
 

Balanced Chemical Equations 

In the reaction Mg + O2 → MgO, the number of atoms of each 

element on either side of the arrow is not equal. Therefore, this is an 

unbalanced chemical equation. Then what is a balanced equation? 

Let’s find out below and learn how to balance a chemical equation. 

Balanced Equations 

As you have already learned earlier, mass can neither be created nor 

destroyed. This law applies to a chemical reaction too. This means that 

the total mass of elements in the products of a chemical reaction has to 

be equal to the total mass of the elements in the reactants. The number 

of atoms of each element remains the same, before and after a 

chemical reaction. For example, let’s look at the following chemical 

equation – 

Zinc + Sulphuric acid → Zinc sulfate + Hydrogen 

This is further simplified as – 

Zn + H2SO4 → ZnSO4 + H2 
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Now, let us look at the number of atoms of each element on LHS and 

RHS – 

Element Number of atoms in 
reactants (LHS) 

Number of atoms in 
products (RHS) 

Zn 1 1 

H 2 2 

S 1 1 

O 4 4 

As you can see, the number of atoms of each element on LHS and 

RHS are the same. Therefore, this chemical equation is a ‘balanced 

equation’. Now, look at the following equation – 

Fe +H2O → Fe3O4 +H2 

https://www.toppr.com/guides/chemistry/atoms-and-molecules/what-is-an-atom-and-how-do-atoms-exist/


 

If you notice, the number of atoms of each element are not the same 

on both sides of the arrow. Therefore, this is an ‘unbalanced’ equation. 

We can balance this equation using the following steps – 

Step I 

First, draw boxes around each formula without changing anything 

inside the boxes. 

 

Step II 

List the number of atoms of each element on either side of the arrow 

in the equation – 

Element Number of atoms in 
reactants (LHS) 

Number of atoms in 
products (RHS) 

Fe 1 3 

H 2 2 



 

O 1 4 

Step III 

To balance the above equation, let’s start with the compound with the 

maximum number of atoms i.e. Fe3O4. Now, in this compound select 

the element with the maximum number of atoms i.e. oxygen. As you 

can see, there are 4 oxygen atoms on the RHS, whereas there is only 

one oxygen atom on the LHS. Let’s try to balance the oxygen atoms – 

Atoms of oxygen In reactants In products 

(i) Initial 1 (in H2O) 4 (in 
Fe3O4) 

(ii) To balance 1 x 4 4 

Remember – To equalize the number of atoms in a reaction, you 

cannot change the formulae of the compounds or the elements in the 

reaction. For example, to balance the number of oxygen atoms, we can 

add 4 as a coefficient to get 4H2O and not H2O4 or (H2O)4. Now, the 

partly balanced equation looks like this – 
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Step IV 

Now, let’s balance the hydrogen atoms in the equation – 

Atoms of hydrogen In reactants In products 

(i) Initial 8 (in 4H2O) 2 

(ii) To balance 8 2 x 4 

Therefore, we add 4 as a coefficient to H2 on the RHS. The equation 

will now be – 

 

Step V 

Now, you will find that only one element is left unbalanced i.e. Fe. 

Let’s try to balance that – 

https://www.toppr.com/guides/chemistry/classification-of-elements-and-periodicity-in-properties/elements/


 

Atoms of iron In reactants In products 

(i) Initial 1 (in Fe) 3 (in 
Fe3O4) 

(ii) To balance 1 x 3 3 

Therefore, we add 3 as a coefficient to Fe on the LHS – 

 

Step VI 

Now, we count the atoms of each element on both sides of the 

equation to the check the correctness of the equation 

3Fe + 4H2O → Fe3O4 + 4H2 

The number of atoms of each element on both sides is now equal, 

therefore this equation is now a balanced equation. As we make trials 

to balance the equation using smallest whole numbers as coefficients, 

this method is called the ‘hit and trial method’ of balancing equations. 



 

Step VII 

The last step is to write the physical states of the reactants and 

products. This makes the balanced equation more informative. The 

phases of the reactants and products are mentioned using notations 

such as (g) for gaseous, (l) for liquid, (s) for solid and (aq) for 

aqueous. If the reactant or product exists as a solution in water, it is 

written as aqueous (aq). 

