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You see and use many substances in your daily life. You have also 
performed experiments with different substances and seen chemical 
reactions taking place between them. Some of these substances 
were transformed during these reactions and new substances 
were formed. Perhaps, you also tested the properties of these new 
substances. All these activities are included in the field of study 
named chemistry. For example, when you pour acid on marble 
chips, carbon dioxide is formed. Or when you heat potassium 
permanganate, oxygen is released. Or when iron is left exposed to 
air and moisture, it begins to rust. These are all examples of chemical 
reactions. In all these experiments, some new substance is formed. 
Give five more examples of chemical reactions from experiments 
you did in Class 6, 7 and 8. (1)
Scientists who perform such experiments are called chemists and 
the branch of science dealing with chemical reactions is called 
chemistry. Over the years, chemists discovered hundreds and 
hundreds of different substances. They felt they needed a language 
to name and describe these chemical substances. One requirement 
was that such a language should be universal. That is, it should be 
understood by people from different parts of the world who speak 
different languages. In this chapter you will learn a few things about 
this language.  It has its own letters, words and grammar. It follows 
its own strict rules. It is not possible to learn the entire language in 
one chapter, but we shall make a simple beginning.
In the chapter ‘Our Food’ in Class 6, you tested various food items to 
see if they contained protein. When a solution of sodium hydroxide 
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and copper sulphate is added to food items that contain protein, a 
purple colour is produced.
Have you ever wondered why a food item that does not contain 
protein does not produce this purple colour? (2)  
Similarly, why does rust form on iron but not on aluminium?
The kind of chemical reaction a substance undergoes depends on 
its chemical properties. Substances can be grouped or classified 
on the basis of their chemical properties.  For example, you have 
learned to recognise and group acids and bases on the basis of their 
effects on the colour of litmus paper.

PURE SUBSTANCES
If you wish to study any substance, you must first get it in its pure 
form. This is essential. Scientists have discovered several ways of 
getting substances in their pure form. You have already used some of 
these methods for sorting out substances in Class 6. These methods 
fall under the broad technique termed as separation. For example, 
in Class 6 you had separated salt from a mixture of salt and sand. 
When we say a substance is pure, it means it contains only that single 
substance. There is no other substance mixed in it. If a substance 
can be separated into two or more substances, we say it is impure, 
or a mixture of substances. In other words, if you cannot separate a 
substance into two or more substances after using all these different 
methods, the substance can be considered to be pure. 
But there is a problem in defining a pure substance in this way. The 
problem is that you may have tried all the methods that you know 
about today for separating a substance. Maybe the substance cannot 
be separated by any of these methods. So you think the substance 
is pure. But it is possible that a scientist could discover some new 
method of separating such a substances in future. It is possible that 
the substance you thought was pure today could then be separated 
into different substances, using this new method. 
So what you think is a pure substance may not actually be pure. 
For example, suppose you draw water from a well and filter it with 
a filter paper. Suppose all the water passes through the filter paper 
without leaving a deposit. 
What would you conclude about this water? (3)
Now suppose you heat this water and some deposit is left behind 
after the water has evaporated.
Would you now consider this water to be pure? (4)
It has actually happened in this way before. A substance that was 
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considered pure at one time was found to be a mixture at a later 
time. Take the example of the air we breathe. Once upon a time, air 
was considered to be a pure substance. But after newer methods of 
separating substances were discovered, people found that air was 
a mixture of different gases. It contains oxygen, nitrogen, carbon 
dioxide and other gases. 
So it is sometimes very difficult to say whether a substance is pure 
or not. 
Anyway, we know that substances can be divided into two types 
- pure substances and mixtures. We use many different kinds of 
mixtures everyday. For example, wheat flour, dal, spices, ghee, 
cooking oil, etc, are mixtures. You may be surprised to know that 
what we call ‘pure ghee’ is actually a mixture of many fats. 
In our daily life, we use the word ‘pure’ in a slightly different way. 
When we say that a certain brand of ghee is pure what we mean is 
that there are no other substances mixed in it that should not be 
present in ghee.
Today, iodised salt is sold in the market. Would it be correct to call 
it pure salt? (5)
Milk is a mixture that is 90 percent water. Would it become impure 
if we mix a little more water in it? In what way have we used the 
words pure and impure when we talk about milk? (6)
Most of the substances we use in our daily life are mixtures. 
Let’s now discuss pure substances in more detail.

