
The scientist who proposed the first
letter (or first letter and another
letter) of the name of an element as
its symbol.
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It should be noted that in a ‘two letter’ symbol, the first letter is the ‘capital letter’ but the second letter
is the ‘small letter’. The chemical symbols of some of the important elements derived from their English
names are given below :

Symbols Derived from English Names of the Elements

English name English name
of the element Symbol of  the element Symbol

1. Hydrogen H 14. Sulphur S
2. Helium He 15. Chlorine Cl
3. Lithium Li 16. Argon Ar
4. Boron B 17. Calcium Ca
5. Carbon C 18. Manganese Mn
6. Nitrogen N 19. Nickel Ni
7. Oxygen O 20. Zinc Zn
8. Fluorine F 21. Bromine Br
9. Neon Ne 22. Krypton Kr

10. Magnesium Mg 23. Iodine I
11. Aluminium Al 24. Barium Ba
12. Silicon Si 25. Cobalt Co
13. Phosphorus P 26. Uranium U

In our study of chemistry we use the English names of the elements, so we are not familiar with the
Latin names of the elements. Most of the confusion, therefore, arises in the symbols derived from the
Latin names of the elements. Please note the following symbols carefully and try to remember them
correctly, they have been derived from the Latin names of the elements.

Symbols Derived from Latin Names of the Elements

English name Symbol Latin name of
of the element the element

1. Sodium Na Natrium
2. Potassium K Kalium
3. Iron Fe Ferrum
4. Copper Cu Cuprum
5. Silver Ag Argentum
6. Gold Au Aurum
7. Mercury Hg Hydragyrum
8. Lead Pb Plumbum
9. Tin Sn Stannum

Figure 14. This is calcium element. The
symbol of calcium is Ca (which has been
derived from its English name ‘Calcium’).

Figure 15. This is sodium element.
The symbol of sodium is Na (which
has been derived from its Latin name
‘Natrium’).

Figure 16. This is potassium element.
The symbol of potassium is K (which
has been derived from its Latin name
‘Kalium’).
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These days, the names and symbols of all newly discovered elements are approved by the International
Union of Pure and Applied Chemistry (IUPAC).

ATOMIC MASS OF AN ELEMENT
Actual masses of the atoms of the elements are very, very small. For example, one atom of hydrogen

(H) has a mass of 1.673 × 10–24 gram or 0.000000000000000000000001673 gram. It is not convenient to use
such small and complicated figures in our calculations, therefore, it was necessary to define atomic masses
in such a way that we get simple figures for them. In order to understand the present definition of atomic
mass, we should first know the meaning of carbon-12 atom (read as carbon twelve atom). Carbon-12 atom
is that atom of carbon which has 6 protons and 6 neutrons in its nucleus so that its mass number is 12.

Carbon-12 atom has been assigned an atomic mass of exactly 12 atomic mass units (Atomic mass unit
was earlier written in short as ‘amu’ but these days atomic mass unit is denoted by the letter ‘u’). This
means that a carbon-12 atom has been assigned  an atomic mass of exactly 12 u. Now, since a carbon-12
atom has been assigned an atomic mass of 12 atomic mass units, therefore, the atomic mass unit should be

equal to 
1

12
(one-twelfth) the mass of a carbon-12 atom. That is :

Atomic mass unit = 1
12

 the mass of a carbon-12 atom

or  1 u = 1
12  the mass of a carbon-12 atom

Thus, one atomic mass unit (1 u) is defined as exactly one-twelfth
the mass of an atom of carbon-12. It is clear from this discussion that
for the purpose of determining atomic masses of various elements, the
mass of a carbon-12 atom is taken to be the standard (having a value of
12 units on the atomic mass scale). The atomic masses of all other
elements are determined by comparing the mass of their atom with
the mass of a carbon-12 atom. Keeping these points in mind, we can
now define the atomic mass of an element as follows.

The atomic mass of an element is the relative mass of its atom as
compared with the mass of a carbon-12 atom taken as 12 units. The
atomic mass of an element indicates the number of times one atom of

the element is heavier than 1
12

 of a carbon-12 atom. For example, the

Figure 17. This is lead. It is an element which is
classified as a metal. The symbol of lead is Pb
which is derived from its Latin name Plumbum.
Lead is a metal having very high density (11.35
kg/m3).

Figure 18. The very high density of lead enables it to stop dangerous
radiations from radioactive materials. The staff working in the X-ray
departments of hospitals and in laboratories where radioactive materials
are handled, wear jackets containing lead to protect them (from the
harmful effects of radiations).

Figure 19. This is magnesium element
(or magnesium metal) in the form of a
ribbon. One atom of magnesium is 24
times heavier than 1

21
 of a carbon-12

atom, so the atomic mass of
magnesium is 24 u.
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atomic mass of magnesium is 24 u which indicates that one atom of magnesium is 24 times heavier than
1

12
 of a carbon-12 atom. It is clear from the above discussion that the present standard for the atomic

masses is carbon-12 atom which has been assigned an atomic mass of exactly 12 u. The atomic masses of
some of the important elements are given below.

Atomic Masses of Some Common Elements

Element Symbol Atomic mass Element Symbol Atomic mass

1. Hydrogen H 1 u 8. Phosphorus P 31 u

2. Carbon C 12 u 9. Sulphur S 32 u

3. Nitrogen N 14 u 10. Chlorine Cl 35.5 u

4. Oxygen O 16 u 11. Potassium K 39 u

5. Sodium Na 23 u 12. Calcium Ca 40 u

6. Magnesium Mg 24 u 13. Iron Fe 56 u

7. Aluminium Al 27 u 14. Copper Cu 63.5 u

It has been found by experiments that the mass of a carbon-12 atom is 1.9926 × 10–23 gram. If we divide
this mass by 12, we will get the absolute mass of the atomic mass unit (u). It comes to be 1.6605 × 10–24

gram. This means that the actual mass of the atomic mass unit is 1.6605 × 10–24 gram.

That is, 1 u = 1.6605 × 10–24 g

By using this value of atomic mass unit, we can find the actual mass (or absolute mass) of the atom of
any element. Before we end this discussion, it will be good to note the significance of the chemical symbol
of an element which is given below.

Significance of the Symbol of an Element

1. Symbol represents name of the element.

2. Symbol represents one atom of the element.

3. Symbol also represents one mole of atoms of the element. That is, symbol also represents 6.022 × 1023

atoms of the element.

4. Symbol represents a definite mass of the element (equal to atomic mass expressed in grams).

As an example, let us give the significance of symbol C

1. Symbol C represents carbon element.
2. Symbol C represents one atom of carbon element.
3. Symbol C also represents one mole of carbon atoms. That is, symbol C also represents 6.022 × 1023

atoms of carbon.
4. Symbol C represents 12 grams of carbon (which is equal to the atomic mass of carbon expressed in

grams).

HOW DO ATOMS EXIST
The atoms of only a few elements called noble gases (such as helium neon, argon and krypton, etc.) are

chemically unreactive and exist in the free state (as single atoms). Atoms of most of the elements are
chemically very reactive and do not exist in the free state (as single atoms). Atoms usually exist in two
ways :

1. in the form of molecules, and

2. in the form of ions.
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When atoms form molecules or ions, they become stable (because in doing so they acquire the stable
electron arrangements of noble gases). The molecules and ions stick together in large numbers to form the
various types of matter around us. Though we cannot see the individual molecules or ions with our eyes,
we can, however, see the various substances which are a big collection of molecules or ions. For example,
we cannot see the individual iodine molecules (I2) with our eyes because they are very, very small but we
can see iodine crystal as a violet coloured solid because it is a collection of millions and millions of iodine

molecules held together. Similarly, we cannot see the individual sodium ions (Na+) and chloride ions
(Cl–) but we can see the sodium chloride compound (common salt) as a white powder because it is formed
by the collection of millions and millions of sodium ions and chloride ions. We will now discuss the molecules
and ions in detail, one by one.

MOLECULES
A molecule is an electrically neutral group of two (or more) atoms chemically bonded together. The

forces which hold the atoms together in a molecule are called covalent bonds. Thus, a combination of
atoms is called a molecule. We know that atoms of most of the elements are very reactive and cannot exist
in the free state (as single atoms). This is not so with molecules. Molecules can exist in free state because
they are very stable. This gives us another definition of molecule which can be written as follows : A
molecule is the smallest particle of a substance (element or compound) which has the properties of that
substance and can exist in the free state.

Molecules can be formed either by the combination of atoms of the ‘same element’ or of ‘different
elements’. Depending on this, there are two types of molecules : molecules of elements, and molecules of
compounds. This is discussed below.

1. Molecules of Elements

The molecule of an element contains two (or more) similar atoms chemically combined  together.
For example, a molecule of hydrogen element contains 2 hydrogen atoms combined together, and it is
written as H2 [see Figure 22(a)]. Hydrogen gas  consists of H2 molecules and not of single atoms H.
Hydrogen molecule (H2) is a diatomic molecule because it contains 2 atoms per molecule. Similarly, nitrogen
gas exists as N2 molecules, oxygen gas as O2 molecules and chlorine gas as Cl2 molecules [see Figures
22(b), (c) and (d)]. Bromine element, which is a liquid, consists of Br2 molecules and iodine element, which
is a solid, consists of I2 molecules.

Figure 20. This is iodine crystal which is made up of
iodine molecules. We cannot see the individual iodine
molecules because they are very, very small. We can,
however, see this iodine crystal because it is a collection
of millions and millions of iodine molecules.

Figure 21. This is sodium chloride compound which
is made up of sodium ions and chloride ions. We
cannot see the individual sodium ions and chloride
ions because they are very, very small. We can,
however, see this sodium chloride compound because
it is a collection of millions and millions of sodium
ions and chloride ions.
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H H
N N O O

ClCl

(a) Hydrogen (b) Nitrogen (c) Oxygen (d) Chlorine
molecule, H2 molecule, N2 molecule, O2 molecule, Cl2

Figure 22. Molecules of elements.

Ozone gas has 3 oxygen atoms combined together, so ozone exists in the form of O3 molecules.
Phosphorus element has 4 phosphorus atoms combined together, so phosphorus exists in the form of P4

molecules. Solid sulphur element has 8 sulphur atoms joined together, therefore, sulphur exists in the
form of S8

 molecules. The noble gases like helium, neon, argon and krypton, etc., exist as single atoms He,
Ne, Ar and Kr, respectively. So, their atoms and molecules are just the same. Most of the elements which
exist as solids, consist of a large cluster of atoms which can be considered to be ‘giant molecules’ or ‘very
big molecules’. For example, all the metals consist of giant molecules and they are represented by their

symbols. For example, the metal elements like sodium, magnesium, aluminium and iron, etc., are represented
by their symbols Na, Mg, Al and Fe, etc., they do not have any separate formulae. Carbon element is a
solid non-metal which is also represented by its symbol C. The properties of solid elements  are not due to
their single atoms but due to big cluster of atoms. We will now discuss atomicity of elements.

The number of atoms present in one molecule of an element is called its atomicity. The atomicity of
some of the common elements is discussed below.

(i) Noble gases (helium, neon, argon, krypton, etc.) have one atom each in their molecules such as He,
Ne, Ar and Kr. So, the atomicity of noble gases is 1. Noble gases are said to be monoatomic (having 1-atom
molecules). The atomicity of metal elements like sodium (Na), magnesium (Mg), aluminium (Al), copper
(Cu) and iron (Fe), etc., is also taken to be 1. Thus, metals are considered to be monoatomic. The atomicity
of carbon element is also 1. So, carbon is monoatomic.

(ii) Hydrogen (H2), nitrogen (N2), oxygen (O2), chlorine (Cl2), bromine (Br2) and iodine (I2), all have 2
atoms each in their molecules. So, the atomicity of hydrogen, nitrogen, oxygen, chlorine, bromine and
iodine is 2 each. In other words, the elements hydrogen, nitrogen, oxygen, chlorine, bromine and iodine
are diatomic (having 2-atom molecules).

(iii) Ozone (O3) has 3 atoms in its molecule, so the atomicity of ozone is 3. Ozone is said to be triatomic
(having 3-atom molecules).

Figure 23. This is the model of a chlorine
molecule. The two green balls represent two
chlorine atoms. Since a chlorine molecule
contains 2 chlorine atoms joined together, it is
written as Cl2.

Figure 24. A molecule of sulphur
contains 8 sulphur atoms joined
together. So, it is written as S8.

Figure 25. Graphite is a form of carbon
element. Graphite consists of a large
cluster of carbon atoms. So, it is
considered to be a giant molecule and
represented by the symbol C.
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(iv) Phosphorus (P4) has 4 atoms in its molecule, so the atomicity of phosphorus is 4. Phosphorus is
said to be tetra-atomic (having 4-atom molecules).

(v) Solid sulphur (S8) has 8 atoms in its molecule, so the atomicity of sulphur is 8. Sulphur is said to be
octa-atomic (having 8-atom molecules).

2. Molecules of Compounds

The molecule of a compound contains two (or more) different types of atoms chemically combined
together. For example, hydrogen chloride is a compound. The molecule of hydrogen chloride (HCl) contains
two different types of atoms : hydrogen atom (H) and chlorine atom (Cl) [see Figure 29(a)]. Water is a

H Cl
O

H H

O C O

(a) Hydrogen chloride (b) Water molecule, (c) Carbon dioxide
molecule, HCl H2O molecule, CO2

Figure 29. Molecules of compounds.

compound. A molecule of water (H2O) is made up of two different types of atoms : hydrogen
atoms (H) and oxygen atom (O) [see Figure 29(b)]. Carbon dioxide (CO2) is also a compound
whose molecule consists of two different types of atoms : carbon atom (C) and oxygen atoms
(O) [see Figure 29(c)]. Some more examples of the molecules of compounds are : sulphur
dioxide (SO2), methane (CH4) and ammonia (NH3). Please note that a compound which
consists of molecules is called a molecular compound. Hydrogen chloride, water, carbon dioxide, sulphur
dioxide, methane and ammonia, are all molecular compounds (which consist of molecules and not ions).
We will now discuss chemical formulae.

Chemical Formulae
A chemical formula represents the composition of a molecule of the

substance in terms of the symbols of the elements present in the molecule.
A chemical formula is also known as a molecular formula. The formula can
be of an element or of a compound. This is explained below.

Formulae of Elements

The chemical formula of an element is a statement of the composition
of its molecule in which symbol tells us the element and the subscript
(lower figure) tells us how many atoms are present in one molecule. One
molecule of hydrogen element contains two atoms of hydrogen, therefore,

Figure 26. Red phosphorus. Figure 27. Yellow phosphorus
(kept under water).

Figure 28. Model of a phosphorus
molecule (P4) showing 4
phosphorus atoms joined together.

Figure 30. This is the model of a
hydrogen molecule (H2). The two
white balls represent two
hydrogen atoms.
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the formula of hydrogen is H2. The figure 2 in the formula H2 indicates that one molecule of hydrogen
element contains 2 atoms of hydrogen. Please note that 2H represents 2 separate atoms of hydrogen; H2

represents 1 molecule of hydrogen, and 2H2 represents 2 molecules of hydrogen. Similarly, the molecular
formula of oxygen element is O2, nitrogen is N2, and chlorine is Cl2. The inert gases like helium, neon and
argon are monoatomic, so their symbols and formulae are just the same. All the metals are represented by
their symbols, they do not have any separate formulae. The molecular formulae of some of the common
elements are given below :

Molecular Formulae of Some Common Elements

Element Formula Element Formula

Hydrogen H2 Bromine Br2

Nitrogen N2 Iodine I2

Oxygen O2 Phosphorus P4

Chlorine Cl2 Sulphur S8

Formulae of Compounds
The chemical formula of a compound is a statement of its composition in which the chemical symbols

tell us which elements are present and the subscripts (lower figures) tell us how many atoms of each
element are present in one molecule of the compound.
Water is a compound whose molecule contains 2 atoms
of hydrogen and 1 atom of oxygen. So, the formula of
water is H2O. In the formula H2O, the symbol H2 indicates
2 atoms of hydrogen (and not a molecule of hydrogen),
and O represents 1 atom of oxygen. The figure in front of
a formula shows the number of molecules. For example,
2H2O means 2 molecules of water. The figure 2 multiplies
the whole formula H2O and not just the first element. That
is, 2H2O contains 4 atoms of hydrogen and two atoms of
oxygen. The chemical formulae of some common
molecular compounds (which consist of molecules) and
the elements present in them are given below.

Formulae of Some Molecular Compounds

Name Formula Elements present

1. Water H2O H and O
2. Carbon dioxide CO2 C and O
3. Sulphur dioxide SO2 S and O
4. Ammonia NH3 N and H
5. Methane CH4 C and H
6. Ethanol (Alcohol) C2H5OH C, H and O
7. Hydrogen chloride HCl H and Cl
8. Carbon tetrachloride CCl4 C and Cl

(Tetrachloromethane)
9. Hydrogen sulphide H2S H and S

10. Carbon disulphide CS2 C and S

Figure 31. This is a model of water molecule (H2O).
The white balls represent hydrogen atoms whereas the
red ball represents oxygen atom.
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Figure 32. Model of a carbon dioxide
molecule (CO2). The black ball represents
carbon atom whereas red balls represent
oxygen atoms.

Figure 33. Model of an ammonia
molecule (NH3). The  blue  ball repre-
sents nitrogen atom whereas white balls
represent hydrogen atoms.

Figure 34. Model of methane
molecule (CH4). The black ball
represents carbon atom whereas white
balls represent hydrogen atoms.

Molecular Mass
Just as an atom has atomic mass, in the same way, a molecule has a molecular mass. The molecular

mass of a substance is the relative mass of its molecule as compared with the mass of a carbon-12 atom
taken as 12 units. The molecular mass of a substance indicates the number of times one molecule of the

substance is heavier than 1
12 (one-twelfth) of a carbon-12 atom. For example, the molecular mass of hydrogen

is 2, which means that a molecule of hydrogen is 2 times heavier than 1
12  of a

carbon-12 atom. The molecular mass is expressed in atomic mass units (u).