The balanced equation above now becomes – 

3Fe(s) + 4H2O(g) → Fe3O4 (s) + 4H2(g) 

Note – For H2O, the symbol (g) is used to indicate that here, water has 

been used in the form of steam. Physical states of the reactants and 

products are usually not specified in the equation unless necessary. A 

lot of times, the reaction conditions such as the temperature, pressure, 

catalyst etc are indicated above and/or below the arrow in the 

equation. For example – 
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Solved Examples for You 

Question: Write the balanced equations for the following chemical 

reactions – 

1. HNO3 +Ca(OH)2 → Ca(NO3)2 + H2O 

2. BaCl2 + Al2(SO4 )3 → BaSO4 + AlCl3 

3. Zinc + Silver nitrate → Zinc nitrate + Silver 

4. Calcium hydroxide + Carbon dioxide → Calcium carbonate + 

Water 

Solutions: 

1. 2HNO3 +Ca(OH)2 → Ca(NO3)2 + 2H2O 

2. 3BaCl2 + Al2(SO4 )3 → 3BaSO4 + 2AlCl3 

3. Zn + 2AgNO3 → Zn(NO3)2 + 2Ag 

4. Ca(OH)2 + CO2 → CaCO3 + H2O 
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Chemical Reactions and Equations 

What happens when you leave milk at room temperature in summers? 

Or if you leave a nail exposed to humid air for a long time? Yes, you 

are right! Milk gets spoiled and the nail becomes rusty. Why does this 

happen? This is because a chemical reaction takes place causing a 

change in the milk and the nail. In fact, regular body processes such as 

respiration and digestion are also chemical reactions. A chemical 

reaction is expressed using a chemical equation. Let’s dive in and 

learn about chemical reactions and equations. 

Chemical Reactions 

When an initial substance goes through a chemical change, we can say 

that a chemical reaction has taken place. Moreover, we can say that a 

chemical reaction has taken place if any of the following observations 

occur – 

● Change in state 

● Change in color 

● Evolution of a gas 

https://www.toppr.com/guides/physics/thermal-properties-of-matter/temperature-and-heat/
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● Change in temperature 

 
Source: Wikimedia 

The simplest form of representing a chemical reaction is a chemical 

equation. Let’s find out how to write a chemical equation. 

Check out our detailed article on Chemical Reactions here. 

Chemical Equations 

If you were to describe a chemical reaction in a sentence, it would be 

quite long. To express it in a shorter form, we can write it as a 

word-equation. For example, the reaction between magnesium and 

oxygen to give magnesium oxide can be represented as follows – 

https://www.toppr.com/guides/science/heat/heat-and-measuring-temperature/
https://www.toppr.com/bytes/chemical-reaction/
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Magnesium + Oxygen → Magnesium oxide 

(Reactants)    →    (Product) 

Substances that undergo a chemical change in a reaction are 

‘Reactants’, i.e. magnesium and oxygen in the above example. The 

new substance formed as a result of the chemical change is the 

‘Product’ i.e. magnesium oxide. In a word equation – 

● The reactants and products are separated by an arrow between 

them. 

● Reactants are written on the left-hand side of the arrow (LHS) 

with a (+) sign between them. 

● Products are written on the right-hand side of the arrow (RHS) 

with a (+) sign between them. 

● The arrowhead points towards the products and indicates the 

direction of the reaction. 

Writing a Chemical Equation 

Chemical equations can be further shortened if we use the chemical 

formulae of the reactants and products. So, if we were to write the 

https://www.toppr.com/guides/chemistry/the-s-block-elements/beryllium-calcium-and-magnesium/


 

above chemical reaction using the formulae of magnesium, oxygen 

and magnesium oxide, it would be written as follows – 

Mg + O2 → MgO 

Now, if you count the number of atoms of each element on the LHS 

and RHS of the arrow, you will notice that it is not equal. Such an 

equation is ‘unbalanced’ because the mass is not the same on both 

sides. Therefore, the above equation is a skeletal chemical equation 

for the reaction between magnesium and oxygen. 

Solved Examples for You 

Question: Why are iron articles painted? 

Solution: When iron comes in contact with air and moisture, a 

chemical reaction occurs causing the iron to rust. Painting of iron 

articles cuts off the contact between the iron surface and air/moisture, 

thus preventing it from rusting. 

