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CHEMICAL BONDING

C H E M I S T R Y

INTRODUCTION TO CHEMICAL BONDING AND 
THE FLAVOUR OF IONIC BONDING

Chemical Bond

Why Does a Chemical Bond Form?

The attractive force that holds various constituents such as atoms, ions, etc., together in different 
chemical species is known as chemical bond. Since the formation of chemical compounds takes 
place as a result of attraction between constituent atoms, it can be understood that the stability of 
chemical compounds are reliant on the strength of the chemical bonds between its constituents. 
Stronger the bonding between the constituents, more stable would be the resulting compound.
In a bond formation, the electrostatic force of attraction plays an important role even though  all 
electrostatic forces are not able to form chemical bonds. If the electrostatic attraction has higher 
magnitude than the repulsive force, then the bond forms and energy is released. The bond will 
form only if the magnitude of the released energy is greater than 130-150 kJ/mol.

Bonding is a way of reducing the energy of a system to attain stability.

It is a universal fact that every system tends to lose potential energy to attain stability. Bonding is 
a way of reducing the energy of a system to attain stability. When two atoms approach each other, 
they combine only if there is a decrease in the potential energy of the system. 
The decrease in the potential energy indicates that there is a decrease in the total energy of the 
system, and the energy that is released is known as the bond energy. We have to provide energy 
equal to the bond energy to break the bond.
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Potential Energy Curve

When two atoms approach each other, forces of attraction and repulsion between them come 
into play. These forces are the following:

• Attraction between the nucleus and electrons: Since electrons and nuclei are opposite in 
charge, they attract each other. Attractive forces are energetically favourable, so an electron 
attracted to a nucleus is of lower energy and therefore, it is more stable than a free electron.

• Repulsion between two nuclei: Nuclei of both atoms repel each other when they come closer, 

i.e., the stability of the system decreases.

• Repulsion between electrons: When atoms come closer, electrons repel each other because 

of having the same charge. This leads to an increase in the energy of the system.

When two atoms of the hydrogens are present far away (r = 300 pm), then the potential energy 
is close to zero with respect to each other because there are almost no forces of interaction 
between them. When both move towards each other (r = 150 pm) along the force field, then 
the potential energy decreases, and it reaches the minimum value when both the atoms are at 
distance of r = 74 pm or at that limit where the bond is formed. Now, if the atoms move further 
closer, then the repulsion between the two nuclei increases, and due to this, the potential energy                          
increases rapidly.
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Fig. 1: Potential energy curve for H2 molecule
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Fig. 2:  Electrostatic forces in the 
hydrogen molecule

Attraction

Attraction Attra
ctio

n

Attra
ctio

n

Types of Bonds

Ionic bond Covalent bond Metallic bond

Chemical bond

Electropositive &
electronegative atoms

Two electronegative 
atoms

Two electropositive 
atoms
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Ionic Bond

Covalent Bond

• The chemical bond formed between two or more atoms as a result of the complete transfer 
of one or more electrons from electropositive to electronegative atom is known as ionic bond. 

The bond formed as a result of the electrostatic attraction between the positive and negative 
ions is known as the electrovalent bond.

A chemical bond formed by sharing of one or more electrons between two electronegative atoms  
when each atom contributes equally is known as a covalent bond.

Example: Formation of the H2 molecule

Each hydrogen atom contributes one electron in the formation of a hydrogen molecule. By              
sharing one electron each, both the atoms acquire a stable noble gas configuration (helium), and a            
covalent bond is formed between the two hydrogen atoms.

Electropositive atoms have a tendency to lose electrons and form cations, and electronegative 
atoms have a tendency to gain electrons and form anions. The cations are positively charged 
ions, whereas the anions are negatively charged ions. These oppositely charged ions have the 
tendency to attract each other and a bond between them is formed, which is known as an ionic or 
electrovalent bond. Compounds containing ionic bonds are known as ionic or electrovalent
compounds.
In ionic compounds, each cation is surrounded by negative ions, and vice versa. The number of 
oppositely charged ions immediately surrounding an ion is known as the coordination number of 
the ion.

Na Na+    +    e-
Cl        +      e- Cl

-

Ion formation

Na Cl

Fig. 3: Formation of a cation Fig. 4: Formation of an anion

Fig. 5: Formation of an ionic bond

1. 2.

