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Q1. 
  

1.12 g of iron reacts with oxygen to form 1.60 g of an oxide of iron. Use relative atomic masses: Fe = 56, 
O = 16. 

What is the formula of this oxide of iron? 

   A    FeO5 

   B    Fe2O10 

   C    Fe3O2 

   D    Fe2O3 

 
 
   

(Total for question = 1 mark) 
 
 
Q2. 
  

 

 
The systematic name of the compound shown above is 

 

   A    Butane. 

   B    Hexane. 

   C    Decane. 

   D    Heptane. 

 
 

(Total for Question = 1 mark) 
 
  



Q3. 
  

One possible method for the formation of nitric acid involves the reaction between dinitrogen tetroxide and 
water. 

3N2O4 + 2H2O → 4HNO3 + 2NO 

Calculate the atom economy for the formation of nitric acid from this reaction. The atom economy is the 
mass of the useful products, divided by the mass of all products, multiplied by 100. 

(1) 

 
 
 
  

(Total for question = 1 mark) 

  

 
 
Q4. 
  

This question is about the structure of the atom and isotopes. 

The following excerpt is taken from the book Inorganic Chemistry by Bailey and Snellgrove, fourth 
impression 1938. 

 

(a)  Identify and correct two errors in the excerpt. 

(2) 

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

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

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

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

(b)   What is the structure of a 1+ ion of the carbon-13 isotope? 

(1) 

   A    six protons, six neutrons and five electrons 

   B    six protons, seven neutrons and six electrons 

   C    six protons, seven neutrons and five electrons 

   D    seven protons, six neutrons and six electrons 

 
  

(Total for question = 3 marks) 

  



 
 
Q5. 
  

This question is about sodium sulfide. 

 
(a)  Sulfur reacts with sodium to form the compound sodium sulfide, Na2S. 

(i)  Draw a dot-and-cross diagram for sodium sulfide ; only the outer electrons need be shown. 
Include the charges present. 

(2) 
 
 
 
 
 
 
 
 
(ii)  Which statement about the electrical conductivity of sodium sulfide is correct? 

(1) 

   A    it conducts when solid and liquid 

   B    it conducts when solid but not when liquid 

   C    it conducts when liquid but not when solid 

   D    it does not conduct when solid or liquid 

 
 
(iii)  The melting temperature of sodium sulfide is higher than that of sodium chloride, even though 
both contain ionic bonding. 

Explain this difference in melting temperature. 
(2) 

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

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

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

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

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

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

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

(Total for question = 5 marks) 

 
  

  



 
Q6. 
  

Lithium reacts with water to produce hydrogen. 

Li(s) + H2O(l) → LiOH(aq) + ½H2(g) 

(a)  In an experiment, 0.069 g (0.01 mol) of lithium produced 90 cm3 of hydrogen at room temperature 
and pressure. What is the percentage yield of hydrogen? 

[1 mol of any gas occupies 24 dm3 at room temperature and pressure.] 

(1) 

   A    45% 

   B    60% 

   C    75% 

   D    90% 

 
 
(b)  Which of the following is not a possible reason for the yield being less than 100%? 

(1) 

   A    Some oil remained on the surface of the lithium. 

   B    Hydrogen gas is very soluble in water. 

   C    A layer of oxide was present on the surface of the lithium. 

   D    Some of the hydrogen gas escaped collection. 

 
(Total for question = 2 marks) 

 
  

  



 
Q7. 
  

A student used the apparatus in the diagram to determine the molar volume of a gas. 

 

The student used a piece of magnesium ribbon, which was about 5 cm in length, and the dilute 
hydrochloric acid was in excess. The experiment was repeated three times at 24°C and the following 
results were obtained. 

 

The equation for the reaction is 

Mg(s) + 2HCl(aq) → MgCl2(aq) + H2(g) 

(a)   (i)   Calculate the number of moles of magnesium used by the student in each experiment. 

(1) 
 
 
 
 
 
 
(ii)  Use your answer from part (a)(i)   to deduce the number of moles of hydrogen gas that should be 
produced. 

(1) 
 
 
 
 
 
 
 
 



 
(iii)  Calculate, using the Ideal Gas Equation, pV = nRT, the volume of hydrogen gas, in cm3, that 
should be produced in each of these experiments. In the equation V is in m3. 1m3 = 1,000,000cm3 

[pV = nRT     R = 8.31 J mol−1 K−1     p = 101 000 Pa] 
(4) 

 
 
 
 
 
 
 
 
 
(b)   Give a reason why the student repeated the experiment three times. 

