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1.Theories of acids and bases 

 

1.1 Arrhenius theory of acids and bases 

Acids are molecules that dissociate in water to form hydrogen ions (H+)  

Bases are molecules that dissociate in water to form hydroxide ions (OH-)  

1.2 Bronsted-Lowry theory of acids and bases 

An acid is a proton donor (H+ donor) 

A base is a proton acceptor (H+ acceptor) 

1.3 Lewis theory of acids and bases 

An acid is an electron pair acceptor 

A base is an electron pair donor 

 

1.4 Polyprotic Acids and Bases 

Basicity of an acid refers to the number of protons per molecule that can be donated in a reaction. 

HCl is monobasic, H2SO4 is dibasic and H3PO4 is tribasic 

Acidity of a base refers to the number of protons per molecule that can accepted in a reaction. 

NH3 is monoacidic, Na2CO3 is diacidic and PO4
3- is triacidic 

 

1.5 Species that can act as both acids and base 

Examples: H2O and NH3 (Species that have both the ability to accept H+ through the donation of 

its lone pair of electron as well as the ability to donate H+) 

Acting as a base: H2O + CH3COOH ⇌ H3O+ + CH3COO-                             

Acting as an acid: H2O + CH3COO- ⇌ CH3COOH- + OH- 

They are known as amphoteric species 

1.6 Conjugate Acid-Base Pairs 

An acid when reacted with a base, forms a conjugate base and when a base reacted with acid 

forms a conjugate acid. The strength of conjugate acids and bases formed depend on the strength 

of the original acid and base. The stronger the original the acid/base the weaker the conjugate 

base/acid. 

H2O + CH3COOH ⇌ H3O+ + CH3COO-                             

CH3COOH is a weak acid hence it will produce a strong conjugate base that is able to hydrolyse 

in water (though not complete) 
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H2O + HCl → H3O+ + Cl-                             

HCl is acting as a strong acid therefore it produces a weak conjugate base Cl- that cannot 

hydrolyse in water 

 

Strong conjugate bases and acids can hydrolyse in water to produce OH- and H+ ions respectively 

 

Conjugate bases and acids are species that differ in chemical formula by 1 H+ ion 

2. Degree of ionisation of weak acids and bases 

Degree of ionisation refers to the fraction of moles that ionise in an aqueous solution 

 

 

Can be expressed as fraction, decimal or percentage 

3. Acid dissociation constant (Ka) 

 

 

 

 

 

 

 

4. Base Dissociation constant (Kb)  

 

 

 

 

 

 

 

Note: The larger the Kb or Ka the stronger the base or acid respectively (POE lies more to the 

right, [H3O+] or [OH-] is higher), the smaller the pKa or pKb the stronger the acid or base 

respectively. 

Degree of ionisation = 
[H3O+]

[HA]initial
 

 

For a weak monobasic acid HA: 

HA (aq) + H2O (l) ⇌ H3O+ (aq) + A- (aq) 

Ka = 
[𝐻3𝑂+][𝐴−]

[𝐻𝐴]
                    units: mol dm-3 

pKa = - lg Ka                       (no units) 

Ka is a constant at constant temperature 

 

For a weak monoacidic base B: 

B(aq) + H2O (l) ⇌ BH+ (aq) + OH- (aq) 

Kb = 
[𝐵𝐻+][𝑂𝐻−]

[𝑏]
                   units = mol dm-3  

pKb = -lg Kb                         (no units) 

Kb is constant at constant temperature  
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5. Ionic product of water  

Water undergoes self-ionisation: 

 H2O (l) + H2O (l) ⇌ H3O+ (aq) + OH- (aq) 

Kw = [H3O+][OH-] 

pKw = -lg Kw 

Kw is constant at constant temperature 

For pure water at 25oC 

Kw = 1.0 x 10-14 mol2 dm-6 

pKw = -lg(1.0 x 10-14) 

pKw = 14.0  

[H3O+] = [OH-] = 1.0 x 10-7 mol dm-3 

 

 

For the self-ionisation of water the process is endothermic, thus at higher temperatures, the POE 

shifts to the right so as favour the endothermic reaction to reduce/absorb the added heat, thus 

more H2O is ionised causing Kw to increase.          

Note: Ka, Kb, Kw, follow the same set of rules as Kc, Kp as these are all under the branch of chemical 

equilibrium, only difference is that we are currently zooming into the interaction between acids 

and bases. 

