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SECTION A 
 

Answer all questions in the spaces provided. 

1.  Cobalt reacts with hydrochloric acid to give cobalt(II) chloride and hydrogen gas. 
 
  Co(s)   +   2HCl(aq)   →   CoCl2(aq)   +   H2(g) 
 
 (a) Suggest a method for measuring the rate of this reaction. [1] 
 
 ....................................................................................................................................... 
 
 ....................................................................................................................................... 
 
 (b) State what could be done to the cobalt to increase the rate of the reaction. 
   [1] 
 
 ....................................................................................................................................... 
 
 

2. Give the systematic name for the compound with the following structure. [1] 
 
 

 

 

 

 

 ………………………………….......... 
 

 

3. Draw the skeletal formula of methylpropan-1-ol. [1] 
 

CH3 C C CH3

CH3

CH3

H

H
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4. The diagram below shows the reaction profile for a chemical reaction.  Three energy 
differences are marked on it with arrows labelled 1, 2 and 3. 

 

 
 
 Complete the table below by entering the numbers which correspond to the energy 

differences shown. [1] 

 
 
activation energy of reverse reaction 
 

 

 
enthalpy change of reaction 
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5. Determine the value of 'H, in kJ mol‒1, in the energy cycle below. [2] 

 

           
          C2H4(g)  +  H2(g) 

           
                    C2H6(g) 

           
          2C(s)  +  3H2(g) 

�����kJ mol-1  

-85 kJ mol-1  'H 

 
 
 
 
 
 

      'H = …………….. kJ mol‒1 

 
 
6. Name an instrumental technique that can be used to identify which bonds are 

present in an organic compound. [1] 

 

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

 
 
7. Write an equation for the reaction between ethanoic acid, CH3COOH, and sodium 

hydroxide, NaOH. [1] 
 
 
 ....................................................................................................................................... 
 
8. Give the name of the critical piece of glassware used in carrying out a distillation and 

a reflux procedure. [1] 
 
 ....................................................................................................................................... 
 

 

10 
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SECTION B 
 

Answer all questions in the spaces provided. 

9. (a) Lisa was asked to measure the molar enthalpy change for the reaction 
between magnesium and copper(II) sulfate solution. 

 
   Mg(s)   +   CuSO4(aq)   →   MgSO4(aq)   +   Cu(s) 
 

She accurately measured 50.0 cm3 of copper(II) sulfate solution of 
concentration 0.505 mol dm‒3 into a well-insulated polystyrene cup.  The 
temperature of the solution was 20.5 °C.  She then added 0.90 g of powdered 
magnesium and stirred the mixture thoroughly. 
 
Lisa observed the temperature rise and recorded a maximum temperature of 
30.1 °C. 

 
  (i) Calculate the heat given out during this experiment.  You must show 

your working. 

  [Assume that the density of the solution is 1.00 g cm‒3 and its specific 
heat capacity is 4.18 J °C‒1 g‒1] [2] 

 
 
 
 
 

Heat = ………..……….. J 
 

 (ii) Determine which reagent is present in excess and calculate the molar 
enthalpy change, 'H, for the reaction.  You must show your working. 

    [3] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Enthalpy change = ………..…………….. kJ mol‒1  
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 (iii) Explain why it is better to use powdered magnesium rather than a strip 
of magnesium ribbon. [2] 

 
 …………………………………………………………………………………………. 
 
 …………………………………………………………………………………………. 
 
 …………………………………………………………………………………………. 
 
 …………………………………………………………………………………………. 
 

 
  (iv) The data book value for this molar enthalpy change is –93.1 kJ mol‒1. 

(If you do not have an answer in (iii) assume that the molar enthalpy 
change is ‒65 kJ mol‒1, although this is not the correct answer). 

 
  Suggest one reason for Lisa’s low value in this experiment and 

suggest one change to the method that would improve her result. [2] 
 
 …………………………………………………………………………………………. 

 
  …………………………………………………………………………………............ 
 
  ………………………………………………………………………………………..... 
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 (b) Use the average bond enthalpy values in the table below and the enthalpy 
change for the direct hydration of ethene to calculate the average bond 
enthalpy of an O—H bond. [3] 

 
 
 
 
 
 
  
 
 

Bond Average bond enthalpy / kJ mol-1 

C – C 348 

C = C 612 

C – H 412 

C – O 360 

O – H ? 

 
 
 
 
 
 
 
 
 
 
 
 
 

Average bond enthalpy of an O—H bond = ………………………….. kJ mol‒1 
 

 

12 
 

'H = ‒45 kJ mol-1 
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10. (a) Petroleum (crude oil) is one of the most important resources in the world.  It is 
a mixture of saturated hydrocarbons. These are separated into fractions by 
fractional distillation.  Some fractions are used to make important chemicals 
such as propene while others are used as fuels. 