TWO TYPES OF PURE SUBSTANCES
Copper sulphate (blue vitriol) is a pure substance. It cannot be 
separated further by any of the methods of separation we know 
today. Now recall an experiment you did in the chapter ‘Chemical 
Reactions’ during Class 7. In that experiment you dropped a piece 
of aluminium foil in a solution of copper sulphate. After some time 
you found that a layer of copper was deposited on the aluminium 
foil. You also saw that the blue vitriol solution became colourless. 
Why did this happen? Apparently, a chemical reaction took place 
during which the copper present in some form in the solution was 
separated from it when it came in contact with aluminium. 
So can we say that the copper sulphate solution is a mixture? 
No, we cannot. It is a different kind of substance. It contains more 
than one substance but these substances can be separated only by a 
chemical reaction. Such substances are called compounds. We can 
define compounds as pure substances that can be separated into 
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two or more substances by means of a chemical reaction. Those 
substances that cannot be separated into two or more substances 
even with the help of a chemical reaction are called elements.
So we now have two types of pure substances — compounds and 
elements.
It is important to stress this aspect before we proceed further. If 
any substance can be separated into two or more constituent parts 
by a chemical reaction, that substance is definitely a compound.
If, despite all our attempts, we cannot divide a substance in this 
way, then this substance is probably an element. We say probably 
because we can never say with certainty that it is actually an element. 
Maybe, some time in the future someone could discover a method 
to divide this substance further. In that case, the substance that we 
thought was an element could actually turn out to be a compound. 
However, until that happens, we can accept it as an element. 
To give an example, people once thought that water was an element. 
But later they discovered that water is a compound. There are many 
such examples we come across in the history of science. 
To sum up, it is difficult to decide whether any substance is a 
mixture, compound or element. So it is better to consider any 
decision we make as a temporary decision. 
But there is another way of identifying mixtures, compounds and 
elements and distinguishing between them. This method is based 
on the particles the substance is composed of.

THE PARTICLES OF A SUBSTANCE
All substances are made up of particles. There are countless 
substances in the world, yet each one has totally different properties 
from the other. Does this mean the particles of one substance are 
different from particles of other substances? Yes, that is correct. The 
particles of different substances are different from each other. The 
particles we are talking about here are very small in size.
If we take a mixture, it would contain many different kinds of 
particles. The number of different kinds of particles in the mixture 
would equal the number of substances it contains. For example, 
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if we take sugar syrup, it would contain particles of water and 
particles of sugar.
We have already talked about pure substances. All the particles of 
a pure substance are identical. That is, they all weigh the same and 
have the same properties. 
We saw that pure substances are of two kinds — elements and 
compounds. The special characteristic of a pure substance is that all 
its particles are identical, whether it is a compound or an element.
For example, we can produce distilled water in many different ways. 
We can obtain distilled water by condensing the vapour of water 
from the sea, a well or a river. However, it does not matter where 
we got the water from, all its particles will be identical. That is, the 
weight of all the particles will be equal. Similarly, the weight of all 
particles of iron will be the same, as will be the weight of all particles 
of oxygen, or ammonia, or all particles of copper.
Now take another example. All of us respire. You know that the 
air we exhale contains more carbon dioxide than the air we inhale. 
Will the particles of carbon dioxide you exhale be identical to the 
particles of carbon dioxide your friend exhales? (7)
However, the weight of a particle of water will be different from 
the weight of a particle of iron. Particles of each substance have a 
definite weight and all the particles of that substance have the same 
weight. We would again like to remind you here that we are talking 
about very small particles. These are not the kind of particles you 
get if you grind salt to a fine dust. The finely ground grains of salt 
will not weigh the same. The particles we are talking about are 
called molecules and atoms.
Let’s get more familiar with these particles.

MOLECULES AND ATOMS
The particles of substances we are talking about are very small 
indeed. In fact, they are so small that we cannot get smaller particles 
of that substance. We cannot get a quantity of that substance that is 
smaller than the weight of the atom or molecule of that substance.
So we know that particles of different substances are of two kinds 
— atoms and molecules. Atoms are the most fundamental of all 
particles. They can be found existing alone in nature, or two or more 
atoms can combine. When atoms combine, they form molecules. 
When the particles of a substance contain only one type of atom, 
that substance is called an element. 
There are many elements whose smallest particle is an atom. That 