Calculation of Molecular Mass

If the molecular formula of a substance is known, its molecular mass can be calculated, because the
molecular mass is equal to sum of the atomic masses of all the atoms present in one molecule of the
substance. For example, one molecule of water (H2O) contains 2 atoms of hydrogen and 1 atom of oxygen.
So, the molecular mass of water will be equal to the sum of the masses of 2 hydrogen atoms and 1 oxygen
atom. Knowing that the atomic mass of hydrogen is 1 u and that of oxygen is 16 u, the molecular mass of
water can be calculated as follows :

Mass of H atom = 1 u
Mass of 2H atoms = 2 × 1

= 2 u
Mass of O atom = 16 u

Now, Molecular mass of H2O = Mass of 2H atoms + Mass of O atom
= 2 + 16
= 18 u

Thus, the molecular mass of water (H2O) is 18 u.
In the case of ionic compounds like sodium chloride which consist of ions (and not molecules) the term

formula mass is sometimes used in place of molecular mass. The molecular masses of some common
elements, which exist as molecules, are given below :

Molecular Masses of Some Common Elements

Atomic Molecular
Element Symbol

 mass formula Molecular mass

1. Hydrogen H 1 u H2 2 × 1 = 2 u
2. Nitrogen N 14 u N2 2 × 14 = 28 u

3. Oxygen O 16 u O2 2 × 16 = 32 u

4. Chlorine Cl 35.5 u Cl2 2 × 35.5 = 71 u
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We will now solve a problem based on the calculation of molecular mass of a compound.

Sample Problem. Calculate the molecular mass of sulphuric acid (H2SO4).
(Given : Atomic masses : H = 1 u ; S = 32 u ; O = 16 u).

Solution. The molecular formula of sulphuric acid is H2SO4. This formula
shows that one molecule of sulphuric acid (H2SO4) contains 2 atoms of hydrogen,
1 atom of sulphur and 4 atoms of oxygen. So, the molecular mass of H2SO4 will
be equal to the sum of the masses of 2 hydrogen atoms, 1 sulphur atom and 4
oxygen atoms. Knowing that the atomic mass of hydrogen is 1 u, of sulphur is
32 u and that of oxygen is 16 u, the molecular mass of sulphuric acid can be
calculated as follows :

Molecular mass of H2SO4 = Mass of 2H + Mass of S + Mass of 4 ‘O’
atoms atom atoms

= 2 × 1 + 32 + 4 × 16

= 2 + 32 + 64

= 98 u

Thus, the molecular mass of sulphuric acid is 98 u.

Before we conclude the discussion on formulae, it will be good to note the significance of the chemical
formula of a substance which is given below.

Significance of the Formula of a Substance

1. Formula represents the name of the substance.
2. Formula represents one molecule of the substance.
3. Formula also represents one mole of molecules of the substance. That is, formula also represents

6.022 × 1023 molecules of the substance.
4. Formula gives the names of all the elements present in the molecule.
5. Formula gives the number of atoms of each element present in one molecule.
6. Formula represents a definite mass of the substance (equal to molecular mass expressed in grams).

As an example, let us give the significance of the formula H2O.

1. H2O represents water.

2. H2O represents one molecule of water.

3. H2O also represents one mole of molecules of water. That is, H2O also represents 6.022 × 1023 molecules
of water.

4. H2O tells us that water contains two elements, hydrogen and oxygen.

5. H2O tells us that one molecule of water contains 2 atoms of hydrogen and 1 atom of oxygen.

6. H2O represents 18 grams of water (which is equal to the molecular mass of water expressed in grams).

Before we go further and discuss ions, please answer the following questions :

 Very Short Answer Type Questions
1. Write the full form of IUPAC.
2. Name the scientist who gave :

(a) law of conservation of mass.
(b) law of constant proportions.

3. Name the law of chemical combination :
(a) which was given by Lavoisier.
(b) which was given by Proust.

Figure 35. The molecular
formula of sulphuric acid is
H2SO4.
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4. Name the scientist who gave atomic theory of matter.
5. Which postulate of Dalton’s atomic theory is the result of law of conservation of mass given by Lavoisier ?
6. Which part of the Dalton’s atomic theory came from the law of constant proportions given by Proust ?
7. Which ancient Indian philosopher suggested that all matter is composed of very small particles ? What

name was given by him to these particles ?
8. Name any two laws of chemical combination.
9. ‘If 100 grams of pure water taken from different sources is decomposed by passing electricity, 11 grams of

hydrogen and 89 grams of oxygen are always obtained’. Which chemical law is illustrated by this statement ?
10. ‘If 100 grams of calcium carbonate (whether in the form of marble or chalk) are decomposed completely,

then 56 grams of calcium oxide and 44 grams of carbon dioxide are obtained’. Which law of chemical
combination is illustrated by this statement ?

11. What are the building blocks of matter ?
12. How is the size of an atom indicated ?
13. Name the unit in which the radius of an atom is usually expressed.
14. Write the relation between nanometre and metre.
15. The radius of an oxygen atom is 0.073 nm. What does the symbol ‘nm’ represent ?
16. Why is it not possible to see an atom even with the most powerful microscope ?
17. State whether the following statement is true or false :

The symbol of element cobalt is CO.
18. Define ‘molecular mass’ of a substance.
19. What is meant by saying that ‘the molecular mass of oxygen is 32’ ?
20. Fill in the following blanks with suitable words :

(a) In water, the proportion of oxygen and hydrogen is .............. by mass.
(b) In a chemical reaction, the sum of the masses of the reactants and the products remains unchanged. This

is called.............. .

 Short Answer Type Questions
21. (a) Name the element used as a standard for atomic mass scale.

(b) Which particular atom of the above element is used for this purpose ?
(c) What value has been given to the mass of this reference atom ?

22. Give one major drawback of Dalton’s  atomic theory of matter.
23. Dalton’s atomic theory says that atoms are indivisible. Is this statement still valid ? Give reasons for your

answer.
24. Is it possible to see atoms these days ? Explain your answer.
25. What is meant by the symbol of an element ? Explain with examples.
26. (a) Give two symbols which have been derived from the ‘‘English names’’ of the elements.

(b) Give two symbols which have been derived from the ‘‘Latin names’’ of the elements.
27. Give the names and symbols of five familiar substances which you think are elements.
28. State the chemical symbols for the following elements :

Sodium, Potassium, Iron, Copper, Mercury, Silver.
29. Name the elements represented by the following symbols :

Hg, Pb, Au, Ag, Sn
30. What is meant by atomicity ? Explain with two examples.
31. What is the atomicity of the following ?

(a) Oxygen (b) Ozone (c) Neon (d) Sulphur (e) Phosphorus  (f) Sodium
32. What is meant by a chemical formula ? Write the formulae of one element and one compound.
33. Write the formulae of the following compounds. Also name the elements present in them.

(a) Water   (b) Ammonia (c) Methane (d) Sulphur dioxide (e) Ethanol
34. Explain the difference between 2N and N2.
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35. What do the following abbreviations stand for ?
(i) O (ii) 2O (iii) O2 (iv) 3O2

36. What do the symbols, H2, S and O4 mean in the formula H2SO4 ?
37. (a) In what form does oxygen gas occur in nature ?

(b) In what form do noble gases occur in nature ?
38. What is the difference between 2H and H2 ?
39. What do the following denote ?

(i) N (ii) 2N (iii) N2 (iv) 2N2

40. What is the significance of the formula of a substance ?
41. What is the significance of the formula H2O ?
42. The molecular formula of glucose is C6H12O6. Calculate its molecular mass. (Atomic masses : C = 12 u ; H =

1 u ; O = 16 u)
43. Calculate the molecular masses of the following :

(a) Hydrogen, H2 (b) Oxygen, O2 (c) Chlorine, Cl2 (d) Ammonia, NH3  (e) Carbon dioxide, CO2

(Atomic masses : H = 1 u ; O = 16 u ;  Cl = 35.5 u ; N = 14 u ; C = 12 u)
44. Calculate the molecular masses of the following compounds :

(a) Methane, CH4 (b) Ethane, C2H6  (c) Ethene, C2H4 (d) Ethyne, C2H2

(Atomic masses : C = 12 u ; H = 1 u)
45. Calculate the molecular masses of the following compounds :

(a) Methanol, CH3OH  (b) Ethanol, C2H5OH
46. Calculate the molecular mass of ethanoic acid, CH3COOH.

(Atomic masses : C = 12 u ; H = 1 u ; O = 16 u)
47. Calculate the molecular mass of nitric acid, HNO3. (Atomic masses : H = 1 u ;  N = 14 u ; O = 16 u)
48. Calculate the molecular mass of chloroform (CHCl3). (Atomic masses : C = 12 u ; H = 1 u ; Cl = 35.5 u)
49. Calculate the molecular mass of hydrogen bromide (HBr). (Atomic masses : H = 1 u ;  Br = 80 u)
50. Calculate the molecular masses of the following compounds :

(a) Hydrogen sulphide, H2S (b) Carbon disulphide, CS2

(Atomic masses : H = 1 u ; S = 32 u ; C = 12 u)

  Long Answer Type Questions
51. State the law of conservation of mass. Give one example to illustrate this law.
52. State the law of constant proportions. Give one example to illustrate this law.
53. (a) State the various postulates of Dalton’s atomic theory of matter.

(b) Which postulate of Dalton’s atomic theory can explain the law of conservation of mass ?
(c) Which postulate of Dalton’s atomic theory can explain the law of constant proportions ?

54. (a) What is the significance of the symbol of an element ? Explain with the help of an example.
(b) Explain the significance of the symbol H.

55 (a) What is an atom ? How do atoms usually exist ?
(b) What is a molecule ? Explain with an example.
(c) What is the difference between the molecule of an element and the molecule of a compound ? Give one

example of each.
56. (a) Define atomic mass unit. What is its symbol ?

(b) Define atomic mass of an element.
(c) What is meant by saying that ‘the atomic mass of oxygen is 16’ ?

  Multiple Choice Questions (MCQs)
57. The atomicities of ozone, sulphur, phosphorus and argon are respectively :

(a) 8, 3, 4 and 1 (b) 1, 3, 4 and 8 (c) 4, 1, 8 and 3 (d) 3, 8, 4 and 1
58. The symbol of a metal element which is used in making thermometers is :

(a) Ag (b) Hg (c) Mg (d) Sg
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59. The Latin language name of an element is natrium. The English name of this element is :
(a) sodium (b) potassium (c) magnesium (d) sulphur

60. The atomic theory of matter was proposed by :
(a) John Kennedy (b) Lavoisier (c) Proust (d) John Dalton

61. One of the following elements has an atomicity of ‘one’. This element is :
(a) helium (b) hydrogen (c)  sulphur (d) ozone

62. The English name of an element is potassium, its Latin name will be :
(a) plumbum (b) cuprum (c)  kalium (d) natrium

63. The law of conservation of mass was given by :
(a) Dalton (b) Proust (c) Lavoisier (d) Berzelius

64. The element having atomicity ‘four’ is most likely to be :
(a) argon (b) fluorine (c) phosphorus (d) francium

65. If 1.4 g of calcium oxide is formed by the complete decomposition of calcium carbonate, then the amount of
calcium carbonate taken and the amount of carbon dioxide formed will be respectively :
(a) 2.2 g and 1.1 g (b) 1.1 g and 2.5 g (c) 2.5 g and 1.1 g (d) 5.0 g and 1.1 g

66. The law of constant proportions was given by :
(a) Proust (b) Lavoisier (c) Dalton (d) Berzelius

67. Out of ozone, phosphorus, sulphur and krypton, the elements having the lowest and highest atomicities are
respectively :
(a) sulphur and krypton (b) krypton and ozone
(c) phosphorus and sulphur (d) krypton and sulphur

68. One nm is equal to :
(a) 10–9 mm (b) 10–7 cm (c) 10–9 cm (d) 10–6 m

69. The scientist who proposed the first letter (or first letter and another letter) of the Latin or English name of
an element as its symbol, was :
(a) Dalton (b) Proust (c) Lavoisier (d) Berzelius

70. The atoms of which of the following pair of elements are most likely to exist in free state ?
(a) hydrogen and helium (b) argon and carbon (c) neon and nitrogen (d) helium and neon

71. Which of the following elements has the same molecular mass as its atomic mass ?
(a) nitrogen (b) neon (c) oxygen (d) chlorine

72. In water, the proportion of oxygen and hydrogen by mass is :
(a)  1 : 4 (b) 1 : 8 (c) 4 : 1 (d) 8 : 1

73. In hydrogen peroxide (H2O2), the proportion of hydrogen and oxygen by mass is :
(a)  1 : 8 (b) 1 : 16 (c) 8 : 1 (d) 16 : 1

74. The symbols of the elements cobalt, aluminium, helium and sodium respectively written by a student are as
follows. Which symbol is the correct one ?
(a) CO (b) AL (c) He (d) So

 Questions Based on High Order Thinking Skills (HOTS)
75. Copper sulphate reacts with sodium hydroxide to form a blue precipitate of  copper hydroxide and sodium

sulphate. In an experiment, 15.95 g of copper sulphate reacted with 8.0 g of sodium hydroxide to form
9.75 g of copper hydroxide and 14.2 g of sodium sulphate. Which law of chemical combination is illustrated
by this data ? Give reason for your choice.

76. Potassium chlorate decomposes, on heating, to form potassium chloride and oxygen. When 24.5 g of potassium
chlorate is decomposed completely, then 14.9 g of potassium chloride is formed. Calculate the mass of oxygen
formed. Which law of chemical combination have you used in solving this problem ?

77. In an experiment, 4.90 g of copper oxide was obtained from 3.92 g of copper. In another experiment, 4.55 g
of copper oxide gave, on reduction, 3.64 g of copper. Show with the help of calculations that these figures
verify the law of constant proportions.

 78. Magnesium and oxygen combine in the ratio of 3 : 2 by mass to form magnesium oxide. What mass of
oxygen gas would be required to react completely with 24 g of magnesium ?
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79. When 5 g of calcium is burnt in 2 g of oxygen, then 7 g of calcium oxide is produced. What mass of calcium
oxide will be produced when 5 g of calcium is burnt in 20 g of oxygen ? Which law of chemical combination
will govern your answer ?

80. A liquid compound X of molecular mass 18 u can be obtained from a number of natural sources. All the
animals and plants need liquid X for their survival. When an electric current is passed through 200 grams of
pure liquid X under suitable conditions, then 178 grams of gas Y and 22 grams of gas Z are produced. Gas
Y is produced at the positive electrode whereas gas Z is obtained at the negative electrode. Moreover, gas Y
supports combustion whereas gas Z burns itself causing explosions.
(a) Name (i) liquid X (ii) gas Y, and (iii) gas Z.
(b) What is the ratio of the mass of element Z to the mass of element Y in the liquid X ?
(c) Which law of chemical combination is illustrated by this example ?
(d) Name two sources of liquid X.
(e) State an important use of Y in our life.

81. One of the forms of a naturally occurring solid compound P is usually used for making the floors of houses.
On adding a few drops of dilute hydrochloric acid to P, brisk effervescence are produced. When 50 g of
reactant P was heated strongly, than 22 g of a gas Q and 28 g of a solid R were produced as products. Gas
Q is the same which produced brisk effervescence on adding dilute HCl to P. Gas Q is said to cause global
warming whereas solid R is used for white-washing.
(a) What is (i) solid P  (ii) gas Q, and (iii) solid R.
(b) What is the total mass of Q and R obtained from 50 g of P ?
(c) How does the total mass of Q and R formed compare with the mass of P taken ?
(d) What conclusion do you get from the comparison of masses of products and reactant ?
(e) Which law of chemical combination is illustrated by the example given in this problem ?

ANSWERS

9.  Law of constant proportions 10. Law of conservation of mass 15. nanometre (10–9 m)   17. False
20. (a) 8 : 1  (b) conservation of mass 21. (a) Carbon   (b) Carbon-12 atom  (c) 12 u 31. (a) 2 (b) 3 (c)  1
(d) 8 (e) 4  (f) 1 42. 180 u 43. (a) 2 u (b) 32 u   (c) 71 u   (d) 17 u   (e) 44 u 44. (a) 16 u (b) 30 u
(c) 28 u (d) 26 u 45. (a) 32 u (b) 46 u 46. 60 u 47. 63 u  48. 119.5 u 49. 81 u 50. (a) 34 u (b) 76 u
57. (d) 58. (b) 59. (a) 60. (d)  61. (a) 62. (c)  63. (c)  64. (c) 65. (c) 66. (a) 67. (d) 68. (b)  69. (d)  70. (d)
71. (b) 72.  (d) 73. (b)  74. (c) 75. Law of conservation of mass ; Because the mass of products (9.75 g
+ 14.2 g) is equal to the mass of reactants (15.95 g + 8.0 g). There is no change in mass in this reaction
76. 9.6 g ; Law of conservation of mass 77. The ratio (or proportion) of copper and oxygen elements in the
two samples of copper oxide compound is the same 4 : 1. So, the given figures verify the law of constant
proportions 78. 16 g 79. 7g ; Law of constant proportions 80. (a) (i) Water  (ii) Oxygen (iii) Hydrogen
(b) 1 : 8 (c) Law of constant proportions  (d) Rivers and Wells   (e) Gas Y (oxygen) is necessary for breathing
81. (a) (i) Calcium carbonate (CaCO3) in the form of marble (ii) Carbon dioxide (CO2)  (iii) Calcium oxide
(CaO)   (b) 50 g   (c) Total mass of Q and R (50 g) is equal to the mass of P taken (50 g)  (d) The mass of
products is equal to the mass of reactant  (e) Law of conservation of mass

An Important Discussion

Before we can understand the formation of ions, we should know the various particles which are present
in an atom (This will be studied in detail in the next chapter). An atom contains electrons, protons and
neutrons. Each electron has 1 unit negative charge and each proton has 1 unit positive charge. Neutron has
no electric charge, it is neutral. Every atom normally contains an equal number of ‘negative electrons’
and ‘positive protons’ which balance the charges in the atom and make an atom electrically neutral. If,
however, one or more electrons are either removed from an atom or added to an atom, then the atom has
either less number of electrons than normal or more number of electrons that normal, and it gets an overall
electric charge. The atom becomes an ion.