 
 Explain why hydrocarbons containing few carbon atoms distil at lower 

temperatures than hydrocarbons with many carbon atoms. [2] 
 
 ………………………………………………………………………………………..... 
 
 …………………………………………………………………………………………. 
 
 …………………………………………………………………………………………. 
 
 …………………………………………………………………………………………. 
 

 
 (b) Propene and two other hydrocarbon products are formed by cracking 

dodecane, C12H26. 
 

C12H26  →  C3H6  +  product X  +  product Y 
 

Suggest displayed formulae for products X and Y. [2] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (c) Propene and cyclopropane are isomers of formula C3H6.  Name an instrumental 
 technique that can be used to distinguish between these isomers. 

  Explain your answer.   [2] 
 
 …………………………………………………………………………………………. 
 
 …………………………………………………………………………………………. 
 
 …………………………………………………………………………………………. 
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 (d) (i) Draw the structural formula representing the saturated secondary alcohol 

containing four carbon atoms.   [1] 
 
 
 
 
 
 

   
 

   
  (ii) Quantitative analysis of an alcohol shows that it contains 67.9 % carbon 

and 13.7 % hydrogen.  The remainder is oxygen. 
  Calculate its empirical formula. [3] 

 
 
 
 
 
 
 
 
 
 

Empirical formula ...................................... 
 

 

10 
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11. During the last 200 years, the average temperature of the Earth has risen. 
 
 The table below shows the concentration of carbon dioxide in the atmosphere. 
 
 

Year 

 
1800 1850 1900 1950 2000 

Concentration of carbon dioxide in 
the atmosphere (% by volume) 

0.0282 0.0288 0.0297 0.0310 0.0368 

 

 The graph below shows the annual global temperature relative to the average 
 temperature between 1951 and 1980.  It is based on data from NASA research. 
 

 

 One hypothesis put forward by many scientists is that the increase in annual global 
temperature is due to the increased concentrations of carbon dioxide and other 
greenhouse gases in the atmosphere. 
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 (a) Suggest two reasons why the uncertainty in the measurements is greater 
during the period from 1880-1900 than it is from 1940-1960. [2] 

 
 ……………………………………………………………………………........................ 
 

.............………………………………………………………………………………………… 
 
 ............…………………………………………………………………………………............ 
  
 (b) Give two reasons for the significant change in carbon dioxide concentration 

after 1900. [2] 
 
 …………………………………………………………………………………........................ 
 
 .…………………………………………………………………………………………............ 
 
 …………………………………………………………………………………........................ 

 (c) Ozone is another greenhouse gas.  47 kg of ozone occupies 24 m3 at 298 K 
and 101000 Pa.  Use this information to show that the formula of ozone is O3. 

   [3] 
(gas constant, R = 8.31 J K‒1 mol‒1) 

 
   
 
 
 
 
 
 
 
 

 

7 
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12. Chloromethane can be produced by the radical chlorination of methane gas. 
 
 (a) Write the equation(s) for the propagation stage(s) to produce chloromethane 

starting with methane and a chlorine radical. [2] 
 

 ............…………………………………………………………………………………………. 
 
 ............…………………………………………………………………………………............ 
 
 ............………………………………………………………………………………………..... 
 
 (b) Apart from chloromethane, a range of other compounds are produced in small 

amounts during the reaction. 
 
  Show how ethane is formed. [1] 
 
 ...............………………………………………………………………………………............ 
 
 ...............……………………………………………………………………………………..... 
 
 (c) Chloromethane can be converted into methanol by reaction with hydroxide ions. 
 
  (i) Write a balanced equation for this reaction. [1] 
 
  …………………………………………………………………………………………. 
 
  (ii) Classify the mechanism of this reaction. [1] 

 
 …………………………………………………………………………………………. 
 

  (iii) Explain why the boiling temperature of methanol is higher than the 
 boiling temperature of chloromethane. [3] 

 
  …………………………………………………………………………………............ 
 
  ………………………………………………………………………………………..... 

 
 …………………………………………………………………………………………. 

 
  …………………………………………………………………………………............ 
 
  ………………………………………………………………………………………..... 
 
 

 

8 
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13. (a) The following results were obtained in an experiment to measure the rate of 
oxidation of iodide ions by hydrogen peroxide in acid solution as shown in the 
equation.  The reaction was carried out at a temperature of 20 °C. 