Figure 2: A pure substance
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is, each of their smallest particles comprises only a single atom. 
Iron, copper, zinc, aluminium, silver, gold, etc, are examples of 
substances in which the smallest particle is a single atom. If we show 
each atom as a small circle, then the element iron can be shown 
like the diagram in Figure 3.
But it is not necessary that one particle of an element contains only 
a single atom. The particles of many elements are a combination of 
two or more identical atoms. These particles are called molecules. 
Oxygen and nitrogen are examples of substances in which the 
particles are a combination of two or more identical atoms. That 
is, the smallest particles of these substances are molecules. For 
example, a molecule of oxygen has two atoms. The atoms combined 
into molecules are depicted as small circles in Figure 4.
Such substances are also elements
Is it then correct to say that elements can also have molecules? (7)
When the atoms of two or more elements join together to form a 
molecule, a compound is formed. For example, if atoms of hydrogen 
and oxygen join together in a molecule, they form water. Water is 
a compound.
What is the difference between the molecule of an element and the 
molecule of a compound? (8)
Can there be atoms of a compound? (9)
Can you tell by looking at Figure 5 how many atoms each of 
hydrogen and oxygen make a molecule of water? (10)

Actually, most of the substances we use are compounds. For 
example: water, sugar, caustic soda, baking soda, lime, plastic, salt, 
etc, are all compounds.
A molecule of water is formed by the combination of atoms of 
hydrogen and oxygen. All the molecules of water are identical. All 
the molecules of water have the same weight.
So is it possible for any number of atoms of hydrogen to combine 
with any number of atoms of oxygen to form a molecule of water? 
(11)
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For all the molecules of water to be identical, it is essential that 
the atoms of hydrogen and oxygen are present in fixed numbers. 
If this number is not fixed, how could all the particles of water be 
identical? Each molecule of water contains two atoms of hydrogen 
and one atom of oxygen.
It is important to keep in mind that there are only a few types of 
atoms in nature. These atoms join together in different ways to form 
different molecules. In this way, innumerable types of molecules 
are formed. The chemical properties of a substance are determined 
by the types of atoms in its particles, their numbers and the way in 
which they are combined. We get this information from the symbols 
and formulas used to depict these substances.
We shall now discuss these symbols and formulas.

SYMBOLS
You may have observed that different substances have different 
names in different languages. For example, iron is called loha in 
Hindi while copper is called tamba. Water also has several names 
like pani, jal, neer, etc.
Having so many names for substances could create problems in a 
field like chemistry where work is conducted throughout the world. 
How would scientists from different countries who speak different 
languages communicate with each other? There should be some way 
in which they can understand each other. To make this possible, 
we must have universally accepted names for different substances. 
That is, a scientist from any part of the world should be able to 
recognise the substance by its name.
Many elements like iron, gold, silver, mercury, copper and zinc 
have been known from ancient times. But many other elements 
were discovered in more recent times.
When a new element is discovered, the discoverer gives it a name. 
That becomes the name of the element. When modern chemistry 
was being developed, the language most commonly used among 
scientists was Latin, the language of ancient Rome. Thus the names 
of many elements were based on Latin words. Take the example of 
hydrogen. One of the properties of this gas is that it combines with 
oxygen to form water. The Latin name for water is ‘hydro’. So this 
gas was named hydrogen, which means, “gas that makes water”. 
Another similar case is that of helium. This gas was first discovered 
in the Sun, not on Earth. The Greek name for sun is ‘helios’, so the 
gas was named helium.
Many elements were named after the places in which they were 
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discovered. Some examples are scandinavium and californium. 
Some elements were named to honour well known scientists. One 
example is mendelium, named after Gregor Mendel.
The story of oxygen is very interesting. At one time people believed 
that any compound that contained oxygen would be acidic in 
nature. The Latin word for acid is ‘oxy’. Hence the gas was called 
oxygen, meaning “gas that forms acid”.  It was later discovered that 
acidic property was not related to oxygen. However, by then the 
name had come into common use so it was not changed. After all, 
what’s there in a name!
The names of many elements are their English names as well. 
For example, the chemical names aluminium, carbon, oxygen, 
nitrogen and hydrogen are also the English names of these elements. 
However, this is not always the case. The chemical name ferrum is 
called iron in English while cuprum is copper. 
The next step in naming elements was to write them in an 
abbreviated form. Thus, carbon was given the symbol of a capital 
C. Generally, the first letter of the name of the element became the 
symbol of that element. For example: H for hydrogen, O for oxygen 
and N for nitrogen. 
But this caused a problem. There are many elements whose names 
begin with the same alphabet. Examples include copper, carbon, 
calcium and chlorine, which all begin with the letter C. 
Can you suggest a way in which this problem can be solved? Should 
the names of these elements be changed? (12)
No, the names of the elements were not changed. In these cases, 
instead of using only the first letter of the name, the second or any 
other letter were added with it. So while carbon became C, cuprium 
became Cu, calcium became Ca and chlorine became Cl.
Here, too, it is necessary to remember one thing. When two letters 
are used to form the symbol of an element, the first letter is written 
in capitals while the next letter is in the lower case. So the symbol 
for calcium would have a capital ‘C’ and a lower case ‘a’ to form Ca. 