1. If an atom has less electrons than normal, then it gets positive charge (because the number of
negative electrons becomes less than the number of positive protons).
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Figure 36. A positively charged
sodium ion (or sodium cation),
Na+.

2. And if an atom has more electrons than normal, then it gets negative charge (because then the
number of negative electrons becomes more than the number of positive protons).

Please note that it is only the electrons which can be transferred from one atom to another in the
formation of ions. Protons cannot be transferred from one atom to another because they are present deep
inside the atom in its nucleus. Keeping these points in mind, we will now explain the formation of ions.

IONS
An ion is a positively or negatively charged atom (or group of atoms). Examples of the ions are :

sodium ion, Na+, magnesium ion, Mg2+, chloride ion, Cl–, and oxide ion, O2–. An ion is formed by the loss
or gain of electrons by an atom, so it contains an unequal number of electrons and protons. There are two
types of ions : cations and anions.

1. A Positively Charged Ion is Known as Cation
Sodium ion, Na+, and magnesium ion, Mg2+, are cations because they are positively charged ions. A

cation is formed by the loss of one or more electrons by an atom. For example, sodium atom loses
1 electron to form a sodium ion, Na+, which is a cation :

Na 1 electron Na+

Sodium atom Sodium ion
(A cation)

Since a cation is formed by the removal of electrons from an atom, therefore,
a cation contains less electrons than a normal atom. We also know that a
normal atom (or a neutral atom) contains an equal number of protons and
electrons. Now, since a cation is formed by the loss of one or more electrons
by an atom, therefore, a cation contains less electrons than protons. The ions of
all the metal elements are cations. Only the hydrogen ion, H+, and ammonium
ion, 4NH , are the cations formed from non-metals. We will now give the
reason for the positive charge on a cation.

We know that a proton has 1 unit positive charge and an electron has 1 unit negative charge. Now, a
normal atom contains an equal number of protons and electrons, so it is electrically neutral. When a normal
atom loses electrons to form a cation, then in this cation, the number of electrons becomes less than the
number of protons. In other words, we can say that a cation has more protons than electrons. Due to more
protons than electrons, a cation has a positive charge on it. This will become more clear from the following
example.

Let us write down the number of protons and electrons in a sodium atom as well as a sodium ion as
shown below :

Na 1 electron Na+

Sodium atom Sodium ion
Protons = 11 (+ charge) Protons = 11 (+ charge)

Electrons = 11 (– charge) Electrons = 10 (– charge)

Overall charge = 0 Overall charge = 1+

Sodium atom, Na, contains 11 protons and 11 electrons. Since the number of protons and electrons in a
sodium atom is equal, it is electrically neutral, having no overall charge. In the sodium ion, Na+, there are
11 protons but only 10 electrons. This means that there is 1 proton more than electrons. Due to 1 more
proton (than electrons), a sodium ion has 1 unit positive charge and it is written as Na+.

All the metal atoms can lose electrons easily, so all the metal elements form cations (or positive
ions). Please note that :
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(i) If an atom loses 1 electron, then the
cation (positive ion) formed has 1 unit
positive charge. For example, a sodium
atom loses 1 electron to form a sodium
ion, Na+,  having 1 unit positive charge.

(ii) If an atom loses 2 electrons, then the
cation (positive ion) formed has 2 units
of positive charge. For example, a
magnesium atom can lose 2 electrons to
form a magnesium ion, Mg2+, having 2
units of positive charge.

(iii) And if an atom loses 3 electrons, then
the cation (positive ion) formed has 3
units of positive charge. For example,
an aluminium atom can lose 3 electrons to form an aluminium ion, Al3+, having 3 units of positive
charge.

It is, however, usually not possible to remove more than 3 electrons from an atom due to very high
energy required for this purpose. Another point to be noted is that the electrons lost by a metal atom
during the formation of a cation (positive ion) are accepted by a non-metal atom (which then turns into an
anion or negative ion).

2. A Negatively Charged Ion is Known as Anion
Chloride ion, Cl–, and oxide ion, O2–, are anions because they are negatively charged ions. An anion is

formed by the gain of one or more electrons by an atom. For example, a chlorine atom gains (accepts)
1 electron to form a chloride ion, Cl–, which is an anion :

Cl 1 electron Cl–

Chlorine atom Chloride ion
(An anion)

Since an anion is formed by the addition of electrons to an atom, therefore,
an anion contains more electrons than a normal atom. We also know that a
normal atom (or a neutral atom) contains an equal number of protons and
electrons. Now, since an anion is formed by the addition of one or more electrons
to an atom, therefore, an anion contains more electrons than protons. The ions
of all the non-metal elements are anions (except hydrogen ion and ammonium
ion). We will now give the reason for the negative charge on an anion.

A normal atom contains an equal number of protons and electrons, so it is
electrically neutral. When an atom gains electrons to form an anion, then in
this anion the number of electrons becomes more than the number of protons.
Due to more electrons, than protons, an anion has a negative charge on it.
This will become more clear from the following example.

Let us write down the number of protons and electrons in a chlorine atom and a chloride ion as shown
below :

Cl 1 electron  Cl–

Chlorine atom  Chloride ion

Protons  = 17 (+ charge) Protons = 17 (+ charge)
Electrons = 17 (– charge) Electrons = 18 (– charge)

Overall charge = 0 Overall charge = 1–

Figure 37. Just like sodium, lithium
atoms (Li) lose 1 electron each to
form lithium ions (Li+). The picture
above shows a rechargeable lithium
ion battery.

Figure 38. Lithium ion
batteries are used in
mobile phones (like the
one shown in the above
picture).

Figure 39.  A negatively
charged chloride ion (or
chloride anion), Cl–.
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Chlorine atom, Cl, contains an equal number of protons and electrons (17 each), so it is electrically
neutral. In the chloride ion, Cl–, there are 17 protons but 18 electrons. That is, a chloride ion has 1 electron
more than protons. Due to 1 more electron than protons, a chloride ion has 1 unit of negative charge and it
is written as Cl–. From this discussion we conclude that an anion contains more electrons than protons.

Most of the non-metal atoms can gain (or accept) electrons easily, so most of the non-metal elements
form anions (or negative ions). Please note that :

(i) If an atom gains 1 electron, then the anion (negative ion) formed has 1 unit of negative charge. For
example, a chlorine atom accepts 1 electron to form a chloride ion, Cl–, having 1 unit negative charge

(ii) If an atom gains 2 electrons, then the anion (negative ion) formed has 2 units of negative charge.
For example, an oxygen atom accepts 2 electrons to form an oxide ion, O2–, having 2 units of negative
charge.

(iii) And if an atom gains 3 electrons, then the anion (negative ion) formed will have 3 units of negative
charge. For example, a nitrogen atom can gain 3 electrons to form a nitride ion, N3–, having 3 units of
negative charge.

It is, however, usually not possible to add more than 3 electrons to an atom because of the great force
of repulsion experienced by the subsequent electrons from the anion (negative ion) already having 3 negative
charges. Please note that the electrons which are gained by non-metal atoms are given by the metal atom
during chemical reactions.

Simple Ions and Compound Ions (Polyatomic Ions)

(i) Those ions which are formed from single atoms are called simple ions. For example, sodium ion,
Na+, is a simple ion because it is formed from a single sodium atom, Na. Similarly, magnesium ion Mg2+,
aluminium ion Al3+, oxide ion O2–, chloride ion Cl–, etc., are all simple ions. Simple ions are also known as
monoatomic ions.

(ii) Those ions which are formed from groups of joined atoms are called compound ions (or polyatomic
ions). For example, ammonium ion NH4

+, is a compound ion which is made up of two types of atoms
joined together, nitrogen and hydrogen. Similarly, carbonate ion CO3

2–, sulphate ion SO4
2–, nitrate ion

NO3
– and hydroxide ion OH–, etc., are all compound ions. Compound ions are also known as polyatomic

ions.

Some of the common simple ions and compound ions (or polyatomic ions) and their symbols (or
formulae) are given below.

Some Common Ions

Name of Symbol Name of Symbol
ion (or Formula) ion (or Formula)

1. Sodium ion Na+ 10. Chloride ion Cl–

2. Potassium ion K+ 11. Bromide ion Br–

3. Ammonium ion NH4
+ 12. Hydroxide ion OH–

4. Magnesium ion Mg2+ 13. Nitrate ion NO3
–

5. Calcium ion Ca2+ 14. Oxide ion O2–

6. Copper (II) ion Cu2+ 15. Sulphide ion S2–

7. Zinc ion Zn2+ 16. Carbonate ion CO3
2–

8. Iron (II) ion Fe2+ 17. Sulphate ion SO4
2–

9. Aluminium ion Al3+ 18. Phosphate ion PO4
3–
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Figure 40. Sodium and potassium are used in the body in sending electrical signals by nerve cells.
By measuring brain waves (caused by nerve impulses due to the movement of sodium ions and
potassium ions in brain cells), doctors can tell whether there is any ailment  (injury, etc.) in the brain
of a person. This is done by taking an EEG (Electro-Encephalo-Gram) of the brain which shows a
graphic record of the electrical activity in different parts of the brain produced by a device called
electroencephalograph (by attaching electrodes to the person’s scalp as shown in the above photograph).

Figure 41. Sodium chloride (common salt), sodium nitrate,
copper sulphate, magnesium sulphate, iron sulphate and
sodium sulphate are all ionic compounds.

IONIC COMPOUNDS
The compounds which are made up of ions are

known as ionic compounds. In an ionic compound,
the positively charged ions (cations) and negatively
charged ions (anions) are held together by the strong
electrostatic forces of attraction. The forces which
hold the ions together in an ionic compound are
known as ionic bonds or electrovalent bonds. Since
an ionic compound consists of an equal number of
positive ions and negative ions, so the overall charge
on an ionic compound is zero. For example, sodium
chloride (NaCl) is an ionic compound which is made
up of equal number of positively charged sodium
ions (Na+) and negatively charged chloride ions
(Cl–). Some of the common ionic compounds, their
formulae and the ions present in them are given
below.

Some Ionic Compounds

Name Formula Ions present

1. Sodium chloride NaCl Na+ and Cl–

2. Potassium chloride KCl K+ and Cl–

3. Ammonium chloride NH4Cl NH4
+ and Cl–

4. Magnesium chloride MgCl2 Mg2+ and Cl–

5. Calcium chloride CaCl2 Ca2+ and Cl–

6. Magnesium oxide MgO Mg2+ and O2–

7. Calcium oxide CaO Ca2+ and O2–

8. Aluminium oxide Al2O3 Al3+ and O2–

9. Sodium hydroxide NaOH Na+ and OH–

10. Copper sulphate CuSO4 Cu2+ and SO4
2–

11. Calcium nitrate Ca(NO3)2 Ca2+ and NO3
–
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Please note that all the above ionic compounds are made up of a metal and a non-metal (except
ammonium chloride which is an ionic compound made up of only non-metals). So, whenever we see a
compound made up of a metal and a non-metal, we should at once say that it is an ionic compound. We
will now solve one problem based on ionic compunds.

Sample Problem. Write down the names of compounds represented by the following formulae. Also
show the ions present in them :

(i) Al2(SO4)3 (ii) CaCl2 (iii) K2SO4 (iv) KNO3 (v) CaCO3  (NCERT Book Question)

Solution. (i)  Al2(SO4)3 is aluminium sulphate. Ions present are : Al3+ and SO4
2–

(ii) CaCl2 is calcium chloride. Ions present are :  Ca2+ and Cl–

(iii) K2SO4 is potassium sulphate. Ions present are : K+ and SO4
2–

(iv) KNO3 is potassium nitrate. Ions present are : K+ and NO3
–

(v) CaCO3 is calcium carbonate. Ions present are : Ca2+ and CO3
2–

Formula Unit of Ionic Compounds
Before we describe formula mass, we should know the meaning of ‘formula unit’ of an ionic compound.

This is discussed below. An ionic compound is made up of an extremely large number of positively charged
ions and negatively charged ions joined together. For example, sodium chloride is an ionic compound
which consists of a large (but equal) number of sodium ions, Na+,  and chloride ions, Cl–, so the actual
formula of sodium chloride compound should be (Na+)n (Cl–)n or (Na+Cl–)n, where n is a very large number
(see Figure 42). NaCl is the simplest formula of sodium chloride and not its actual formula.

The simplest combination of ions that produces an electrically neutral unit, is called a ‘formula unit’
of the ionic compound. The ‘formula unit’ of an ionic compound can be thought of as the smallest unit of
that compound, it is the equivalent of a ‘molecule’of the compound.The formula unit of sodium chloride
compound is NaCl (which consists of one Na+ ion and one Cl– ion) (see Figure 43). The formula unit of
ammonium sulphate is (NH4)2SO4. It consists of two NH4

+ ions and one SO4
2– ion.

Formula Mass
Since the ionic compounds do not consist of molecules, the use of term ‘molecular mass’ for them is not

very correct. So, we use the term ‘formula mass’ for ionic compounds in which individual molecules do not
exist. The formula mass of an ionic compound is the relative mass of its ‘formula unit’ as compared with
the mass of a carbon-12 atom taken as 12 units. In other words, formula mass is the sum of the atomic
masses of the atoms (or ions) represented by its formula. In order to calculate the formula mass of an ionic
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Figure 42. Sodium chloride is an ionic
compound which consists of a large (but
equal) number of sodium ions (Na+) and
chloride ions (Cl–).

Figure 43. The formula unit
of sodium chloride is Na+Cl–

or NaCl.

Figure 44. This is a highly enlarged image
of a crystal of the ionic compound ‘sodium
chloride’ made up of a large number of
sodium ions (Na+) and chloride ions (Cl–)
held together by electrostatic attraction.
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compound, we should know the formula of the ionic compound as well as the atomic masses of all the
atoms (or ions) present in the formula. The formula mass is then calculated in a way similar to the calculation
of molecular mass. Please note that the atomic mass of an atom and its ion is just the same (because the
electrons which convert an atom into an ion have negligible mass). For example, the formula mass of
sodium chloride (NaCl) will be the sum of atomic masses of sodium (Na) and chlorine (Cl). Now, the
atomic mass of Na is 23 u and the atomic mass of Cl is 35.5 u, so the formula mass of sodium chloride
(NaCl) will be 23 + 35.5 = 58.5 u. We will now solve one problem based on the calculation of formula mass.

Sample Problem.  Calculate the formula mass of potassium carbonate (K2CO3) (Given : Atomic masses :
K = 39 u ; C = 12 u ; O = 16 u) (NCERT Book Question)

Solution. We know that :

Formula mass = Mass of + Mass of + Mass of
of K2CO3 2 K atoms one C atom 3 ‘O’ atoms

= 2 × 39 + 12 + 3 × 16
= 78 + 12 + 48
= 138 u

Thus, the formula mass of potassium carbonate is 138 u.

CHEMICAL FORMULAE
The chemical formula of a compound represents the composition of a molecule of the compound in

terms of the symbols of the elements present in it. In other words, the formula of a compound tells us ‘the
kind of atoms’ as well as ‘the number of atoms’ of various elements present in one molecule of the compound.
In the chemical formula of a compound, the elements present are represented by their symbols and the
number of atoms of each element are indicated by writing the digits 2, 3, 4, etc., as subscripts (lower
figures) on the right hand side bottom of the symbol. For example, water is a compound made up of 2
atoms of hydrogen element and 1 atom of oxygen element, so the formula of water is written as H2O. In the
formula H2O, the subscript 2 indicates 2 atoms of hydrogen. In the formula of water, oxygen O is written
without a subscript and it indicates 1 atom of oxygen. Please note that 1 atom of oxygen is written just as
O and not as O1. Another point to be noted is that in the case of molecular compounds, the chemical
formula represents the composition of molecule which makes up the compound. But in the case of ionic
compounds, the chemical formula represents the simplest ratio of ions present in the compound. We will
now discuss the naming of simple ionic compounds and simple molecular compounds.

Ionic compounds are formed by the combination between metals and non-metals. While writing the
formula of an ionic compound, the metal element is written on the left hand side and the non-metal element
is written on the right hand side. In naming the ionic compound, the metal element is named as such but
the name of non-metal element is changed to have the ending ‘ide’ (like oxide, chloride, sulphide, etc.). For
example :

(i) MgO is named as magnesium oxide (Here oxygen is changed to oxide),
(ii) NaCl is named as sodium chloride (Here chlorine is changed to chloride), and

(iii) CuS is named as copper sulphide (Here sulphur is changed to sulphide).

Figure 45. Magnesium oxide (MgO). Figure 46. Sodium chloride (NaCl). Figure 47. Copper sulphide (CuS).
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Please note that in all the above formulae of ionic compounds, the metal elements (Mg, Na, Cu) are
written on the left hand side whereas the non-metal elements (O, Cl, S) are written on the right hand side.
A compound made up of only two elements is called a binary compound. MgO, NaCl and CuS are all
binary compounds because they are made up of only two elements each.

Before we discuss the formuale of molecular compounds, we should know something about
electronegativity of an element. The ability of an atom to attract (or pull) the shared electrons of a bond
towards it, is known as electronegativity of its element. The electronegativity of hydrogen (H) is 2.1 ; of
carbon (C) is 2.5 ; of nitrogen (N) is 3.0 ; of chlorine (Cl) is 3.0 ; of oxygen (O) is 3.5 ; and of fluorine (F) is
4.0. An element having lower electronegativity is known as less electronegative element whereas an element
having higher electronegativity is known as more electronegative element. This information will be helpful
in writing the formulae of molecular  compounds. We will study electronegativity is detail in higher classes.

