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1 Oxalic acid is a white crystalline solid that occurs naturally 
in rhubarb. It is a dicarboxylic acid used in rust removal. It 
often contains water of crystallisation, H2C2O4.xH2O, the 
amount of which can be determined by titration with sodium 
hydroxide solution.

 (a) Oxalic acid reacts with sodium hydroxide in a similar 
way to ethanoic acid. Write an equation for the reaction 
between oxalic acid and excess sodium hydroxide.

  [2 marks]

 (b) A 1.55 g sample of hydrated oxalic acid was dissolved in 
50 cm3 of deionised water in a beaker, transferred to a 
volumetric flask and the solution made up to 250.0 cm3 
with deionised water. The flask was stoppered and 
inverted.

  (i) Explain how the loss of solution is minimised when it 
is transferred to the volumetric flask.     [2 marks]

  (ii) Explain the purpose of inverting the volumetric flask.
[1 mark]
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 (c) 25.0 cm3 of the oxalic acid solution were titrated 
against 0.10 mol dm–3 sodium hydroxide solution using 
phenolphthalein as an indicator. The titre was 24.6 cm3.

  (i) A burette reading is accurate to  0.05 cm3. 
Calculate the percentage uncertainty in the titre 
value, to one significant figure.     [2 marks]

  (ii) State the colour change at the end point of the 
titration.     [2 marks]

  (iii) Use the titre value and the mass of the sample 
to calculate the relative formula mass of hydrated 
oxalic acid.     [3 marks]
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  (iv) Use your answer to part (iii) to calculate the value of 
x in the hydrated acid, H2C2O4.xH2O.     [2 marks]
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2 Hydrochloric acid reacts with sodium hydroxide solution in a 
neutralisation reaction.

 HCl(aq) + NaOH(aq) → NaCl(aq) + H2O(l)

 The apparatus in the diagram below can be used to 
determine the enthalpy change for the reaction: 

 thermometer

polystyrene cup

reaction mixture
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 (a) (i) Heat loss to the surroundings is the main source of 
error in this experiment. Suggest two improvements 
to the apparatus in the diagram opposite that would 
minimise heat loss to the surroundings.     [2 marks]

  (ii) Define the term standard enthalpy of 
neutralisation.     [2 marks]

  (iii) State the conditions used for standard enthalpy 
changes.     [2 marks]
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 (b) The following procedure was followed in order to 
determine the enthalpy change for the reaction:

   Weigh 11 g of the corrosive solid sodium hydroxide 
and dissolve in 250 cm3 of deionised water and allow 
to cool.

   Using a measuring cylinder, transfer 25 cm3 of the 
sodium hydroxide solution into a polystyrene cup.

   Place a thermometer in the polystyrene cup and 
record the temperature of the sodium hydroxide 
solution.

   Place a thermometer in 25 cm3  of 1.0 mol dm–3 
hydrochloric acid and record the temperature of the 
acid. Transfer this solution to the polystyrene cup.

   Stir the reaction mixture with the thermometer and 
record the highest temperature obtained.

  (i) Suggest a more accurate way of measuring the 
volume of the sodium hydroxide solution.     [1 mark]

  (ii) Suggest and explain two safety precautions when 
using solid sodium hydroxide.     [2 marks]
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  (iii) Calculate the number of moles of sodium hydroxide 
in 25 cm3 of solution, to two significant figures.

   [2 marks]

  (iv) Calculate the number of moles of hydrochloric acid 
in 25 cm3 of solution, to two significant figures.

   [1 mark]
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 (c) When the procedure was followed, a temperature rise of 
6.2 °C was recorded.

  (i) It is assumed that the specific heat capacity of the 
reaction mixture is 4.2 J g–1 K–1. State one other 
assumption made about the reaction mixture when 
calculating the enthalpy change.     [1 mark]

  (ii) Calculate the heat energy given out in kJ, to two 
significant figures.     [2 marks]

  (iii) Calculate the molar enthalpy of neutralisation for the 
reaction in kJ mol–1, to two significant figures.

   [2 marks]
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 (d) The experiment was repeated using barium hydroxide in 
place of sodium hydroxide.

  (i) Suggest why the molar enthalpy of neutralisation, 
obtained for this experiment, is similar to that 
calculated with sodium hydroxide.     [1 mark]

  (ii) When the experiment is repeated with magnesium 
hydroxide in place of barium hydroxide, it is added 
as a solid to the hydrochloric acid in the polystyrene 
cup. Suggest why a solution of magnesium 
hydroxide is not used.     [1 mark]

  (iii) Aqueous barium chloride is used to test for a 
specific ion. Name the ion and describe how the test 
is performed for this ion. Include the observation for 
a positive test.     [3 marks]
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3 The oxidation of ethanol (density 0.79 g cm–3, boiling point 
78°C) must be carefully controlled in order to produce 
ethanal (density 0.82 g cm–3, boiling point 21°C).