 
   H2O2   +   2H+  +   2I‒   →   I2(brown)   +   2H2O 

 

Time (s) 0 100 200 300 400 500 

Concentration of I2 (mol dm‒3) 0 0.0115 0.0228 0.0347 0.0420 0.0509 

 
 
 (i) Plot these results on the grid below, labelling the axes and selecting a 

suitable scale.  Draw the line of best fit. [3] 
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 (ii) Use the graph to calculate the initial rate of reaction and give the units. 
 [2] 

 
 

Rate = ............................ 

Units ............................... 

 
 (iii) Describe briefly the key features of the method that would have been 

used to obtain these results. [3] 
 

………………………………………………………………………………………..... 
 

…………………………………………………………………………………………. 
 
  …………………………………………………………………………………............ 
 

…………………………………………………………………………………………. 
 
  …………………………………………………………………………………............ 

 
(iv) A similar experiment was carried out using hydrogen peroxide and 

iodide solutions of different concentrations.  The initial rates calculated 
for each reaction are shown in the table. 

 
Concentration of 

H2O2 
(relative units) 

Concentration of I‒ 
(relative units) 

Initial rate 
(relative units) 

0.60 0.050 4.1 × 10‒4 

1.2 0.050 7.9 × 10‒4 

1.2 0.10 1.6 × 10‒3 

 
Analyse the data and state the relationship between the concentration 
of hydrogen peroxide and iodide ions and the initial rate of reaction. 
 [2] 

 
............................................................................................................................ 
 
............................................................................................................................ 
 
............................................................................................................................ 
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(b) The rate of a chemical reaction varies with temperature.  Draw the Boltzmann 
energy distribution curve and use this to explain why the rate of the reaction 
in part (a) would increase if it were carried out at a higher temperature. [4] 

 
 
 
 
 
 
 
 
 
 
 
 
 ............………………………………………………………………………………………..... 
 

............…………………………………………………………………………………………. 
 
 ............…………………………………………………………………………………............ 
 

............…………………………………………………………………………………………. 
 
 ............…………………………………………………………………………………............ 
 

 

14 
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14. (a) In an experiment, 1-chlorobutane and 1-bromobutane are separately heated 
with aqueous sodium hydroxide and the resulting solutions acidified.  
Aqueous silver nitrate is added to both.   
 
Describe and explain what is observed in each case and illustrate your 
answer with relevant equations.  [4] 

 
  ………………………………………………………………………………………..... 

 
…………………………………………………………………………………………. 

 
  …………………………………………………………………………………............ 
 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………............ 
 
  …………………………………………………………………………………............ 
 
 

(b) The following table shows the formulae of some halogenoalkanes including 
various halogen atoms.  Many of these cause significant damage to the 
ozone layer. 

 
 The amount of damage caused by each compound is expressed as its 

relative ozone depletion potential (RODP).  The higher its value the more 
destructive its effect.  CCl3F is given a value of 1.00. 

 
Compound Relative ozone depletion potential (RODP) 

CHF3 0.01 

CHClF2 0.05 

CCl2F2 0.86 

CCl3F 1.00 

CBrClF2 10.0 
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 (i) Give the systematic name for the compound with an RODP value of 
0.86. [1] 

 
  …………………………………………………………………………………............ 
 
 

(ii) Use the information given in the table to describe how the number and 
type of halogen atoms per molecule are related to the destructive 
effects of these compounds on ozone. [2] 

 
  …………………………………………………………………………………............ 
 
  …………………………………………………………………………………............ 
 
  …………………………………………………………………………………............ 
 
  …………………………………………………………………………………............ 
 

 

7 
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15. (a)  Describe the mechanism of the reaction that occurs between propene and 
hydrogen bromide and use this to explain the products formed. [6] 

 
(Your ability to construct an extended response will be assessed in this question.)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  ………………………………………………………………………………………..... 
 

…………………………………………………………………………………………. 
 
  …………………………………………………………………………………............ 
 

 …………………………………………………………………………………………. 
 

…………………………………………………………………………………………. 
 
  …………………………………………………………………………………............ 
 

 …………………………………………………………………………………………. 
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 (b) A reaction of ethanol gives a product that is analysed in an IR spectrometer 
and a mass spectrometer.  The following spectra are recorded. 

 
 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 (i) Use all the information to suggest the identity of the product formed. 
  Explain your reasoning. [4] 
 

  ………………………………………………………………………………………..... 
 

…………………………………………………………………………………………. 
 
  …………………………………………………………………………………............ 
 

.………………………………………………………………………………………… 
 

 …………………………………………………………………………………............ 
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 (ii) Predict what the 1H NMR spectrum of the product identified in part (i) 
would look like.  Draw the signals corresponding to its hydrogen atoms 
on the spectrum below. [2] 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 

12 
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