3.
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H H

Shared pair of electrons

Fig. 6: Formation of a covalent bond (H2 molecule)

Coordinate Bond (Dative Bond)

Example:

A coordinate bond (dative bond) is a type of covalent bond in which both the shared electrons are 
contributed by one of the bonding atoms. 
The atom that donates the electron pair is known as the donor, whereas the atom that accepts the 
electron pair is known as the acceptor. The direction of donation of electrons is denoted by an 
arrow (→). The arrow should be placed such that the head of the arrow points toward the acceptor 
and tail of the arrow points toward the donor.

In the formation of NH4
+, N in NH3 has a lone pair, so it acts as the donor, and H+ has vacant orbital, 

so it acts as the acceptor. N donates its lone pair to H+ to form a coordinate bond.

Fig. 7: Formation of a coordinate bond

Fig. 8: Coordinate bond in NH4
+

AcceptorDonor
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Metallic Bond

Metallic bond

Atom

Kernel Valence electrons

A bond that holds the metal atoms firmly
together on account of the force of

attraction between the metal ions and
mobile electrons is known as a metallic bond.

It is the part of the atom other than the
valence shell. It contains the inner shells 

and nucleus

In metallic bonding, atoms are divided into two parts, which are given as follows:

In metal crystals, all atoms are equivalent 
in nature, i.e., there is no electronegativity 
difference between them, and the metals have 
the tendency to lose the electrons because of 
having a lower value of ionisation energy. Thus, 
by losing valence electrons, the metal gets a 
positive charge (not cation because electrons 
cannot leave the metal). However, in the metal 
crystal, there is no anion, i.e., electrons act as 
the negative part, and an electrostatic force 
between the kernel (positive part) and the 
electrons takes place. These free electrons 
can easily move inside the metal. However, 
they cannot leave the metal without an external 
source. This can be easily understood as the 
following:

An Indian citizen can visit a place in India without any permission. However, for going outside the 
country, they need the required legal certificate. This electrostatic force is known as the metallic 
bond. 

Fig. 9: Distribution of kernels and 
electrons in a metal

The electrostatic attraction between a
metal kernel and valence electrons is 

known as a metallic bond.

They are the electrons that are found in 
outermost shell. These electrons are also 

known as mobile or free electrons

Kernel

Free 
electron
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Ionic Bond

The bond formed, as a result of the electrostatic attraction between the positive and negative ion 
is known as ionic bond.

Why does an ionic bond form?

Ionic bonds are formed to attain stability. Elements lose or gain electron(s) in order to                                 
complete their octet in their valence shells. An ionic bond is formed via the complete transfer 
of the electron from an electropositive atom to an electronegative atom. In this process, the                                                         
electropositive atoms lose the required number of electrons to attain noble gas configuration, 
whereas the electronegative atoms gain the required number of electrons to attain noble gas  
configuration. Hence, when both the atoms attain noble gas configuration, they form ions and are 
held together by the electrostatic force of attraction, thus forming the ionic bond.

Ionic compounds exist as crystals rather than molecules. This is because when an atom releases 
electrons, it has a positive charge, and when an atom accepts electrons, it gets a negative charge 
and these ions sit together in a three dimensional network called the crystalline lattice. Therefore, 
all positive ions are surrounded by negative ions in all possible directions, and vice versa. This 
process of surrounding makes the ionic compound exist in the form of ionic crystals.

Ionic compounds exist as crystals rather than a single molecule.

Na Cl

Fig. 10: Ionic bond formation

Note

Electrovalency

It is defined as the number of electrons lost by the electropositive atom or the number of                 
electrons gained by the electronegative atom.

This can also be defined as the magnitude of the charge (positive or negative) that is acquired 
by the atom.

Example Na NaCl Cl

Fig. 11: Formation of Na+ Cl-

• NaCl crystal

BOARDS
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From Fig. 11, we can say that Na loses one electron and thus, it has unit positive charge. Hence, 
the electrovalency of the sodium (Na) atom is 1. Similarly, the Cl atom gains one electron and          
therefore, it has unit negative charge. Hence, the electrovalency of the chlorine (Cl) atom is 1.

A qualitative measure of the ability of an atom in a chemical compound to attract shared electrons 
in between the bond toward itself is known as electronegativity.

Metals have the lowest value of electronegativity and non-metals have the highest value. 
Ionic bonds are formed between metals and non-metals. As the value of difference in the                                                     
electronegativity is increased, the metallic and non-metallic characters are increased, and the ionic 
character is also increased.

The minimum amount of energy required to remove the most loosely bound electron from an 
isolated gaseous atom in its ground state is known as ionisation energy. For example,

For ionic bonds, the ionisation energy of metals should be low. As the value of ionisation                          
energy decreases, the valence electrons can be removed easily to form a cation. This favours the              
formation of ionic bonds.

