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1 Choose from the following compounds to answer the questions.

Al Cl 3

CH4

C2H4

CO2

KBr

NH2OH

NO

Na2O

SO2

ZnO

 Each compound can be used once, more than once or not at all.

 State which compound:

 (a) is amphoteric

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

 (b) has a molecule with only three atoms

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

 (c) has a molecule with only 18 electrons

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

 (d) has an element with an oxidation number of +2

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

 (e) is unsaturated.

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

 [Total: 5]
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2 Sodium azide, NaN3, decomposes when heated to make sodium and nitrogen.

2NaN3(s)    2Na(s)  +  3N2(g)

 (a) A sample of 13.6 g of sodium azide is fully decomposed.

  Calculate the volume of nitrogen, measured at r.t.p., that is formed.

  Give your answer to three significant figures.

 volume of nitrogen =  ..................................................  dm3 [3]

 (b) Sodium azide has a giant ionic lattice.

  (i) Explain what is meant by the term giant ionic lattice.

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

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

  (ii) Predict two physical properties of sodium azide.

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

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

 [2]

  (iii) Deduce the formula of an azide ion.

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

 (c) Describe the separation, arrangement and motion of the molecules in nitrogen gas.

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

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

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

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

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

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

* 0000800000003 *
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 (d) Draw a dot-and-cross diagram to show the electronic configuration in a molecule of nitrogen.

  Show only the outer shell electrons.

 [1]

 (e) Explain why nitrogen has a very low boiling point.

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

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

 [Total: 12]

* 0000800000004 *
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3 Hydrogen reacts with oxygen to make water.

2H2(g)  +  O2(g)    2H2O(g)

 Figure 3.1 shows the reaction pathway diagram for this reaction.

energy

progress of reaction

2H2(g) + O2(g)

2H2O(g)

ΔH

Ea

Figure 3.1

 (a) The reaction is exothermic.

  (i) Explain how the reaction pathway diagram shows that the reaction is exothermic.

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

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

  (ii) Explain why the reaction is exothermic.

   Use ideas about bond breaking and bond making.

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

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

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

 (b) Explain what is meant by the term activation energy, Ea, used in Figure 3.1.

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

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

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

* 0000800000005 *
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 (c) The equation for the overall chemical reaction that takes place within a hydrogen–oxygen 

fuel cell is shown.

2H2(g)  +  O2(g)    2H2O(l)

  Describe one advantage and one disadvantage of using a hydrogen–oxygen fuel cell to 

power a motor vehicle rather than using a gasoline engine.

advantage  .................................................................................................................................

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

disadvantage  ............................................................................................................................

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

 [2]

 (d) The rate of reaction between hydrogen gas and oxygen gas decreases when the pressure is 

decreased at constant temperature.

  Explain why.

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

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

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

 (e) The rate of reaction between hydrogen gas and oxygen gas decreases when the 

temperature is decreased at constant pressure.

  Explain why.

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

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

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

 [Total: 10]

* 0000800000006 *
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4 Potassium iodide is an ionic compound.

 (a) Concentrated and dilute aqueous potassium iodide are separately electrolysed using 

graphite electrodes.

  Complete Table 4.1 about the products of the two electrolysis reactions.

Table 4.1

concentrated aqueous 

potassium iodide

dilute aqueous 

potassium iodide

product formed at anode

product formed at cathode

 [4]

 (b) Molten potassium iodide is electrolysed using graphite electrodes.

  Construct ionic half-equations to show the reactions at the anode and at the cathode.

anode  ........................................................................................................................................

cathode  .....................................................................................................................................

 [2]

 (c) State two reasons why graphite is a suitable material for the electrodes used in electrolysis.

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

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

 [2]

* 0000800000007 *
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 (d) The ionic equation for the reaction between aqueous potassium iodide and aqueous 

copper(II) chloride is shown.

4I–  +  2Cu2+    2CuI  +  I2

  (i) State the oxidation number of copper in copper(II) chloride.

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

  (ii) The reaction is an example of a redox reaction.

   Explain how the equation shows that both oxidation and reduction take place during 

the reaction.

oxidation  ............................................................................................................................

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

reduction  ...........................................................................................................................

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

 [2]

 [Total: 11]
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5 Aluminium sulfate is prepared by reacting excess aluminium with hot dilute sulfuric acid.

2Al (s)  +  3H2SO4(aq)    Al 2(SO4)3(aq)  +  3H2(g)

 (a) Use the equation to predict one observation made during this reaction.

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

 (b) Explain why an excess of aluminium is used in this preparation.

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

 (c) A sample of 3.24 g of aluminium is added to 50.0 cm3 of 2.50 mol / dm3 sulfuric acid.

  Show by calculation that the aluminium is in excess.

 [3]

 (d) Describe how excess aluminium is removed from the reaction mixture.

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

 (e) Describe how pure dry aluminium sulfate crystals are prepared from aqueous 

aluminium sulfate.

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

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

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

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

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

* 0000800000009 *
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 (f) The formula of aluminium sulfate crystals is Al 2(SO4)3●16H2O.

  Calculate the percentage by mass of water of crystallisation in these crystals.

 percentage by mass = .............................. [3]

 (g) Describe the effect of adding aqueous sodium hydroxide drop by drop until in excess to a 

sample of aqueous aluminium sulfate.

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

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

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

 [Total: 14]

* 0000800000010 *
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6 Iron is a transition element.

 Iron has good electrical conductivity.

 (a) State two chemical properties that are typical of a transition element.

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

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

 [2]

 (b) Explain why iron has good electrical conductivity.

  Use ideas about structure and bonding.

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

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

 (c) Iron is used to make stainless steel.

  (i) Name two elements that are mixed with iron to make stainless steel.

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

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

 [2]

  (ii) Stainless steel is used to make cutlery because it is hard.

   Explain why stainless steel is harder than pure iron.

   Use ideas about structure and bonding.

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

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

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

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

* 0000800000011 *
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  (iii) Describe the extraction of iron from hematite in the blast furnace.

   You may include word equations in your answer.

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

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

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

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

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

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

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

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

 .....................................................................................................................................  [5]

 [Total: 12]

* 0000800000012 *
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7 Proteins are natural condensation polymers.

 Figure 7.1 shows a section of a protein.

H

N

H

C

H

C

O

H

N

CH3

C

H

C

O

H

N

H

C

H

C

O

Figure 7.1

 (a) Define the term condensation in the phrase condensation polymerisation.

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

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

 (b) (i) Name the type of monomer used to make proteins.

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

  (ii) Draw the general structure of the monomer used to make proteins.

 [1]

  (iii) Proteins contain the amide linkage.

   Circle an amide linkage on Figure 7.1. [1]

 (c) Nylon is a synthetic polyamide.

  (i) Name the two types of monomer that are used to make nylon.

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

  (ii) Describe one environmental challenge caused by the disposal of plastics such 

as nylon.

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

 [Total: 7]

* 0000800000013 *
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8 This question is about alcohols.

 (a) Describe the manufacture of ethanol from ethene.

  Include a symbol equation and the conditions for the manufacture.

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

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

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

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

 (b) Draw the displayed formula of butan-2-ol.

 [1]

 (c) Ethanol reacts with propanoic acid to form an ester.

  (i) State the name of this ester.

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

  (ii) Draw the structural formula of this ester.

 [1]

  (iii) State one condition needed for this esterification reaction.

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

 (d) Deduce the molecular formula of an unbranched alcohol that has only eight carbon atoms in 

its molecule and only one alcohol functional group.

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

 [Total: 9]

* 0000800000014 *
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