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Answer ALL the questions.  Write your answers in the spaces provided.

SECTION A

1. Name the following organic compounds.

 (a) HCHO

   .......................................................................................................................................
(1)

 (b) CH3CH2CHOHCH2CH3

   .......................................................................................................................................
(1) Q1

(Total 2 marks)
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2. (a) Draw the displayed formula of a branched chain ketone containing five carbon 
atoms.

(2)

 (b) Give the systematic name for this ketone.

   .......................................................................................................................................
(1)

 (c) What is the molecular formula of the alcohol this ketone could be made from?

   .......................................................................................................................................
(1)

 (d) An alcohol can be converted into a ketone by oxidation with sodium dichromate(VI) 
and sulphuric acid.

  Explain why refluxing the mixture first, rather than immediately distilling the product 
over from the beginning, results in a higher yield of the ketone.

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................
(1)

TOTAL FOR SECTION A: 7 MARKS

Q2

(Total 5 marks)
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SECTION B

3. This question concerns some aspects of the chemistry of hydrogen.

 (a) A sample of hydrogen contains 97.22% 1
1H and the rest is deuterium, 2

1H.

  (i) How many protons, neutrons and electrons are present in one atom of 
deuterium?

   p  ..............................

   n  ..............................

   e  ..............................
(2)

  (ii) Calculate the average atomic mass of hydrogen in this sample to 4 significant 
figures.

(2)

 (b) Three reactions involving hydrogen and its compounds are shown below.

  A NH3(g) + H2O(l) → NH4
+(aq) + OH–(aq)

  B WO3(s) + 3H2(g) → W(s) + 3H2O(l)

  C 2Na(s) + H2(g) → 2Na+H–(s)

  (i) Give the name of the type of reaction in

   A  ............................................................................................................................

   B .............................................................................................................................
(2)

  (ii) In reaction C, are sodium atoms oxidised or reduced?  Justify your answer.

    ................................................................................................................................

    ................................................................................................................................
(1)
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 (c) Suggest why hydrogen could be placed at the top of either Group 1 or Group 7 in the 
Periodic Table.

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................
(2)

 (d) Some data about hydrogen are given below.

  Melting point 14 K

  Boiling point 20 K

  H2(g) + 1
2O2(g) → H2O(l)      ∆H = –285.8 kJ mol–1

  (i) What is the boiling point of hydrogen in °C?  .......................................................
(1)

  (ii) Suggest an advantage and a disadvantage of using hydrogen as a fuel for road 
vehicles.

   Advantage  ..............................................................................................................

    ................................................................................................................................

    ................................................................................................................................

   Disadvantage  .........................................................................................................

    ................................................................................................................................

    ................................................................................................................................
(2) Q3

(Total 12 marks)
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4. Potassium chromate(VI) and barium chloride solutions react as shown in the equation 
below.

BaCl2(aq) + K2CrO4(aq) → BaCrO4(s) + 2KCl(aq)

 (a) Which element is responsible for the colour in both the reactants and the products?

   .......................................................................................................................................
(1)

 (b) In which Group of the Periodic Table is barium?  Use this information to state the 
charge on the barium ion.

  Group  ............................................................................................................................

  Charge on ion  ...............................................................................................................
(1)

 (c) Rewrite the equation as an ionic one, including state symbols but omitting the 
spectator ions.

(1)

 (d) (i) What volume of 0.10 mol dm–3 BaCl2 solution would react exactly with 20 cm3 of 
0.25 mol dm–3 K2CrO4 solution?

(2)
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  (ii) Describe in detail how you would obtain pure, dry potassium chloride, KCl(s), 
from the resulting mixture.  Explain the purpose of each step in your method.

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................
(4) Q4

(Total 9 marks)
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5. Part of the emission spectrum of sodium is shown below.

     8.0    7.5    7.0    6.5    6.0    5.5    5.0    4.5

 The most intense line in the spectrum has a frequency of 5.1 × 1014 Hz.

 (a) (i) Suggest the colour of the line at 5.1 × 1014 Hz.

    ................................................................................................................................
(1)

  (ii) What is the name of the unit with the symbol Hz?

    ................................................................................................................................
(1)

  (iii) Which line in the spectrum corresponds to the electron transition with the greatest 
energy?