 

6. pH and pOH of a solution 

 

 

 

 

 

 

Since Kw = [H3O+] [OH-]         pKw = -lg ([H3O+] [OH-])  

                                                        = -lg [H3O+] + (-lg [OH-])          

                                                        = pH + pOH 

At 25oC, pKw = 14.0 therefore 

Kw = Ka x Kb 

 

pH is defined as the negative of the logarithm to base 10 of the hydronium ion centration in 

mol dm-3               

pH = -lg [H3O+] 

 

pH + pOH = 14.0 

 

pOH is defined as the negative of the logarithm to base 10 of the hydroxide ion centration in 

mol dm-3               

pH = -lg [H3O+] 
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The pH of a solution does not represent the strength of the acid that was dissociated, as pH only 

represents on the [H3O+] which can be increased by increasing the [acid] added in, the strength 

of an acid depends on the degree of ionisation which reflects the percentage of acid that has 

dissociated. A strong acid in our syllabus will have a degree of ionisation of approximately 100%. 

 

6.1 The usage of arrows when writing equations 

Two kinds of arrows are used when doing ionic equilibrium, the full arrow → and the reversible 

arrow ⇌, full arrows are used for strong acids/bases as they dissociate fully (complete 

reaction) while reversible arrows are used for weak acids/bases as they dissociate partially 

(equilibrium reaction) 

7. Strong Acids and Bases 

7.1 Strong acid 

Calculate the pH of a solution of 0.0200 mol dm-3 H2SO4 at 25oC 

 

 

7.2 Strong base 

Calculate the pH of a solution of 0.0200 mol dm-3 Ba(OH)2 at 25oc 

 

 

8. Weak Acids and Bases 

8.1 Weak acids 

Weak acids are only partially ionised/dissociated in aqueous solution to give H3O+ 

Calculate the pH of a solution of 0.500 mol dm-3 CH3COOH, given that the Ka is 1.80 x 10-5 mol 

dm-3 at 25oC 

 

 

8.2 Weak bases 

Weak bases are partially ionised in aqueous solution to give OH-  

Calculate the pH of a solution of 0.500 mol dm-3 NH3, given that the Kb is 1.80 x 10-5 at 25oC 
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8.3 pH of very dilute acids and bases 

To find the pH of very dilute acids with concentration lesser or equals to 1.0 x 10-7 mol dm-3, the 

H3O+ ions produced by the self-ionisation of water cannot be ignored. Same for bases, the OH- 

produced cannot be ignored. 

[H3O+] = [H3O+] produced by the acid + [H3O+] produced from self-ionization of water 

Calculate the pH of a solution of 1.0 x 10-8 mol dm-3 of HNO3 dissolved in water at 25oC 

 

 

 

 

 

 

9. Salt Hydrolysis 

Salt formed between an acid and base can undergo hydrolysis in water to form an acidic or basic 

solution. The pH of the solution formed when the salt undergo hydrolysis in water is dependent 

on the original acid and base that formed it 

9.1 Strong acid and Strong Base – Neutral Salt 

For a salt that is formed by a strong acid and strong base, the salt will be neutral, as the conjugate 

base and conjugate acid will be weak and thus cannot undergo hydrolysis in water.  

HCl + NaOH → NaCl + H2O 

Ionisation of salt (NaCl) in water → Na+ (aq) + Cl- (aq) 

For hydrolysis to happen, the cation should have high charge density as seen in the case of Al3+ 

and Be2+, in this case Na+ has a low charge density thus it cannot undergo hydrolysis in water. 

Cl- is a weak conjugate base of the strong acid HCl thus it does not hydrolyse in water.  

The pH of this salt in water is 7 

9.2 Weak Acid and Strong Base – Basic Salt 

CH3COOH + NaOH → CH3COONa + H2O 

Ionisation of salt (CH3COONa) in water → CH3COO- (aq) + Na+ (aq) 

CH3COO- is a strong conjugate base of the weak acid CH3COOH thus it can undergo hydrolysis 

in water. CH3COO- + H2O ⇌ CH3COOH + OH-  

Na+ has a low charge density thus does not hydrolyse in water 

Salt solution is basic since OH- is produced in the above reaction 



Acid-Base Equilibria Summary                                                                         Asteria Education© 

6 
 

Calculate the pH of 0.0010 mol dm-3 CH3COONa, given that the Ka of CH3COOH is 1.80x10-5 at 

25 

 

 

 

 

 

 

 

 

 

 

 

