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BUFFER & TITRATION CURVE – PRACTICE
1. (a) What is a buffer solution? 

(b) What is needed to make an alkaline /basic buffer? 
(c) Explain how the buffering system in blood functions when small amounts of acid and alkali is 
produced in the body.

2. Calculate the pH of a buffer solution produced by adding 4.00 g of sodium ethanoate to 1 dm3 of 0.01 
mol dm-3 ethanoic acid. The Ka of ethanoic acid is 1.84 x 10-5 mol dm-3. [5.42]

3. (a) (i) What is an indicator?
(ii) The pKa of an indicator is 4.3. Determine the pH range whereby the indicator will change colour.
(iii) Is it a suitable indicator to be used in the titration involving sodium hydroxide and ethanoic acid? 
Explain.

(b) Give two differences and two similarities between the pH curves for 0.100 mol dm-3 HCl and 0.100 
mol dm-3 NaOH (titrant) and 0.100 mol dm-3  CH3COOH  and  0.100 mol dm-3 NaOH (titrant).
(c) Why does the pH curve for ethanedioic acid and sodium hydroxide have two equivalent points? 
Sketch the titration curve for this titration.

4. Calculate the pH of the following solutions.
(a) 0.100 mol of sodium methanoate is added to 1 dm3 of a 0.10 mol dm-3 solution of methanoic acid. Given 
pKa of methanoic acid is 3.75                                                                                                     [3.75]
(b) 1  mol of ammonium chloride is added to 500 cm3 of 0.500 mol dm-3 of ammonia solution. Given pKa of 
NH4

+ is 9.26.                                      [8.66]
(c) A mixture of 50.0 cm3 of 0.0400 mol dm-3 sodium hydroxide and 50.0 cm3 of 0.0800 mol dm-3 ethanoic 
acid. Given pKa of ethanoic acid is 4.74. [4.74]

5. (a) Calculate the pH of a solution which is 0.400 mol dm -3 with respect to ethanoic acid and 0.200 mol dm-3 

with respect to sodium ethanoate. Ka of ethanoic acid  = 1.8 x10-5 mol dm-3 at 250C.            [4.44]
(b) Calculate the change in pH of  1.00 mol dm-3 of  the solution in (a) when 0.050 mol of  solid sodium 
hydroxide is added. Assume no change in volume. [+0.16]

6. 25.0 cm3 of a mixture of Na2CO3 and NaHCO3 were titrated with a 0.100 mol dm-3 solution of HCl. The 
following results were obtained.

22.50 cm3 of HCl were required to reach the end point using phenolphthalein as indicator.
48.50 cm3 of HCl were required to reach the end point when methyl orange is used as the indicator .

Calculate
(a) the concentration ( in g dm-3 ) of Na2CO3                    [9.54 g dm-3]
(b) the concentration ( in g dm-3) of NaHCO3 in the mixture. [1.18 g dm-3]
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7. The colour to blackberries is due to a compound  known as cyanidin (Cy), exists as CyH+, which is red 
and at high pH  as Cy , which is purple.
                                      CyH+             Cy   +   H+

                                      (red )                  ( purple )
(a) Write an expression for the acid dissociation , Ka, of   CyH+    
(b) In a buffer  of pH = 5.00, the ratio of  the red  to purple form is  1: 5. Calculate  a value for  Ka     [5 x 10-5 ]
(c) Calculate the ratio of the red to the purple form in a fruit juice buffered at pH =3.00, and hence predict its  
colour.                                     [20 :1]
(d)  Fruit juice are often preserved by adding small quantities of sulphur dioxide, but this also reacts with both  
forms of cyanidin to give a colourless addition compounds.  For the red form, this may be presented as  
follows:                 

CyH+   +   SO2   + H2O      CySO3H2   + H+       (1)
When sufficient  sulphur dioxide  is added to a fruit   juice buffered at  pH = 3.0  to give an equilibrium 
concentration , [SO2] of 1.0 x 10-2 mol dm-3, the  intensity of the red colour decreases to  one tenth  of its 
original  value.
(i) Write an expression for the equilibrium constant for the reaction  (1) and use these date to calculate its 
value. [0.90]
(ii) Would this decolourisation of the preserved fruit juice be more  or less  of a problem at pH=4 compared to  
pH = 3.0 ?  Explain your answer.

8. Interpret each of the following observations as fully as you can.
(a) The pH of at the end point in the titration of ethanoic acid with sodium hydroxide is greater than 7.
(b) When 25. 0 cm3 of 0.100 mol dm-3 ethanoic acid is titrated against 0.10 mol dm-3 sodium hydroxide, using 
methyl orange indicator, the indicator changes colour after about 10 cm3 of alkali has been added.
(c) The pH of  a mixture of  aqueous ethanoic acid and sodium ethanoate does not change much on an 
addition of a little acid or base.

9. The water of Lake Nakuru in the Kenya  rift valley contains sodium carbonate  and sodium hydrogen  
carbonate.  The following equilibrium exists : 

HCO3
-  (aq)     H+(aq)    +   CO3

2-(aq)

(a) Explain how this solution acts as a buffer on the addition of the acid or alkali. 
(b) The  pH of Lake Naruku is 10.3 and the ratio  [CO3

2-] / [HCO3
-] is 0.985.                      

Calculate the equilibrium constant  for the above reaction.       [4.90 x 10-11 mol dm-3]
(c)  When 10.0 cm3 of the lake water titrated  with 0.20 mol dm -3  HCl , 22.0 cm3 of acid were required to 
neutralise all the carbonate and hydrogen carbonate  ions according to the following equations:

                 H+(aq)  +  HCO3
-(aq)   H2O(l)  +   CO2(g)

                2H+(aq)  +  CO3
2-(aq)   H2O(l)  +  CO2 (g)

Calculate the total number of moles of acid  used, and thus by using the ratio quoted in part (b), calculate  
[CO3

2-] and [HCO3
-] in the lake.  [0.146 mol dm-3, 0.148 mol dm-3]

10. Phenylboronic acid, C6H5B(OH)2, and benzoic acid, C6H5COOH, are both monoprotic (monobasic) acid, 
with pKa values of 8.86 and 4.20 respectively.
(a) Give an equation which represents the dissociation of phenylboronic acid.
(b) Calculate [H+(aq)] and the pH of 0.010 mol dm-3 phenylboronic acid. [3.72 x 10-6 mol dm-3, 5.43]
(c) Which is the stronger of the two acids? Explain your reasoning.
(d) A 10.0 cm3 sample of  X, a solution containing both of these acids, was titrated against 0.050 mol dm -3 

NaOH using a mixture of two indicators, bromothymol blue and phenolphthalein. It was found that 8.6 cm 3 of 
NaOH(aq) were needed to change the colour of the first indicator and  a further 7.1 cm3 were needed to 
change the colour of the second indicator.

(i) Sketch the shape of the pH curve during this titration.
(ii) Use the data to calculate the concentration of each of the two acids in  X.

[  [C6C5COOH]= 0.0430 mol dm-3 ; [C6H5B (OH)2]= 0.0355 mol dm-3 ]
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