Favourable Conditions for the 
Formation of an Ionic Bond

Electronegativity

Ionisation energy

Favourable conditions of forming the ionic bond

Ionisation energy 
of electropositive 

atom
ΔE.N.

Electron affinity of 
electronegative 

element
Lattice energy

High HighLow

Na (g)          Na+ (g) + e-

High

MAIN ADVANCEDBOARDS



08

© 2020, BYJU'S. All rights reserved

When an electron is added to a isolated gaseous atom, the energy release accompanying the 
process is defined as the electron affinity.

For ionic bonds, the electron affinity of the non-metal should be high. As the value of electron          
affinity increases, the ability to gain electrons for non-metal is increased and therefore, it favours 
the ionic bond.

The energy required to completely separate one mole of ionic solid compound into gaseous 
constituent ions, or the energy released while making one mole of ionic compound from its 
gaseous constituent ions is known as lattice energy. For example, 

Electron affinity

Lattice energy

The energy required to break the lattice is known as lattice dissociation energy and it is                               
endothermic in nature, whereas the energy released to make the lattice is known as lattice                  
formation energy and it is exothermic in nature. Both the dissociation and formation energies are 
equal in magnitude but have opposite signs of heat.
For ionic compounds, the lattice energy should be high. If more energy is required to break the 
solid crystal, then the crystal has a strong ionic bond.

NaCl (s)        Na+ (g) + Cl- (g)

Factors Affecting Lattice Energy

When the opposite charges come closer in an ionic compound, the potential energy                                             
decreases, and the formation of lattice takes place due to the release of the lattice energy. Hence, 
both potential and lattice energies depend upon the same factor. The formula of potential energy 
(U) is given as follows:

From equation (i), we can say that lattice energy is directly proportional to the magnitude of the 
product of ionic charges for nearly the same internuclear distance. This can be shown as follows:

Where, q1  is the charge on the cation and q2 is the charge on the anion.
From equation (i),  we can say that for the same product of ionic charges, if the value of internuclear 
distance (r) decreases then the value of lattice energy increases, as the lattice energy is inversely 
proportional to r.

U = k r
q1  q2  ... (i)

Lattice energy ∝ |q1 . q2|

MAINBOARDS

where q1 and q2 are charges, 

r = Interionic distance,  k = Electrostatic constant
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Where, r = r1 + r2 and r1  = Radius of cation, r2 = Radius of anion

Lattice energy ∝ r
1

Charge is the dominating factor as compared to radius while comparing the lattice energy. This 
is because the impact of change in radius is normally less as compared to the impact of change in 
charge.

In this case, LiF has a lower value of r. However, the dominant factor is charge and the magnitude 
of the product of ionic charges is 1 (Li+ and F

-
) for LiF and 4 (Mg2+ and O2-  ) for MgO. Thus, the value 

of lattice energy is much higher for MgO because |q1 . q2|  has a higher value for MgO.

Table 1: Influence of charge on lattice energy

Note

Example:

Ionic compound r (Å) |q1 . q2| L.E. (kJ/mol)

LiF 2.01 1 1004

MgO 2.10 4 3933

• KI < KBr < KCl < KF

          In all compounds, the charges on the cations and anions are +1 and -1, respectively, i.e., the                        
magnitude of the product of ionic charges is equal to 1. Thus, the lattice energy is inversely                     
proportional to the interionic distance. Among the given compounds, the cation is the same 
and therefore, the interionic distance depends only on the radii of the anion. As we move down 
the group (F to I), the radii of the anion increase and due to this, the lattice energy decreases. 

• BaO < SrO < CaO < MgO < BeO 

        In all compounds, the charges on the cations and anions are +2 and -2, respectively, i.e., the                  
magnitude of the product of ionic charges is equal to 4. Thus, the lattice energy is inversely 
proportional to the interionic distance. Among the given compounds, the anion is the same 
and therefore, the interionic distance depends only upon the radii of the cation. As we move 
down the group (Be to Ba), the radii of the cations increase and due to this, the lattice energy 
decreases.

Orders of lattice energy
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• NaF < MgF2 < AlF3

        In these compounds, the charge on cations increases continuously and the interionic distance 
is nearly the  same. Therefore, the lattice energy is directly proportional to the product of         
magnitude of ionic charges. As we move from Na to Al, the charge increases and hence, the 
lattice energy also increases.

Ionic compounds are generally solid in nature at room 
temperature.

Generally, ionic compounds are more soluble in polar 
solvent.

Properties of 
ionic

compounds

Ionic compounds have high melting point and boiling 
point because they have high electrostatic forces.

