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Section A

Answer all the questions in this section in the spaces provided.

The total mark for this section is 45.

1 Choose from the following compounds to answer the questions.
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 Each compound may be used once, more than once or not at all.

 (a) State which compound:

  (i) has a molecule with only 14 atoms

 .....................................................................................................................................  [1]

  (ii) can be oxidised to form propanoic acid

 .....................................................................................................................................  [1]

  (iii) is an isomer of butane

 .....................................................................................................................................  [1]

  (iv) reacts with steam to make an alcohol

 .....................................................................................................................................  [1]

  (v) can be polymerised to make a polyester.

 .....................................................................................................................................  [1]

 (b) State which two compounds in aqueous solution turn blue litmus red.

 .............................................................................................................................................  [1]

 [Total: 6]
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2 Helium, neon, argon, krypton, xenon and radon are noble gases in Group VIII.

 (a) Name the noble gas which has the greatest volume composition in air.

 .............................................................................................................................................  [1]

 (b) State one use for helium.

 .............................................................................................................................................  [1]

 (c) Radon is very unreactive.

  Use the electronic structure of radon to explain why.

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

 .............................................................................................................................................  [1]

 (d) Two isotopes of radon are shown.

    220

86
Rn        

222

86
Rn

  (i) Give one similarity in the atomic structure of these two isotopes.

 .....................................................................................................................................  [1]

  (ii) Give one difference in the atomic structure of these two isotopes.

 .....................................................................................................................................  [1]

 (e) Xenon forms a compound that contains only xenon, oxygen and fluorine.

  The compound contains 22.1% oxygen by mass and 17.5% fluorine by mass.

  Calculate the empirical formula of this compound.

 empirical formula  .........................................................  [3]
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 (f) A sample of neon has a volume of 21 dm3 at room temperature and pressure.

  (i) The temperature of the sample is increased.

   The pressure remains constant.

   Describe and explain, using kinetic particle theory, what happens to the volume of the 

sample.

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

 .....................................................................................................................................  [1]

  (ii) The pressure of the sample is increased.

   The temperature remains constant.

   Describe and explain, using kinetic particle theory, what happens to the volume of the 

sample.

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

 .....................................................................................................................................  [1]

  (iii) Calculate the mass of neon in the 21 dm3 sample.

   Give your answer to two significant figures.

 mass  ......................................................  g [2]

 [Total: 12]
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3 Petroleum (crude oil) is a mixture of hydrocarbons.

 (a) Petroleum (crude oil) is separated into fractions such as liquefied petroleum gas, petrol 

(gasoline) and naphtha.

  (i) Name the process used to separate petroleum (crude oil) into fractions.

 .....................................................................................................................................  [1]

  (ii) Name one other fraction separated from petroleum (crude oil).

   Give a large-scale use for this fraction.

fraction  ..............................................................................................................................

use  ....................................................................................................................................

 [1]

  (iii) Petroleum (crude oil) does not contain enough of the fractions that contain smaller 

hydrocarbon molecules such as petrol (gasoline).

   Petroleum contains a high proportion of larger hydrocarbon molecules such as naphtha.

   Describe how the demand for smaller hydrocarbon molecules is satisfied. 

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

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

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

 .....................................................................................................................................  [2]

 (b) The structure of chloroethene is shown.

C C

H

H H

Cl

  Chloroethene is the monomer used to make poly(chloroethene). 

  Poly(chloroethene) is non-biodegradable.

  (i) Explain the meaning of the term non-biodegradable.

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

 .....................................................................................................................................  [1]



7

5070/21/M/J/21© UCLES 2021 [Turn over

  (ii) Describe one environmental problem caused by the disposal of non-biodegradable 

plastics.

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

 .....................................................................................................................................  [1]

  (iii) Draw the partial structure of poly(chloroethene).

   Show at least two repeat units.

 [2]

  (iv) A factory uses 100 tonnes of chloroethene to make poly(chloroethene).

   Deduce the mass of poly(chloroethene) made. Assume the percentage yield is 100%.

   Explain your answer.

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

 .....................................................................................................................................  [1]

 

  (v) Chloroethene reacts with hydrogen in the presence of a catalyst.

   Suggest the structure of the product of this reaction.