Molecular compounds are formed by the combination between two different non-metal elements.
While writing the formula of a molecular compound, the less electronegative non-metal element is written
on the left hand side whereas the more electronegative non-metal element is written on the right hand side.
In naming the molecular compounds, the name of less electronegative non-metal is written as such but the
name of more electronegative non-metal is changed to have the ending ‘ide’. For example :

(i) HCl is named as hydrogen chloride (Here chlorine is changed to chloride), and

(ii) H2S is named as hydrogen sulphide (Here sulphur is changed to sulphide).

Please note that in HCl compound, hydrogen is a less electronegative element, so H is written first on
the left hand side in the formula; chlorine is a more electronegative element, so Cl is written on the right
hand side in the formula. Similarly, in H2S compound, H is less electronegative and S is more electronegative
due to which H is written first and S is written after that.

When there are more than one atoms of an element in a molecular compound, then ‘the number of
atoms’ is indicated by using appropriate ‘prefixes’ in the formula  (Prefix is a ‘word’ used before a name).
1 atom is indicated by using the prefix ‘mono’; 2 atoms are indicated by using the prefix ‘di’; 3 atoms are
indicated by using the prefix ‘tri’; 4 atoms are indicated by using the prefix ‘tetra’; and 5 atoms are indicated
by using the prefix ‘penta’. Please note that the prefix ‘mono’ is not written for the first element of the
formula even if it has 1 atom. The naming of molecular compounds by using prefixes will become more
clear from the following examples :

(i) CO is named as carbon monoxide (Here the prefix ‘mono’ in monoxide means 1 oxygen atom),

(ii) CO2 is named as carbon dioxide (Here the prefix ‘di’ in dioxide means 2 oxygen atoms),

(iii) PCl3 is named as phosphorus trichloride (Here the prefix ‘tri’ in trichloride indicates 3 chlorine atoms),

(iv) CCl4 is named as carbon tetrachloride (Here the prefix ‘tetra’ in tetrachloride shows that there are 4
chlorine atoms), and

(v) PCl5 is named as phosphorus pentachloride (Here the prefix ‘penta’ shows 5 chlorine atoms).

Figure 48. Phosphorus
trichloride, PCl3.

Figure 49. Carbon tetrachloride, CCl4. Figure 50. Phosphorus pentachloride,
PCl5.
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The ‘prefixes’ are needed in naming binary molecular compounds in those cases where the same two
non-metal elements form a number of different compounds (having different number of atoms). For
example, the same two non-metal elements, nitrogen and oxygen, can combine to form six different
compounds such as nitrogen monoxide (NO), nitrogen dioxide (NO2), dinitrogen monoxide (N2O), dinitrogen
trioxide (N2O3), dinitrogen tetroxide (N2O4), and dinitrogen pentoxide (N2O5). So, it is necessary to use
prefixes in such cases. If, however, two non-metal elements form just one compound, then prefixes are
not used in naming such compounds. For example, the elements hydrogen and chlorine form just one
compound HCl. So, HCl is named as hydrogen chloride and not as hydrogen monochloride. Similarly,
hydrogen and sulphur form only one compound H2S, so H2S is named as hydrogen sulphide and not as
hydrogen monosulphide.

Another point to be noted is that if hydrogen is the first element in a formula, then no prefix (like di,
tri, etc.) is put before the name ‘hydrogen’, even if it has more than one hydrogen atoms. For example,
the compound H2S is named as hydrogen sulphide and not as dihydrogen sulphide (even though it has 2
hydrogen atoms). There are, however, some molecular compounds which are known by their common
names and not by their scientific names. For example, though the compound H2O is actually hydrogen
monoxide but it is known by its common name water. Similarly, though the compound NH3 is actually
nitrogen trihydride, but it is known by its common name which is ammonia.

Before we describe the methods of writing the formulae of various compounds, it will be good to
remember the valencies of the following common elements. This will help us in writing the correct formulae
of the compounds. We can see from the first table given below that some of the metal elements show more
than one valency. For example, copper and mercury metals show valencies of 1 and 2 each whereas iron
metal shows the valencies of 2 and 3. Let us also write down the valencies of some non-metal elements
now as shown in the second table given below.

Valencies of Some Common Metal Elements

Element Symbol Valency
Lithium Li 1
Sodium Na 1
Potassium K 1
Silver Ag 1
Copper Cu 1 and 2
Mercury Hg 1 and 2
Magnesium Mg 2
Calcium Ca 2
Zinc Zn 2
Iron Fe 2 and 3

Aluminium Al 3

Valencies of Some Common Non-Metal Elements

Element Symbol Valency

Hydrogen H 1
Fluorine F 1
Chlorine Cl 1
Bromine Br 1
Iodine I 1
Oxygen O 2
Sulphur S 2
Nitrogen N 3
Phosphorus P 3

Carbon C 4

Figure 51. This is ferrous sulphate
(FeSO4). It is also called iron (II)
sulphate. The valency of iron in
this compound is 2.

Figure 52. This is ferric sulphate
[Fe2(SO4)3]. It is also called iron
(III) sulphate. The valency of
iron in this compound is 3.

Figure 53. This is titanium nitride
(TiN). The valency of nitrogen in
this compound is 3.
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Though the usual valency of sulphur is 2 as shown in the second table, it also shows valencies of 4 and
6 in some compounds. For example, the valency of S in H2S is 2, in SO2 is 4 and in SO3 is 6. Similarly,
though the usual valency of nitrogen and phosphorus is 3, they also show a valency of 5 in some compounds.
Please note that an element having a valency of 1 is called monovalent ; valency 2 elements are called
divalent ; valency 3 elements are called trivalent ; valency 4 elements are called tetravalent ; valency 5
elements are called pentavalent whereas the valency 6 elements are called hexavalent. Dear student, we
have given so many details here so that you are able to   write the formulae of various compounds easily
and correctly. We will now give the methods of writing the formulae of compounds.

WRITING OF FORMULAE OF MOLECULAR COMPOUNDS
If we know the valencies of elements, then we can work out the formulae of their compounds by

balancing the valencies of the different atoms which occur in the compound. For example, if a compound
is made up of hydrogen and sulphur elements, then we should adjust the number of hydrogen atoms and
sulphur atoms in such a way that the total valencies of hydrogen atoms become equal to the total valencies
of sulphur atoms. This will give us the correct formula of the compound. Let us work out the formula of
hydrogen sulphide to make this point more clear.

Hydrogen sulphide compound is made up of two elements : hydrogen
and sulphur. Now, the valency of hydrogen is 1 and that of sulphur is 2.
That is,

Valency of one H atom = 1 ... (1)

And Valency of one S atom = 2 ... (2)

Now, to balance the valency of 2 of a sulphur atom, we will have to
take 2 atoms of  hydrogen, because :

Valency of two H atoms = 1 × 2

= 2 ... (3)

This means that 2 atoms of H will combine with 1 atom of S to form the
compound H2S. Thus, the formula of hydrogen sulphide is H2S.

We will now describe the ‘crossing-over of valencies’ method of working
out the formulae of molecular compounds. In this method :

1. We first write the symbols of the elements which form the compound.

2. Below the symbol of each element, we write down its valency.

3. Finally, we cross-over the valencies of the combining atoms. That is, with first atom we write the
valency of second atom (as a subscript); and with the second atom we write the valency of first
atom (as subscript). This will give us the required formula.

This method of writing the formulae will become more clear from the following example. Let us work
out the formula of hydrogen sulphide by this method.

1. Hydrogen sulphide compound is made up of hydrogen and sulphur elements. So, first we write
down the symbols of hydrogen and sulphur.

2. The valency of hydrogen is 1 and the valency of sulphur is 2. So, below the symbol H we write 1
and below the symbol S we write 2 :

Symbols : H S H S
H2S1 or H2S

Valencies : 1 2 1 2

         Cross-over valencies  Formula

Figure 54. Hydrogen sulphide is
a poisonous gas with a smell of
rotten eggs. The chemical formula
of hydrogen sulphide is H2S.
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3. We now cross-over the valencies of H and S atoms. With H atom we write the valency of S (which
is 2) as a subscript so that it becomes H2. With S atom we write the valency of H (which is 1) as a
subscript so that it becomes S1. Now, joining together H2 and S1 the formula of hydrogen sulphide
becomes H2S1 or  H2S  (This is because we do not write the subscript 1 with an atom in a formula).
Let us solve some problems now.

Sample Problem 1. Work out the formula of carbon dioxide.

Solution. We can work out the formula of carbon dioxide as follows :
1. Carbon dioxide is a compound made up of carbon and oxygen elements. So, first we write down

the symbols of carbon (C) and oxygen (O).

2. The valency of carbon is 4 and the valency of oxygen is 2. So, below the symbol C we write 4 and
below the symbol O we write 2.

Symbols : C O C O
C2O4 or CO2

Valencies : 4 2 4 2
         Cross-over valencies Formula

3. We now cross-over the valencies of C and O atoms. The formula becomes C2O4. This formula
contains 2 carbon atoms and 4 oxygen atoms having a common factor of 2. So, dividing this formula
by the common factor of 2, we get the simplest formula CO2. Thus, the formula of carbon dioxide is
CO2.

Dear student, we have worked out the formula of carbon  dioxide by giving so many details just to
make you understand the various steps clearly. After a little more practice, these is no need to write so
many steps.

Sample Problem 2. Work out the formula of hydrogen chloride.

Solution. Hydrogen chloride is made up of hydrogen and chlorine elements. The symbol of hydrogen
is H and that of chlorine is Cl. The  valency of hydrogen is 1 and the valency of chlorine is also 1. The
formula of hydrogen chloride can be worked out as follows :

Symbols : H Cl H Cl
H1Cl1 or HCl

Valencies : 1 1 1 1
         Cross-over valencies Formula

Thus, the formula of hydrogen chloride compound is HCl

Figure 55. Carbon dioxide is a gas
having the chemical formula CO2.
Carbon dioxide is used in some fire
extinguishers.

Figure 56. Hydrogen chloride
is a gas having the chemical
formula HCl. When hydrogen
chloride gas dissolves in water,
it produces hydrochloric acid.

Figure 57. Hydrochloric acid is used in
the manufacture of a very versatile plastic
called Poly-Vinyl-Chloride (PVC). The
pipes shown in this picture are made of
PVC.
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Sample Problem 3. The valency of carbon is 4 and that of chlorine is 1. What will be the formula of
carbon tetrachloride ?

Solution. We can work out the formula of carbon tetrachloride as follows :

Symbols : C Cl C Cl
C1Cl4 or CCl4

Valencies : 4 1 4 1
         Cross-over valencies Formula

Thus, the formula of carbon tetrachloride is CCl4.

Sample Problem 4. The valency of an element X is 1 and that of oxygen is 2. What will be the formula
of the compound formed by the combination of element X with oxygen ?

Solution. The formula of compound of element X with oxygen can be found as follows :

Symbols : X O X O
X2O1 or X2O

Valencies : 1 2 1 2
         Cross-over valencies Formula

Thus, the formula of compound of element X with oxygen is X2O.

(Please note that the element X of valency 1 is like hydrogen, H. So, the compound X2O may be like
water, H2O)

Sample Problem 5. An element E has a valency of 4.
(i) What will be the formula of its chloride ?

(ii) What will be the formula of its sulphide ?

Solution. In order to solve this problem, we should know the valencies of chlorine and sulphur elements
(because chlorine forms the chloride and sulphur forms the sulphide). Knowing that the valency of chlorine
is 1 and that of sulphur is 2, the above problem can be solved as follows :

(i) Formula of chloride of element E

Symbols : E Cl E Cl
E1Cl4 or ECl4

Valencies : 4 1 4 1
         Cross-over valencies Formula

Figure 58. Carbon tetrachloride
is a liquid molecular compound
having the formula, CCl4. It is a
solvent.

Figure 59. Water is a liquid
molecular compound having the
formula H2O. It is a solvent.

Figure 60. Carbon disulphide is also
a liquid molecular compound. Its
formula is CS2. It is also a solvent.
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Thus, the formula of chloride of element E is ECl4.

(ii) Formula of sulphide of element E

Symbols : E S E S
E2S4 or ES2

Valencies : 4 2 4 2
         Cross-over valencies Formula

Thus, the formula of sulphide of element E is ES2.

(It should be noted that the element E having a valency of 4 is like carbon, C. So, the choride ECl4 is like
carbon tetrachloride, CCl4, and the sulphide, ES2, is like carbon disulphide, CS2).

Sample Problem 6. An element X shows two valencies of 3 and 5. Work out the formulae of two oxides
of this element.

Solution. In order to find out the formulae of the oxides of element X, we should know the valency of
oxygen element (because an element combines with oxygen element to form the oxide). Knowing that the
valency of oxygen is 2, we can write down the formulae of the two oxides of element X as follows :

(a) Formula of oxide of element X when its valency is 3

Symbols : X O X O
X2O3

Valencies : 3 2 3 2
         Cross-over valencies Formula

Thus, the formula of oxide of element X when its valency is 3 is X2O3.

(b) Formula of oxide of element X when its valency is 5

Symbols : X O X O
X2O5

Valencies : 5 2 5 2

         Cross-over valencies Formula

Thus, the formula of oxide of element X when its valency is 5 is X2O5.

(Please note that the element X of the above problem having valencies of 3 and 5 is like phosphorus, P,
so that the oxide X2O3 is like phosphorus trioxide, P2O3, and the oxide X2O5 is like phosphorus pentoxide,
P2O5).

Figure 61. Phosphorus trioxide
(P2O3). The valency of phosphorus
in this compound is 3.

Figure 62. Phosphorus
pentoxide (P2O5).  The
valency of phosphorus in
this compound is 5.

Figure 63.  Sulphur
hexafluoride (SF6) is a
gas.  The valency of
sulphur in this compound
is 6. The cylinders shown
above contain sulphur
hexafluoride.

Figure 64. This is a model
of sulphur hexafluoride.
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Sample Problem 7. An element Z forms an oxide ZO3.
(a) What is the valency of element Z ?
(b) What will be the formula of fluoride of Z ?
Solution. (a) The compound ZO3 has three atoms of oxygen. Now :

Valency of one O atom = 2

So, Valency of three O atoms = 2 × 3
 = 6

Now, in the compound ZO3 the valency of Z should be equal to the total valencies of O. Since the total
valency of oxygen atoms in this compound is 6, therefore, the valency of element Z should also be 6.

(b) Formula of the fluoride of element Z

When element Z combines with fluorine, then its fluoride is formed. Now, valency of element Z is 6
and the valency of element fluorine, F, is 1. So, the formula of fluoride of element Z can be worked out as
follows :

Symbols : Z F Z F
Z1F6 or ZF6

Valencies : 6 1 6 1
         Cross-over valencies Formula

Thus, the formula of fluoride of element Z is ZF6.

(Please note that the element Z of this problem is like sulphur element S, so that the oxide ZO3 is like
sulphur trioxide, SO3, and fluoride ZF6 is like sulphur hexafluoride, SF6).

VALENCY OF IONS
In order to write the formulae of ionic compounds, we should know the valencies of positive ions and

negative ions which combine to form the ionic compounds. So, we will first discuss the valencies of ions.
The valency of an ion is equal to the charge on the ion. If an ion has 1 unit charge, its valency is 1 and it
is called a monovalent ion. If an ion has 2 units of charge, its valency is 2 and it is called a divalent ion. And
if an ion has 3 units of charge, then its valency is 3 and it is called a trivalent ion. Please note that a cation
has a positive charge, so it has positive valency ; an anion has negative charge, so it has negative valency.
We should remember the valencies (or charges) of the following cations and anions because then it will
become very easy to write the formulae of various ionic compounds.

Monovalent Cations (Cations Having a Valency of 1+)
Monovalent cations means cations having a valency of 1+. In other words, monovalent cations means

positive ions having a valency of 1+ (one plus). Some of the important monovalent cations or monovalent
positive ions are given below :

1. Hydrogen ion, H+ 6. Silver ion, Ag+

 2. Lithium ion, Li+  7. Copper (I) ion, Cu+

3. Sodium ion, Na+ [Cuprous ion]
4. Potassium ion, K+ 8. Mercury (I) ion, Hg+

 5. Ammonium ion, NH4
+ [Mercurous ion]

Divalent Cations (Cations Having a Valency of 2+)
Divalent cations means cations having a valency of 2+. In other words, divalent cations means positive

ions having a valency of 2+ (two plus). Some of the important divalent cations or divalent positive ions
are given below :

1. Magnesium ion, Mg2+  5. Barium ion, Ba2+

 2. Calcium ion, Ca2+ 6. Copper (II) ion, Cu2+
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3. Zinc ion, Zn2+ [Cupric ion]

4. Iron (II) ion, Fe2+ 7. Mercury (II) ion, Hg2+

[Ferrous ion] [Mercuric ion]

Trivalent Cations (Cations Having a Valency of 3+)

Trivalent cations means cations having a valency of 3+. In other words, trivalent cations means positive
ions having a valency of 3+ (three plus). Some of the important trivalent cations or trivalent positive ions
are given below :

1. Aluminium ion, Al3+  2. Iron (III) ion, Fe3+

[Ferric ion]

Monovalent Anions (Anions Having a Valency of 1–)

Monovalent anions means anions having a valency of 1–. In other words, monovalent anions means
negative ions having a valency of 1– (one minus). Some of the important monovalent anions or monovalent
negative ions are given below :

1. Hydride ion, H–  6. Nitrite ion, NO2
–

2. Fluoride ion, F– 7. Nitrate ion, NO3
–

 3. Chloride ion, Cl– 8. Hydroxide ion, OH–

4. Bromide ion, Br– 9. Hydrogencarbonate ion, HCO3
–

5. Iodide ion, I– [Bicarbonate ion]

Figure 68.  Potassium iodide
compound (KI).  I t  contains a
monovalent cation K+ and a
monovalent anion I–.

Figure 69. Nickel sulphate compound
(NiSO4). It contains a divalent cation
Ni2+ and a divalent anion 2

4SO .

Figure 70. Calcium phosphate
compound [Ca3(PO4)2]. It contains a
divalent cation Ca2+ and trivalent ions

3
42PO .