Question: Write the word equation and the chemical equation of the 

reaction between sodium and chlorine to give sodium chloride. 

https://www.toppr.com/guides/chemistry/atoms-and-molecules/what-is-an-atom-and-how-do-atoms-exist/
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Solution: 

Sodium + Chlorine → Sodium chloride 

Na + Cl2 → NaCl 

 

Corrosion and Rancidity 

Have you ever observed a green coating on coins or statues made of 

copper? Why does this happen? This happens because the metal 

undergoes a process called corrosion. Also, have you observed a bad 

smell emanating from food containing fats or oils? This process is 

called rancidity. Both these processes are everyday examples of 

oxidation reactions. Let’s understand why and how both these 

processes take place. 

Corrosion 

It is a process where metals are attacked by moisture, acids etc. Some 

daily examples of corrosion that you may have observed are the black 

coating that develops on articles made of silver or the green coating on 

https://www.toppr.com/guides/chemistry/general-principles-and-processes-of-isolation-of-elements/uses-of-aluminium-copper-zinc-and-iron/
https://www.toppr.com/guides/chemistry/general-principles-and-processes-of-isolation-of-elements/occurrence-of-metals/
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copper articles. Corrosion that occurs on materials made of iron is 

‘rusting‘. 

 
Source: Wikimedia 

Corrosion is the wearing away of metals due to chemical reactions, 

mainly oxidation. In this process, metals lose their metallic properties. 

This causes a lot of damage to car bodies, ships, bridges, iron railings 

and to all objects made of iron. Iron is used in a lot of places like the 

construction of bridges, tools, pipes, heavy machinery etc. 

Therefore, corrosion of iron is a very big problem. A lot of money is 

spent each year to replace damaged iron. There are a few ways to keep 

metals from corroding. They are: 

● Painting the metal surfaces. 

● Powder coating the surfaces. 

https://www.toppr.com/guides/science/physical-chemical-changes/rusting-iron/
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● Oiling the metal surfaces. 

● Galvanization – It is the process of applying a protective zinc 

coating to iron or steel articles, to prevent them from rusting. 

Rancidity 

Have you observed a foul smell in nuts that have been stored for 

months? Or potato chips that have been sitting in the kitchen cupboard 

for too long? When such foul odour emanates from food, it is said to 

be rancid. In simple terms, rancidity is the spoilage of food such that it 

becomes unsuitable and undesirable for consumption. 

Food turns rancid when the fats and oils within them get oxidized and 

the taste and smell of the food changes. Oxidation of fats generates 

highly reactive molecules in the rancid food which is responsible for 

the unpleasant odour and flavour. These chemical reactions also 

reduce the nutrition of the food. Some studies show that rancid food 

can have harmful health effects if consumed. 

Rancidity can be prevented using the following methods: 

https://www.toppr.com/guides/science/food-where-does-it-comes-from/
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https://www.toppr.com/guides/biology/human-health-and-diseases/health-and-diseases/


 

● Adding antioxidants (substances which prevent oxidation) to 

food. 

● Storing food in airtight containers to slow the process of 

rancidification. 

● Refrigerating food also helps to slow down rancidification. 

● Replacing oxygen in the containers with another gas. For 

example, to prevent chips from turning rancid, chips 

manufacturers flush the bags with nitrogen gas. 

Solved Examples for You 

Question: Corrosion and rancidity are both due to which type of 

chemical reaction? 

A. Decomposition 

B. Reduction 

C. Oxidation 

D. Displacement 

Solution: Option C. Corrosion and Rancidity are both a result of the 

oxidation reaction. 

https://www.toppr.com/guides/chemistry/aldehydes-ketones-carboxylic-acids/reduction/
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Question: Which of the following is not a method of preventing 

corrosion of metals? 

A. Galvanization 

B. Exposure to moisture 

C. Painting the metal surface 

D. Oiling the metal surface 

Solution: Option B. Exposure to moisture will increase corrosion of 

metals than prevent it. Hence it is not a method of preventing the 

corrosion of metals. 

Types of Reactions 

As you already know, the formation of water, electrolysis of water and 

processes such as respiration and digestion, are all chemical reactions. 

