
Do now:
What do you think the following words mean?

Titration curve

Equivalence point

End point

Indicator

Amount of acid and 
base present is equal

Point where the 
indicator changes colour



Titrations
What do we need to be able to do?

• Discuss reasons for the pH of titrated solution at key points
• Discuss changes in concentrations of species in solution
• Calculate pH at key points on graph
• Choosing indicators



Titration curves
pH v volume

3 types
Strong acid Weak acid Strong acid
Strong base Strong base Weak base

Where is the equivalence point? 



Do now:

What is the equivalence point of a titration?

Why do titrations between strong acids and weak bases OR strong 
bases and weak acids have buffer zones?



Strong acid strong base titration

eg NaOH and HCl

pH entirely dependent on [HCl]

pH increasing
HCl + NaOH Na+ + Cl- + H2O

[HCl] decreasing

produced

used up by reaction with HCl

Equal amount of HCl and NaOH
HCl + NaOH Na+ + Cl- + H2O

used up present

pH entirely dependent on [NaOH]

pH increasing
Na+ + Cl- + NaOH 2 Na+ + Cl- + OH-



Weak acid strong base titration 



Weak acid strong base titration

eg NaOH and HCOOH

pH entirely dependent on [HCOOH]

pH increasing
HCOOH + NaOH Na+ + HCOO- + H2O

[HCOOH] decreasing

produced

used up by reaction with HCOOH

Equal amount of HCOOH and NaOH
HCOOH + NaOH Na+ + HCOO- + H2O

used up present

pH entirely dependent on [NaOH]

pH increasing
More OH- added

HCOOH, HCOO-

present:
buffer zone

HCOO- + H2O  HCOOH + OH-



Strong acid weak base titration

eg NH3 and HCl

pH entirely dependent on [NH3]

pH decreasing
NH3 + HCl NH4

+ + Cl-

[NH3] decreasing
used up by reaction with NH3

produced

buffer zone:
NH3, NH4

+

present
Equal amount of NH3 and HCl

NH3 + HCl NH4
+ + Cl-

used up present

NH4
+ + H2O  NH3 + H3O+

pH decreasing
More H3O+ added

pH entirely dependent on [HCl]



Buffer zones
Recap: What is a buffer solution?

Ka = [H3O+] [A-]

[HA]

pKa = pH – log10

[HA]

[A-] When A- = HA 
then pKa = pH

equivalence point

half equivalence point



Key points
In exams you are usually asked to:
• Discuss the buffer zone
• Discuss the equivalence point and its pH and/or calculate its pH
• Discuss the change in the concentration of species in solution 

as the titration progresses
• Calculate initial pH of weak acid/base solution



2013 Exam Q3 b

What would be the A answer? What would be the M answer?



What is happening when NaOH is added?
What key things is the examiner looking for?



2014 Exam Q3 a



2011 Exam Q4



2011 Exam Q4



2011 Exam Q4



2011 Exam Q4



Titration curve pH calculations

initial pH

Ka = [H3O+]2/[CH3COOOH]

½ equivalence

pH = pKa as [CH3COOH] = [CH3COO-]

equivalence point

Kb = [OH-]2/[A-]
CH3COOH + H2O CH3COO- + H3O+

CH3COOH + NaOH  CH3COO- + H2O + Na+

need to recalculate 
concentrations as 
volume has changed

CH3COOH + NaOH  CH3COO- + H2O + Na+

CH3COO- + H2O CH3COOH + OH-

only CH3COO-, H2O and 
Na+ present in solution

final pH
pH = -log[H3O+]

need to recalculate 
concentrations as 
volume has changed



2013 Sample Exam Q3 b i



Choosing an indicator
What are we looking for when we choose an indicator for a 
titration?

Indicators change colour when the pH of the solution = their pKa



Choosing an indicator



pH calculations
Sometime you will be asked to calculate the pH at any point on the 
titration curve. To do this we need to keep in mind the number of 
moles of each species, volumes and concentrations.

The best way to do this is to use an ICE table.

Species in 
flask

Species 
added to 
flask

Species 
formed from 
reaction

I (initial)

C (change)

E (end)



pH calculations
20 mL of 0.095 mol.L-1 CH3COOH is 
titrated with 0.110 mol.L-1 NaOH.
Ka(CH3COOH) = 1.8 x 10-5

What is the pH when 10 mL of NaOH
has been added to the solution?

Species in 
flask 
(CH3COOH)

Species 
added to 
flask 
(NaOH)

Species 
formed 
from 
reaction 
(CH3COO-)

I (initial)

C (change)

E (end)

n = 0.0019 mol n = 0 mol n = 0 mol

n = 0.0011 mol n = n(NaOH)n = I – n(NaOH)

n = 0.0008 mol n = 0 mol n = 0.0011 mol
Ka = [H3O+] [CH3COO-]

[CH3COOH]
c = 0.02666 mol.L-1 c = 0.03666 mol.L-1



pH calculations

CH3COOH NaOH CH3COO-

I (initial)

C (change)

E (end)

n = 0.001792 mol n = 0 mol n = 0 mol

n = 0.0005 mol n = n(NaOH)n = I – n(NaOH)

n = 0.001292 mol n = 0 mol n = 0.0005 mol

c = 0.05168 mol.L-1 c = 0.02 mol.L-1

Ka = [H3O+] [CH3COO-]

[CH3COOH]