They are good conductors of electricity in aqueous and 
molten states.

Ionic compounds exhibit isomorphism and polymorphism.

Polar solvents are compounds that have a considerably high value of net dipole moment (we will 
see more about this further in the chapter).
Ionic compounds are soluble in polar solvents because ionic compounds are made of ions, 
and in a polar solvent, both positive and negative parts are present. Hence, the cation of the                        
ionic compound is surrounded by the negative part of the polar solvent, and the anion of the 
ionic compound is surrounded by the positive part of the polar solvent. This process is known as       
solvation, and if solvent is water, then this process is known as hydration.

In an aqueous solution of ionic compounds, the ions are separated and solvated/hydrated. If 
potential difference is applied, then the flow of the ions takes place. This means that positive 
ions start moving toward the negative terminal and negative ions start moving toward the positive 
terminal. This movement of ions facilitates the flow of electricity.

Interaction of ionic compounds with polar solvents

Conduction of current in ionic solutions
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Two or more compounds that have similar   
crystal structures are isomorphs and this 
phenomenon is known as isomorphism.

FeSO4 .7H2O Green vitriol

MgSO4 .7H2O Epsom salt

ZnSO4 .7H2O White vitriol

Isomorphism

Example: Example:

When a particular substance exists in more 
than one crystalline form, it is known as 
polymorphism.

Polymorphism

ZnS exists in two forms, namely,  sphalerite 
and wurtzite. Similarly, chalk and marble are 
both CaCO3.

Hydration Energy

Factor affecting hydration energy

A+ (g) + H2O (l)        A+ (aq), ΔH = -ve

Hydration energy ∝ |q|

The energy released when one mole of a gaseous ion is hydrated in large amounts of water to 
form an aqueous solution is known as hydration energy.

• Hydration energy is directly proportional to the magnitude of ionic charges. As the charge on 
the ions increases, the charge density increases and hence, the hydration energy increases.

• Hydration energy is inversely proportional to the ionic size. As the ionic size increases, both the 
charge density and the hydration energy decreases.

Where, r1 = Radius of cation , r2 = Radius of anion

Hydration energy ∝ ( r1

1  + r2

1 )

Dielectric constant: The ability of the substance to separate the charges from each other is 
represented by the dielectric constant. As the dielectric constant of the solvent increases, 
the polarity of solvent increases and due to this, the energy released on solvation increases.

MAINBOARDS
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Solvation

Dissolution of ionic compound

The interaction of the solute and the solvent molecules that stabilises the solute in the solution 
is known as solvation. In this process, the cation of the ionic compound is surrounded by the 
negative part of the polar solvent, and the anion of the ionic compound is surrounded by the 
positive part of the polar solvent. If the solvent is water, then this process is known as hydration.

In the solution, each water molecule acts like a tiny electric dipole that creates force of attraction 
on the ions of the solute. If the combined force of all the water molecules that are surrounding 
a solute is more than the force of attraction between the ions, the ions separate. This process 
is known as the dissolution of the ionic compound. Every separate ion is surrounded by water      
molecules, which prevent it from recombining. When all the water molecules attach to the ions, 
and no more water molecules are available, then the solution is said to be saturated, and no more 
solute will dissolve.

Fig. 12: Hydration process for NaCl

Covalent Bond

A chemical bond formed by sharing one or more electron pair between two electronegative atoms  
where each atom contributes equally is known as a covalent bond.

Water molecule
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Types of covalent bonds

Single covalent bond Double covalent bond Triple covalent bond

Cl- Na+
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Single covalent bond

Double covalent bond

When one electron pair is shared between two atoms (each atom contributes one electron), they 
are said to be connected by a single covalent bond.

When two electron pairs are shared between two atoms (each atom contributes two electrons),  
they are said to be connected by a double covalent bond.

Fig. 14: Formation of a double covalent bond (O2 molecule)

• Formation of an Cl2 molecule

        Each chlorine atom contributes one electron in the formation of a chlorine molecule. This pair 
of electrons is shared between both the chlorine atoms. By doing so, both the atoms acquire a 
stable noble gas configuration (argon).

• Formation of an O2 molecule

      Each oxygen atom contributes two electrons in the formation of an oxygen molecule. These 
pairs of electrons are shared between both the oxygen atoms. By doing so, both the atoms   
acquire a stable noble gas configuration (neon).

