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3.2.2 Ions and ionic bonds                                                                    CORE 

Describe the formation of ions by electron loss or gain 
 

 
• Ions are electrically charged particles. 

• They are formed from atoms by electron loss or gain. 

• When an atom loses electron/s, a positive ion is formed. 

• When an atom gains electron/s, a negative ion is formed. 

• The magnitude of the charge on an ion is equal to the number of electrons lost or 
gained. 

 
Example: 
Sodium ion is formed from Sodium atom by the loss of 1 electron from the outer shell. 
 
Ion forming equation 
Na → Na+ + e–  
 
An Oxide ion is formed from Oxygen atom by the gain of 2 electrons. 
 
Ion forming equation 
O + 2e– → O2–   

 
The number of electrons lost or gained is determined by the valency of an element. 

Refer to ATOMS, ELEMENTS & COMPOUNDS 3.1 for notes on Valency. 

 
Charges on ions formed by elements of respective groups 

 

 
*Noble gases (group VII) are chemically inert, hence do not form ions. 
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Formulae of commonly encountered ions grouped by valency: 1, 2 and 3 
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Describe the formation of ionic bonds between elements from Groups I and VII 
 

 

Elements of group I form ions of the type M1+. 

Elements of group VII form ions of the type X1–. 

Ionic bonds form between oppositely charged ions as a result of electrostatic attraction. 
 

M → M+ + e– 

X + e– → X– 

M+ + X– → MX 

 

Example: 

Na → Na+ + e– 

Cl + e– → Cl– 

Na+ + Cl– → NaCl 

Ionic bonding in Sodium chloride 
 

 
 

Simplified diagram showing outer shell electrons only  
 

 

EXAM TIP: 

The diagram above can be used for all Alkali metal halides. The part emphasized in red 

needs to be drawn. Only the symbols of the elements need to be changed.  
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3.2.2 Ions and ionic bonds                                                      SUPPLEMENT 

Describe the formation of ionic bonds between metallic and non-metallic 
elements 
 

 

Metallic elements form ions of the type Mx+ by losing electrons. 

Non-metallic elements form ions of the type Ny– by gaining electrons. 

Ionic bonds form between oppositely charged ions as a result of electrostatic attraction. 
 

Mx+ + Ny– → MyNx 
 
Example: 

Mg → Mg2+ + 2e– 

O + 2e– → O2– 

Mg2+ + O2–→ MgO 

 
Ionic bonding in Magnesium oxide 

 

 
 

Al → Al3+ + 3e– 

O + 2e– → O2– 

 
 

Al 
 

O 

 

3+ 

 

2–  

 

2Al3+ + O2–→ Al2O3 

 
 

 

× 
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Describe the lattice structure of ionic compounds as a regular arrangement of 

alternating positive and negative ions 
 

 
Lattice: ordered arrangement / regular arrangement  
 
Lattice structure of ionic compounds consists of a regular arrangement of alternating 
positive and negative ions. (MUST LEARN!) 
The ions attract each other strongly and are held together in the lattice structure by 
strong ionic bonds. 
 

Cubic lattice structure of Sodium chloride 
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Sodium chloride is a typical ionic compound.  

The diagram shows part of a lattice of sodium chloride. 

Complete the diagram to show the ions present. Use ‘+’ for Na+ ions and ‘–’ for Cl – ions. 

One ion has been completed for you. 

 

Solution: 

Ionic lattice → ordered arrangement of alternating positive and negative ions 
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3.2.3 Molecules and covalent bonds                                                  CORE 

Describe the formation of single covalent bonds in H2, Cl2, H2O, CH4, NH3 and 
HCl as the sharing of pairs of electrons leading to the noble gas configuration 
 

 
Covalent bonds are formed between atoms of non-metals by sharing of electron pair/s  
in order to attain a noble gas configuration. 
 
A single covalent bond is formed by sharing of ONE PAIR of electrons between two atoms 
(that may be same of different).  
It is generally represented by a single dash         
 
The number of electrons shared by an atom is (generally) equal to the valency of that 
atom. (MUST KNOW!) 
 
Example:  
 
Chlorine has 7 electrons in its outer shell.  
It needs 1 more electron to attain the noble gas configuration (OCTET RULE). 
The valency of Chlorine is 1. 
Two Chlorine atoms therefore share 1 electron each to form a diatomic Chlorine 
molecule, Cl2. 
 