9.3 Strong Acid and Weak Base – Acidic Salt 

HCl + NH3 → NH4Cl 

Ionisation of salt (NH4Cl) in water → NH4
+ (aq) + Cl- (aq) 

NH4
+ is a strong conjugate acid of the weak base NH3 thus undergo hydrolysis in water 

NH4
+ (aq) + H2O (l) ⇌ NH3 (aq) + H3O+ (aq) 

Cl- does not undergo hydrolysis in water as it is a weak conjugate base of the strong acid HCl 

Salt solution is thus acidic due to the H3O+ produced by the above reaction  

Calculate the pH of 0.0010 mol dm-3 (NH4)2SO4 Given that Kb of NH3 is 1.80x10-5 at 25 oC 
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*Remember what constitutes an acidic buffer 

9.4 Weak Acid and Weak Base 

Note: This is the trickiest one 

CH3COOH + NH3 → CH3COONH4 

Ionisation of salt (CH3COONH4) in water → CH3COO- (aq) + NH4
+ (aq) 

NH4
+ is a strong conjugate acid of the weak base NH3 and thus undergo hydrolysis in water to 

give an acidic solution 

NH4
+ (aq) + H2O (l) ⇌ NH3 (aq) + H3O+ (aq) 

CH3COO- is a conjugate base of the weak acid CH3COOH and thus undergo hydrolysis in water 

to form a basic solution 

CH3COO- (aq) + H2O (l) ⇌ CH3COOH (aq) + OH- (aq) 

In this case it depends on the Ka and Kb values of the original acids and bases, 

If Ka > Kb → Acidic Salt 

If Kb > Ka → Basic Salt 

If Kb ~ Ka → Neutral Salt 

10.Buffers 

 

 

 

10.1 Acidic Buffer (pH < 7) 

An acidic buffer is made up of a weak acid and the salt containing its conjugate base 

To calculate the pH of the acidic buffer 

 

 

 

Example: 0.1 mol dm-3 of Weak acid CH3COOH and 0.15 mol dm-3 of its salt containing its 

conjugate base CH3COONa is in a mixture. Given that the Ka of CH3COOH is 1.80x10-5 calculate 

the pH of the acidic buffer 

 

 

 

 

Buffer is a solution that can resist large pH changes when small amount of acid or base is 

added 

 

pH = pKa + lg
[𝑠𝑎𝑙𝑡]

[𝑎𝑐𝑖𝑑]
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*Remember what constitutes an alkaline buffer 10.2 Alkaline Buffer (pH>7) 

An alkaline buffer is made up of a weak base and salt containing its conjugate acid 

 

 

Example: 0.1 mol dm-3 of weak base NH3 and 0.15 mol dm-3 of its salt containing its conjugate 

acid NH4Cl.Given that the Kb of NH3 is 1.80 x 10-5 Calculate the pH of the basic buffer 

 

 

 

10.3 Maximum buffering capacity 

It is the pH at which the buffer solution can resist pH changes at its maximum capacity. Buffers 

are most effective when pH is within the range of pKa/pKb ±1 

For acidic buffer it is when [acid] = [salt] 

When [acid] = [salt], lg
[𝑠𝑎𝑙𝑡]

[𝑎𝑐𝑖𝑑]
 = lg1 → 0  

pH = pKa + 0 

pH at maximum buffering capacity for an acidic buffer, pH = pKa 

For alkaline buffer it is when [base] = [salt] 

When [base] = [salt], 

 lg
[𝑏𝑎𝑠𝑒]

[𝑎𝑐𝑖𝑑]
 = lg1 → 0  

pH = pKb + 0 

 

10.4 Calculating pH of buffer upon addition of acid or base 

1st: Identify if the buffer is an acidic or alkaline buffer 

2nd: Draw the ICF table and the write the equation between the buffer and the acid or base 

3rd: Calculate the initial amount of each species (for example the conjugate base/acid, weak 

acid/base as well as newly added acid/base) 

4th: The added H3O+/OH- should be removed completely 

5th: Calculate the final amount of each species and substitute into the correct formula 

 

 

pOH = pKb + lg
[𝑠𝑎𝑙𝑡]

[𝑏𝑎𝑠𝑒]
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Example:  

Calculate the pH of a buffer solution formed when 40cm3 of 0.50 mol dm-3 CH3COOH and 40 cm3 

of 0.25 mol dm-3 CH3COONa are mixed. The Ka of CH3COOH is 1.80 x 10-5 mol dm-3 at 25 oC 

 

 

 

 

 

 

 