Figure 65. Silver nitrate compound
(AgNO3). It contains a monovalent
cation Ag+ and a monovalent anion 3NO

Figure 66. Copper carbonate or copper
(II) carbonate (CuCO3). It contains a
divalent cation Cu2+ and a divalent anion

2
3CO

Figure 67. Ferric chloride or iron
(III) chloride (FeCl3). It contains a
trivalent cation Fe3+ and monovalent
anions Cl–
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Divalent Anions (Anions Having a Valency of 2–)
Divalent anions means anions having a valency of 2–. In other words, divalent anions means negative

ions having a valency of 2– (two minus). Some of the important divalent anions or divalent negative ions
are given below :

1. Oxide ion, O2– 4. Sulphate ion, SO4
2–

 2. Sulphide ion, S2– 5. Carbonate ion, CO3
2–

3. Sulphite ion, SO3
2–

Trivalent Anions (Anions Having a Valency of 3–)

Trivalent anions means anions having a valency of 3–. In other words, trivalent anions means negative
ions having a valency of 3– (three minus). Some of the important trivalent anions or trivalent negative
ions are given below :

1. Nitride ion, N3– 3. Phosphate ion, PO4
3–

 2. Phosphide ion, P3–

Please note that some of the metals like copper, mercury and iron form two types of ions having
different charges or different valencies. For example :

(a) Copper metal (Cu) forms two types of ions, Cu+ and Cu2+. The Cu+ ion having 1 unit positive charge
is known as copper (I) ion where (I) shows that the ion has a valency of 1+. The copper (I) ion Cu+ is also
known as cuprous ion. The second copper ion Cu2+ having two units of positive charge is known as copper
(II) ion where (II) means that the ion has a valency of 2+. The copper (II) ion Cu2+ is also known as cupric
ion.

(b) Mercury metal (Hg) also forms two types of ions, Hg+ and Hg2+. The Hg+ ion is known as mercury
(I) ion or mercurous ion and has a valency of 1+. On the other hand, Hg2+ ion is known as mercury (II) ion
or mercuric ion and it has a valency of 2+.

(c) Iron metal (Fe) forms two types of ions, Fe2+ and Fe3+. The Fe2+ ion is known as iron (II) ion or
ferrous ion and it has a valency of 2+. The Fe3+ ion is known as iron (III) ion or ferric ion and it has a
valency of 3+.

WRITING OF FORMULAE OF IONIC COMPOUNDS
We will now describe the method of writing the chemical formulae of ionic compounds. First of all we

write down the name of compound whose formula is required. Then we write down the symbols of its
ions. As a convention, the cation (positive ion) is written on the left hand side and the anion (negative ion)
is written on the right hand side. The number of cations and anions is adjusted in such a way that the
total number of positive valencies of cations becomes equal to the total number of negative valencies of
anions. In other words, the number of cations and anions is adjusted in such a way that the total number of

(a) This is cuprous oxide or copper  (I) oxide,
Cu2O. It contains monovalent copper ions, Cu+

(b) This is cupric oxide or copper (II) oxide,
CuO. It contains divalent copper ions, Cu2+

Figure 71. Copper metal (Cu) forms two types of ions, monovalent ions Cu+ and divalent ions Cu2+.
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positive charges of cations becomes equal to the total number of negative charges of anions (because an
ionic compound is electrically neutral, having no over-all charge). The number of cations required (2, 3, 4,
etc.) is written on the right side bottom of the symbol of cation but without showing the charge on the
cation. For example, if 2 aluminium ions are required to balance the charges in a compound, then 2Al3+ is
written as Al2 in the formula of the compound. Similarly, the number of anions required (2, 3, 4, etc.) is
written on the right side bottom of the symbol of the anion but without showing the charge on the anion.
For example, if three sulphate ions are needed to balance the charges in a compound, then 3SO4

2– is written
as (SO4)3

  in the formula of the compound. Please note that if only 1 cation or anion is required to write the
formula of a compound then the digit 1 is not written with the symbol of the ion. For example, if 1 sodium
ion Na+ is needed to write the formula of a compound, then we write just Na for it (and not Na1). Similarly,
if one chloride ion Cl– is required, then we write just Cl for it (and not Cl1). Another point to be noted is
that the final formula of an ionic compound is written without showing the charges on the ions involved
in it. Let us take an example to learn the writing of formulae of ionic compounds.

Suppose we have to write the formula of sodium carbonate. Now, sodium carbonate is made up of
two types of ions : sodium ion, Na+, and carbonate ion, CO3

2–.We find that the sodium ion, Na+, has 1 unit
of positive charge whereas carbonate ion, CO3

2–, has 2 units of negative charge. This means that two Na+

ions are needed to balance the two negative charges (or valencies) of a carbonate ion CO3
2–. So, the sodium

carbonate compound is made up of 2Na+ ions and one CO3
2– ion, that is, 2Na+ CO3

2–. Now, when we write
the formula of sodium carbonate then 2Na+ is written as Na2 and CO3

2– is written as CO3 (because charges
are not shown in the formula), so that the formula of sodium carbonate becomes Na2CO3.

We will now describe the second method of working out the formula of sodium carbonate by the
crossing-over of valencies (or charges) of the sodium ion and carbonate ion. First we write down the symbols
of sodium ion and carbonate ion (without showing the charges on them). Below the symbol of sodium ion
we write the valency (or charge) of sodium ion which is 1+. And below the carbonate ion we write the
valency (or charge) of carbonate ion which is 2–. This is shown below :

Symbols : Na CO3 Na CO3

Na2CO3

Valencies : 1+ 2– 1+ 2–

(or Charges) Cross-over valencies  Formula

We now cross-over the valencies (or charges) of the sodium ion and carbonate ion. The crossed-over
valencies are written as subscripts with the ions (but without their charges). In this way we get Na2 and
CO3 which on joining give Na2CO3. This is the formula of sodium carbonate.

A very important point to note here is that in the ‘crossing-over of valencies’ method of writing the
formulae of ionic compounds, we usually do not write the charges (plus or minus) on the symbols of the
ions. This is done just for the sake of convenience and to avoid confusion. The plus and minus charges on
the valencies are, however, shown. We will now solve some problems based on the writing of formulae of
ionic compounds.

Sample Problem 1. Work out the formula for magnesium chloride.
Solution. Magnesium chloride is an ionic compound made up of magnesium ions (Mg2+) and chloride

ions (Cl–). Magnesium ion has a valency (or charge) of 2+ whereas chloride ion has a valency (or charge) of
1–. The formula for magnesium chloride can be worked out as follows :

Symbols : Mg Cl Mg Cl

Mg1Cl2 or MgCl2

Valencies : 2+ 1– 2+ 1–
(or Charges) Cross-over valencies        Formula

Thus, the formula of magnesium chloride is MgCl2.
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Sample Problem 2. Work out the formula for aluminium sulphate.

Solution. Aluminium sulphate is made up of aluminium ions (Al3+) and sulphate ions (SO4
2–). The

valency (or charge) of aluminium ion is 3+ whereas the valency or charge of sulphate ion is 2–. The formula
for aluminium sulphate can be worked out as follows :

Symbols : Al SO4 Al SO4

Al2(SO4)3

Valencies : 3+ 2– 3+ 2–

(or Charges)            Cross-over valencies Formula

Thus, the formula of aluminium sulphate is Al2(SO4)3.

Sample Problem 3. The symbols of some of the ions are given below :

 K+, Al3+, Br–, O2–

Using this information, write down the formulae of :
(i) Aluminium bromide

 (ii) Potassium oxide

Solution. (i) Formula for aluminium bromide

Symbols : Al Br Al Br

Al1Br3 or AlBr3

Valencies : 3+ 1– 3+ 1–

(or Charges)          Cross-over valencies Formula

Thus, the formula for aluminium bromide is AlBr3.

Please write the formula for potassium oxide yourself. The correct formula will be K2O.

Sample Problem 4. The valencies of two elements A and B are given below :

Element Valency

A 1+

B 2+

(i) What is the formula of sulphate of A ?

(ii) What is the formula of nitrate of B ?

Solution. (i) Formula of sulphate of A

Symbols : A SO4 A SO4

A2SO4

Valencies : 1+ 2– 1+ 2–

(or Charges)            Cross-over valencies Formula

Figure 72. Sodium carbonate
(Na2CO3).

Figure 73. Magnesium chloride (MgCl2). Figure 74. Aluminium sulphate
[Al2(SO4)3].
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Thus, the formula of sulphate of element A is A2SO4.

(Please note that the element A of valency 1 is like sodium. So, the sulphate A2SO4 may be sodium
sulphate, Na2SO4).

(ii) Formula of nitrate of B

Symbols : B NO3 B NO3

B(NO3)2

Valencies : 2+ 1– 2+ 1–

(or Charges)            Cross-over valencies Formula

Thus, the formula of nitrate of element B is B(NO3)2.

[It should be noted that the element B of valency 2 is like magnesium, so that the nitrate B(NO3)2 may
be magnesium nitrate, Mg(NO3)2]

Sample Problem 5. The formula of the chloride of a metal is MCl2. What will be the formula of its
sulphate ?

Solution. (i) First of all we have to find out the valency of metal M from the formula of its ionic
chloride MCl2. Now, we know that the valency of chlorine (Cl) is 1. Since one atom of M has 2Cl atoms
attached to it, so the valency of M is 2 or 2+.

(ii) The formula of sulphate of metal M of valency 2 can be found as follows :

Symbols : M SO4 M SO4

M2(SO4)2   or MSO4

Valencies : 2+ 2– 2+ 2–

(or Charges)          Cross-over valencies Formula

Thus, the formula of sulphate of metal M will be MSO4.

(The metal M of valency 2 is like magnesium, so the chloride MCl2 is like magnesium chloride, MgCl2,
and the sulphate MSO4 is like magnesium sulphate, MgSO4).

Before we  go further and discuss mole concept please answer the following questions :

  Very Short Answer Type Questions
1. What do we call those particles which have more or less electrons than the normal atoms ?
2. What do we call those particles which have :

(a) more electrons than the normal atoms ?
(b) less electrons than the normal atoms ?

3. Define ‘formula mass’ of a compound.

Figure 75. Aluminium
reacting with bromine to
form aluminium bromide,
AlBr3.

Figure 76. Sodium sulphate,
Na2SO4.

Figure 77. Magnesium
nitrate, Mg(NO3)2.

Figure 78. Magnesium
sulphate, MgSO4.
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4. What do we call those particles which are formed :
(a) by the gain of electrons by atoms ?
(b) by the loss of electrons by atoms ?

5. State whether the following statements are true or false :
(a) A sodium ion has positive charge because it has more protons than a neutral atom
(b) A chloride ion has negative charge because it has more electrons than a neutral atom.

6. Write down the formulae for the following compounds :
(a) Calcium oxide (b) Magnesium hydroxide

7. An element Z has a valency of 3. What is the formula of oxide of Z ?
8. What is the name of a particle which contains 10 electrons, 11 protons and 12 neutrons ?
9. Name the particle which has 18 electrons, 18 neutrons and 17 protons in it.

10. Fill in the following blanks with suitable words :
(a) The particle which is formed by the gain of electrons by an atom is called .............. .
(b) The particle which is formed by the loss of electrons by an atom is called.............. .
(c) The particle which is formed by the loss or gain of electrons by an atom is called..............
(d) A potassium ion has positive charge because it contains less............... than..................... .
(e) A sulphide ion has negative charge because it contains less................ than ................... .

 Short Answer Type Questions

11. Name the elements water is made of. What are the valencies of these elements ? Work out the chemical
formula for water.

12. If the valency of hydrogen is 1 and that of nitrogen is 3, work out the formula for ammonia.
13. Work out the formula for sulphur dioxide. (Valencies : S = 4 ; O = 2)
14. If the valency of carbon is 4 and that of sulphur is 2, work out the formula of the compound formed by the

combination of carbon with  sulphur. What is the name of this compound ?
15. An element X has a valency of 4 whereas another element Y has a valency of 1. What will be the formula of

the compound formed between X and Y ?
16. An element B shows valencies of 4 and 6. Write the formulae of its two oxides.
17. An element X of valency 3 combines with another element Y of valency 2. What will be the formula of the

compound formed ?
18. Work out the formula for magnesium hydrogencarbonate.
19. An element X has a valency of 2. Write the simplest formula for :

(a) bromide of the element
(b) oxide of the element

20. Work out the formulae for the following compounds :
(a) Sodium oxide (b) Calcium carbonate

21. Calculate the formula masses of the following compounds :
 (i) Sodium oxide, Na2O
(ii) Aluminium oxide, Al2O3

(Given : Atomic masses : Na = 23 u ; O = 16 u ; Al = 27 u)
22. Name the following compounds. Also write the symbols/formulae of the ions present in them :

(a) CuSO4 (b) (NH4)2SO4 (c) Na2O (d) Na2CO3  (e) CaCl2

23. Write the cations and anions present, if any, in the following :
(a)  CH3COONa (b) NaCl (c) H2 (d) NH4NO3

24. Give the formulae of the compounds formed from the following sets of elements :
(a) calcium and fluorine (b) hydrogen and sulphur
(c) nitrogen and hydrogen (d) carbon and chlorine
(e) sodium and oxygen (f)  carbon and oxygen

25. What are (i) ionic compounds, and (ii) molecular compounds ? Give two examples of each type of compounds.
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 Long Answer Type Questions

26. (a) What is an ion ? How is an ion formed ? Explain with the help of two examples of different ions.
(b) The valencies (or charges) of some of the ions are given below :

Ion Valency Ion Valency
(Charge) (Charge)

Sodium ion 1+ Bromide ion 1–
Ammonium ion 1+ Hydroxide ion 1–
Calcium ion 2+ Sulphate ion 2–
Lead ion 2+ Phosphate ion 3–

Using this information, write down the formulae of the following compounds :
(i) Sodium phosphate (ii) Ammonium sulphate

(iii) Calcium hydroxide (iv) Lead bromide
27. (a) What is the difference between a cation and an anion ? Explain with examples.

(b) The valencies (or charges) of some of the ions are given below :
Ion Valency Ion Valency

(Charge) (Charge)
Sodium ion 1+ Nitrate ion 1–
Copper ion 2+ Sulphide ion 2–

Using this information, write down the formulae of :
(i) Sodium sulphide
(ii) Copper nitrate

28. Explain the formation of (i) sodium ion, and (ii) chloride ion, from their respective atoms giving the number
of protons and number of electrons in each one of them. What is the reason for positive charge on a sodium
ion and a negative charge on a chloride ion ?

29. (a) Write the symbols/formulae of two simple ions and two compound ions (or polyatomic ions).
(b) An element Y has a valency of 4. Write the formula for its :

(i) chloride   (ii) oxide (iii) sulphate (iv) carbonate (v) nitrate
30. (a) Define ‘formula unit’ of an ionic compound. What is the formula unit of (i) sodium chloride, and

(ii) magnesium chloride ?
(b) Calculate the formula masses of the following compounds :

(i) Calcium chloride (ii) Sodium carbonate
(Given : Atomic masses : Ca = 40 u ; Cl = 35.5 u ; Na = 23 u ; C = 12 u; O = 16 u)

  Multiple Choice Questions (MCQs)

31. The atomic number of an element X is 13. What will be the number of electrons in its ion X3+ ?
(a) 11 (b)  15 (c)  16 (d) 10

32. Which of the following represents a correct chemical formula ?
(a) CaCl (b) Na3N (c) NaSO4 (d) NaS

33. If the number of electrons in an ion Z3– is 10, the atomic number of element Z will be :
(a) 7 (b) 5 (c) 10 (d) 8

34. The anion of an element has :
(a) more electrons than the normal atom
(b) less electrons than the normal atom
(c) more protons than the normal atom
(d) same number of electrons as normal atom

35. A particle X has 17 protons, 18 neutrons and 18 electrons. This particle is most likely to be :
(a)  a cation (b) an anion (c)  a molecule (b) a compound

36. An element which can exhibit valencies of 2, 4 and 6 can be :
(a) copper (b) iron (c)  mercury (d) sulphur
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37. The atomic number of an element E is 16. The number of electrons in its ion E2– will be :
(a) 16 (b) 18 (c) 15 (d) 14

38. The cation of an element has :
(a) the same number of electrons as its neutral atom
(b) more electrons than a neutral atom
(c) less protons than a neutral atom
(d) less electrons than a neutral atom

39. Two elements X and Y have valencies of 5 and 3, and 3 and 2, respectively. The elements X and Y are most
likely to be respectively :
(a) copper and sulphur (b) sulphur and iron
(c) phosphorus and nitrogen (d) nitrogen and iron

40. The number of electrons in an ion Y2+ is 10. The atomic number of element Y is most likely to be :
(a) 8 (b) 12 (c) 10 (d) 14

41. A particle P has 18 electrons, 20 neutrons and 19 protons. This particle must be :
(a) a molecule (b)  a binary compound       (c) an anion (d) a cation

42. An ionic compound will be formed by the combination of one of the following pairs of elements. This pair
of elements is :
(a) chlorine and calcium (b) calcium and sodium
(c) sulphur and carbon (d) chlorine and chlorine

43. Molecular compounds are usually formed by the combination between :
(a) a metal and a non-metal (b) two different non-metals
(c) two different metals (d) any two gaseous elements

44. The formula of a compound is X3Y. The valencies of elements X and Y will be respectively :
(a) 1 and 3 (b) 3 and 1
(c) 2 and 3 (d) 3 and 2

45. The formula of the sulphate of an element X is X2(SO4)3. The formula of nitride of element X will be :
(a) X2N (b) XN2 (c) XN (d) X2N3

 Questions Based on High Order Thinking Skills (HOTS)
46. An element A forms an oxide A2O5.

(a) What is the valency of element A ?
(b) What will be the formula of chloride of A ?

47. An element X forms the following compounds with hydrogen, carbon and oxygen :
H2X, CX2, XO2, XO3

State the three valencies of element X which are illustrated by these compounds.
48. If the aluminium salt of an anion X is Al2X3, what is the valency of X ? What will be the formula of the

magnesium salt of X ?
49. The formula of carbonate of a metal M is M2CO3.

