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MODULE 4

UNIT 2

BONDING

Introduction

We are now familiar with the structure and electronic configuration of the atom. We also know that elements are made up of atoms.

Atoms of different elements combine together to become more stable or we can simply say they bond together.

This Unit will help you to understand how bonding occurs by using knowledge acquired so far on the structure and electronic configuration of the atom.

Objectives
After completing this module, you’ll be able to:

· distinguish between ionic, metallic and covalent bonding

· relate bonding to the position of elements in the Periodic Table

· describe covalent bonding as the sharing of electrons

· describe ionic bonding as a transfer of electrons

· describe metallic bonding as an attraction between positive nuclei and a sea of electrons.

2.0
Achieving stabiliTy in Atoms

Atoms of different elements combine with each other to achieve the electronic configuration of the nearest noble gas. The noble gases are as you know unreactive. In other words, noble gases are stable as their outermost shells are full of electrons. Stability can be achieved by losing, gaining or sharing electrons.

2.1
IONS

An ion is formed when an atom loses or gains electrons. There are two types of ions:

(i) anions 

(ii) cations 

Anions are negatively charged. They are usually formed by non-metals gaining electrons. An anion contains more electrons than protons. Here are two examples.

Atoms


Anions

CL
----------
CL

2,8,7   
       

2,8,8 (same as argon)

O
----------
O2-
2,6             

2,8(same as neon)

When an atom loses electrons, it becomes a cation.  Cations are positively charged. They contain more protons than electrons. Here are some examples.

Atoms


Cations

Na
----------
Na+
2,8,1             

2,8

Ca
------------
Ca2+
2,8,8,2             
2,8,8

Al
-------------
Al3+
2,8,3               

2,8

We shall now turn to the types of bonding namely:

(i) Ionic

(ii) Metallic

(iii) covalent

2.2
IONIC BONDING

Ionic bonds are formed between metals and non-metals. The atom of the metal loses electrons and becomes a cation. The electrons lost by the metal are taken up by the non-metal and an anion is formed. The cation and the anion achieve the electronic arrangement of a noble gas. The cation and the anion attract each other as they are oppositely charged. The force of attraction between the cations and the anions is the ionic bond.
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	(   Before proceeding further, complete the following activity.

	Activity 1 

Explain ionic bonding between calcium and oxygen.

           …………………………………………………………………………………..


……………………………………………………………………………………

             …………………………………………………………………………………..

……………………………………………………………………………………




You will find the answer at the end of the Module.

2.3
Metallic bonding

As the name indicates, metallic bonding occurs in metals.

	(   Before proceeding further, complete the following activity.

	Activity 2

In which of the following does metallic bonding occur?

(i) water

(ii) aluminium

(iii) calcium

(iv) iron

(v) sulphur




You will find the answer at the end of the Module.

2.3.1
Metallic Bonding – Formation

In metals, the outermost electrons are ‘loosely’ held in the atom. In fact they ‘escape’ from the atom, leaving the latter positively charged when sufficient energy  is provided. In a metal there are vast numbers of positive ions which are ‘drowned’ in a ‘sea’ or ‘ocean’ of electrons. Bonding occurs between the positive ions and negative ‘sea’/’ocean’ of electrons as a result of attraction between unlike charges.

The following diagram illustrates bonding in metals.

Metallic Bonding
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2.4
Covalent Bonding

Covalent bonds are usually formed between non-metals. They are formed by the sharing of electrons. Each atom contributes an equal number of electrons for sharing. After sharing, the atoms have the same electronic structure as a noble gas.
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                              Covalent bonding

	(   Before proceeding further, complete the following activity.

	Activity 3

(a)
Explain covalent bonding between 2 atoms of hydrogen to form a molecule of hydrogen.

………………………………………………………………………………..

(b)
Explain covalent bonding between 2 atoms of oxygen to form a molecule of oxygen.

………………………………………………………………………………………………………………………………………………………………………….

(c)    Account for covalent bonding between an atom of oxygen and two atoms of hydrogen (in a molecule of water).

………………………………………………………………………………………………………………………………………………………………………..




You will find the answer at the end of the Module.

	(   Before proceeding further, complete the following activity.

	Activity 4

A molecule of ammonia contains one atom of nitrogen bonded covalently to 3 atoms of hydrogen. Using a suitable sketch, show the bonds in a molecule of ammonia.




You will find the answer at the end of the Module.

	(   Before proceeding further, complete the following activity.

	Activity 5 

(a)
Give 1 instance of a hydrogen atom forming an ionic bond with another element.

Answer …………………………………………………………………..

(b)
Explain the formation of the ionic bond in this case.

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………



You will find the answer at the end of the Module.

The type of bonding formed between atoms is related to the positions of the elements in the Periodic Table. Metals are usually found at the beginning of a period (Groups I, II and III ) whereas non-metals are found at the end (Groups IV-O).

The noble gases helium, neon and argon do not combine with other elements to form compounds. They have stable electronic arrangements and have no tendency to lose, gain or share electrons.

	(   Before proceeding further, complete the following activity.

	Activity 6

What is the tendency shown by atoms of

(i)
Group VIII (or group O) elements?

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(ii)
Metals of groups I and II of the Periodic Table

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(iii)
Non metals (excluding noble gases)
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………




You will find the answer at the end of the Module.

2.5
Ionic & Covalent Compounds 

A Comparison

	Ionic
	Covalent

	· Consists of ions.

· Solids at room temperature.

· High melting point.

· High boiling point.

· Do not conduct electricity in the solid state.

· Good conductor in molten state or when dissolved in water.

· Usually soluble in water.