(1) 

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

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

  

(Total for question = 7 marks) 

  

 
 
  



 
Q8. 
  

Propane is a saturated hydrocarbon with molecular formula C3H8. 

*(a)  Explain the meaning of the terms saturated and hydrocarbon. 

(2) 

Saturated 

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

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

 
Hydrocarbon 

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

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

 
(b)  Propane is sold in small cylinders for use as a fuel in camping stoves. The enthalpy change of 
combustion of propane can be measured by experiment using one of these cylinders. 

A known mass of propane is burned to heat a container of water, and the temperature rise of the water 
is measured. 
The results of the experiment are shown below. 
 

 
 
(i)  How would the mass of propane which was burned be measured? 

(1) 

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

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

 
(ii)  Calculate the energy transferred in the experiment, using the results above and the following 
expression. 

Energy transferred (J) = mass × specific heat capacity × temperature change 
The specific heat capacity of water is 4.18 J g−1 °C−1. 

(1) 
 
 
 
 
 
 
  



 
 
(iii)  Calculate the enthalpy change of combustion of propane, ΔHc, in kJ mol−1. 

Give your answer to three significant figures and include a sign. 
(3) 

 
 
 
 
 
 
 
 
 
 
(iv)  The results of this experiment are inaccurate due to heat loss. 

Suggest one other source of error, other than measurement errors and limitations of the equipment. 
(1) 

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

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

 
 

 
 

(Total for question = 8 marks) 
 
 
  



Q9. 
  

This question is about the gas ethane, C2H6, and its reactions. 
(a)  Write the equation, including state symbols, which represents the reaction taking place when one 
mole of ethane is burnt completely in oxygen. 

(2) 
 
 
 
 
 
 
 
 
 
(b)  Ethane can react with chlorine to form chloroethane and hydrogen chloride. 

 
Rewrite this equation using displayed formulae. 
 
 Use the equation you have written, together with the bond enthalpy data, to calculate the enthalpy 
change for the reaction. 

(4) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (Total for question = 6 marks) 
 
 



 
 
Q10. 
Crude oil is a complex mixture of hydrocarbons. Initial separation is achieved by fractional distillation of 
the crude oil. The separate fractions are further refined to produce hydrocarbons such as decane, C10H22. 

 
(a)  Give the general formula of alkanes. 

(1) 

 
 
 
 
 
 
 
(b)  Carbon monoxide, CO, is formed during the incomplete combustion of decane. 

 
(i)  Write an equation for the incomplete combustion of decane, forming carbon monoxide and water only. 

(1) 

 
 
 
 
 
 
 
(ii)  Explain why incomplete combustion can occur. 

(1) 

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

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

 
(c)  'Low-sulfur fuel' is now supplied to petrol stations. The removal of sulfur from diesel and petrol 
reduces the emission of toxic oxides of sulfur from vehicle exhausts. One such oxide is sulfur dioxide, 
SO2. 

 
 



The bonding in sulfur dioxide may be represented as shown below. 

 
O = S → O 

 
Complete the dot and cross diagram below for the SO2 molecule, showing only outer shell electrons. Use 
dots to represent the oxygen electrons and crosses to represent the sulfur electrons. 

 
(3) 

 

 

 
(d)  Another alkane produced from crude oil is heptane, C7H16. The reforming of heptane produces 
methylcyclohexane and only one other product. A methylcyclohexane molecule is made from a ring of six 
carbon atoms bonded to a methyl group. 

 
(i)  Use the information given above to give the structure of methylcyclohexane. 

(1) 

 
 
 
 
 
 
 
 

  



 
(e)  Five branched-chain isomers of heptane are shown in the boxes below. 

 

 

 
(i)  Give the systematic name of isomer A. 

(1) 

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

 
 



(ii)  In the empty boxes above, draw skeletal formulae for two other branched-chain isomers of C7H16, 
with no side-chain having more than one carbon atom. 

(2) 
(Total for question = 10 marks) 

 
 

Q11. 
Alkenes are unsaturated hydrocarbons. They are used in the industrial production of many organic 
compounds. 

 
(a)  Add structural formulae to the flowchart below to show the organic product formed in each addition 
reaction of 2-methylpropene. 

(4) 

 

 



 

(c)  Ethene, C2H4, was prepared from ethanol, C2H5OH, by the following reaction 

 
C2H5OH → C2H4 + H2O 

 
A chemist reacted 9.2 g of ethanol, C2H5OH, and obtained 4.2 g of ethene. 

 
Calculate the percentage yield of ethene in the reaction. 

(2) 
 
 
 
 
 
 
 
 
 
 

(Total for Question = 6 marks) 
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