Example:

Example:

Fig. 13: Formation of a single covalent bond (Cl2 molecule)

[Ne]3s2 3p5 [Ne]3s2 3p5 [Ne]3s2 3p6    [Ne]3s2 3p6

ClCl ClorCl Cl Cl

[He]2s2 2p4 [He]2s2 2p4 [He]2s2 2p6    [He]2s2 2p6

orO OO O O O

Triple covalent bond

When three electron pairs are shared between two atoms (each atom contributes three electrons), 
they are said to be connected by a triple covalent bond.
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• Formation of N2 molecule

       Each nitrogen atom contributes three electrons in the formation of a nitrogen molecule. These 
pairs of electrons are shared between both the nitrogen atoms. By doing so, both the atoms 
acquire a stable noble gas configuration (neon).

Fig. 15: Formation of a triple covalent bond (N2 molecule)

[He]2s2 2p3 [He]2s2 2p3 [He]2s2 2p6    [He]2s2 2p6

N NorNN NN

Theories of Covalent Bonding

Theories of covalent bonding

Kössel-Lewis
electronic theory

Valence bond
theory
(VBT)

Valence shell
electron pair

repulsion theory 
(VSEPR)

Molecular
orbital theory 

(MOT)

Lewis approach

According to him, an atom can be divided 
into two parts, which are given as follows:

• Kernel

• Valence electrons

Example:

MAINBOARDS

Fig. 16: Representation of a metal atom as 
kernel and outer shell

Inner 
Electron

Kernel

Outer shell

Valence
electron

Inner shell

Nucleus

According to him, the valence electrons can be given, electrons can be taken in the valence shell, 
or valence electrons can be shared in order to attain the nearest noble gas configuration. Every 
atom wants to attain noble gas configuration because it is the most stable configuration.
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Octet rule

As a consequence, atoms can combine either by the transfer of valence electrons from one atom 
to another or by the sharing of valence electrons in order to have an octet in their valence shells.

Exception: For H and He, there is no octet. It is a duplet of electrons, as they only have 1s orbitals, 
which can have only 2 electrons.

Stable Electronic Configuration (Noble Gas Configuration)

Noble 
gas

Atomic
number

Electronic
configuration

Diagram

He 2 1s2

Ne 10 1s2 2s2 2p6

He

Ne

BOARDS
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Ar 18 1s2 2s2 2p6 3s2 3p6

Kr 36
1s2 2s2 2p6 3s2 3p6 

3d10 4s2 4p6

Table 2: Stable electronic configuration of Noble gases

Summary

1.  Chemical bond

       The attractive force that holds various constituents atoms, ions, etc. together in the chemical 
species is known as chemical bond. Stronger the bond between the constituents, more stable 
will the resulting compound be.

2.  Types of bonds

     •  Ionic bond          •  Covalent bond          •  Coordinate bond          •  Metallic bond

Ar

Kr

     •  Ionic bond

         The chemical bond formed between two or more atoms as a result of the complete transfer 
of one or more electrons from an electropositive to an electronegative atom is known as an 
ionic bond.

     •  Covalent bond

            The chemical bond formed by the sharing one or more electrons between two electronegative 
atoms is known as a covalent bond.
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     •    Coordinate bond

             A coordinate bond (dative bond) is a type of covalent bond in which both the shared             
electrons are contributed by one of the bonding atoms. The atom that donates the electron 
pair is known as the donor, whereas the atom that accepts the electron pair is known as the 
acceptor. The direction of donation of electrons is denoted by the arrow ( ). The arrow 
should be placed such that the head of the arrow points towards the acceptor atom and tail 
of the arrow is towards the donor atom.

           Example: A  B

     •    Metallic bond

              The bond that holds the metal atoms firmly together on account of the force of attraction            
between the metal kernels and the mobile electrons is known as a metallic bond.

4. Electrovalency 

      It is defined as the number of electrons lost by the electropositive atom or the number of         
electrons gained by the electronegative atoms. In other words, this also be defined as the              
magnitude of the charge (positive or negative) on ions.

     For example, in NaCl, both Na and Cl have 1 electrovalency. 

5. Favourable conditions for Ionic bonds

     •  ΔE.N. should be high.

     •  The ionisation energy of electropositive atoms should be low.

     •  The electron affinity of electronegative atoms should be high.

     •  Lattice energy should be high.

6. Properties of ionic compounds

     •  Ionic substances are generally solids at room temperature.

     •  Ionic substances have very high melting and boiling points.

     •  Ionic solids are hard and brittle.

     •  Ionic bonds are non-directional.

     •  Ionic substances are soluble in polar solvents.

     •  Ionic substances conduct electricity in aqueous and molten states.

1. Single covalent bond

2. Double covalent bond

3. Triple covalent bond

Example: Formation of an H2 molecule. There are three types of covalent bonds.


