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Ammonium chloride, when dissolved in water, can act as a weak acid as shown by the following
equation.

NH4
+(aq)  NH3(aq) + H+(aq)

The following figure shows a graph of data obtained by a student when a solution of sodium
hydroxide was added to a solution of ammonium chloride. The pH of the reaction mixture was
measured initially and after each addition of the sodium hydroxide solution.

 

1.

(a)     Suggest a suitable piece of apparatus that could be used to measure out the sodium
hydroxide solution.
Explain why this apparatus is more suitable than a pipette for this purpose.

Apparatus__________________________________________________________

Explanation _________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(b)     Use information from the curve in the figure above to explain why the end point of this
reaction would be difficult to judge accurately using an indicator.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)
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(c)     The pH at the end point of this reaction is 11.8.

Use this pH value and the ionic product of water, Kw = 1.0 × 10−14 mol2 dm−6, to calculate
the concentration of hydroxide ions at the end point of the reaction.

 

 

 

 

 

Concentration = _______________ mol dm−3

(3)

(d)     The expression for the acid dissociation constant for aqueous ammonium ions is

 

The initial concentration of the ammonium chloride solution was 2.00 mol dm−3.

Use the pH of this solution, before any sodium hydroxide had been added, to calculate a
value for Ka

 

 

 

 

 

Ka = _______________ mol dm−3

(3)
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(e)     A solution contains equal concentrations of ammonia and ammonium ions.

Use your value of Ka from part (d) to calculate the pH of this solution. Explain your working.

(If you were unable to calculate a value for Ka you may assume that it has the value

4.75 × 10−9 mol dm−3. This is not the correct value.)

 

 

 

 

 

pH = _______________

(2)

(Total 12 marks)

This question is about Brønsted-Lowry acids of different strengths.

(a)     State the meaning of the term Brønsted–Lowry acid.

___________________________________________________________________

(1)

2.

(b)    (i)      Write an expression for the acid dissociation constant Ka for ethanoic acid.

______________________________________________________________

______________________________________________________________

(1)

(ii)     The value of Ka for ethanoic acid is 1.75 × 10−5 mol dm−3 at 25 °C.

Calculate the concentration of ethanoic acid in a solution of the acid that has a pH of
2.69

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(4)
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(c)     The value of Ka for chloroethanoic acid (ClCH2COOH) is 1.38 × 10−3 mol dm−3 at 25 °C.

(i)      Write an equation for the dissociation of chloroethanoic acid in aqueous solution.

______________________________________________________________

(1)

(ii)     Suggest why chloroethanoic acid is a stronger acid than ethanoic acid.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(d)     P and Q are acids. X and Y are bases. The table shows the strength of each acid and
base.

 

Acids Bases

strong weak strong weak

P Q X Y

The two acids were titrated separately with the two bases using methyl orange as indicator.
The titrations were then repeated using phenolphthalein as indicator.
The pH range for methyl orange is 3.1 − 4.4
The pH range for phenolphthalein is 8.3 − 10.0

For each of the following titrations, select the letter, A, B, C, or D, for the correct statement
about the indicator(s) that would give a precise end-point.
Write your answer in the box provided.

A Both indicators give a precise end-point.

B Only methyl orange gives a precise end-point.

C Only phenolphthalein gives a precise end-point.

D Neither indicator gives a precise end-point.
 

(i) Acid P with base X
 

(1)

Page 5 of 9
www.accesstuition.com



(ii) Acid Q with base X
 

(1)

(iii) Acid Q with base Y
 

(1)

(e)     Using a burette, 26.40 cm3 of 0.550 mol dm−3 sulfuric acid were added to a conical flask
containing 19.60 cm3 of 0.720 mol dm−3 aqueous sodium hydroxide.
Assume that the sulfuric acid is fully dissociated.

Calculate the pH of the solution formed.