 [1]

 [Total: 10]
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4 Copper(II) chloride, copper(II) iodide and copper(II) carbonate are ionic compounds.

 (a) Predict two physical properties, other than electrical conductivity, of copper(II) chloride.

1.  ...............................................................................................................................................

2.  ...............................................................................................................................................

  [2]

 (b) Copper is a transition element.

  Suggest one property of copper(II) chloride that is characteristic of a compound of a transition 

element.

 .............................................................................................................................................  [1]

 (c) Copper reacts with chlorine to make copper(II) chloride.

Cu  +  Cl 2    CuCl 2

  Copper(II) chloride contains Cu2+ and Cl – ions.

  Explain, in terms of the movement of electrons, how CuCl 2 is formed from copper atoms and 

chlorine molecules.

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

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

 .............................................................................................................................................  [2]

 (d) Copper(II) iodide decomposes to make iodine and copper(I) iodide.

  The ionic equation for this reaction is shown.

2Cu2+  +  4I–    2CuI  +  I2

  (i) Use the information to explain that oxidation takes place.

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

 .....................................................................................................................................  [1]

  (ii) Use the information to explain that reduction takes place.

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

 .....................................................................................................................................  [1]

 (e) A sample of copper(II) carbonate is heated strongly.

  Name the products of this reaction.

 .............................................................................................................................................  [1]

 [Total: 8]
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5 Iron pyrite, FeS2, is an ore of iron. 

 When heated in air, FeS2 produces both iron(III) oxide and sulfur dioxide.

 (a) Balance the equation shown.

  ………. FeS2  +  ………. O2    ………. Fe2O3  +  ……… SO2 [1]

 (b) Describe one environmental problem caused by sulfur dioxide in the air. 

 .............................................................................................................................................  [1]

 (c) Describe how sulfur dioxide is converted into sulfuric acid in the contact process.

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

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

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

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

 .............................................................................................................................................  [3]

 (d) State one other use of sulfur dioxide.

 .............................................................................................................................................  [1]

 (e) Iron(III) oxide, coke, limestone and hot air are heated together in a blast furnace to make 

molten iron.

  Describe the function in the blast furnace of:

  (i) coke

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

 .....................................................................................................................................  [1]

  (ii) limestone

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

 .....................................................................................................................................  [1]

  (iii) hot air.

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

 .....................................................................................................................................  [1]

 [Total: 9]
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Section B

Answer three questions from this section in the spaces provided.

The total mark for this section is 30.

6 Carbon dioxide and water vapour are greenhouse gases found in air.

 

 (a) (i) Name one other greenhouse gas.

 .....................................................................................................................................  [1]

  (ii) State one environmental problem that may be caused by an increase in the percentage 

of carbon dioxide in the air.

 .....................................................................................................................................  [1]

 (b) Draw the dot-and-cross diagram to show the bonding in a molecule of carbon dioxide.

  Only show the outer shell electrons.

 [1]

 (c) Some power stations burn methane, CH4.

  Construct the equation to show the complete combustion of methane.

 .............................................................................................................................................  [1]
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 (d) The carbon dioxide made in power stations can be removed by a reversible reaction with water.

CO2(g)  +  H2O(l)    H2CO3(aq)

  The forward reaction is exothermic.

  (i) The concentration of carbon dioxide is increased.

   The temperature is kept constant.

   Predict and explain how the position of equilibrium changes.

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

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

 .....................................................................................................................................  [2]

  (ii) The temperature of the water is increased.

   All other conditions are kept constant.

   Predict and explain how the position of equilibrium changes.

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

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

 .....................................................................................................................................  [2]

 (e) Carbonic acid, H2CO3(aq), is a weak acid.

  (i) What is the meaning of the term weak in weak acid?

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

 .....................................................................................................................................  [1]

  (ii) Carbonic acid contains a small concentration of carbonate ions, CO3
2–(aq). 

   If carbonic acid is pumped deep underground, the CO3
2–(aq) will react with metal ions to 

form insoluble carbonates.

   Write the ionic equation for the reaction of magnesium ions with CO3
2–(aq).

 .....................................................................................................................................  [1]

 [Total: 10]
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7 Aqueous ammonium nitrite, NH4NO2(aq), decomposes when heated, as shown.

