
MODULE-17 

CHEMICAL PROPERTIES OF CARBON COMPOUNDS 

1. Addition reactions: - An addition reaction occurs when two or more reactants combine 
to form a single product. This product will contain all the atoms that were present in the 
reactants. Addition reactions occur with unsaturated compounds (alkenes or alkynes).The 
small molecule always adds across the double bond/triple bond of the unsaturated 
compounds. 

Examples:- 

(i) Hydrohalogenation: - Hydrohalogenation involves the addition of a hydrogen atom and a 
halogen atom to an unsaturated compound (containing a carbon-carbon double bond). ‘X’ 
can be fluorine (F), chlorine (Cl), bromine (Br) or iodine (I). 

                                   

(ii) Halogenation: - Halogenation is very similar to hydrohalogenation but a diatomic 
halogen molecule is added across the double bond.  

                                 

(iii) Hydrogenation: - Hydrogenation involves adding hydrogen (H2) to an alkene. During 
hydrogenation the double bond is broken (as with hydrohalogenation and halogenation) and 
more hydrogen atoms are added to the molecule. 

                                

Reaction conditions: 

(a) A catalyst such as platinum (Pt), palladium (Pd) or nickel (Ni) is needed for these 
reactions [Catalysts are substances that cause a reaction to occur or proceed at a 
different rate (generally at a faster rate) without the reaction itself being affected.] 

(b) Heating is required 
(c) The reaction must be done under an inert atmosphere, not air (e.g. N2(g) 

atmosphere) 

The hydrogenation of vegetable oils using Ni catalyst is an example of this addition reaction. 



                                       

2. Substitution reactions:- A substitution reaction is a reaction in which an atom (or 
group of atoms) in a molecule is replaced by another atom or group of atoms. 

Example: Chlorination of methane in the presence of sunlight. 

 

3. Oxidation: - Oxidation is the gain of oxygen by a substance. The substance is said to be 
oxidised. For example, magnesium is oxidised when it reacts with oxygen to form 
magnesium oxide: 

2Mg (s) + O2 (g) → 2MgO (s)  

Some important oxidation processes:- 

a) Rusting:- Iron and steel rust when they come into contact with water and oxygen: this is a 
form of corrosion. Both water and oxygen are needed for rusting to occur. Rusting is an 
oxidation reaction. The iron reacts with water and oxygen to form hydrated iron (III) oxide, 
which we see as rust. 

b) Oxidation of a primary alcohol (those alcohols with the -OH group on the end carbon) 
may yield either an aldehyde or a carboxylic acid, depending on the reaction conditions.  

Primary alcohols undergo oxidation with oxidizing agents (substances capable of adding 
oxygen to others) like acidified potassium dichromate or alkaline potassium permanganate. 
The product formed initially is an aldehyde with same number of carbon atoms as the original 
alcohol, which on further oxidation becomes a carboxylic acid with same number of carbon 
atoms. 



                                   

                 

 For example, mild oxidation of ethanol produces acetaldehyde (ethanal), which under more 
vigorous conditions may be further oxidised to acetic acid (ethanoic acid). The oxidation of 
ethanol to acetic acid is responsible for causing wine to turn sour, producing vinegar. 

       

 

Oxidizing agent:- 

An oxidizing agent (also called an oxidizer or oxidant) is referred to as a chemical compound 
that readily transfers oxygen atoms or a substance that gains electrons in a redox chemical 
reaction. 

An oxidizing agent oxidizes other substances. Some important oxidizing agents are,  

Oxidation and reduction take place together (Redox Reactions):- 

If oxidation is the gain of oxygen by a substance, then loss of oxygen is called reduction and 
the substance undergoing reduction is said to be reduced. For example, when hydrogen is 
passed over heated copper (II) oxide. The black compound turns brown. 

CuO (s) + H2 (g) → Cu (s) + H2O (l) 

Here, copper (II) oxide is undergoing reduction to metallic copper and hydrogen is 
undergoing oxidation to water. Such reactions, which involve both oxidation and reduction 
reactions are called redox reactions. 

Some more redox reactions:- 

(i) The reaction between calcium and oxygen: - Calcium burns in air with a red flame, to 
form the white compound calcium oxide. 



                                               

(ii) The reaction between hydrogen and oxygen:- Hydrogen reacts explosively with oxygen, to form 
water. Hydrogen is oxidised, and oxygen is reduced 

                                          

4. Combustion:- Burning of any substance in the presence of oxygen giving out heat and 
light is called combustion. A combustion reaction is a type of redox reaction. It is an 
exothermic reaction. 

 The combustion of carbon compounds, especially hydrocarbons, has been the most important 
source of heat energy for human civilizations throughout recorded history. For example, 
when propane undergoes combustion, every covalent bond in the reactants is broken and an 
entirely new set of covalent bonds are formed in the products.  

CH3-CH2-CH3   +   5 O2   ——> 3 CO2   +   4 H2O   +   heat 

The quantity of heat evolved in this reaction is related to the strength of the bonds in the 
reactants that are broken and the strength of the bonds formed in the products.  

If insufficient oxygen is supplied during the reaction, some of the products will consist of 
carbon monoxide, a highly toxic gas. 

CH3-CH2-CH3   +   4 O2   ——> CO2   +   2 CO   +   4 H2O   +   heat 

Even more severe restriction of O2 will also cause the production of fine particles of carbon 
that we call soot. 

The combustion of carbon-containing molecules produces the energy we use for 
transportation, electricity, and heating. 

Basic requirements for combustion to take place are as follows:- 

1. A combustible substance 

2. A supporter of combustion (Atmospheric air or oxygen gas)  

3. Heating to ignition temperature: A minimum amount of temperature or heat that is required 
to enable a fuel to catch fire. 



Most of the carbon compounds like the hydrocarbons when burnt in air or oxygen 
produce large amounts of heat, carbon dioxide and water vapour. Hence they are used 
as fuels. 

Some combustion reactions are given below:- 
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CHEMICAL PROPERTIES OF CARBON COMPOUNDS 

Some textual questions answered:  

1) Why is the conversion of ethanol to ethanoic acid an oxidation reaction? 

 

Since the conversion of ethanol to ethanoic acid involves the addition of oxygen to 
ethanol, it is an oxidation reaction. 

2) A mixture of oxygen and ethyne is burnt for welding. Can you tell why a mixture of 
ethyne and air is not used? 

 

When ethyne is burnt in air, it gives a sooty flame. This is due to incomplete combustion 
caused by limited supply of air. However, if ethyne is burnt with oxygen, it gives a clean 
flame with temperature 3000°C because of complete combustion. This oxy-acetylene flame is 
used for welding. It is not possible to attain such a high temperature without mixing oxygen. 
This is the reason why a mixture of ethyne and air is not used. 
 
3) Why are carbon and its compounds used as fuels for most applications? 
 
Most of the carbon compounds give a lot of heat and light when burnt in air. Saturated 
hydrocarbons burn with a clean flame and no smoke is produced. The carbon compounds, 
used asa fuel, have high calorific values. Therefore, carbon and its compounds are used as 
fuels for most applications. 
 
4) What is hydrogenation? What is its industrial application? 
Hydrogenation is the process of addition of hydrogen. Unsaturated hydrocarbons are 
added with hydrogen in the presence of palladium and nickel catalysts to give saturated 
hydrocarbons. 
 

 
This reaction is applied in the hydrogenation of vegetables oils, which contain long chains of 
unsaturated carbons. 