So we have to learn 
these formulae by rote.

No, no, don’t learn 
them by rote; you will 
be able to remember 
them as you keep on 
using them.
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There is one more variation. The symbols of some elements are not 
assigned according to their English names but according to their 
Latin names. For example, the symbol for sodium is Na which is 
derived from its Latin name natrium. Similarly, K, the symbol for 
potassium, is derived from kalium, and Fe, the symbol for iron, is 
derived from ferrum.
The names and symbols of some elements are given in the following 
table:

You may have noticed that names of some common substances like 
wood, sugar, bronze, paper, plastic, etc, have not been included in 
the table. This is because these substances are not elements. You 
will, perhaps, be surprised to know that bronze is not an element 
but a mixture of copper and zinc.
Are you wondering whether these substances have symbols or not? 
Do they have abbreviated names or not? The answer is yes, they 
do. But before discussing these symbols, we need to look at one 
more aspect.

Name of element  English name          Latin name Symbol

     Aluminium                Aluminium                              Al
     Calcium                Calcium                              Ca
     Carbon                Carbon                  C
     Chlorine                Chlorine                              Cl
     Chromium                Chromium                              Cr
     Silver                Silver                Argentum      Ag
     Copper                Copper               Cuprium      Cu
     Sodium                Sodium               Natrium                             Na
     Gold                Gold                Argentum      Ag
     Hydrogen                               Hydrogen                                                                H
     Iodine                Iodine                                I
     Iron                             Iron                Ferrum                Fe
     Nitrogen                Nitrogen                               N
     Nickel                Nickel                                Ni
     Oxygen                Oxygen                  O
     Phosphorous               Phosphorus                               P
     Sulphur                Sulphur                  S
     Potassium                                Potassium                    Kalium                              K  
     Magnesium                            Magnesium                                                             Mg
     Manganese                               Manganese                                                              Mn
     Zinc                             Zinc                               Zn
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One advantage of using symbols is that we don’t have to write the 
full name of the substance every time we refer to it. There is another 
advantage. When we use the full name of a substance, say ‘iron’, we 
do not know the quantity of the substance. But when we write its 
symbol Fe, we know there is only one atom of iron. This represents 
the equivalent amount of this substance of the atomic weight of 
iron. To similarly show two atoms of iron we write 2Fe.
How will you show three atoms each of carbon, silver and gold? (13)

ELEMENTS WITH MORE THAN ONE ATOM
We had said earlier that several elements have more than one atom 
in their smallest constituent particle. That means each particle 
contains two or more atoms which join together to form a molecule. 
Oxygen, hydrogen and nitrogen are examples of such elements.
For example, a molecule of oxygen has two atoms. We need a 
formula to represent such a molecule in a simple way. The formula 
for oxygen is: O2.
You may have noticed that we did not write 2O here. That would 
indicate two atoms of oxygen. On the other hand, writing a formula 
in the way we did means that the two atoms of oxygen are combined 
in a molecule. So, we first write the symbol for oxygen and then 
write 2 as a subscript after the letter O. 
How would you depict two molecules of oxygen? (14)
If hydrogen, nitrogen and chlorine also have two atoms each in 
their molecules, how would you write their formulas? (15)
How would you show five molecules of nitrogen? (16)
You may have heard about ozone gas. This gas is found in large 
quantities in the upper layers of the earth’s atmosphere. It protects 
us by shielding the Earth from some harmful rays of the Sun. Every 
molecule of ozone has three atoms of oxygen.
What is the formula of ozone? (17)
Until now, we have discussed the symbols and formulas of elements. 
What about compounds?

FORMULA OF COMPOUNDS
There are a total of 109 elements that have been discovered till 
now. Some of these elements were produced in the laboratory by 
scientists. 92 elements exist in nature. These elements react with 
each other to form compounds.
Before proceeding further, we must understand one thing about the 
reaction of elements. Every element has a definite bonding capacity. 

