
 

 
 

ACIDS AND BASES THEORY           02 SEPTEMBER 2014 

 
Lesson Description 

In this lesson we: 

 Explain the difference between Acids and Bases 

 Discuss the Arrhenius and Lowry-Bronsted theories on acids and bases 

 Discuss the acid-base reaction 

 Discuss the reaction of acids with metal oxides and metal carbonates 

 
Summary 

Introduction 

Traditionally, acids and bases are distinguished making use of their physical properties. Acids are 

known by their distinctive sour taste and their corrosive effect on metals. Bases on the other hand are 

known for their soapy feel.  

Arrhenius Theory 

Svante Arrhenius, a Swedish scientist, introduced his acid-base theory in 1887. According to 

Arrhenius; 

 An acid is a substance that ionises to form hydrogen ions in solution. 

 A base is a substance that dissociates to form hydroxide ions in solution. 

For example, hydrogen chloride is an acid because it ionises in water to form hydrogen ions as 

follows; HCℓ(aq) → H
+
(aq) + Cℓ

-
(aq). Sodium hydroxide on the other hand is classified as a base 

because it dissociates in water to form hydroxide ions as follows; NaOH(aq) → Na
+
(aq) + OH

-
(aq). 

Lowry-Bronsted Theory 

Johannes Bronsted and Thomas Lowry introduced their acid-base theory in 1923. They defined acids 

and bases based on how they react with each other. According to their theory;  

 An acid is a substance that donates proton(s). [An acid is a proton donor] 

 A base is a substance that receives proton(s). [A base is a proton acceptor] 

Let’s look at the reaction between water and hydrogen chloride, a highly soluble gas:  

HCℓ(g) + H2O (ℓ) → H3O
+
(aq) + Cℓ

-
(aq). 

In this reaction, hydrogen chloride gas is donating a proton to a water molecule. On the other hand, 

the water molecule is receiving (accepting) the proton from hydrogen chloride. Therefore the 

hydrogen chloride is an acid whilst the water molecule is a base.  

Another very soluble gas, ammonia reacts with water to form the ammonium ion and hydroxide ion. 

The reaction can be represented by the following chemical equation: 

NH3(g) + H2O(ℓ) → NH4
+
(aq) + OH

-
(aq). In this reaction, water is donating a proton to the ammonia 

molecule. Thus water is an acid whilst the ammonium molecule is the base since it accepts a proton. 

In the reaction with the hydrogen chloride gas water is acting as a base. On the other hand, water 

acts as an acid when it reacts with ammonia gas. Thus water is able to acts as both an acid and a 

base. Such a substance is called an ampholyte.  



 

 
 

Acid-Base Conjugate Pairs 

Acid-base conjugate pairs are substances that are involved in a reaction and would differ by a proton. 

Consider the following hypothetical chemical reactin; HX(aq) + NH3(q) → X
-
(aq) + NH4

+
(aq): 

 HX is an acid. It donates a proton to NH3 and forms the X
- 
 ion. The X

-
 ion is the conjugate 

base of the acid HX.  

 NH3 is a base. It receives a proton to form the NH4
+
 ion. NH4

+
 is the conjugate acid of NH3.  

 HX/X
-
 and NH3/NH4

+
 are acid-base conjugate pairs.  

Acid – Base Reactions 

When an acid reacts with a base, salt and water are formed. This type of reaction is called 

neutralisation. Examples of neutralisation reactions are given below: 

 H2SO4 + 2NaOH → Na2SO4 + 2H2O 

 2HCℓ + Mg(OH)2 → MgCℓ2 + 2H2O 

Acids also react with metal oxides to form salt and water. 

 2HCℓ + MgO → MgCℓ2 + H2O 

 H2SO4 + CaO → CaSO4 + H2O 

When acids react with metal carbonates, salt, water and carbon dioxide are formed.  

 2HCℓ + CaCO3 → CaCℓ2 + H2O + CO2 

 2HNO3 + K2CO3 → 2KNO3 + H2O + CO2 

Indicators 

Indicators are chemical substances that are used to determine the pH of a solution. A substance with 

a pH less than seven is an acid. A substance with a pH greater than 7 is a base. Water has a pH of 7 

and is said to be neutral. Indicators are usually organic dyes that will change colour at specific pH 

levels. Examples of indicators include bromothymol blue, phenolphthalein, methyl orange etc. 

 
Test Yourself 

Question 1 

In the reaction; X + H2O → H3O
+
 + HSO4

-
, X represents  

A. The acid SO4
2-

 
B. The base SO4

2-
 

C. The acid H2SO4 
D. The base H2SO4 

Question 2 

The conjugate base of H2SO4 in its reaction with water is  

A. SO4
2-

 
B. HSO4

2-
 

C. H3SO4
-
 

D. HSO4
-
 

  



 

 
 

Question 3 

Which one of the following is more likely to act as an ampholyte? 

A. CO3
2-

 
B. CO2 
C. HCO3

-
 

D. H2CO3 

Question 4 

The Bronsted-Lowry bases on the reaction; H2CO3 + H2O → HCO3
-
 + H3O are,  

A. H2CO3 and H2O. 
B. H2O and H3O

+
 

C. HCO3
-
 and H2CO3 

D. H2O and HCO3
-
 

Question 5 

Identify acid – base pairs in the following chemical reaction; H2O + HCℓ → H3O
+
 + Cℓ

-
. 

Pair (i) : H2O and HCℓ 

Pair (ii) : HCℓ and Cℓ
-
 

Pair (iii) : H2O and H3O
+
 

Pair (iv) : H2O and Cℓ
-
 

A. (i) and (ii) 
B. (ii) and (iii) 
C. (iii) and (iv) 
D. (i) and (iii) 

Question 6 

Which one of the following is an example of a weak acid? 

A. Nitric acid 
B. Sulphuric acid 
C. Ethanoic acid 
D. Hydrochloric acid 

Question 7 

Which one of the following will have a pH greater than 7? 

A. Ethanoic acid 
B. Hydrochloric acid 
C. Nitric acid 
D. Sodium hydroxide 

Question 8 

Give one word or phrase for the following: 

(a) An acid that can donate more than one proton. 
(b) A substance that can act as both an acid and a base. 
(c) A substance that receives protons. 

  



 

 
 

 
Improve your Skills 

Question 1 

Write down balanced equations for the following reactions; 

1.1 Sulphuric acid and calcium carbonate 
1.2 Nitric acid and magnesium hydroxide 
1.3 Sodium hydroxide and sulphuric acid 

Question 2 

Lebo dissolves 1,0 g of pure marble (CaCO3) in 50 cm
3
 of dilute hydrochloric acid. After the marble 

has reacted completely with the marble, she uses 25 cm
3
 of a 0,1 mol.dm

-3
 solution of caustic soda 

(NaOH) to neutralise the excess acid. 

2.1  Write down a balanced equation for the reaction between the marble and the acid. 

2.2  Write down a balanced equation for the reaction between caustic soda and the acid. 

2.3  Calculate the number fo moles of the caustic soda used to neutralise the acid. 

2.4  Calculate the number fo moles of pure marble that reacted with the acid.  