Give your answer to 2 decimal places.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(6)

(Total 18 marks)

Iron(II) sulfate is used to kill weeds in garden lawns. It is a by-product of the manufacture of steel.
When a lawn is treated with iron(II) sulfate, the iron(II) ions are oxidised to form iron(III) ions.

Iron(III) ions are acidic in aqueous solution as shown by the following equation.

[Fe(H2O)6]3+(aq)    [Fe(H2O)5(OH)]2+(aq) + H+(aq)

In an experiment, a calibrated pH meter was used to measure the pH of an iron(III) salt in
solution. At 20 °C the pH of a 0.100 mol dm–3 solution of iron(III) sulfate was found to be 1.62.

(a)     Explain briefly why a pH meter should be calibrated before use.

___________________________________________________________________

___________________________________________________________________

(1)

3.
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(b)     Write an expression for the equilibrium constant, Ka, for the dissociation of iron(III) ions in
aqueous solution.

___________________________________________________________________

___________________________________________________________________

(1)

(c)     Use your answer from part (b) to calculate the value of Ka for this reaction at 20 °C.
Give your answer to the appropriate precision. Show your working.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(4)

(d)     Name the substance that is most likely to oxidise the iron(II) ions when iron(II) sulfate is
used as a weed killer.

___________________________________________________________________

(1)

(e)     Suggest a value for the pH of a 0.100 mol dm–3 solution of iron(II) sulfate.

___________________________________________________________________

(1)

(Total 8 marks)

(a)     A sample of hydrochloric acid has a pH of 2.34
Write an expression for pH and calculate the concentration of this acid.

pH ________________________________________________________________

Concentration _______________________________________________________

___________________________________________________________________

(2)

4.

(b)     A 0.150 mol dm–3 solution of a weak acid, HX, also has a pH of 2.34

(i)      Write an expression for the acid dissociation constant, Ka, for the acid HX.

______________________________________________________________

______________________________________________________________
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(ii)     Calculate the value of Ka for this acid and state its units.

Calculation _____________________________________________________

______________________________________________________________

______________________________________________________________

Units __________________________________________________________

(iii)     Calculate the value of pKa for the acid HX. Give your answer to two decimal places.

______________________________________________________________

(5)

(c)     A 30.0 cm3 sample of a 0.480 mol dm–3 solution of potassium hydroxide was partially
neutralised by the addition of 18.0 cm3 of a 0.350 mol dm–3 solution of sulphuric acid.

(i)      Calculate the initial number of moles of potassium hydroxide.

______________________________________________________________

______________________________________________________________

(ii)     Calculate the number of moles of sulphuric acid added.

______________________________________________________________

______________________________________________________________

(iii)     Calculate the number of moles of potassium hydroxide remaining in excess in the
solution formed.

______________________________________________________________

______________________________________________________________

(iv)    Calculate the concentration of hydroxide ions in the solution formed.

______________________________________________________________

______________________________________________________________

______________________________________________________________

(v)     Hence calculate the pH of the solution formed. Give your answer to two decimal
places.

______________________________________________________________

______________________________________________________________

______________________________________________________________

(6)

(Total 13 marks)
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The value of the acid dissociation constant, Ka, for the weak acid HA, at 298 K, is

1.45 × 10–4 mol dm–3.

(a)     Write an expression for the term Ka for the weak acid HA.

___________________________________________________________________

___________________________________________________________________

(1)

5.

(b)     Calculate the pH of a 0.250 mol dm–3 solution of HA at 298 K.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(4)

(c)     A mixture of the acid HA and the sodium salt of this acid, NaA, can be used to prepare a
buffer solution.

(i)      State and explain the effect on the pH of this buffer solution when a small amount of
hydrochloric acid is added.

______________________________________________________________

______________________________________________________________

______________________________________________________________

(ii)     The concentration of HA in a buffer solution is 0.250 mol dm–3. Calculate the
concentration of A– in this buffer solution when the pH is 3.59

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(6)

(Total 11 marks)
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