(a) What will be the formula of its iodide ?
(b) What will be the formula of its nitride ?
(c) What will be the formula of its phosphate ?

50. The atom of an element X contains 17 protons, 17 electrons and 18 neutrons whereas the atom of an element
Y contains 11 protons, 11 electrons and 12 neutrons.
(a) What type of ion will be formed by an atom of element X ? Write the symbol of ion formed.
(b) What will be the number of (i) protons (ii) electrons, and (iii) neutrons, in the ion formed from X ?
(c) What type of ion will be formed by an atom of element Y ? Write the symbol of ion formed.
(d) What will be the number of (i) protons (ii) electrons, and (iii) neutrons, in the ion formed from Y ?

(e) What is the atomic mass of (i) X, and (ii) Y ?

(f) What could the elements X and Y be ?
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ANSWERS

1.  Ions 2. (a) Anions  (b) Cations 4. (a) Anions  (b) Cations 5. (a) False  (b) True  7. Z2O3 8. Sodium
ion, Na+ 9. Chloride ion, Cl– 10. (a) anion  (b) cation   (c) ion (d) electrons ; protons   (e) protons ;
electrons 11. H2O 12. NH3   13. SO2 14. CS2 ;  Carbon disulphide 15. XY4 16. BO2 and BO3 17. X2Y3

18. Mg(HCO3)2 19. (a) XBr2  (b) XO 20. (a) Na2O (b) CaCO3 21. (i) 62 u  (ii) 102 u  22. (a) Copper sulphate ;
Cu2+ and 2

4SO (b) Ammonium sulphate ; 4NH  and 2
4SO (c) Sodium oxide ; Na+ and O2–

(d) Sodium carbonate ; Na+ and 2
3CO (e) Calcium chloride ; Ca2+ and Cl– 23. (a) Cation : Na+ ; Anion :

CH3COO–  (b) Cation : Na+ ; Anion Cl–  (c) H2 is a covalent molecule. It has no cation and anion
(d) Cation : NH4

+ ; Anion : NO3
–  24. (a) CaF2 (b) H2S (c) NH3 (d) CCl4 (e) Na2O (f) CO2

 26. (b) (i) Na3PO4   (ii) (NH4)2SO4   (iii) Ca(OH)2   (iv) PbBr2  27. (b) (i) Na2S (ii) Cu(NO3)2   29. (b) (i) YCl4
(ii) YO2 (iii) Y(SO4)2 (iv) Y(CO3)2  (v) Y(NO3)4 30. (a) (i) NaCl (or Na+Cl–)  (ii) MgCl2 (or Mg2+ 2Cl–)
30. (b) (i) 111 u  (ii) 106 u 31. (d) 32. (b) 33. (a) 34. (a) 35. (b) 36. (d) 37. (b) 38. (d)  39. (d) 40. (b)
 41. (d)  42. (a) 43. (b) 44. (a) 45. (c) 46. (a) 5  (b) ACl5   47. 2. 4 and 6   48. 2 ; MgX    49. (a) MI  (b) M3N
(c) M3PO4 50. (a) Anion (Negative ion) ; X– (b) (i) 17  (ii) 18  (iii) 18  (c) Cation (Positive ion) ; Y+  (d) (i) 11
(ii) 10  (iii) 12  (e) (i) 35.5 u  (ii) 23 u (f) X : Chlorine (Cl) ; Y : Sodium (Na)

GRAM ATOMIC MASS AND GRAM MOLECULAR MASS
We will now discuss the mole concept. In order to understand the mole concept, we should first know

the meaning of the terms ‘‘gram atomic mass’’ and ‘‘gram molecular mass’’. So, let us discuss these two
terms first. Please note that “gram” is the common unit of mass and its symbol is ‘g’.

Gram Atomic Mass
The amount of a substance whose mass in grams is numerically equal to its atomic mass, is called

gram atomic mass of that substance. In other words, the atomic mass of a substance expressed in grams is
called its gram atomic mass. To write the gram atomic mass of a substance, we write its atomic mass and
then replace the atomic mass unit ‘u’ by the word ‘gram’ or its symbol ‘g’. For example :

 Atomic mass of oxygen, O = 16 u

So, Gram atomic mass of oxygen, O = 16 grams (or 16 g)

The gram atomic mass of a substance represents the mass of 1 mole of atoms
(6.022 × 1023 atoms) of that substance. So, the number of atoms present in 1 gram atomic mass of any
substance is 6.022 × 1023 atoms. The atomic mass of hydrogen (H) is 1 u, so the gram atomic mass of
hydrogen (H) is 1 gram; the atomic mass of nitrogen (N) is 14 u, so the gram atomic mass of nitrogen (N)
is 14 grams ; the atomic mass of oxygen (O) is 16 u, so the gram atomic mass of oxygen (O) is 16 grams; and
the atomic mass of sodium (Na) is 23 u, so the gram atomic mass of sodium element is 23 grams.

Before we go further, we will discuss a new term called ‘molar mass’.
The molar mass of a substance is the mass of 1 mole of that substance.
The unit of molar mass is grams per mole (which is written in short as
g/mol). The molar mass can be of an element or of a molecular
compound. The molar mass of an element is numerically equal to the
atomic mass expressed in the units g/mol. And the molar mass of a
molecular substance (or compound) is numerically equal to its molecular
mass expressed in the units g/mol.

From the above discussion we conclude that another term which
can be used in place of ‘gram atomic mass’ of an element is the ‘molar
mass’ of element. The molar mass of an element is the mass of 1 mole
of its atoms. The molar mass of an element has 6.022 × 1023 atoms of
the element in it. As we have said above, the molar mass of an element
is equal to the atomic mass of the element expressed in the  units of
g/mol. The atomic mass of hydrogen (H) is 1 u, so the molar mass of

Figure 79. This is sodium element (Na).
The atomic mass of sodium is 23 u. So,
the gram atomic mass of sodium is 23
grams. We can also say that the molar
mass of sodium is 23 gram/mole. 23
grams of sodium element contain
6.022 × 1023 sodium atoms, or 1 mole
of sodium atoms.



ATOMS AND MOLECULES 155

hydrogen element (H) is 1 g/mol; the atomic mass of nitrogen (N) is 14 u; so the molar mass of nitrogen
element (N) is 14 g/mol ; the atomic mass of oxygen (O) is 16 u, so the molar mass of oxygen element (O)
is 16 g/mol; and the atomic mass of sodium (Na) is 23 u, so the molar mass of sodium element (Na) is 23
g/mol.

Please note that when we are dealing with the atoms of an element; we have to use its ‘gram atomic
mass’ or ‘molar mass of element’. But when we are dealing with the molecules of a substance, then we
have to use its ‘gram molecular mass’ or ‘molar mass of substance’ (The substance containing molecules
can be an element or a compound).

Gram Molecular Mass
 The amount of a substance whose mass in grams is numerically equal to its molecular mass, is

called gram molecular mass of that substance. In other words, the molecular mass of a substance expressed
in grams is called its gram molecular mass. To write the gram molecular mass of a substance, we write its
molecular mass and then replace the unit ‘u’ by the word ‘gram’ or its symbol ‘g’. For example :

             Molecular mass of oxygen, O2 = 32 u

So,    Gram molecular mass of oxygen, O2 = 32 grams   (or 32 g)

The gram molecular mass of a substance represents the mass of 1 mole of molecules (6.022 × 1023

molecules) of that substance. So, the number of molecules present in 1 gram molecular mass of any substance
is 6.022 × 1023 molecules. The molecular mass of hydrogen (H2) is 2 u, so the gram molecular mass of
hydrogen (H2) is 2 grams; the molecular mass of nitrogen (N2) is 28 u, so the gram molecular mass of
nitrogen (N2) is 28 grams; the molecular mass of oxygen (O2) is 32 u, so the gram molecular mass of oxygen
(O2) is 32 grams ; and the molecular mass of water (H2O) is 18 u, so the gram molecular mass of water
(H2O) is 18 grams.

As discussed above, we can also use the term ‘molar mass’ of the
substance in place of ‘gram molecular mass’ of substance. The molar
mass of a substance is the mass of 1 mole of its molecules. The molar
mass of a substance has 6.022 × 1023 molecules of the substance in it.
The molar mass of a molecular substance is equal to the molecular mass
of the substance expressed in the units of g/mol. The molecular mass of
hydrogen (H2) is 2 u, so the molar mass of hydrogen (H2) is 2 g/mol ;
the molecular mass of nitrogen (N2) is 28 u, so the molar mass of nitrogen
(N2) is 28 g/mol ; the molecular mass of oxygen (O2) is 32 u, so the
molar mass of oxygen (O2) is 32 g/mol; and the molecular mass of water
(H2O) is 18 u, so the molar mass of water (H2O) is 18 g/mol.

Please note that if an element exists as molecules (such as hydrogen,
nitrogen, oxygen, chlorine, etc.), then it can have gram atomic mass as
well as gram molecular mass. But if an element does not exist as
molecules (such as carbon, sodium, calcium, magnesium, etc.), then it
can have only gram atomic mass, it cannot have gram molecular mass.
All the compounds, however, have only gram molecular mass. From the
above discussion we conclude that :

(i) ‘Gram atomic mass of an element’ and ‘Molar mass of an element’
are just the same, and

(ii) ‘Gram molecular mass of a substance’ and ‘Molar mass of a substance’ are also just the same.

We will now solve one problem based on the calculation of molar mass.

Sample Problem. Calculate the molar masses of the following substances :

(a) Ethyne, C2H2 (b) Sulphur molecule, S8

Figure 80. This is water (H2O) which
is a compound. The molecular mass of
water is 18 u. So, the gram molecular
mass of water is 18 grams. We can
also say that the molar mass of water
is 18 gram/mole. 18 grams of water
contain 6.022 × 1023 water molecules,
or 1 mole of water molecules.
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(c) Phosphorus molecule, P4 (d) Hydrochloric acid, HCl

(e) Nitric acid, HNO3

(Atomic masses : C = 12 u ; H = 1 u ; S = 32 u ; P = 31 u ; Cl = 35.5 u ; N = 14 u ; O = 16 u)

(NCERT Book Question)

Solution. The molar masses of all these substances will be equal to the respective molecular masses
expressed in g/mol. Now :

(a) Molar mass of ethyne, C2H2 = Mass of C × 2 + Mass of H × 2
= 12 × 2 + 1 × 2
= 24 + 2
= 26 g/mol

(b) Molar mass of sulphur molecule, S8 = Mass of S × 8
= 32 × 8
= 256 g/mol

(c) Molar mass of phosphorus molecule, P4 = Mass of P × 4
= 31 × 4
= 124 g/mol

(d)   Molar mass of hydrochloric acid, HCl = Mass of H + Mass of Cl
= 1 + 35.5
= 36.5 g/mol

(e) Molar mass of nitric acid, HNO3 = Mass of H + Mass of N + Mass of O × 3
= 1 + 14 + 16 × 3
= 15 + 48

= 63 g/mol

MOLE CONCEPT
Banks have an extremely large number of coins of various denominations. Counting of such a large

number of coins is a difficult job. So, in banks, they weigh coins, rather than count them. The bank people
know that a fixed number of a particular coin will always have the same mass. This means that from the
mass of a particular type of coins, they can find the number of coins. Thus bank people link the mass of
coins to the number of coins present. In chemistry also, scientists link the mass of an element or compound
to the number of atoms or molecules present in them. This is done through the ‘mole’.

Figure 81. The bank clerk is counting money
by weighing the coins. The coins of different
denominations are first sorted out and then
weighed separately.

Figure 82. Just as banks count the money by
weighing coins, in the same way, scientists ‘count’
atoms and molecules by weighing substances.
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Scientists count atoms and molecules by weighing them. It has been found by performing experiments
that if we weigh an element equal to its atomic mass in grams, then it contains 6.022 × 1023 atoms of the
element. Now, the gram atomic mass of the element as well as 6.022 × 1023 atoms of the element, both
represent 1 mole of element. Similarly, if we weigh a compound equal to its molecular mass in grams, then
it contains 6.022 × 1023 molecules of the compound. In this case also, the gram molecular mass as well as
6.022 × 1023 molecules represent 1 mole of the compound. Thus, mole is a link between the mass of atoms
(or molecules) and the number of atoms (or molecules).

The gram atomic mass of carbon element is 12 grams. Now, when a scientist is performing an experiment
by weighing 12 grams of carbon, he knows that he is dealing with 6.022 × 1023 atoms of carbon. In other
words, he is working with 1 mole of carbon. The gram molecular mass of water is 18 grams. So, when a
scientist is using 18 grams of water in his experiment, he knows that he is carrying out the reaction by
using 6.022 × 1023 molecules of water. In other words, the scientist is working with 1 mole of water. In the
following discussion, we will start by considering mole as a collection of 6.022 × 1023 particles (atoms,
molecules or ions) of a substance. We will give the proper definition of mole after a while.

A group of 6.022 × 1023 particles (atoms, molecules or ions) of a substance is called a mole of that
substance.

Thus,                       1 mole of atoms = 6.022 × 1023 atoms

And,                    1 mole of molecules = 6.022 × 1023 molecules

It is obvious that we can have a mole of atoms or a mole of molecules of a substance. For example,
oxygen atom is O and oxygen molecule is O2. So, we can have a mole of oxygen atoms or a mole of oxygen
molecules.

               1 mole of oxygen atoms (O) = 6.022 × 1023 oxygen atoms

And,     1 mole of oxygen molecules (O2) = 6.022 × 1023 oxygen molecules

Thus, mole represents a definite number of particles, atoms or molecules, of a substance. This number
of 6.022 × 1023, which represents a mole, is known as Avogadro number (L). We can now say that a mole
represents an Avogadro number of particles of a substance. In addition to the definite number of particles
of a substance, the mole also represents a definite amount (or mass) of a substance. This point will become
more clear from the following discussion.

Figure 83. This photograph shows 12 grams of
carbon element. It contains 6.022 × 1023 carbon
atoms, or 1 mole of carbon atoms.

Figure 84. A mole represents an
Avogadro number of particles of a
substance. These particles may be
atoms, molecules or ions.

Figure 85. The Italian scientist
Amedeo Avogadro in whose
honour the number of particles
(atoms, molecules or ions) in
1 mole of a substance, 6.022 ×
1023, is known as Avogadro
number.
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Mole of Atoms

1 mole of atoms of an element has a mass equal to the gram atomic mass of the element. That is,

1 mole of atoms of an element = Gram atomic mass of the element

Now, the atomic mass of oxygen (O) is 16 u, so gram atomic mass of oxygen will be 16 grams. Thus,

1 mole of oxygen atoms = Gram atomic mass of oxygen

= 16 grams

It should be noted that the symbol of an element represents 1 mole of atoms of that element. For
example :

Symbol  O represents 1 mole of oxygen atoms

and    2 O represents 2 moles of oxygen atoms

Mole of Molecules

1 mole of molecules of a substance has a mass equal to the gram molecular mass of the substance.
That is,

1 mole of molecules of a substance = Gram molecular mass of the substance
Now, the molecular mass of oxygen (O2) is 32 u, so the gram molecular mass of oxygen is 32 grams.

Thus,
1 mole of oxygen molecules = Gram molecular mass of oxygen

= 32 grams

It should be noted that the molecular formula of a substance represents 1 mole of molecules of that
substance. For example :

(i) Formula O2 represents 1 mole of oxygen molecules

and 2O2 represents 2 moles of oxygen molecules

(ii) Formula H2O represents 1 mole of water molecules

and 2H2O represents 2 moles of water molecules

Please note that one mole of sulphuric acid, H2SO4, contains :

2 moles of hydrogen atoms

1 mole of sulphur atoms

and 4 moles of oxygen atoms

Knowing the mass of 1 mole of a substance we can calculate the mass of any number of moles of
that substance. The masses of the moles of some of the substances are given below :

Symbol Mass of 1 mole This mass (1 mole)Substance or (Molar mass) contains
Formula

1 mole of hydrogen atoms H 1 g 6.022 × 1023 hydrogen atoms
1 mole of hydrogen molecules H2 2 × 1 =   2 g 6.022 × 1023 hydrogen molecules
1 mole of water molecules H2O 2 + 16 = 18 g 6.022 × 1023 water molecules
1 mole of ammonia molecules NH3 14 + 3 = 17 g 6.022 × 1023 ammonia molecules

1 mole of sodium atoms Na 23 g 6.022 × 1023 sodium atoms

We are now in a position to give the definition of mole as a unit for the amount of substance. A mole of
a substance is that amount of the substance which contains the same number of particles (atoms, molecules
or ions) as there are carbon atoms in 12 grams of carbon-12 element. Since 12 grams of carbon-12 element
contain 6.022 × 1023 atoms of carbon, we can also say that : A mole of a substance is that amount of the
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substance which contains 6.022 × 1023 particles (atoms, molecules or ions) of the substance. Thus, the SI
unit of amount of a substance is mole which is written in short form as mol. From the above discussion
we conclude that :

A mole represents two things :
1. A mole represents a definite amount of the substance. It represents the amount of a substance

equal to its gram atomic mass or gram molecular mass.
2. A mole represents a definite number of atoms, molecules or ions of a substance. It represents

6.022 × 1023 atoms, molecules or ions of a substance.

We will now solve some problems based on the moles of atoms and moles of molecules.

PROBLEMS BASED ON MOLES OF ATOMS
We have just studied that :

     1 mole of atoms of an element = Gram atomic mass of the element = 6.022 × 1023 atoms
This gives us three relations :
(i) The first relation is :

1 mole of atoms = Gram atomic mass
This relation is used to convert the moles of atoms into mass in grams, and also to convert mass in
grams into moles of atoms.

(ii) The second relation is :
1 mole of atoms = 6.022 × 1023 atoms

By using this relation we can convert the moles of atoms into number of atoms, and the number of
atoms into moles of atoms.

(iii) The third relation is :
                        Gram atomic mass = 6.022 × 1023 atoms

This relation is used to find out the number of atoms in a given mass of the element and also to
calculate the mass of a given number of atoms.

