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BUFFER & TITRATION CURVE – SUMMARY

Buffer Solution
• An aqueous solution that resists changes to pH when small amounts of H+ or OH- is added to it
• Acidic buffer (pH < 7) is a mixture of weak acid and salt of conjugate base. 

Eg CH3COOH + CH3COONa
• Alkaline buffer (pH > 7) is a mixture of weak base and salt of conjugate acid

Eg NH3 + NH4Cl
• Important in chemical and biological systems:

Buffer Location System PH range

Bicarbonate Blood CO2 + H2O  H2CO3  H+ + HCO3
- 7.35 - 7.45

Phosphate Intracellular fluid H2PO4
-  H+ + HPO4

2- 6.9 - 7.4

Protein Intracellular and extracellular Pr-H  Pr- + H+ Depends

Acidic Buffer (eg   CH  3COOH + CH3COONa)
• Consider a solution of a weak acid CH3COOH and its salt CH3COONa.
• CH3COONa completely ionizes in water: CH3COONa (aq)  CH3COO-

 (aq) + Na+
 (aq)

Relatively large amount of CH3COO- ions present as salt dissolves completely.
• CH3COOH partially dissociates in water: CH3COOH (aq) + H2O (l)  CH3COO-

 (aq) + H3O+
 (aq)

Relatively large amount of CH3COOH as degree of dissociation of weak acid is small. In addition, 
presence of CH3COO- from the salt suppresses the dissociation of CH3COOH

• When a small amount of H+
 is added, neutralised by large excess of basic CH3COO-:

CH3COO-
 (aq) + H+

 (aq)  CH3COOH (aq)

Hence H+ removed and pH is maintained.
• When a small amount of OH- is added, neutralised by large excess of acidic CH3COOH:

CH3COOH (aq) + OH-
 (aq)  CH3COO-

 (aq) + H2O (l)

Hence OH- removed and pH is maintained

Alkaline Buffer (eg   NH  3 + NH4Cl)
• Consider a solution of a weak base NH3 and its salt NH4Cl.
• NH4Cl completely ionizes in water: NH4Cl (aq)  NH4

+
 (aq) + Cl- (aq)

Relatively large amount of NH4
+ ions present

• NH3 partially dissociates in water: NH3 (aq) + H2O (l)  NH4
+

 (aq) + OH-
 (aq)

Relatively large  amount  of  NH3  as degree  of  dissociation  of  weak base  is  small.  In  addition, 
presence of NH4

+ from the salt suppresses the dissociation of NH3

• When a small amount of H+ is added, neutralised by large excess of basic NH3:

NH3 (aq) + H+
 (aq)  NH4

+
 (aq)

Hence H+ removed and pH is maintained.
• When a small amount of OH- is added, neutralised by large excess of acidic NH4

+:

NH4
+

 (aq) + OH-
 (aq)  NH3 (aq) + H2O (l)

Hence OH- removed and pH is maintained
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pH determination for buffers (Henderson-Hasselbalch Equation)
• For an acidic buffer solution, the dissociation of the weak acid is 

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

 (aq)

Ka = [H3O+][A-]/[HA]

• In the buffer solution:
◦ [HA]eqm ≈ [acid]initial as the degree of dissociation of weak acid is small and further suppressed by 

the presence of A- ions from the salt.
◦ [A-]eqm ≈ [salt]initial as the contribution of [A-] from the dissociation of the acid is negligible.

• Therefore the Ka expression becomes:

Ka = [H3O+][salt]/[acid]
[H3O+] = Ka[acid]/[salt]
- log[H3O+] = - log Ka + log ([salt]/[acid])

pH = pKa + log ([salt]/[acid])

• For an alkaline buffer solution:

pOH = pKb + log([salt]/[base])

Exercise 1
Calculate the pH of a buffer solution made by dissolving 1.64g of sodium ethanoate, CH 3COONa, in 500 cm3 

of 0.100 moldm-3 of ethanoic acid, CH3COOH, given that the Ka of CH3COOH is 1.75 x 10-5 moldm-3.

Exercise 2
Calculate the pH of a buffer solution made by mixing 30.0 cm3 of 0.100 moldm-3 aq NH3 and 20.0 cm3 of 
0.200 moldm-3 aq NH4Cl, given that the Kb of NH3 is 1.80 x 10-5 moldm-3.

Exercise 3
Calculate the pH of the resultant solution when 100 cm3 of 0.1 mol dm-3 CH3COOH is added to 80 cm3 of 
0.08 mol dm-3 NaOH. Given the Ka of CH3COOH is 1.75 x 10-5 moldm-3.

