
 

 
 

ACID & BASE REACTIONS           09 SEPTEMBER 2014 

 
Lesson Description 

In this lesson we: 

 Discuss the process of hydrolysis. 

 Explain the auto-ionisation of water and the pH calculations. 

 Explain the neutralisation process 

 Discuss titration and the choice of indicators 

 
Summary 

Hydrolysis 

Hydrolysis is a chemical process where water reacts with a salt. During hydrolysis, the water molecule 

splits up causing an increase in the concentration of either the hydronium ion or the hydroxide ion in 

the salt solution. The solution therefore either becomes acidic or basic. When sodium carbonate 

(Na2CO3) is dissolved in water, the solution becomes basic. The reaction is represented as follows 

without the sodium ions (Na
+
) as spectator ions:  

CO3
2-

 + H2O ↔ HCO2
-
 + OH

-
 

The increase in OH
-
 ions in the solution as a result of the hydrolysis process is responsible for the 

basic nature of this solution. The pH of this solution is far greater than 7. This means that the [OH
-
] > 

[H3O
+
]. 

When ammonium chloride reacts with water, the solution becomes acidic. The reaction is represented 

as follows without the chloride ions (Cℓ
-
) as spectator ions: 

NH4
+
 + H2O ↔ NH3 + H3O

+
 

The increase in H3O
+
 in the solution as a result of the hydrolysis process is responsible for the acidic 

nature of the solution. The pH of this solution is far less than 7. This means that [H3O
+
] > [OH

-
]. 

Auto - Ionisation of water and the pH scale 

Water ionises to form hydronium ions and hydroxide ions. This process is reversible. The auto – 

ionisation of water is represented chemically as follows: 

H2O ↔ H3O
+
 + OH

-
 

When a state of chemical equilibrium is reached by a reversible reaction, its equilibrium constant (Kc) 

can be found using the equilibrium concentrations of both the reactants and the product as follows: 

Kc = [H3O
+
][OH

-
] / [H2O] 

Kc x [H2O] = [H3O
+
][OH

-
] = 1 x 10

14
 

It is worth noting that the concentration of water is constant. Thus the product of the concentration of 

hydronium ions and the hydroxide ions will always be equal to a constant, 1 x 10
14

.  

pH = -log[H3O
+
] 



 

 
 

Neutralisation 

Neutralisation can be viewed as the opposite of hydrolysis. In hydrolysis, water is part of the reactants 

whilst in neutralisation it is part of the products. During neutralisation, salt and water are formed. The 

salt of a strong base will not hydrolyse water and therefore the solution of such salts will remain 

neutral with a pH of 7. Sodium chloride is one of the examples of salts formed from a strong acid and 

therefore does not lead to hydrolysis.  

It is also very important to note that neutralisation does not always result in a neutral solution. A 

neutral solution will be formed only when a strong acid reacts with a strong base.  

Strong acid + Weak base: solution pH < 7 

Weak acid + Strong base: solution pH > 7 

Acid – Base titration and the choice of indicators 

Titration can be defined as a process whereby one solution is added to another of measured quantity. 

A solution of known concentration (standard solution) is used to determine by volume the 

concentration of another. For this reason, the neutralisation process is also known as volumetric 

analysis. The point when the neutralisation occurs is called the end point. At the end point, 

chemically equivalent quantities of the acid and the base have reacted with each other. Indicators 

are used to indicate when the end point has been reached during a titration process. An appropriate 

indicator must be chosen for this task. This how to choose and indicator: 

1. Strong acid + Strong base; indicator that changes colour around pH = 7. 

2. Strong acid + Weak base; indicator changes colour at pH far less than 7 

3. Weak acid + Strong base; indicator changes colour at pH far greater than 7 

Indicator Approximate pH 
range 

Colour in acid Colour in base 

Methyl Orange 3,1 – 4,4 red Orange 

Methyl Red 4,2 – 6,2 red Yellow 

Litmus 5,0 – 8,0 red Blue 

Phenol Red 6,6 – 8,0 yellow red 

Phenolphthalein 8,3 – 10,0 colourless Red 

 

A titration process between oxalic acid and sodium hydroxide is an example of a weak acid reacting 

with a very strong base. The end (neutralisation) point in this situation will occur at a pH range much 

greater than 7. Phenolphthalein will be the best choice for this titration process. 

 
Test Yourself 

Question 1 

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

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

  



 

 
 

Question 2 

The pH of a basic solution is … 

A. Less than 7 
B. Greater than 7 
C. Equal to 7 
D. Equal to zero 

Question 3 

The pH of a neutral solution is …… 

A. Less than 7 
B. Greater than 7 
C. Equal to 7 
D. Equal to zero 

Question 4 

The pH of a solution is found to be 3. This means that the ……  

A. Concentration of the hydronium ions equals that of the hydroxide ions. 
B. Concentration of the hydronium ions is less than that of the hydroxide ions. 
C. Concentration of the hydronium ions is greater than that of the hydroxide ions. 
D. Concentration of the hydronium ions equals to zero. 

Question 5 

The two products formed during neutralisation are … 

A. Acid and base 
B. Water and acid 
C. Water and base 
D. Water and salt 

Question 6 

In which condition will the neutralisation process lead to the formation of a neutral solution? 

A. Strong acid + weak base 
B. Weak acid + strong base 
C. Weak acid + weak base 
D. Strong acid + Strong base 

Question 7 

Water is classified as a neutral substance because its pH is …. 

A. Less than 7 
B. Greater than 7 
C. Equal to 7 
D. Greater than zero 

Question 8 

Give one word or phrase for the following: 

(a) A solution of known concentration. 
(b) A chemical process where water reacts with a salt. 
(c) The measure of acidity or basicity of a substance. 

  



 

 
 

 
Improve your Skills 

Question 1 

1.1 Calculate the [H3O+] in each of the following: 

(a) pure water 
(b) 0,2 mol.dm

-3
 NaOH 

1.2 Calculate the pH of a solution with [H3O
+
] = 3.6 x 10

-5
 mol.dm

-3
. 

Question 2 

1,6 g of KOH is dissolved in water and make up a volume of 250 cm
3
. 

2.1  Calculate the concentration of KOH in mol.dm
-3

. 

2.2  If 25 cm
3
 of this solution is used to neutralise 28 cm

3
 of dilute HCℓ, calculate the concentration 

of the HCℓ solution. 

2.3 Which indicator is more suitable for use in this titration and why? 

Indicator Approximate pH 
range 

Methyl Orange 3,1 – 4,4 

Methyl Red 4,2 – 6,2 

Litmus 5,0 – 8,0 

Phenol Red 6,6 – 8,0 

Phenolphthalein 8,3 – 10,0 

 


