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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.

A1 Choose from the following compounds to answer the questions opposite.
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 Each compound can be used once, more than once or not at all.

 (a) Give the letter of the compound which

  (i) is a CFC,

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

  (ii) is propanoic acid,

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

  (iii) is propyl ethanoate,

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

  (iv) can be oxidised to ethanoic acid.

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

 (b) Give the letters of two compounds that react together to make an ester.

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

[Total: 5]
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A2 Hydrogen reacts with halogens to form hydrogen halides.

 (a) Predict which halogen reacts most violently with hydrogen.

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

 (b) The reaction between hydrogen and chlorine is exothermic.

H2(g)  +  Cl   2(g)    2HCl   (g)   ΔH = –185 kJ / mol

  (i) Explain, in terms of bond breaking and bond forming, why this reaction is exothermic.

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

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

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

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

  (ii) When one mole of chlorine molecules reacts, 185 kJ of energy is released.

   Calculate the amount of energy released when 106.5 g of chlorine reacts.

 

 energy released =  .....................................................  kJ [2]

 (c) Hydrogen reacts with iodine in a reversible reaction.

  This reaction reaches an equilibrium if carried out in a closed system.

H2(g)  +  I2(g)    2HI(g)   ΔH = +53 kJ / mol

  (i) The reaction is studied at a temperature of 400 °C.

   Describe and explain what happens to the position of equilibrium if the pressure is 
increased.

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

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

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

 .......................................................................................................................................[2]
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  (ii) The reaction is studied at 25 atmospheres pressure.

   Describe and explain what happens to the position of equilibrium if the temperature is 
decreased.

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

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

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

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

 (d) Hydrogen iodide dissolves in water to form hydroiodic acid, HI(aq).

  Hydroiodic acid is a strong acid.

  (i) Write an equation to show the dissociation of hydroiodic acid.

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

  (ii) Hydroiodic acid reacts with calcium.

   Write the equation for this reaction.

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

  (iii) Hydroiodic acid reacts with sodium carbonate.

   Write the ionic equation for this reaction.

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

[Total: 12]
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A3 Two isotopes of phosphorus are 31
15P and 32

15P.

 (a) State one difference and one similarity between these two isotopes.

  difference

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

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

  similarity

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

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

 (b) Phosphorus forms simple molecules which have a relative molecular mass of 124.

  Suggest the formula of a phosphorus molecule.

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

 (c) Phosphorus has a low melting point and does not conduct electricity.

  (i) Explain why phosphorus has a low melting point.

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

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

  (ii) Explain why phosphorus does not conduct electricity.

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

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

 (d) Complete the table for 31
15P3–.

number of neutrons …………………………

number of protons …………………………

electronic configuration …………………………

[3]
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 (e) Phosphorus forms a compound called phosphine, PH3.

  Draw the ‘dot-and-cross’ diagram to show the bonding in a molecule of phosphine. 

  Only draw the outer shell electrons.

[2]

 (f) Phosphine ignites in air to make water and phosphorus(V) oxide.

  Construct the equation for this reaction.

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

[Total: 12]
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A4 The flow chart shows some reactions of iron(II) sulfate, FeSO4.

brown solid
A

colourless gas that turns
acidified potassium

manganate(VII) colourless
B

colourless gas which has 
40% by mass sulfur and 

60% by mass oxygen
C

FeSO4(s)

FeSO4(aq)

reagent X

heat strongly

dissolve in water

green ppt
D

white ppt
E

NaOH(aq)

 (a) Iron(II) sulfate is heated strongly.

  (i) Write the formula of gas B.

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

  (ii) Calculate the empirical formula of gas C.

   Name gas C.

empirical formula is  ...........................................................................................................

name  .............................................................................................................................[3]
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  (iii) Two moles of iron(II) sulfate decompose to form one mole of solid A, one mole of gas B 
and one mole of gas C.

   Deduce the formula of solid A.
 

 formula of A  ...........................................................[1]

 (b) Write an ionic equation, including state symbols, for the formation of the green precipitate D.
 

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

 (c) Suggest the name of reagent X and give the formula for the white precipitate E.

name of reagent X  ....................................................................................................................

formula of precipitate E  .........................................................................................................[2]

[Total: 9]
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A5 Electrolysis is often used in the extraction and purification of elements.

 (a) Magnesium is manufactured by the electrolysis of molten magnesium chloride.

  Write equations for the two electrode reactions that occur during this electrolysis.

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

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

 (b) Copper can be purified using the electrolysis of aqueous copper(II) sulfate.

  (i) What is used as the anode (positive electrode)?

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

  (ii) What is used as the cathode (negative electrode)?

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

 (c) Chlorine can be made by the electrolysis of concentrated aqueous sodium chloride.

  The overall process can be represented by the following equation.

