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18.1 Lewis acids and bases 
 

 

 
 

18.2 Calculations involving acids and bases 
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18.3 pH curves 
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Lewis acids and bases 

• A Lewis acid is a lone pair of electrons acceptor. 

• A Lewis base is a lone pair of electrons donor.  

• A coordinate covalent bond is formed between the acid and the base.  

 

 

• NH3 is a Lewis base, as it has a lone pair of electrons to donate. 

• BF3 is a Lewis acid as it has an incomplete octet to accept the lone pair of electrons from 
NH3 

• A coordinate covalent bond is formed between the two (represented by an arrow). 

• Transition metal ions (Cu2+) in solution are Lewis acids.  

• Ligands (H2O) are Lewis bases. 

• The diagram below shows the bonding in a complex ion. 
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Nucleophiles and electrophiles 

• Nucleophiles are electron rich species that donate a lone pair of electrons (Lewis bases).  

• Examples include the hydroxide ion, the chloride ion and ammonia.  

 
• Electrophiles are electron-deficient species that accept a lone pair of electrons (Lewis 

acids).   

• Examples include the boron trifluoride, carbocations, and the copper ion.  
 

 
 
Concept check: 

1. Define an acid and base according to the Lewis theory. 
A Lewis acid is an electron pair acceptor, a Lewis base is an electron pair donor.  

 
2. Draw the Lewis structure of ammonia (NH3). Explain how it is able to act as a Lewis base.  

From its Lewis structure, you can see it has a lone pair of electrons.  
 

3. Explain how BF3 is able to act as a Lewis acid and state the name of the bond formed.   
BF3 is able to accept a lone pair of electrons.  

 
4. Explain why the following reaction cannot be described using the Bronsted-Lowry theory 

of acids and bases. 

 
 There is no proton transfer in the reaction.  
 

5. In the above reaction, explain how the Cr3+ is able to act as a Lewis acid. 
 By accepting a lone pair of electrons. This results in the formation of a coordinate 
covalent bond between the Lewis base (the ligand) and metal ion (the Lewis acid).  
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Acid and base dissociation constants (Ka and Kb) 
 

• Weak acids partially dissociate (ionize) in solution. 
 

 
 

• Weak bases partially dissociate (ionize) in solution. 
 

 
 

• These are equilibrium reactions in which the equilibrium lies to the left (reactants side). 

• Ka (the acid dissociation constant) is an equilibrium constant that refers to the 
dissociation or ionisation of an acid.  

• H2O is not included in the Ka, or Kb expression as it is more or less a constant.  
 

 
 

• Kb (the base dissociation constant) is an equilibrium constant that refers to the 
dissociation or ionisation of a base.  

 

 
 

Exercise: Write expressions for the Ka and Kb for the following reactions: 
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pKa and pKb 

 
 

• pKa and pKb are usually positive and have no units. 

• A change of one unit of pKa or pKb represents a ten-fold change in the value Ka or Kb. 

• pKa and pKb must be quoted at a specific temperature. 

 
Ka and pKa 

• Ka and pKa (and Kb and pKb) have an inverse relationship; the stronger the acid, the higher 

the value of Ka, the lower the value of the pKa 

 

 
 
Kb and pKb 

 

 
 
Exercise: The following table shows pKa and pKb values for acids and bases. 
 

 
 

Identify the strongest acid and the strongest base from the table.  

Strongest acid is methanoic acid as it has the lowest value for the pKa.  

Strongest base is methylamine as it has the lowest value for the pKb. 
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Ka, Kb and Kw 

• For a conjugate acid-base pair Ka × Kb = Kw 

Example: Determine the Kb for ethanoic acid given that it Ka value is 1.75 × 10-5  

 

 
pKa, pKb and pKw 

 
 
Calculating the pH of a weak acid or a weak base 
Example 1: 
 

 
 
See video for solution.  
 
Example 2: 

 
 
See video for solution.  
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Exercises: 

1. Propanoic acid, CH3CH2COOH is an example of a weak acid. 

a) Write the equation for the ionization of propanoic acid in water and deduce the 
expression for the acid dissociation constant, Ka, of propanoic acid. 

CH3CH2COOH(aq) + H2O(l) ⇌ CH3CH2COO-
(aq) + H3O+

(aq) 

CH3CH2COOH(aq) ⇌ CH3CH2COO-
(aq) + H+

(aq) 

Ka =  

b) Calculate the Ka value of propanoic acid. The pKa of propanoic acid is 4.87. 

Ka = 10-pKa 

Ka = 10-4.87 

Ka = 1.35 × 10-5 

c) Use your answer from (b) to calculate the [H+] in an aqueous solution of propanoic 
acid of concentration 0.0500 mol dm-3, and the pH of this solution. 