But, did you know that they are all different types of reactions? Some 

produce heat whereas some combine and give rise to a single product. 

Let’s go ahead and learn about the different types of reactions. 

Types of Reactions 

https://www.toppr.com/guides/chemistry/hydrogen/water/


 

During a chemical reaction, atoms do not disappear from the mixture 

and appear elsewhere. Nor do they change from one element to atoms 

of another element. In fact, during chemical reactions, bonds between 

atoms are broken and re-made to give rise to new substances. Let’s 

understand how this happens in different types of reactions. 

Combination Reaction 

These are reactions where two or more reactants combine to give rise 

to a single product. For example, calcium oxide vigorously reacts with 

water to produce calcium hydroxide, also known as slaked lime. 

Slaked lime is used to whitewash walls. 

CaO(s) + H2O(l) → Ca(OH)2(aq) 

(Quicklime) → (Slaked lime) 

Let’s look at some other examples of combination reactions – 

● Formation of water from hydrogen and oxygen. 

2H2(g) + O2(g) → 2H2O(l) 

https://www.toppr.com/guides/chemistry/chemical-reactions-and-equations/types-of-reactions/
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● Burning of coal. 

C(s) + O2(g) → CO2(g) 

Exothermic Reaction 

These are types of reactions where along with products, heat is also 

generated. For example, in the above reaction between calcium oxide 

and water, a large amount of heat gets produced making the reaction 

mixture warm. Other examples of exothermic reactions are – 

● Burning of natural gas 

CH4(g) + 2O2 (g) → CO2 (g) + 2H2O (g) 

● Do you know how we get the energy to do our daily activities? 

The food we consume is broken down into simpler substances 

during digestion. For example, bread, potatoes rice etc contain 

carbohydrates which get broken down to its simpler form 

glucose. During respiration, glucose combines with oxygen in 

https://www.toppr.com/guides/chemistry/coal-and-petroleum/natural-gas/
https://www.toppr.com/guides/evs/from-tasting-to-digestion/digestion/


 

our cells and provides energy. Therefore, respiration is also an 

exothermic process. 

C6H12O6(aq) + 6O2(aq) → 6CO2(aq) + 6H2O(l) + energy 

(Glucose) 

● Another example of an exothermic reaction is the 

decomposition of vegetable matter to compost. 

Decomposition Reaction 

In these types of reactions, a single reactant breaks down to give 

simpler products. For example, when ferrous sulfate crystals are 

heated, they lose water and the colour of the crystals changes. This is 

because ferrous sulfate decomposes to ferric oxide, sulfur dioxide, and 

sulfur trioxide. 

 

https://www.toppr.com/guides/chemistry/the-p-block-elements/sulphuric-dioxide/


 

Note: When a decomposition reaction is carried out by heating, it is 

known as thermal decomposition. Other examples of decomposition 

reactions include – 

● Thermal decomposition of calcium carbonate to produce 

calcium oxide and carbon dioxide is very important in many 

industries. The product calcium oxide, which is also called lime 

or quicklime, is used to manufacture cement. 

 

● Thermal decomposition of lead nitrate to produce lead oxide, 

nitrogen dioxide, and oxygen. The brown fumes observed when 

you heat lead nitrate over a flame are that of nitrogen dioxide. 

 

https://www.toppr.com/guides/chemistry/carbon-and-its-compounds/some-important-carbon-compouns/
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● Electrolysis of water i.e. the decomposition of water into 

hydrogen and oxygen gas when an electric current is passed 

through water. 

2H2O → 2H2 + O2 

 

Source: Wikipedia 

● Decomposition of silver chloride or silver bromide when 

exposed to sunlight. Silver chloride decomposes to give silver 

and chlorine whereas silver bromide gives silver and bromine. 

These reactions are used in black and white photography. 



 

 

Note: Decomposition reactions use up energy in the form of light, heat 

or electricity. Therefore, they are called endothermic reactions since 

they use up or absorb energy. 

Displacement Reaction 

In these type of reactions, one element displaces or removes another 

element from a compound. Let’s understand this reaction using the 

following experiment as an example. 

Experiment 

● Clean three iron nails by rubbing them with sandpaper. 