O2

Formula for a molecule 
of oxygen

Number of atom in 
one molecule
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They react with other elements according to this bonding capacity. 
Let us look at this aspect in greater detail. When elements react 
with other elements, it is their atoms that react. The reaction could 
involve either one, two or more atoms. It is not possible for one-and-
a-half or two-and-three-quarter or five-and-a-half atoms to react. 
This means the atoms of elements that constitute a compound will 
always be in whole numbers, that is — 1, 2, 3, etc.
One more aspect needs to be emphasized. We have already seen 
that the particles of any substance (elements or compounds) 
are identical. This means that if a molecule in a compound has 
two atoms of a particular element, then all the molecules of that 
compound will have two atoms of that element. Take the example 
of sugar. Sugar is a compound. Its molecule contains atoms of 
carbon, hydrogen and oxygen. One molecule of sugar contains 12 
carbon, 22 hydrogen and 11 oxygen atoms. Sugar can be produced 
in many different ways — from sugarcane, sugar beet, etc. However, 
whatever be the source or process by which sugar is produced, a 
molecule of sugar will always contain 12 carbon, 22 hydrogen and 
11 oxygen atoms.
While writing the formula of a compound we must keep two things 
in mind. First, we must see what elements are present in a molecule 
of the compound. Second, we must see the number of atoms of 
each element present in the molecule. For example: to write the 
formula of sugar, we must write the symbols of the elements present 
in it — C for carbon, H for hydrogen and O for oxygen. We must 
then write the number of atoms of each element present in one 
molecule of sugar. This number is written as a subscript after the 
symbols of the element.
So the formula of sugar will be C12H22O11. This is the formula of 
the molecule of sugar.
If we have five molecules of sugar how would we show this in the 
formula? (18)
Let us now practice writing the formulas of different compounds.
Nitrogen and oxygen react differently with each other under 
different conditions. As a result, different compounds are formed 
in these different reactions. The table below gives details of some 
of these reactions.
On the basis of the information in the table, write the formulas of 
the compounds. (19)
You should keep in mind that the formulas you write should give 
the symbols of elements as well as the number of atoms.
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No. of 
Nitrogen 
atoms

No. of Oxygen 
atoms

Name of compound  Formula

    2              1     Nitrous oxide
    1              1     Nitric oxide
    1              2     Nitrogen dioxide
    2              3     Nitrogen trioxide
    2              5     Nitrogen pentoxide

There is one more rule to be observed in writing formulas. If the 
molecule of a substance contains only one atom, we do not write the 
number 1. For example, a molecule of edible salt contains one atom 
of sodium and one atom of chlorine. It does not matter whether 
the salt came from sea water or if it is rock salt — its molecule 
will always have one sodium atom and one chlorine atom. So the 
formula for salt will have the symbols of these two elements — 
sodium (Na) and chlorine (Cl). Since there is only one atom each 
of these elements, we do not write the number 1 in the formula. So 
the formula of salt is NaCl, not Na1Cl1.
Now look at another example. A molecule of carbon dioxide 
contains one atom of carbon and two atoms of oxygen. Carbon and 
oxygen also react to form another gas called carbon monoxide. A 
molecule of carbon monoxide contains one atom of carbon and 
one atom of oxygen.
Write the formulas of carbon dioxide and carbon monoxide. (20)
The formulas of some compounds you have used before are given 
below. 
                   Name                                                            Formula
       Baking soda (sodium bicarbonate) NaHCO3
       Washing soda    Na2CO3
       Copper sulphate    CuSO4
       Potassium iodide    KI
       Calcium chloride    CaCl2
       Calcium sulphate    CaSO4
       Magnesium sulphate   MgSO4
       Water     H2O
       Iodine     I2
       Potassium permanganate   KMnO4
       Caustic soda    NaOH
       Sulphuric acid    H2SO4
       Hydrochloric acid    HCL          
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The formula of any substance tells us the names of the elements 
that constitute each molecule of that substance and the number of 
atoms of each constituent element. There is no need to memorise 
these formulas. You will begin to remember them as you use them 
again and again. Another point is that several chemical properties 
are associated with these formulas. When you study these formulas 
in detail in your higher classes, they will be able to tell you much 
more about the substances which they represent. Substances can 
also be categorised by looking at their formulas as well. But let us 
leave all of that for the future.   

EXERCISES FOR REVISION
1. Which ones are elements and what is the number of atoms of 

each element present in the substances listed in the previous 
page?

2. What do you understand from the following formulas? Discuss 
with your group and write.

       Hydrogen peroxide    H2O2
       Glucose        C6H12O6
       Calcium carbonate     CaCO3
3. Why are there no formulas for mixtures, like we have for 

compounds? Discuss the matter in class.
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