Figure 86. Each watch glass contains 1 mole of the various substances such as glucose, copper
sulphate, sulphur, carbon, sodium chloride and iron. The masses of 1 mole of these substances are,
however, different. 1 mole of glucose molecules (C6H12O6) has a mass of 180 g, 1 mole of copper
sulphate pentahydrate molecules (CuSO4.5H2O) has a mass of 249.5 g, 1 mole of sulphur atoms (S)
has a mass of 32 g, 1 mole of carbon atoms (C) has a mass of 12 g, 1 mole of sodium chloride
molecules (NaCl) has a mass of 58.5 g whereas 1 mole of iron atoms (Fe) has a mass of 56 g.

6

6
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We should remember these three relations because they will be used to solve numerical problems based
on the moles of atoms. Here are some examples.

Sample Problem 1. How many moles are 5 grams of calcium ? (Atomic mass of calcium = 40 u).
Solution. We know that :

1 mole of atoms = Gram atomic mass
So,1 mole of calcium atoms = Gram atomic mass of calcium

= 40 g
Now, 40 g of calcium = 1 mole of calcium

So, 5 g of calcium = 1
× 5

40
 mole

= 
1
8

 mole

= 0.125 mole

Thus, there are 0.125 mole in 5 grams of calcium.

Note. The above problem can also be solved directly by using the formula :

                
Number of moles Mass of element in grams

=of atoms Gram atomic mass of element

= 
5
40

= 
1
8

= 0.125 mole

Thus, 5 grams of calcium constitute 0.125 mole of calcium.

A yet another way of writing the above formula is by using the term ‘molar mass’ in place of ‘gram
atomic mass’. That is :

             
Number of moles Mass of element

=of atoms Molar mass of element

In the above case, mass of element is 5 grams and molar mass of element is 40 g/mol.

Sample Problem 2. What is the mass of 4 moles of aluminium atoms ?
(Atomic mass of Al = 27 u) (NCERT Book Question)
Solution. The atomic mass of aluminium is given to be 27 u. This means that 1 mole of aluminium

atoms has a mass of 27 grams.
Now, 1 mole of aluminium atoms = 27 g
So, 4 moles of aluminium atoms = 27 × 4 g

= 108 g
Thus, the mass of 4 moles of aluminium atoms is 108 grams.
Sample Problem 3. Calculate the number of atoms in 0.2 mole of sodium (Na).
Solution. We know that 1 mole of atoms contains 6.022 × 1023 atoms.
Now,

1 mole of sodium atoms = 6.022 × 1023 atoms
So, 0.2 mole of sodium atoms = 6.022 × 1023 × 0.2 atoms

= 12.044 × 1022 atoms
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Thus, 0.2 mole of sodium element has 12.044 × 1022 atoms in it.

Sample Problem 4. How many moles are 9.033 × 1024 atoms of helium (He) ?

Solution. We know that :

6.022 × 1023 atoms of helium = 1 mole

So, 9.033 × 1024 atoms of helium =
24

23

1
× 9.033×10

6.022×10
= 15 moles   (or 15 mol)

Thus, 9.033 × 1024 atoms of helium are 15 moles of atoms.

Sample Problem 5. Calculate the number of iron atoms in a piece of iron weighing 2.8 g (Atomic mass
of iron = 56 u).

Solution. 1 mole of iron = Gram atomic mass of iron

= 56 grams

We know that 1 mole of iron element contains 6.022 × 1023 atoms of iron.

Now, 56 g of iron contains = 6.022 × 1023 atoms

So, 2.8 g of iron contains = 
236.022 × 10

× 2.8
56

= 
226.022 × 10

2
= 3.011 × 1022 atoms

Thus, a piece of iron metal having a mass of 2.8 grams contains 3.011 × 1022 atoms of iron.

Sample Problem 6. If one mole of carbon atoms weighs 12 grams, what is mass in grams of 1 atom of
carbon ? (NCERT Book Question)

Solution. 1 mole of carbon atoms means 6.022 × 1023 carbon atoms. In this case 1 mole of carbon atoms
weighs 12 grams. This means that the mass of 6.022 × 1023 atoms of carbon is 12 grams.

Now,     6.022 × 1023 atoms of carbon have mass = 12 g

So,                       1 atom of carbon has mass = 23

12
g

6.022 × 10
= 1.99 × 10–23 g

Thus, the absolute mass of 1 atom of carbon is 1.99 × 10–23 gram.

Sample Problem 7. Which has more number of atoms, 100 grams of sodium or 100 grams of iron ?
(Atomic masses : Na = 23 u ; Fe = 56 u) (NCERT Book Question)

(a) A helium gas cylinder (b) Helium gas being filled in an
ordinary balloon

(c)  Helium gas being
filled in a weather balloon

(d) Helium is filled in
advertising balloons
 like this one

Figure 87. Helium is a very light gas, so it is used to fill various types of balloons.



SCIENCE FOR NINTH CLASS : CHEMISTRY162

Solution. In order to solve this problem, we should convert 100 grams of sodium into moles of sodium,
and also 100 grams of iron into moles of iron. The element having more moles will have more atoms.
Please note that since the atomic mass of sodium is 23 u, the molar mass of sodium will be 23 g/mol.
Similarly, since the atomic mass of iron is 56 u, the molar mass of iron will be 56 g/mol. We will now
calculate the moles of sodium atoms (Na) and iron atoms (Fe), one by one.

(i)                 Moles of sodium = 
Mass of sodium

Molar mass of sodium

=
100
23

= 4.34

(ii) Moles of iron = Mass of iron
Molar mass of iron

=
100
56

= 1.78

We find that 100 grams of sodium contain 4.34 moles of atoms whereas 100 grams of iron contain 1.78
moles of atoms. Since 100 grams of sodium has more moles, it contains more atoms than 100 grams of iron.

Sample Problem 8. If 1 g of carbon contains x atoms, what will be the number of atoms in 1 g of
magnesium ? (C = 12 u, Mg = 24 u)

Solution. The ratio of atoms in carbon and magnesium will be the same as the ratio of their moles. So,
first of all we should find out :

(i) moles of carbon in 1 gram of carbon, and
 (ii) moles of magnesium in 1 gram of magnesium

This can be done as follows.

(a)  1 mole of carbon = Gram atomic mass of carbon

= 12 grams

Now, 12 g of carbon = 1 mole

So,  1 g of carbon = 
1

12  mole

Thus, we have 1
12 mole of carbon element and it contains x atoms of carbon. Now, since an equal

number of moles of all the elements contain an equal number of atoms, so 1
12 moles of magnesium will also

contain x atoms of magnesium. We will now calculate the moles of magnesium in 1 gram of magnesium.

(b) 1 mole of magnesium = Gram atomic mass of magnesium

= 24 grams

Now,  24 g of magnesium = 1 mole

So, 1 g of magnesium = 
1

24 mole

We know that :  1
12 mole of magnesium contains = x atoms

So,  
1

24  mole of magnesium contains = 
× 12
24

x
atoms

= 2
x

 atoms
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Thus, if 1 gram of carbon contains x atoms, then 1 gram of magnesium will have 2
x

 atoms in it.

Sample Problem 9. How many grams of neon will have the same number of atoms as 4 grams of
calcium ? (Atomic masses : Ne = 20 u, Ca = 40 u)

Solution. To solve such problems we should remember that “equal number of moles of all the elements
contain equal number of atoms”.

(i) Let us first convert 4 grams of calcium into moles. We have been given that the atomic mass of
calcium is 40 u, so 1 mole of calcium is 40 grams.

Now, 40 g of calcium = 1 mole

So, 4 g of calcium = 
1

× 4
40

 mole

= 
1

mole
10

Now, 
1

10
 mole of calcium will have the same number of atoms as 

1
10

mole of neon. So, we should now

convert 
1

10
mole of neon into mass in grams.

(ii) The atomic mass of neon is 20 u, so 1 mole of neon will be equal to 20 grams.

Now, 1 mole of neon = 20 g

So,
1

10
 mole of neon = 

1
20 × g

10
= 2 g

Thus, 2 grams of neon will contain the same number of atoms as 4 grams of calcium.

Sample Problem 10. The mass of a single atom of an element X is 2.65 × 10–23 g. What is its atomic
mass ? What could this element be ?

Figure 88. 1 mole of carbon has a mass of 12 grams (as
shown in the above photograph). This 1 mole of carbon (or
12 grams of carbon) contains 6.022 × 1023 atoms of carbon
element.

Figure 89. 1 mole of magnesium has a mass of 24 grams (as
shown in the above phtograph). This 1 mole of magnesium
(or 24 grams of magnesium) contains 6.022 × 1023 atoms of
magnesium element.
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Solution. The atomic mass of an element is numerically equal to the mass of 1 mole of its atoms. Since
1 mole of atoms is 6.022 × 1023 atoms, so it means that the atomic mass of an element is numerically equal
to the mass of its 6.022 × 1023 atoms.

Now,                 1 atom of element X has mass = 2.65 × 10–23 g

So,  6.022 × 1023 atoms of element X have mass = 2.65 × 10–23 × 6.022 × 1023

= 15.96 g

16 g

Thus, the atomic mass of the element X is 16 u. The element of atomic mass 16 u is oxygen, having the
symbol O.

PROBLEMS BASED ON MOLES OF MOLECULES
We know that :

1 mole of molecules = Gram molecular mass = 6.022 × 1023 molecules
   of a substance  of the substance

This gives us three relations :
(i) The first relation is :

1 mole of molecules = Gram molecular mass
This relation can be used to convert the number of moles of molecules into mass in grams, and to
convert the mass in grams into moles of molecules.

(ii) The second relation is :
1 mole of molecules = 6.022 × 1023 molecules

By using this relation, we can convert the moles of molecules into number of molecules, and the
number of molecules can be converted into moles of molecules.

(iii) The third relation is :
 Gram molecular mass = 6.022 × 1023 molecules

This relation is used to find out the number of molecules in a given mass of the substance and also to
calculate the mass of a given number of molecules.

In many of the problems which we are going to solve now, we will need the mass of one mole of
molecules of a substance. And to know the mass of one mole of molecules of a substance, we should know
its molecular mass. So, first of all we will have to calculate the molecular mass of the substance from its
molecular formula by using the atomic masses of the various atoms present in it (This is because the
molecular mass of a substance is equal to the atomic masses of all the atoms present in one molecule of the
substance).The molecular mass of a substance expressed in grams becomes the “gram molecular mass” of
the substance and it gives the mass of 1 mole of the substance (or mass of 6.022 × 1023 molecules of the
substance).

 The atomic masses of the elements which are required for the calculation of molecular mass are usually
given with the problem. But we should also remember the atomic masses of the common elements ourselves
because sometimes these are not given in the problem. Keeping these points in mind, we will now solve
some problems based on the moles of molecules.

Sample Problem 1. What is the mass of each one of the following ?

(a) 1 mole of water (H2O) (b) 1 mole of ethanol (C2H6O)

(c) 1 mole of glucose (C6H12O6) (d) 1 mole of cane sugar (C12H22 O11)

(Atomic masses : H = 1 u ; C = 12 u ; O = 16 u)

Solution. The mass of 1 mole of each one of the given substances will be equal to their respective
molecular masses expressed in ‘grams’. Now :
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(a) 1 mole of H2O = Molecular mass of H2O in grams

= Mass of H × 2 + Mass of O

= 1 × 2 + 16

= 2 + 16

= 18 grams

So, the mass of 1 mole of water (H2O) is 18 g.

(b)  1 mole of C2H6O = Molecular mass of C2H6O in grams

= Mass of C × 2 + Mass of H × 6 + Mass of O

= 12 × 2 + 1 × 6 + 16

= 24 + 6 + 16

= 46 grams

So, the mass of 1 mole of ethanol (C2H6O) is 46 g.

(c) 1 mole of C6H12O6 = Molecular mass of C6H12O6 in grams

= Mass of C × 6 + Mass of H × 12 + Mass of O × 6

= 12 × 6 + 1 × 12 + 16 × 6

= 72 + 12 + 96

= 180 grams

So, the mass of 1 mole of glucose (C6H12O6) is 180 g

(d) 1 mole of C12H22O11 = Molecular mass of C12H22O11 in grams

= Mass of C × 12 + Mass of H × 22 + Mass of O × 11

= 12 × 12 + 1 × 22 + 16 × 11

= 144 + 22 + 176

= 342 grams

So, the mass of 1 mole of cane sugar (C12H22O11) is 342 g.

Figure 90. This picture shows 1 mole of all the substances mentioned in Sample Problem 1. The first
beaker (from left side) in the above picture contains 1 mole of molecules of water, H2O (which is 18 g
water). The second beaker contains 1 mole of ethanol, C2H6O (which is 46 g ethanol). The third beaker
from left side contains 1 mole of glucose C6H12O6 (which is 180 g glucose). And the fourth beaker
contains 1 mole of cane sugar or sucrose, C12H22O11 (which is 342 g cane sugar).
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Sample Problem 2. Convert 22 g of carbon dioxide (CO2) into moles. (Atomic masses : C = 12 u ;
O = 16 u) (NCERT Book Question)

Solution. Here we have been given that the atomic mass of carbon (C) is 12 u and the atomic mass of
oxygen (O) is 16 u. So, first of all we will calculate the mass of 1 mole of carbon dioxide by using these
values of atomic masses. The mass of 1 mole of carbon dioxide (CO2) will be equal to its molecular mass
expressed in grams. That is :

1 mole of CO2 = Molecular mass of CO2 in grams

= Mass of C + Mass of O × 2

= 12 + 16 × 2

= 12 + 32

= 44 grams

So, the mass of 1 mole of carbon dioxide is 44 grams.

Now, 44 g of carbon dioxide = 1 mole

So, 22 g of carbon dioxide =
1

× 22
44

 mole

=
1
2

= 0.5 mole (or 0.5 mol)

Thus, 22 grams of carbon dioxide are equal to 0.5 mole.

Note. The above problem can also be solved directly by using the formula :

                
Number of  moles Mass of substance in grams

=of  molecules Gram molecular mass of  substance

= 
22
44

= 
1
2

= 0.5 mole
Thus, 22 grams of carbon dioxide constitute 0.5 mole of carbon dioxide.
A yet another way of writing the above formula is by using the term ‘molar mass’ in place of ‘gram

molecular mass’. That is :

              
Number of moles Mass of substance 

=of molecules Molar mass of  substance

In the  above case, mass of substance is 22 grams and molar mass of the substance is 44 g/mol.

Sample Problem 3. What is the mass of 0.5 mole of water (H2O).

(Atomic masses : H = 1 u ; O = 16 u) (NCERT Book Question)

Solution. In order to solve this problem, we should know the mass of 1 mole of water. This can be
obtained by using the given values of the atomic masses of hydrogen and oxygen as follows :

 1 mole of water (H2O) = Molecular mass of H2O in grams

= Mass of 2H atoms + Mass of O atom

= 2 × 1 + 16

= 2 + 16

= 18 grams

Thus, the mass of 1 mole of water is 18 grams.
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Now, Mass of 1 mole of water = 18 g

So, Mass of 0.5 mole of water = 18 × 0.5 g

= 9 g

Thus, the mass of 0.5 mole of water (H2O) is 9 grams.

Sample Problem 4. What is the number of molecules in 0.25 moles of oxygen ?

Solution. We know that :

1 mole of oxygen contains = 6.022 × 1023 molecules

So,  0.25 mole of oxygen contains = 6.022 × 1023 × 0.25

= 1.505 × 1023 molecules

Thus, 0.25 mole of oxygen contains 1.505 × 1023 molecules.

Sample Problem 5. Convert 12.044 × 1022 molecules of sulphur dioxide into moles.

Solution. We know that :

6.022 × 1023 molecules of sulphur dioxide = 1 mole

So, 12.044 × 1022 molecules of sulphur dioxide =
22

23

1
×12.044 ×10

6.022×10

=
2

10
= 0.2 mole

Thus, 12.044 × 1022 molecules of sulphur dioxide are 0.2 mole.

Sample Problem 6. What is the number of water molecules contained in a drop of water weighing
0.06 g ?

Solution. We know that 1 mole of water contains 6.022 × 1023 water
molecules. So, in order to calculate the number of molecules in 0.06 gram of
water, we should first calculate the mass of 1 mole of water in grams.

Now, Molecular mass of water, H2O = 2 + 16
= 18 u

So, Gram molecular mass of water = 18 grams
   (or 1 mole of water)

Thus, 1 mole of water has a mass of 18 grams and it contains 6.022 × 1023

molecules of water.

Now, 18 g water contains = 6.022 × 1023 molecules

So, 0.06 g water contains = 
236.022 × 10

× 0.06
18

= 2.007 × 1021 molecules

Thus, a drop of water weighing 0.06 gram contains 2.007 × 1021 molecules
of water in it.

Sample Problem 7. Calculate the mass of 3.011 × 1024 molecules of nitrogen gas (N2). (Atomic mass :
N= 14 u)

Solution. First of all we should find out the mass of 1 mole of nitrogen molecules (N2). Now,

1 mole of N2 = Molecular mass of N2 in grams

= Mass of 2 N atoms in grams

= 2 × 14 grams

= 28 grams

Figure 91. A drop of water
weighing 0.06 gram contains
2.007 × 1021 molecules of
water in it.
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Thus, the mass of 1 mole of nitrogen molecules is 28 grams. Now, 1 mole of nitrogen molecules contains
6.022 × 1023 molecules. This means that the mass of 6.022 × 1023 molecules of nitrogen is 28 grams.

Now, Mass of 6.022 × 1023 molecules of N2 = 28 g

So, Mass of 3.011 × 1024 molecules of N2 =
24

23

28
×3.011×10

6.022 ×10

=
28×10

2
= 140 g

Thus, the mass of 3.011 × 1024 molecules of nitrogen is 140 grams.

Sample Problem 8. The absolute mass of one molecule of a substance is 5.32 × 10–23 g. What is its
molecular mass ? What could this substance be ?