 CH3CH2OH  +  [O] → CH3CHO  +  H2O

 Ethanal may be prepared using distillation apparatus, as 
shown in the diagram below.

 

solution of A 
in ethanol

concentrated sulfuric acid

ice/watersolid B . . .. . . .

 

 The acid from the dropping funnel is added slowly. As the 
reaction proceeds and the solution in the round-bottom flask 
boils, a colourless liquid is collected in the conical flask.

 (a) Identify A and B.     [2 marks]

 (b) Suggest why a heat source is not required.     [1 mark]
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 (c) State the colour change observed in the round-bottom 
flask after the reaction is complete.     [1 mark]

 (d) Suggest why the conical flask is placed in an ice/water 
bath.     [1 mark]

 (e) Calculate the volume of ethanal, to two significant 
figures, that would be produced from 5.0 cm3 of ethanol, 
assuming a yield of 45%.     [5 marks]

 (f) Suggest one practical and one theoretical reason why 
the yield is less than 100%.     [2 marks]
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4 In order to determine the relative atomic mass of a 
Group II metal, a known mass of the Group II carbonate, 
MCO3, is added to excess hydrochloric acid in a conical 
flask. The carbon dioxide produced is collected in a gas 
syringe. 

 MCO3  +  2HCl  →→  MCl2  +  H2O  +  CO2

 (a) (i) State one observation which could be made that 
indicates the reaction is finished.     [1 mark]

  (ii) State a test which could be made that indicates the  
hydrochloric acid is in excess.     [2 marks]

 (b) Identify one source of error with the method that could 
lead to inaccuracy in the volume of carbon dioxide 
measured.     [1 mark]
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 (c) An alternative method involves collecting the carbon 
dioxide over water in a measuring cylinder.

  (i) Suggest one reason why this method is less 
accurate than collecting the carbon dioxide in a gas 
syringe.     [1 mark]

  (ii) Explain one way of improving the accuracy of 
measuring the volume of gas collected.     [2 marks]

THIS IS THE END OF THE QUESTION PAPER
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1 tonne = 106 g
1 metre = 109 nm
One mole of any gas at 293 K and a pressure of 1 atmosphere (105 Pa) occupies a volume of 24 dm3

Avogadro Constant = 6.02  1023 mol–1

Planck Constant = 6.63  10–34 J s
Specifi c Heat Capacity of water = 4.2 J g–1 K–1

Speed of Light = 3  108 m s–1

Characteristic absorptions in IR spectroscopy

Wavenumber/cm–1 Bond Compound
550–850 C–X (X = Cl, Br, I) Haloalkanes
750–1100 C–C Alkanes, alkyl groups
1000–1300 C–O Alcohols, esters, carboxylic acids 
1450–1650 C ̿ C Arenes
1600–1700 C ̿ C Alkenes
1650–1800 C ̿ O Carboxylic acids, esters, aldehydes,    
  ketones, amides, acyl chlorides
2200–2300 C   N Nitriles
2500–3200 O–H Carboxylic acids
2750–2850  C–H Aldehydes
2850–3000 C–H Alkanes, alkyl groups, alkenes, arenes
3200–3600 O–H Alcohols
3300–3500 N–H Amines, amides

Proton Chemical Shifts in Nuclear Magnetic Resonance Spectroscopy 
(relative to TMS)

Chemical ShiŌ  Structure 

0.5–2.0 –CH Saturated alkanes
0.5–5.5 –OH Alcohols
1.0–3.0 –NH Amines
2.0–3.0 –CO–CH Ketones
 –N–CH Amines
 C6H5–CH Arene (aliphaƟ c on ring)
2.0–4.0 X–CH X = Cl or Br (3.0–4.0)
  X = I (2.0–3.0)
4.5–6.0  –C ̿ CH Alkenes
5.5–8.5 RCONH Amides
6.0–8.0 –C6H5 Arenes (on ring)
9.0–10.0 –CHO Aldehydes
10.0–12.0 –COOH Carboxylic acids

These chemical shiŌ s are concentraƟ on and temperature dependent and may be outside 
the ranges indicated above.
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* 58–71    Lanthanum series
† 90–103  Actinium series

a = relative atomic mass (approx)
x = atomic symbol
b = atomic number
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