   Put a cross ( ) in the box of the correct answer.  If you change your mind about 
the answer, put a line through the box ( ) and then mark your new answer with a 
cross ( ).

4.8 × 1014 Hz

5.1 × 1014 Hz

5.3 × 1014 Hz

7.2 × 1014 Hz

7.3 × 1014 Hz

(1)

Frequency/1014 Hz
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 (b) The diagram below shows the arrangement of electrons in the energy levels of a 
sodium atom.

  (i) Why are the two electrons shown in the n = 1 energy level represented by arrows 
pointing in opposite directions?

    ................................................................................................................................

    ................................................................................................................................
(1)

  (ii) Draw an arrow on the diagram to represent the energy change when a sodium 
atom ionises by losing an electron.

(2)

  (iii) Do all of the electrons in the n = 2 energy level have the same energy?  Explain 
your answer.

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................
(2)

n =∞

n = 4

n = 3

n = 2

n = 1

↑

↑ ↓ ↑ ↓ ↑ ↓ ↑ ↓

↑ ↓
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  (iv) How would the arrangement of electrons in a potassium atom differ from this 
arrangement of electrons in sodium?

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................
(1)

 (c) Describe an experiment you could carry out to distinguish between samples of
sodium chloride and potassium chloride.  Give the results of your experiment.

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................
(3)

 (d) State TWO different ways in which you could make potassium chloride conduct 
electricity.

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................
(2) Q5

(Total 14 marks)



Leave 
blank

12

*N29268A01216*

6. Two experiments were carried out in order to calculate the enthalpy change of formation 
of magnesium carbonate, MgCO3.

 A Hess cycle for these reactions is shown below.

 (a) Complete the Hess cycle above for the formation of magnesium carbonate from its 
elements by balancing the equations and adding state symbols.

(2)

 (b) In Experiment 1 the temperature of 100 cm3 of hydrochloric acid was measured.  
After one minute, 0.100 g of magnesium was added to the excess acid and the 
temperature measured every minute.  The following results were obtained:

Time/min 0 1 2 3 4 5 6

Temp/°C 21.0 21.0 25.3 25.1 24.9 24.8 24.7

  (i) How many moles of magnesium were used in this experiment?

   Use the Periodic Table as a source of data.

    ................................................................................................................................
(1)

ΔH3

Experiment 1

Mg    +    C    +    O2 MgCO3(s)

MgCl2(aq) + H2(g) + C     +   O2

ΔHf

ΔH1

ΔH2 = –680 kJ mol–1

+2HCl(aq)

+ 2HCl(aq) Experiment 2

MgCl2(aq) + H2O(l) + CO2(g)
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  (ii) The initial concentration of the hydrochloric acid was 2.00 mol dm–3.

   Calculate the number of moles of hydrochloric acid at the start and hence the 
number remaining at the end of the experiment.

(3)

  (iii) Plot the graph of temperature against time.

(2)
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  (iv) Calculate the energy change in this experiment assuming the temperature rise is 
4.5 °C.  Use the expression

   Energy change (J) = 4.2 × mass of solution × temperature change

   [Assume that 1 cm3 of solution has a mass of 1 g]

(1)

  (v) Use your answer to (iv) to calculate ∆H1 for one mole of magnesium reacting 
with hydrochloric acid.  Include a sign and units in your answer.

(2)

  (vi) Suggest why a temperature rise of 4.5 °C was used in the calculation in (iv).

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................
(1)
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 (c) 2.2 g of magnesium carbonate was added to 100 cm3 of the same acid in 
Experiment 2.

  The temperature changed from 21.0 °C to 23.5 °C resulting in an energy change of 
1.05 kJ.

  (i) Calculate the mass of one mole of magnesium carbonate, MgCO3  and hence the 
number of moles of magnesium carbonate used in this experiment.

   Use the Periodic Table as a source of data.

(2)

  (ii) Using the method in part (b)(v), calculate ∆H3.

(1)

 (d) Using your answers to (b)(v) and (c)(ii), calculate the enthalpy change of formation, 
∆Hf , of magnesium carbonate, MgCO3.

  Include a sign and units in your answer.

(2)

 (e) Why is it impossible to measure ∆Hf of MgCO3(s) directly?

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................
(1)

TOTAL FOR SECTION B:  53 MARKS
TOTAL FOR PAPER:  60 MARKS

END

Q6

(Total 18 marks)
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