Solution. The molecular mass of a substance is numerically equal to the mass of
1 mole of its molecules. Since 1 mole of molecules is equal to 6.022 × 1023 molecules, it means that the
molecular mass of a substance is numerically equal to the mass of its 6.022 × 1023 molecules. In this problem
we have been given the absolute mass of 1 molecule of the substance, so all that we have to do is to find
out the mass of its 6.022 × 1023 molecules.

Now, Mass of 1 molecule of substance = 5.32 × 10–23 g

So, Mass of 6.022 × 1023 molecules of substance = 5.32 × 10–23 × 6.022 × 1023

= 32 g

Thus, the molecular mass of the given substance is 32 u. The substance having a molecular mass of
32 u is oxygen, having the formula O2.

Sample Problem 9. In which one of the following cases the number of hydrogen atoms is more ?

Two moles of HCl or One mole of NH3

Solution (i) Two moles of HCl can be written as 2HCl. We can see that the two moles of HCl contain 2
moles of H atoms (or hydrogen atoms).

(ii) One mole of NH3 contains 3 moles of H atoms (or hydrogen atoms).

Now, two moles of HCl contain 2 moles of hydrogen atoms whereas one mole of NH3 contains 3 moles
of hydrogen atoms. It is obvious that 1 mole of NH3 contains more hydrogen atoms.

Sample Problem 10. Calculate the mass of 1 mole of each one of the following :

(a) NaCl (b) CaCO3 (c) FeSO4 .7H2O (d) Na2O2

(Atomic masses : H = 1 u ; C = 12 u; O = 16 u ; Na = 23 u ; S = 32 u ; Cl = 35.5 u ; Ca = 40 u ; Fe = 56 u)

Solution. The mass of 1 mole of each one of the given ionic substances will be equal to their respective
molecular masses (or formula masses) expressed in grams. In this problem, NaCl is sodium chloride, CaCO3

is calcium carbonate, FeSO4 .7H2O is ferrous sulphate heptahydrate or iron (II) sulphate heptahydrate and
Na2O2 is sodium peroxide. Now :

(a) 1 mole of NaCl = Formula mass of NaCl in grams
= Mass of Na + Mass of Cl
= 23 + 35.5
= 58.5 g

Thus, the mass of 1 mole of NaCl = 58.5 g
(b) 1 mole of CaCO3 = Formula mass of CaCO3 in grams

= Mass of Ca + Mass of C + Mass of O × 3
= 40 + 12 + 16 × 3
= 40 + 12 + 48
= 100 g
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Thus, the mass of 1 mole of CaCO3 is 100 g.

(c) 1 mole of FeSO4.7H2O = Formula mass of FeSO4.7H2O in grams

= Mass of Fe + Mass of S + Mass of O × 11 + Mass of H × 14

= 56 + 32 + 16 × 11 + 1 ×14

= 56 + 32 + 176 + 14

= 278 g

Thus, the mass of 1 mole of FeSO4.7H2O is 278 g.

(d) 1 mole of Na2O2 = Formula mass of Na2O2 in grams

= Mass of Na × 2 + Mass of O × 2

= 23 × 2 + 16 × 2

= 46 + 32

= 78 g

Thus, the mass of 1 mole of Na2O2 is 78 g.

Figure 92. This picture shows 1 mole of all the substances given in Sample Problem 10. The first
beaker (from left side) in this picture contains 1 mole of sodium chloride (NaCl) which has a mass
of 58.5 g. The second beaker contains 1 mole of calcium carbonate (CaCO3) having a mass of
100 g. The third beaker from left side contains 1 mole of ferrous sulphate heptahydrate
(FeSO4.7H2O) which has a mass of 278 g. And the fourth beaker contains 1 mole of sodium
peroxide (Na2O2) having a mass of 78 g.

Sample Problem 11. Which contains more molecules, 4 g of methane (CH4) or 4 g of oxygen (O2) ?
(Atomic masses : C = 12 u, H = 1 u, O = 16 u)

Solution. In this problem, we should convert 4 g of methane into moles and 4 g of oxygen should also
be converted into moles by using the respective gram molecular masses. The substance having more moles
will contain more molecules in it.

(i) Here, Mass of methane (CH4) = 4 grams

Gram molecular mass of CH4 = Mass of C + Mass of 4 H

= 12 + 4 × 1

= 16 grams

Now, Number of moles of CH4 = 
4

4

Mass of CH in grams
Gram molecular  mass of CH

4
=

16
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= 
1
4

= 0.250 mole

(ii) Here, Mass of oxygen (O2) = 4 grams

Gram molecular mass of O2 = Mass of 2 ‘O’ atoms

= 2 × 16

= 32 grams

Now, Number of moles of O2 = 2

2

Mass of O in grams
Gram molecular mass of O

= 
4
32

= 
1
8

=  0.125 mole

We find that 4 g of CH4 contains more moles of molecules (0.250 moles), whereas 4 g of O2 contains less
moles of molecules (0.125 moles). Since 4 g of methane has more moles, it contains more molecules (than
4 g of oxygen).

Sample Problem 12. If 1 g of sulphur dioxide contains x molecules, what will be the number of molecules
in 1 g of methane ? (S = 32 u, O = 16 u, C = 12 u, H = 1 u)

Solution. The ratio of molecules in sulphur dioxide and methane will be the same as the ratio of their
moles. So, first of all we should find out the number of moles of sulphur dioxide in 1 gram of sulphur
dioxide, and the number of moles of methane in 1 gram of methane. This can be done as follows :

(i) The molecular formula of sulphur dioxide is SO2.

So, 1 mole of SO2 = Mass of S + Mass of 2 ‘O’

= 32 + 2 × 16

= 64 grams

Now, 64 g of sulphur dioxide = 1 mole

So, 1 g of sulphur dioxide = 
1

64  mole

Thus, we have 1
64  mole of sulphur dioxide and it contains x molecules in it. Now, since equal moles of

all the substances contain equal number of molecules, therefore, 1
64  mole of methane will also contain x

molecules of methane.

We will now calculate the number of moles in 1 gram of methane.

(ii) Molecular formula of methane is CH4.

So, 1 mole of CH4 = Mass of C + Mass of 4 H

= 12 + 4 × 1

= 16 grams

Now, 16 g of methane = 1 mole

So, 1 g of methane = 
1

16  mole

We know that :

 1
64  mole of methane contains = x molecules
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So,  
1

16  mole of methane will contain = 
× 64
16

x
 molecules

= 4x molecules

Thus, if 1 g of sulphur dioxide contains x molecules, then 1 g of methane contains 4x molecules.

Sample Problem 13. How many grams of oxygen gas contain the same number of molecules as 16
grams of sulphur dioxide gas ? (O = 16 u, S = 32 u)

Solution. This problem will be solved by using the fact that equal moles of all the gases contain equal
number of molecules. Let us first convert 16 grams of sulphur dioxide into moles.

1 mole of sulphur dioxide, SO2 = Mass of S + Mass of 2 ‘O’

= 32 + 2 × 16

= 64 grams

Now, 64 g of sulphur dioxide = 1 mole

So, 16 g of sulphur dioxide = 
1

× 16 mole
64

= 
1

mole
4

Now, 
1
4

mole of sulphur dioxide will have the same number of molecules as 
1
4

mole of oxygen. So, we

should now convert 
1
4

mole of oxygen into mass in grams.

1 mole of oxygen, O2 = Mass of 2 ‘O’ atoms

= 2 × 16
= 32 grams

Now, 1 mole of oxygen = 32 grams

So,  
1
4

mole of oxygen = 32 × 
1
4

grams

= 8 grams

Thus, 8 grams of oxygen will contain the same number of molecules as 16 grams of sulphur dioxide.

Sample Problem 14. Calculate the number of aluminium ions present in 0.051 g of aluminium oxide
(Al2O3). (Atomic masses : Al = 27 u; O = 16 u)  (NCERT Book Question)

Solution. This problem involves aluminium ions. Please note that the mass of an aluminium ion is the
same as that of an aluminium atom. In order to solve this problem, first of all we have to find out the mass
of aluminium atoms in 0.051 g of aluminium oxide (which will give us the mass of aluminium ions) This
can be done as follows :

1 mole of Al2O3 = Formula mass of Al2O3 in grams

= Mass of Al × 2 + Mass of O × 3

= 27 × 2 + 16 × 3

= 54 + 48

= 102 grams

Now, 1 mole of Al2O3 contains 2 moles of Al.

So, Mass of Al in 1 mole of Al2O3 = Mass of Al × 2

=  27 × 2

= 54 grams
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Now, 102 g aluminium oxide contains = 54 g Al

So,  0.051 g aluminium oxide contains =
54 × 0.051 g Al

102
= 0.027 g Al

The atomic mass of aluminium is given to be 27 u. This means that 1 mole of aluminium atoms (or
aluminium ions) has a mass of 27 grams, and it contains 6.022 × 1023 aluminium ions.

Now, 27 g of aluminium has ions = 6.022 × 1023

So, 0.027 g of aluminium has ions =
236.022 ×10 × 0.027

27
= 6.022 × 1020

Thus, the number of aluminium ions (Al3+) in 0.051 gram of aluminium oxide is
6.022 × 1020.

We are now in a position to answer the following questions :

 Very Short Answer Type Questions

1. What is a group of 6.022 × 1023 particles known as ?
2. What name is given to the amount of substance containing 6.022 ×1023 particles (atoms, molecules or ions) of

a substance ?
3. What is the numerical value of Avogadro number ?
4. How many atoms are present in one gram atomic mass of a substance ?
5. How many molecules are present in one gram molecular mass of a substance ?
6. What name is given to the number 6.022 × 1023 ?
7. Convert 12 g of oxygen gas into moles.
8. How many moles are 3.6 g of water ?
9. What is the mass of 0.2 mole of oxygen atoms ?

10. Find the mass of 2 moles of nitrogen atoms.
11. Fill in the following blanks :

(a) 1 mole contains .............. atoms, molecules or ions of a substance.
(b) A mole represents an .............. number of particles of a substance.
(c) 60 g of carbon element are .............. moles of carbon atoms.
(d) 0.5 mole of calcium element has a mass of ............... .
(e) 64 g of oxygen gas contains ................ moles of oxygen atoms.

 Short Answer Type Questions

12. (a) How many atoms are there in exactly 12 g of carbon-12 element ? (C = 12 u)
(b) What name is given to this number ?
(c) What name is given to the amount of substance containing this number of atoms ?

13. Calculate the mass of 12.044 × 1025 molecules of oxygen (O2).
14. What is the number of molecules in 1.5 moles of ammonia ?
15. How many moles of calcium carbonate (CaCO3) are present in 10 g of the substance ? (Ca = 40 u ; C= 12 u;

O = 16 u)
16. How many moles of O2 are there in 1.20 × 1022 oxygen molecules ?
17. If  one mole of nitrogen molecules weighs 28 g, calculate the mass of one molecule of nitrogen in grams.
18. How many moles are there in 34.5 g of sodium ? (Atomic mass of Na = 23 u)
19. What is the number of zinc atoms in a piece of zinc weighing 10 g ?

(Atomic mass of Zn = 65 u)
20. Calculate the mass of 3.011 × 1024 atoms of carbon.
21. If 16 g of oxygen contains 1 mole of oxygen atoms, calculate the mass of one atom of oxygen.



ATOMS AND MOLECULES 173

22. How many atoms are there in 0.25 mole of hydrogen ?
23. Calculate the number of moles in 12.044 × 1025 atoms of phosphorus.
24. Calculate the number of molecules present in a drop of chloroform (CHCl3) weighing 0.0239 g. (Atomic

masses : C = 12 u ; H = 1 u ; Cl = 35.5 u)
25. What is the mass of 5 moles of  sodium carbonate (Na2CO3) ?

(Atomic masses : Na = 23 u ; C = 12 u ; O = 16 u)
26. Calculate the number of molecules in 4 g of oxygen.
27. How many moles are represented by 100 g of glucose, C6H12O6 ? (C = 12 u, H = 1 u, O = 16 u)
28. Calculate the mass in grams of 0.17 mole of hydrogen sulphide, H2S.

(Atomic masses : H = 1 u, S = 32 u)
29. Show by means of calculations that 5 moles of CO2 and 5 moles of H2O do not have the same mass. How

much is the difference in their masses ?
30. Calculate the mole ratio of 240 g of calcium and 240 g of magnesium. (Ca = 40 u ;  Mg = 24 u)

 Long Answer Type Questions

31. (a) Define mole. What are the two things that a mole represents.
(b) What weight of each element is present in 1.5 moles of sodium sulphite, Na2SO3 ?

(Atomic masses :  Na = 23 u ; S = 32 u ; O = 16 u)
32. (a) What is meant by ‘a mole of carbon atoms’ ?

(b) Which has more atoms, 50 g of aluminium or 50 g of iron ? Illustrate your answer with the help of
calculations.
(Atomic masses : Al = 27 u ; Fe = 56 u)

33. (a) Define gram atomic mass of a substance. How much is the gram atomic mass of oxygen ?
(b) How many moles of oxygen atoms are present in one mole of the following compounds ?

      (i) Al2O3  (ii) CO2  (iii) Cl2O7  (iv) H2SO4 (v) Al2(SO4)3

34. (a) Define gram molecular mass of a substance. How much is the gram molecular mass of oxygen ?
(b) If sulphur exists as S8 molecules, calculate the number of moles in 100 g of sulphur. (S = 32 u)

35. (a) What is meant by the ‘molar mass’ of a substance ? State the unit in which molar mass is usually expressed.
(b) Calculate the molar masses of the following substances. Write the results with proper units.

(i) Ozone molecule, O3 (ii)  Ethanoic acid, CH3COOH

  Multiple Choice Questions (MCQs)

36. Which of the following pair of elements represents a mole ratio of 1 : 1 ?
(a)  10 g of calcium and 12 g of magnesium (b)  12 g of magnesium and 6 g of carbon
(c)  12 g of carbon and 20 g of calcium (d)  20 g of sodium and 20 g of calcium

37. Which of the following correctly represents 360 g of water ?
(i) 2 moles of H2O (ii) 20 moles of water
(iii) 6.022 × 1023 molecules of water (iv) 1.2044 × 1025 molecules of water
(a) (i) (b) (i) and (iv) (c) (ii) and (iii) (d) (ii) and (iv)

38. If 32 g of sulphur has x atoms, then the number of atoms in 32 g of oxygen will be :

(a) 
2
x

(b) 2x (c) x (d) 4x

39. A student wants to have 3.011 × 1023 atoms each of magnesium and carbon elements. For this purpose, he
will have to weigh :
(a) 24 g of magnesium and 6 g of carbon (b) 12 g of carbon and 24 g of magnesium
(c) 20 g of magnesium and 10 g of carbon (d) 12 g of magnesium and 6 g of carbon

40. The ratio of moles of atoms in 12 g of magnesium and 16 g of sulphur will be :
(a)   3 : 4 (b) 4 : 3 (c) 1 : 1 (b) 1 : 2

41. If 12 gram of carbon has x atoms, then the number of atoms in 12 grams of magnesium will be :

(a) x (b) 2x (c)  
2
x

(d) 1.5 x
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42. Which of the following has the maximum number of atoms ?

(a) 18 g of H2O (b) 18 g of O2 (c)  18 g of CO2 (d) 18 g of CH4

  Questions Based on High Order Thinking Skills (HOTS)

43. If 1 gram of sulphur dioxide contains x molecules, how many molecules will be present in 1 gram of oxygen ?
(S = 32 u ; O = 16 u)

44. The mass of one molecule of a substance is 4.65 × 10–23 g. What is its molecular mass ? What could this
substance be ?

45. Which contains more molecules, 10 g of sulphur dioxide (SO2) or 10 g of oxygen (O2) ?
 (Atomic masses : S = 32 u ; O = 16 u)

46. What weight of oxygen gas will contain the same number of molecules as 56 g of nitrogen gas ? (O = 16 u ;
N = 14 u)

47. What mass of nitrogen, N2, will contain the same number of molecules as 1.8 g of water, H2O ? (Atomic
masses : N = 14 u ; H = 1 u ; O = 16 u)

48. If one gram of sulphur contains x atoms, calculate the number of atoms in one gram of oxygen element.
(Atomic masses : S = 32 u ; O = 16 u)

49. How many grams of magnesium will have the same number of atoms as 6 grams of carbon ?
(Mg = 24 u ; C = 12 u )

50. The mass of one atom of an element X is 2.0 × 10–23 g.
(i) Calculate the atomic mass of element X.
(ii) What could element X be ?

ANSWERS
1.  One mole 2. One mole 6. Avogadro number   7. 0.375 mol  8. 0.2 mol   9. 3.2 g 10. 28 g
11.  (a) 6.022 × 1023    (b) Avogadro (c) 5  (d) 20 g   (e) 4 12. (a) 6.022 × 1023 atoms (b) Avogadro number
(c) Mole 13. 6.4 kg   14. 9.033 × 1023 molecules 15. 0.1 mol 16. 0.0199 mol 17. 4.648 × 10–23 g  18. 1.5
moles  19. 9.264 × 1022 atoms  20. 60 g 21. 2.656 × 10–23 g  22. 1.50 × 1023 atoms  23. 200 mol
 24. 12.044 × 1019 molecules 25. 530 g 26. 7.528 × 10 22 molecules 27. 0.55 mol 28. 5.78 g 29. 5 moles of
CO2 = 5 × 44 = 220 g ;  5 moles of H2O = 5 × 18 = 90 g ;  Difference = 130 g 30.  3 : 5  31. (b) Na = 69 g ;
S = 48 g ; O = 72 g 32. (b) 50 g aluminium 33. (b)  (i) 3 mol   (ii) 2 mol  (iii) 7 mol (iv) 4 mol   (v) 12 mol
34. (b) 0.39 mol 35.  (b) (i) 48 g/mol  (ii) 60 g/mol  36. (b) 37. (d) 38. (b) 39. (d) 40. (c) 41. (c)
42. (d)  43. 2x  44. 28 u ; Nitrogen.   45. 10 g oxygen   46. 64 g oxygen 47.  2.8 g  48. 2x 49. 12 g
50. (i) 12 u (ii) Carbon