2NaCl   (aq)  +  2H2O(l)    2NaOH(aq)  +  Cl   2(g)  +  H2(g)

  55 dm3 of 3.5 mol / dm3 aqueous sodium chloride is electrolysed.

  What is the maximum volume of chlorine that can be formed, measured at room temperature 
and pressure?

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

[Total: 7]
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Question B6 begins on page 12.
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Section B

Answer three questions from this section in the spaces provided.

The total mark for this section is 30.

B6 Ammonium carbonate, (NH4)2CO3, is a white solid that is a component of ‘smelling salts’.

 It decomposes when it is heated.

(NH4)2CO3(s)    2NH3(g)  +  H2O(g)  +  CO2(g)
 
 (a) A sample of ammonium carbonate is heated strongly until it all decomposes.

  Suggest what you would observe during the experiment.

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

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

 (b) Describe how you would show that both ammonia and carbon dioxide are formed in this 
decomposition.

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

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

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

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

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

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

 ...............................................................................................................................................[4]
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 (c) Ammonium carbonate is soluble in water but zinc carbonate is insoluble in water. 

  Describe how you would prepare a sample of pure, dry zinc carbonate using a solution of 
ammonium carbonate.

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

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

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

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

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

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

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

 ...............................................................................................................................................[3]
  
 (d) Excess ammonium carbonate reacts with phosphoric acid, H3PO4.

  Construct an equation for this reaction.

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

[Total: 10]
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B7 Titanium can be manufactured by heating titanium(IV) chloride, TiCl 4, with magnesium.

 (a) Construct the equation for this reaction.

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

 (b) Explain why this reaction involves both oxidation and reduction.

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

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

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

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

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

 (c) What mass of titanium can be made from 125 g of titanium(IV) chloride?

  

 mass of titanium =  ...................................................... g  [3]

 (d) Which metal is the less reactive, magnesium or titanium?

  Explain your answer.

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

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

 ...............................................................................................................................................[1]
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 (e) Titanium(IV) chloride is a liquid with a low boiling point of 126 °C.

  Suggest the structure and bonding of titanium(IV) chloride. 

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

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

 (f) Explain how titanium metal conducts electricity.

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

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

 [Total: 10]
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B8 The flow chart shows the steps involved in the manufacture of poly(propenenitrile).

poly(propenenitrile)

crude oil

propene

propenenitrile

 (a) Long chain alkanes such as C17H36 can be cracked to form propene, C3H6.

  Construct an equation to show the cracking of C17H36 to form propene.

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

 (b) The equation shows the reaction to make propenenitrile.

2C3H6(g)  +  2NH3(g)  +  3O2(g)    2C3H3N(g)  +  6H2O(g)

  Describe and explain what happens to the rate of this reaction if the temperature is increased.

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

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

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

 ...............................................................................................................................................[2]
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 (c) The structure of propenenitrile is shown. 

H H

C NH

C C

  (i) Explain why propenenitrile is unsaturated.

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

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

  (ii) Describe a chemical test to show that propenenitrile is unsaturated.

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

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

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

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

 (d) Draw part of the structure of poly(propenenitrile).

[2]

 (e) A factory uses 1750 tonnes of propenenitrile to produce poly(propenenitrile).

  The percentage yield is 95%.

  Calculate the mass of poly(propenenitrile) produced.

 mass of poly(propenenitrile) =  .............................................  tonnes  [2] 

[Total: 10]
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B9 Alkenes are a homologous series of unsaturated hydrocarbons.

 The table shows information about some alkenes.

alkene molecular 
formula

melting point 
/ °C

boiling point 
/ °C

ethene C2H4 –169 –105

butene C4H8 –185 –6

hexene C6H12 –140 63

decene C10H20 –66 171

dodecene C12H24 –35 214

 (a) Decene is a liquid at 25 °C.

  How can you make this deduction from the data in the table?

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

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

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

 (b) Butene boils at –6 °C.

  Use the kinetic particle theory to explain what happens when butene boils.

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

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

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

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

 (c) A sample of ethene gas in a gas syringe is heated from 20 °C to 100 °C.

  The pressure remains constant.

  Describe and explain, in terms of the kinetic particle theory, what happens to the volume of 
the gas.

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

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

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

 (d) At room temperature ethene diffuses faster than butene.

  Explain why.

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

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



19

5070/22/M/J/15© UCLES 2015

 (e) Draw the structure, showing all the atoms and all the bonds, for two isomers with the molecular 
formula C4H8.

 

[2]

 (f) The structure of hexene is shown.

H H

H

H

H

C C

H H

H H

C

H

C

H

C HC

  Draw the structure, showing all the atoms and all the bonds, for the product of the reaction of 
hexene with steam.

 

[1]

 [Total: 10]
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