[H+] =  

[H+] =  8.21 or 8.22 × 10-4 mol dm-3 

pH = –log [H+] = –log (8.22 × 10-4) = 3.1 or 3.09  

2. In aqueous solution at 298 K, ammonia is a weak base with a pKb value of 4.75  

a) Write an equation for the reaction of ammonia with water. 

NH3(aq) + H2O(l) ⇌ NH4
+ (aq) + OH– (aq)  

b) State the base dissociation constant expression, Kb, for ammonia. 

  

c) Calculate the pH of a 0.250 mol dm-3 solution of ammonia. 

[OH-] = 2.1 × 10-3 
           pOH = 2.7/[H+] = 4.8 × 10-12 

                pH = 11.3 
 

COOH]CH[CH

]][HCOOCH[CH

23

–
23



COOH]CHCH[ 23aK

][NH

]OH][[NH

3

4


bK
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Temperature dependence of Kw 

 

 
• The dissociation of water requires energy (the forward reaction is endothermic and the 

reverse reaction is exothermic). 
 
Exercise: Predict in which direction the equilibrium will shift when the temperature is increased. 
Equilibrium will shift to the right because forward reaction is endothermic.  
 
What effect (if any) will this have on the pH of pure water? 
The concentration of H+ will increase therefore the pH will decrease.  
 
Complete the following table: 
 

Temperature (K) Kw [H+] in pure water pH of pure water 

273 1.50 × 10-15 3.87 × 10-8 7.4 

298 1.00 × 10-14 1.00 × 10-7 7 

313 3.00 × 10-14 1.73 × 10-7 6.7 

 
Summary 

• Kw is temperature dependent, therefore the pH of pure water is only 7 at 298 K. 

• Pure water is still neutral at lower and higher temperatures as the [H+] = [OH-].  

 
 
Exercise: The value of the ionic product constant of water, Kw, at 60°C is 5.60 × 10-14 

a) State the expression for the Kw 

 Kw = [H+][OH–] 

b) Calculate the values of [H+] and pH in water at a temperature of 60°C. 

[H+] =  

 = 2.37 × 10–7 mol dm–3 

c) The value of [OH–] in water at 60°C is greater than the value at room 
temperature. Explain why water is not alkaline at 60°C. 

[H+] = [OH–] (concentrations of H+ and OH– are equal) 
 

;105.60 / 14–
W K
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pH curves 
 
Strong acid and strong base (HCl and NaOH) 
 

 
 
Weak acid and strong base (CH3COOH and NaOH) 
 

 
 
 
 
 
 
 
 
 
 

• Initial pH quite (strong acid) 

• Very sharp increase in pH from pH 3 to pH 11 

• Curve flattens out at high pH 14 (pH of strong 
base) 

• pH at equivalence point = 7 
 

• Initial pH quite low (weak acid) 

• pH stays relatively constant (buffer region) 

• Sharp increase in pH from pH 7 to pH 11 

• Curve flattens out at high pH 14 (pH of strong 
base) 

• pH at equivalence point > 7 
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Strong acid and weak base (HCl + NH3) 
 

 
 
Half-equivalence point 

• The equivalence point occurs when stoichiometrically equivalent amounts of acid and 

base have reacted (the solution contains only salt and water). 

• The pH of the equivalence point depends on whether the salt produced is acidic or basic 

(salt hydrolysis).  

• The half-equivalence point is the point where half the acid has been neutralised by base 
and converted into salt. 

• At the half-equivalence point, the pH is equal to the pKa 

• A buffer solution resists a change in pH when small amounts of acid or base are added.  

• The buffer region on a pH curve represents the region where small additions of acid or 

base result in little or no change in pH.  

 

 

• Initial pH is quite high (weak base) 

• pH stays relatively constant (buffer 
region) 

• Sharp decrease in pH from pH 7 to pH 3 

• Curve flattens out at pH 1 (pH of strong 
acid) 

• pH at equivalence point < 7 
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Acid-base indicators  

• Acid-base indicators are weak acids or bases in which the undissociated and dissociated 
forms have different colours. 
 

 
 

• Litmus turns red in an acidic solution and blue in an alkaline solution. 

• In acidic solutions (high [H+]), the equilibrium shifts to the left and the red colour is seen.    

In alkaline solutions (high [OH-]), the equilibrium shifts to the right and the blue colour is 

seen. 

 

Exercise: The indicator bromophenol blue, HIn(aq), has a form that is yellow and an In–(aq) form 
that is blue. Write an equation to show how bromophenol blue acts as an indicator. 