NH4NO2(aq)    N2(g)  +  2H2O(l)

 (a) A 25.0 cm3 sample of 0.150 mol / dm3 NH4NO2(aq) is heated.

  Calculate the maximum volume, in dm3, of nitrogen formed, measured at room temperature 

and pressure.

 volume of nitrogen ................................................... dm3 [2]

 (b) The concentration of NH4NO2(aq) is decreased.

  The temperature of the reaction remains constant.

  State and explain how the rate of reaction changes.

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

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

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

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

 .............................................................................................................................................  [3]

 (c) NH4NO2 contains the ammonium ion, NH4
+, and the nitrite ion.

  A mixture of aqueous calcium hydroxide and NH4NO2(s) is warmed.

  Calcium nitrite, water and a gas are formed. The gas turns damp red litmus paper blue.

  Construct the equation for this reaction.

 .............................................................................................................................................  [3]
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 (d) NH4NO2(aq) is added to a sample of aqueous potassium iodide.

  A brown solution is formed.

  (i) Name the brown solution.

 .....................................................................................................................................  [1]

  (ii) Name the type of reaction that causes this brown solution to form.

 .....................................................................................................................................  [1]

 [Total: 10]
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8 Silver is a transition element with proton number 47.

 (a) Use the Periodic Table to state the number of occupied electron shells in an atom of silver.

 .............................................................................................................................................  [1]

 (b) Describe, with the aid of a diagram, the metallic bonding in silver.

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

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

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

 .............................................................................................................................................  [3]

 (c) Give two physical properties of silver that are only characteristic of transition elements but 

not of all metals.

1.  ...............................................................................................................................................

2.  ...............................................................................................................................................

 [1]

 (d) Silver nitrate is a white crystalline soluble salt.

  Name a suitable combination of an acid and an insoluble base which is used to prepare silver 

nitrate.

acid  ...........................................................................................................................................

base  ..........................................................................................................................................

 [1]
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 (e) Aqueous silver nitrate, AgNO3(aq), is electrolysed using inert electrodes.

  The products of the electrolysis are silver and oxygen.

  (i) Silver ions are reduced at the cathode to make silver atoms.

   Construct the ionic equation for this reduction.

 .....................................................................................................................................  [1]

  (ii) Hydroxide ions are oxidised at the anode to make both oxygen molecules and water 

molecules.

   Construct the ionic equation for this oxidation.

 .....................................................................................................................................  [1]

  (iii) Explain why solid silver nitrate cannot be electrolysed.

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

 .....................................................................................................................................  [1]

 (f) Acidified aqueous silver nitrate reacts with aqueous sodium iodide.

  State the observations for this reaction.

 .............................................................................................................................................  [1]

 

 [Total: 10]
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9 The structure of propenyl ethanoate is shown.

C CH C C CO

OH

H

H H

H

H

H

 (a) Use the structure to explain why propenyl ethanoate is unsaturated.

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

 .............................................................................................................................................  [1]

 (b) Describe a chemical test to show that propenyl ethanoate is unsaturated.

test  ............................................................................................................................................

observation  ............................................................................................................................... 

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

 [2]

 (c) Propenyl ethanoate is prepared by the reaction between a carboxylic acid and an alcohol, as 

shown.

C C HH O

OH

H

C CH CO

H H

H

H

H

C C

H H

H

H

H

+ H HO+C C CH O

OH

H

  (i) Name the carboxylic acid used.

 .....................................................................................................................................  [1]

  (ii) The reaction uses concentrated sulfuric acid as a catalyst.

   Describe how a catalyst speeds up a chemical reaction.

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

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

 .....................................................................................................................................  [2]
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 (d) In an experiment 11.6 g of the alcohol is reacted with an excess of the carboxylic acid. The 

experimental yield of propenyl ethanoate is 6.72 g.

  [The relative formula mass of propenyl ethanoate is 100.]

  (i) Show that the maximum possible yield of propenyl ethanoate is 20.0 g.

  

 [3]

  (ii) Calculate the percentage yield of propenyl ethanoate in this experiment.

 % yield ..........................................................  [1]

 [Total: 10]
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