● Mark two test-tubes as (A) and (B) and fill each tube with 10ml 

of copper sulfate solution. 

● Dip two iron nails into the tube (B) for 20 minutes carefully 

using a thread and keep one nail aside for comparison. 

● After 20 minutes, remove the iron nails from the copper sulfate 

solution. 



 

● Now, note the intensity of the colour of the copper sulfate 

solution in the two tubes. 

● Also, note the colour of the iron nails dipped in the solution 

versus the one kept aside. 

Observations 

● The copper sulfate solution in tube B is much lighter compared 

to the solution in tube A. 

● The iron nails dipped in the copper sulfate solution have turned 

brown compared to the nail kept aside. 

Conclusion 

The above observations are a result of the following reaction – 

Fe(s) + CuSO4(aq)          →       FeSO4(aq) + Cu(s) 

(Copper sulfate)       (Iron sulfate) 



 

In the above reaction, iron has displaced or removed copper from the 

copper sulfate solution. This is a displacement reaction. Some other 

examples of displacement reactions are – 

Zn(s) + CuSO4(aq)        →      ZnSO4(aq) + Cu(s) 

(Copper sulfate)        (Zinc sulfate) 

Pb(s) + CuCl2(aq)    →          PbCl2(aq) + Cu(s) 

(Copper chloride)      (Lead chloride) 

Note: Both zinc and lead are more reactive than copper. Therefore, 

they displace copper in the above reactions. 

Double Displacement Reaction 

These are types of reactions, where there is an exchange of ions 

between the reactants. Let’s understand this using the following 

example. 

● When equal amounts of sodium sulfate and barium chloride 

solutions are mixed, a white, insoluble substance is formed. 

This substance is called a ‘precipitate’. Therefore, this is also 



 

known as a precipitation reaction. Here, sodium sulfate and 

barium chloride exchange SO42- and Cl– ions to give barium 

sulfate which forms the precipitate and sodium chloride that 

stays in solution. Here, two ions have been displaced – SO42- 

and Cl–, therefore, this is a double displacement reaction. 

Na2SO4(aq)       +       BaCl2(aq)       →          BaSO4(s)        + 

2NaCl(aq) 

(Sodium sulfate)      (Barium chloride)         (Barium sulfate) 

(Sodium chloride) 

Oxidation And Reduction 

A substance is said to be oxidized if it gains oxygen or loses hydrogen 

during a reaction. Contrarily, if a substance loses oxygen and gains 

hydrogen during a reaction, it is said to be reduced. Let’s look at the 

following examples. 

● When the copper powder is heated, its surface gets coated with 

black copper oxide. This happens because oxygen is added to 

https://www.toppr.com/guides/chemistry/solutions/types-of-solutions/


 

copper to give copper oxide. Therefore, here copper is 

oxidized. 

 

Now, if you pass hydrogen gas over heated copper oxide, the reverse 

reaction takes place and the black coating turns brown giving copper. 

 

In the above reaction, CuO loses oxygen and is, therefore, is reduced. 

On the other hand, hydrogen gains oxygen and is being oxidized. Such 

reactions, where one reactant is oxidized and the other is reduced are 

called ‘oxidation-reduction reactions’ or ‘redox reactions’. 

 



 

Other examples of redox reactions are – 

●  ZnO + C → Zn + CO 

Here, ZnO is reduced to Zn and carbon is oxidized to CO. 

● MnO2 + 4HCl → MnCl2 + 2H2O + Cl2 

Here, MnO2 is reduced to MnCl2 whereas HCl is oxidized to Cl2. 

Solved Examples for You 

Question: In the following reaction, identify the substances that have 

been oxidized and reduced 

4Na(s) + O2(g) → 2Na2O(s) 

Solution: In the above reaction, sodium gains oxygen and is oxidized 

to Na2O. 



 

Question: Fill in the blanks from the following options. Fe2O3 + 2Al 

→ Al2O3 + 2Fe. This reaction is an example of ________________. 

A. Double displacement reaction 

B. Decomposition reaction 

C. Combination reaction 

D. Displacement reaction 

Solution: This reaction is an example of displacement reaction. This is 

because aluminium (Al) displaces iron (Fe) in the compound Fe2O3 to 

form Al2O3. 

 
 