State and explain the colour of bromophenol blue: 

(i) on the addition of a strong acid.  

HIn(aq) ⇌ H+
(aq) + In-

(aq) 

Addition of H+, equilibrium shifts to left, yellow colour is seen. 

(ii) on the addition of a strong base.  

Addition of OH-, equilibrium shifts to right, blue colour is seen. 
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End point 

• The end point of an indicator is the pH at which it changes colour.  

• An indicator changes colour when the pH is equal to its pKa 

• The colour change can be considered to take place over a range of pKa ± 1 

• A list of acid base indicators can be found in section 22 of the data booklet. 

 

Exercise: use the following pH curve (weak acid and strong base) to determine: 

a) the pH at the equivalence point. pH 9.5 
 

b) the pKa of the weak acid. At 11 cm3, pH = 5.4, pKa = 5.4 
 

c) suggest a suitable indicator for the titration. Phenolphthalein (pH range 8.3 – 10.0) 
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pH and pOH scales   

• The pH scale gives a measure of the H+ ions in solution. 

• The pOH scale gives a measure of the OH- ions in solution. 

pH = –log10 [H +] 

[H +] = 10–pH 

pOH = –log10 [OH–] 

[OH–] = 10–pOH 

• The pH and pOH scales are inverse, which means the higher the [H+] or [OH-] 

concentration, the lower the pH or pOH value.  

• The relationship between pH and pOH is: 

pH + pOH = 14.00 at 298 K 

• pKw can be derived from Kw: 

pKw = –log10 (Kw) 

Kw = 10–pKw 

 
Exercises: 

1. Lemon juice has a pH of 2.90 at 298 K. Calculate its [H+], [OH-] and pOH.  
10-2.90 = 1.26 × 10-3 
[OH-] = 1.00 × 10-14 ÷ 1.26 × 10-3 = 7.94 × 10-12 
pOH = - log (7.94 × 10-12) = 11.1 or 14.0 – 2.90 = 11.1 

 
2. A sample of blood at 298 K has a [H+] of 4.60 × 10-8 mol dm-3. Calculate the OH- and state 

whether the blood is acidic, neutral or basic.  
[OH-] = 1.00 × 10-14 ÷ 4.60 × 10-8 = 2.17 × 10-7 
 

 [OH-] greater then [H+] therefore basic.  
 

How would you expect the pH to be changed at body temperature (37oC)? 
 pH would decrease as the dissociation of water is endothermic.  
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Buffer solutions 

• Buffer solutions resist a change in pH when small amounts of acid or base are added.  

• A buffer solution can be prepared by reacting a weak acid with a strong base (or a weak 

base and strong acid). 

 

 
• The final solution has equal amounts of weak acid and the salt of the weak acid and 

strong base (buffer solution). 

 

Acidic buffers 
• An acidic buffer can be made by mixing together a weak acid and the salt of the weak 

acid and a strong base.  
 

 

Response to added acid H+
(aq) 

• The added H+ ions react with the CH3COO- to form CH3COOH. 

CH3COO- + H+ ⇌ CH3COOH 

 
Response to added base OH-

(aq) 

• The added OH- ions react with the CH3COOH to form CH3COO- and H2O. 
CH3COOH + OH- ⇌ CH3COO- + H2O 

 
Basic buffers 

• A basic buffer can be made by mixing together a weak base and the salt of the weak base 
and a strong acid. 

 
Response to added acid H+

(aq) 

• The added H+ ions react with the NH3 to form NH4
+: 

NH3 + H+ ⇌ NH4
+

 

 
Response to added base OH-

(aq) 

• The added OH- ions react with the NH4
+ to form NH3 and H2O 

NH4
+ + OH- ⇌ NH3 + H2O 
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Salt hydrolysis  

• Salt hydrolysis refers to the reaction of a cation or an anion with water which ionizes the 
water molecule into H+ and OH- 
 

Anion hydrolysis (pH > 7 at 298 K) 
 

 
 

Cation hydrolysis (pH < 7 at 298 K) 
 

 
 

Salt of a strong acid and strong base 
 

 
• The salt formed from a strong acid and a strong base (NaCl) has a pH of approximately 7 

at 298 K (neither ion hydrolyses).   
 

Salt of a weak acid and strong base 
 

 
 

• The salt formed from a weak acid and a strong base has a pH of > 7 at 298 K (the anion 
hydrolyses).  
 

Salt of a strong acid and weak base 
 

 
• The salt formed from a strong acid and a weak base has a pH of < 7 at 298 K (the cation 

hydrolyses).   
 