· Insoluble in organic solvents.
	· Consists of molecules.

· Usually gases, volatile liquids or solids that melt easily.

· Non-conductors of electricity.

· Usually insoluble in water.

· Soluble in organic solvents.


	(   Before proceeding further, complete the following activity.

	Activity 7

Classify each of the following characteristics as applicable to Ionic or Covalent substances.

1.
Solids under room conditions.---------------------------

2.
High melting point.---------------------------

3.
Usually gas or liquid. ----------------------------

4.
Conducts an electric current when molten or when dissolved in water. ---------


(during the process of conducting the electric current there is chemical decomposition).




You will find the answer at the end of the Module.
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POINTS TO REMEMBER

· Ionic bonding involves transfer of electrons from metal to non-metal.

· Bonding in metals is due to positive ions of the metals attached to the sea of electrons around them.

· Covalent bonding is due to the sharing of electron pairs between atoms.

· Ionic compounds are high melting solids. 

· Covalent substances are gases or liquids with low boiling points.

Answers TO Activities

UNIT 1

Activity 1

(i) an atom of an element

(ii) internationally (or universally)

Activity 2

	No
	Symbol

	1 
	H

	2 
	He

	3 
	Li

	4 
	Be

	5 
	B

	6 
	C

	7 
	N

	8 
	O

	9 
	F

	10 
	Ne

	11 
	Na

	12 
	Mg

	13 
	Al

	14 
	Si

	15 
	P

	16 
	Ѕ

	17 
	Cl

	18 
	Ar

	19 
	K

	20 
	Ca


Activity 3

	Name
	Symbol 

	Silver
	Ag


	Gold 
	Au

	Mercury
	Hg

	Bromine
	Br

	Iodine
	I

	Uranium
	U

	Tin
	Sn

	Lead
	Pb

	Zinc
	Zn

	Copper
	Cu


Activity 4

(a) It is a tabular arrangement of elements. It has vertical sets of elements (in Groups) and horizontal rows of elements (in Periods)

(b) The Roman numerals represent the GROUP NUMBERS.

	(c) 
	I
	II
	III
	IV
	V
	VI
	VII
	VIII

	
	H
	
	
	
	
	
	
	He

	
	Li
	Be
	B
	C
	N
	O
	F
	Ne

	
	Na
	Mg
	Al
	Si
	P
	S
	Cl
	Ar

	
	K
	Ca
	
	
	
	
	
	


Activity 5

(a) ------Potassium     (b) ------Fluorine     (c) ------Calcium      (d)------Neon

Activity 6

(a) sodium, potassium

(b) (i)
Delete smaller      (ii) Delete increase   (iii) Delete decreases
Activity 7

(a)
(i)
Magnesium

(ii)
Calcium



(b)
(i)
increases

(ii)
larger


Activity 8

(a) Calcium carbonate

(b) Magnesium carbonate ------------------------- calcium carbonate

Activity 9

(a) It is the smallest particle of an element which is representative of the element.

(b) (i)
Protons
(ii)
neutrons

(iii)
electrons

Activity 10

	
	Name
	Mass
	Charge (if any)

	1 
	Proton
	1
	+1

	2 
	Neutron
	1
	Nil

	3 
	Electron
	negligible
	-1


Activity 11

(a)
(i)
True

(ii)
False

(iii)
True


(iv)
True

(v)
False

(vi)
True

(vii)
True

(b)
(i)
True

(ii)
True

(iii)
True


(iv)
False

(v)
True

(vi)
True

Activity 12

(a) 2 
(b) 8
   (c) 2 (1st shell), 4 (2nd shell)
               (d) 2,4

Activity 13                                                                                                                                                                                                                                                                                                                              
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Activity 14

	Symbol
	1st shell
	2nd shell
	3rd shell
	4th shell

	H
	1
	
	
	

	He
	2
	
	
	

	Li
	2
	1
	
	

	Be
	2
	2
	
	

	B
	2
	3
	
	

	C
	2
	4
	
	

	N
	2
	5
	
	

	O
	2
	6
	
	

	F
	2
	7
	
	

	Ne
	2
	8
	
	

	Na
	2
	8
	1
	

	Mg
	2
	8
	2
	

	Al
	2
	8
	3
	

	Si
	2
	8
	4
	

	P
	2
	8
	5
	

	S
	2
	8
	6
	

	Q
	2
	8
	7
	

	Ar
	2
	8
	8
	

	K
	2
	8
	8
	1

	Ca
	2
	8
	8
	2


Answers TO Activities

UNIT 2

Activity 1

The calcium atom transfers two electrons to the oxygen atom. As a result, calcium forms its cation and oxygen forms its anion. These are attracted to each other as they are oppositely charged. A link is established.

Activity 2

(i) Aluminium

(ii) Iron

(iii) Calcium

Activity 3

(a) There is sharing of two electrons as shown below.


(b) Two pairs of electrons are shared between 2 oxygen atoms.


(c) There is sharing of 2 pairs of electrons as shown below.


Activity 4


Activity 5

(a) Hydrogen combining with sodium
(b) The sodium atom transfers its outermost electron to the hydrogen atom. A sodium cation is formed, together with a hydrogen anion. As they are oppositely charged, they attract and get bonded.

Activity 6

(i) They do NOT tend to lose electrons, to gain electrons, or to share electrons.

(ii) They tend to lose the outermost electron(s) to form positively charged ions.

(iii) They tend to gain electrons from metals and to share electrons with non-metals (except the noble gases)

Activity 7

1. Ionic

2. Ionic

3. Covalent
4. Ionic







Positively charged nucleus





Negatively charged electron
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