Maximum Buffering Capacity
• at  maximum buffering  capacity,  [acid]  or  [base]  is  equal  to  [salt]  and  the  buffer  functions  most  

effectively
• For an acidic buffer, [salt]/[acid] = 1, therefore log ([salt]/[acid]) = log 1 = 0
• Hence pH = pKa + log ([salt]/[acid]) = pKa

• For an acidic buffer:
Maximum buffering capacity: pH = pKa 

Buffering pH range = pKa ± 1
• For an alkaline buffer:

Maximum buffering capacity: pOH = pKb, hence pH = 14 – pOH = 14 – pKb 

Buffering pH range = (14 – pKb ) ± 1
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Titration Curve
• 3 important types of titration curves:  Strong acid-strong base (SA-SB), strong acid-weak base 

(SA-WB) and weak acid-strong base (WA-SB).  Weak acid-weak base  titration  does not  have 
distinct end points hence usually not discussed.

• 6 important points on the curve: initial pH of analyte (solution in conical flask), volume of equivalence 
(volume of titrant in burette required for complete neutralisation), equivalence point, range of rapid 
pH change, buffer region and maximum buffering capacity
1. Initial pH of analyte can be calculated depending on the nature of analyte:

◦ Strong acid: [H+] = [acid]
◦ Weak acid: [H+] = (Ka[acid])1/2

◦ Strong base: [OH-] = [base]
◦ Weak base: [OH-] = (Kb[base])1/2

2. Volume of equivalence, Veq, can be calculated via solution stoichiometry
Strong Acid – 
Strong Base

Strong Acid – Weak Base Weak Acid – Strong Base

3.Equivalence 
point -  depends 
on  type  of  acid-
base reaction

pH = 7 as ions 
of  salt  solution 
do  not 
hydrolyse  in 
water

pH <  7  as  conjugate  acid  of 
weak base hydrolyse in water 
to give H+

pH > 7  as conjugate base of 
weak  acid  hydrolyse  in  water 
to give OH-

4.Range of rapid 
pH change – eqv 
pt  is  midpoint of 
this range

Approx 3 to 11 Approx 3 to 7 Approx 7 to 11

5.Buffer region – 
occurs  when 
there  is   an 
excess  of  weak 
acid  or  weak 
base

No  buffer 
region

- When weak base is analyte, 
excess  before  complete 
neutralisation  hence  buffer 
before Veq 

- When  weak base is titrant, 
excess  after  complete 
neutralisation  hence  buffer 
after Veq 

- When weak acid is analyte, 
excess  before  complete 
neutralisation  hence  buffer 
before Veq 

-  When  weak acid is  titrant, 
excess  after  complete 
neutralisation  hence  buffer 
after Veq 

6.Maximum 
buffer capacity – 
reflected as point 
of  inflexion on 
graph

Not applicable pH = 14 – pKb 

Vol = ½ Veq (buffer before Veq)
OR
Vol = 2 Veq (buffer after Veq)

pH = pKa 

Vol = ½ Veq (buffer before Veq)
OR
Vol = 2 Veq (buffer after Veq)

Indicators
• weak organic acids or bases that exist in different colours under different pH
• working pH range is the pH region where the indicator changes colour
• to be suitable indicator for a titration,  working pH range for the indicator should lie within the 

region of rapid pH change of the titration curve

Indicator Working pH range Suitable titration
Phenolphthalein 8.2 to 10.0 SA-SB and WA-SB

Bromothymol Blue 6.2 to 7.6 SA-SB

Methyl Orange 3.2 to 4.4 SA-SB and SA-WB
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Hence pH = -lg[H+]

Hence pOH = -lg[OH-]

pH = 14 - pOH
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Exercise 4
Sketch the titration curves for:

(i) HCl against NaOH (titrant)
(ii) CH3COOH against NaOH (titrant)
(iii)HCl against NH3 (titrant)

For all  cases, concentration for both acid and base is 0.1 mol dm-3,  volume of analyte = 25 cm3, Ka for 
CH3COOH is 10-5 mol dm-3, Kb for NH3 is 10-5 mol dm-3.

Exercise 5
a. Determine the pH of the following solution
i. 0.1 mol dm-3 of CH3COOH, given Ka = 1 x 10-5 mol dm-3

ii. 0.1 mol dm-3 of NaOH

b. 0.1 mol dm-3 of NaOH is added to 25.0cm3 of 0.1 mol dm-3 CH3COOH via a burette. Determine the pH of 
the solution when the volume of NaOH added is:
i. 12.5cm3 
ii. 25cm3 

iii. 40cm3 

c. Hence sketch the titration curve of the above mentioned reaction.

d. What is a suitable indicator for the titration? Explain.

Exercise 6
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