 
 
Diatomic molecule: made up of two atoms bonded together by covalent bond/s 
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Formation of single covalent bonds in H2, H2O, CH4, NH3 and HCl 
 

HYDROGEN MOLECULE, H2 
Valency of Hydrogen = 1 
Number of electrons shared by each Hydrogen atom = 1 

 
 

WATER MOLECULE, H2O 
Valency of Hydrogen = 1 
Number of electrons shared by each Hydrogen atom = 1 
 
Valency of Oxygen = 2 
Number of electrons shared by Oxygen atom = 2 
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METHANE MOLECULE, CH4 
Valency of Hydrogen = 1 
Number of electrons shared by each Hydrogen atom = 1 
 
Valency of Carbon = 4 
Number of electrons shared by Carbon atom = 4 
 

  
 

AMMONIA MOLECULE, NH3 
Valency of Hydrogen = 1 
Number of electrons shared by each Hydrogen atom = 1 
 
Valency of Nitrogen = 3 
Number of electrons shared by Nitrogen atom = 3 
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Describe the differences in volatility, solubility and electrical conductivity 

between ionic and covalent compounds 
 

Property  Ionic compounds Covalent compounds 

Volatility (boiling point) High boiling point,  
low volatility 
 

Relatively lower boiling 
points, higher volatility 
 

Inter-ionic forces of 
attraction (ionic bonds) are 
very strong.  
A large amount of heat 
energy is required to 
overcome these forces, 
hence high melting point / 
boiling point! 
 

Intermolecular forces in 
simple covalent compounds 
are much weaker than ionic 
bonds and can be overcome 
easily. 
Covalent compounds 
therefore have relatively 
lower melting points / boiling 
points. 
 

NOTE: 
Compounds that have a giant 
covalent structure have very 
high melting and boiling 
points. 
 

Solubility  Generally water-soluble Generally soluble in  
non-aqueous solvents 
 

Electrical conductivity Conduct electricity in the 
molten state / aqueous 
solution but not in the solid 
state 
 

Do not contain ions / free 
electrons, hence cannot 
conduct electricity 

Ions are free to move in the 
molten / aqueous states but 
not in the solid state as they 
are held together by strong 
ionic bonds 
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3.2.3 Molecules and covalent bonds                                    SUPPLEMENT 

Describe the electron arrangement in more complex covalent molecules such as 

N2, C2H4, CH3OH and CO2 

 

NITROGEN MOLECULE, N2 
Valency of Nitrogen = 3 
Number of electrons shared by each Nitrogen atom = 3 
 

 
A triple bond (3 pairs of shared electrons) exists between the Nitrogen atoms in 
Nitrogen molecule, N ≡ N.  

 

ETHENE MOLECULE, C2H4 
Valency of Carbon = 4 
Number of electrons shared by each Carbon atom = 4 
 
Valency of Hydrogen = 1 
Number of electrons shared by each Hydrogen atom = 1 
 

C × 

H • 

 

 
 

A double bond (2 pairs of shared electrons) exists between the Carbon atoms in Ethene, 
C = C. 
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METHANOL MOLECULE 
Valency of Carbon = 4 
Number of electrons shared by Carbon atom = 4 
 
Valency of Hydrogen = 1 
Number of electrons shared by each Hydrogen atom = 1 
 
Valency of Oxygen = 2 
Number of electrons shared by Oxygen atom = 2 
 

C • 

H × 

O × 

 
 

 

CARBON DIOXIDE MOLECULE, CO2 
Valency of Carbon = 4 
Number of electrons shared by Carbon atom = 4 
 
Valency of Oxygen = 2 
Number of electrons shared by each Oxygen atom = 2 

 

 
Double bonds (2 pairs of shared electrons) exists between the Carbon and Oxygen 

atoms in Carbon dioxide, O = C = O. 
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Explain the differences in melting point and boiling point of ionic and covalent 
compounds in terms of attractive forces 
 

FREQUENTLY ASSESSED CONTENT 

Property  Ionic compounds Covalent compounds 

Melting point and boiling 
point 

High melting and boiling 
points 

Relatively lower melting and 
boiling points 
 

Inter-ionic forces of 
attraction (ionic bonds) are 
very strong.  
A large amount of heat 
energy is required to 
overcome these forces, 
hence high melting and 
boiling points 
 

Intermolecular forces in 
simple covalent compounds 
are much weaker than ionic 
bonds and can be overcome 
easily. 
Covalent compounds 
therefore have relatively 
lower melting points / boiling 
points. 
 

NOTE: 
Compounds that have a giant 
covalent structure have very 
high melting and boiling 
points. 
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\ 

QUESTION 1 

Complete the dot-and-cross diagram to show the electron arrangement in a molecule of 

NF3. 

Show outer shell electrons only. 

 

Solution: 

 

 Outer shell electrons 

N 5 

F 7 

  
*Number of outer shell electrons = Group number 
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QUESTION 2 

Nitrosyl chloride, NOCl, is a gas at room temperature. It has the structure shown. 

O=N–Cl 

Nitrosyl chloride has a boiling point of –6 °C.                                                               

Explain why nitrosyl chloride has a low boiling point. 

SOLUTION: 

 
Nitrosyl chloride has a simple molecular structure with weak forces of attraction between 
the molecules.  
Less energy is required to break the weak intermolecular forces, hence low boiling point. 
 

 

QUESTION-BANK 
 

 
 

                   

 
 

 

ASSESSMENT 
 

ASSESSMENT 3.2:                   

BONDING: Covalent & Ionic  

 

        UESTIONBANK 
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