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2

1 Aluminium is a Group 13 element that forms a number of compounds.

 Table 1.1

atom or ion number of protons number of neutrons

27Al

28Al 3+

 (a) (i) Complete Table 1.1 to show the number of particles in each atom or ion. [2]

  (ii) Complete Figure 1.1 to show the electronic configuration of an aluminium atom.

1s 2s 3s2p 3p

 Figure 1.1

 [1]

 (b) Deduce the formula of aluminium nitrate(V).

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

 (c) Al Cl 3 dimerises to form Al 2Cl 6. Al 2Cl 6 is shown in Figure 1.2.

Cl Cl

Al

Cl

Cl

Al

ClCl

 Figure 1.2

  Describe how coordinate (dative covalent) bonds form when two Al Cl 3 molecules combine 

to form Al 2Cl 6.

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

 .............................................................................................................................................  [1]
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[Turn over

 (d) Aluminium forms the Al Cl 4
– ion. The dot-and-cross diagram for Al Cl 4

– in Figure 1.3 shows 

the arrangement of outer electrons.

AlCl

Cl

Cl

–

Cl
× ×

×

 Figure 1.3

  (i) Use Figure 1.3 and VSEPR theory to name the shape of the Al Cl 4
– ion and to predict 

the Cl –Al –Cl bond angle.

name of shape ...................................................................................................................

bond angle  ........................................................................................................................

 [2]

  (ii) Draw the three-dimensional shape of the Al Cl 4
– ion.

 [1]

[Total: 8]
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2 (a) (i) Nitrogen, N2, contains sigma (σ) and pi (π) bonds.

   Describe how a pi (π) bond is formed.

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

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

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

  (ii) Explain the lack of reactivity of nitrogen.

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

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

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

 (b) Nitrogen is used to manufacture ammonia, NH3, in the Haber process. An iron catalyst 

is used.

  (i) Complete the reaction pathway diagram in Figure 2.1 to show the effect of adding an 

iron catalyst to the reaction of nitrogen and hydrogen.

progress of reaction

N2 + 3H2

2NH3

energy

/ kJ mol–1

 Figure 2.1

 [1]

  (ii) State the temperature and pressure used in the Haber process.

 temperature =  ...............................................................

 pressure =  ...............................................................

 [2]
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[Turn over

 (c) The equation for the Haber process is shown.

N2(g)  +  3H2(g)    2NH3(g)

  Three separate experiments are carried out using mixtures of N2(g) and H2(g) to find the 

amount of NH3(g) produced at equilibria under different conditions.

  (i) In experiment 1, 3.55 mol of N2(g) and 8.60 mol of H2(g) are mixed and left to 

reach equilibrium.

   At equilibrium, 3.24 mol of NH3 is present.

   Complete Table 2.1.

 Table 2.1

N2(g) H2(g) NH3(g)

initial amount / mol 3.55 8.60 0

change in amount / mol 3.24

amount at equilibrium / mol 3.24

 [3]

  (ii) In experiment 2, under different conditions N2(g) and H2(g) are mixed and left to 

reach equilibrium.

   Table 2.2 shows the amount, in mol, at equilibrium of N2(g), H2(g) and NH3(g).

 Table 2.2

N2(g) H2(g) NH3(g)

amount at equilibrium / mol 0.874 1.340 0.347

   Calculate the mole fraction of NH3(g) in the equilibrium mixture in experiment 2.

 mole fraction of NH3(g) =  .........................................................  [2]
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6

  (iii) The expression for the equilibrium constant, Kp, for the Haber process is shown.

Kp = 
p(NH3)2

p(N2) × p(H2)3

   Describe what is meant by partial pressure.

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

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

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

  (iv) In experiment 3, the mixture at equilibrium contains the following partial pressures of 

N2(g) and H2(g).

   p(N2) = 1590 kPa

   p(H2) = 1750 kPa

   For experiment 3, the equilibrium constant, Kp, is 8.49 × 10–7 kPa–2.

   Calculate the partial pressure, in kPa, of NH3(g) at equilibrium.

 p(NH3) =  ..................................................  kPa [3]
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[Turn over

 (d) Explain the effect of increasing temperature on rate of reaction.

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

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

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

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

 (e) Figure 2.2 shows the Boltzmann distribution for a sample of X(g) at temperature T1.

energy

number of

molecules

 Figure 2.2

  Sketch a curve on Figure 2.2 to show the Boltzmann distribution for the sample of X(g) at a 

temperature higher than T1. [2]

[Total: 21]
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3 (a) (i) State the trend in atomic radius of the elements across Period 3.

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

  (ii) State the formula of the oxide formed when sodium reacts with oxygen.

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

  (iii) Write an equation for the reaction of MgO with water.

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

 (b) Table 3.1 shows some of the physical properties of Period 3 chlorides.

 Table 3.1

melting point

/ °°C

boiling point

/ °°C
type of bonding type of structure

NaCl 801 1413

SiCl 4 –69   58

  (i) Complete Table 3.1 using the abbreviations shown.

   M = metallic

   C = covalent

   I = ionic

   S = simple

   G = giant

 [2]

  (ii) State the formula of the phosphorus-containing product formed when PCl 5 reacts with 

an excess of water. Suggest the pH of the resulting solution.

 formula =  ...............................................................

 pH of solution =  ...............................................................

 [2]

 (c) (i) Describe what is observed when white solid strontium nitrate decomposes on heating.

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

  (ii) State the trend in solubility down the Group 2 hydroxides.

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

[Total: 9]
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[Turn over

4 (a) Alcohol S has the structural formula CH3C(OH)(CH3)CH2CH3.

  Classify alcohol S.

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

 (b) Figure 4.1 shows compound T.

T

OH

 Figure 4.1

  Tests are carried out on T using different reagents.

  Complete Table 4.1 to show the observations of each test on T. If no reaction occurs, write 

‘no reaction’ in the relevant box.

 Table 4.1

reagent observations

Na

acidified K2Cr2O7

alkaline I2(aq)

 [3]
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 (c) Compound W is an aliphatic primary alcohol.

  W is oxidised by acidified KMnO4 when heated under reflux. Figure 4.2 shows the infrared 

spectrum of the resulting product.

4000

0

50

100

3000 2000 1500

wavenumber / cm–1

1000 500

transmittance / %

 Figure 4.2

 Table 4.2

bond
functional groups containing 

the bond

characteristic infrared absorption range

(in wavenumbers) / cm–1

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O amide

carbonyl, carboxyl

ester

1640–1690

1670–1740

1710–1750

C≡N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H carboxyl

hydroxy

2500–3000

3200–3650
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[Turn over

  The infrared spectrum in Figure 4.2 confirms that W is a primary alcohol.

  Use Figure 4.2 to identify two absorbances that confirm W is a primary alcohol. State the 

bond and functional group containing the bond for each absorbance.

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

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

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

 (d) Butane is converted to pentanenitrile via a two-step synthesis, as shown in Figure 4.3.

 butane 1-chlorobutane pentanenitrile

 step 1 step 2

  CH3(CH2)2CH3    CH3(CH2)2CH2Cl    CH3(CH2)3CN

 room

 temperature

 Figure 4.3

  (i) Suggest the reagent and conditions for each step in Figure 4.3.

step 1  ................................................................................................................................

step 2  ................................................................................................................................

 [2]

  (ii) Pentanenitrile reacts with dilute acid.

   Draw the displayed formula of the organic product made in this reaction.

 [1]

[Total: 9]
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5 Long-chain alkanes from crude oil can be cracked to make alkenes.

 (a) State the conditions used for the cracking of alkanes.

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

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

 (b) Propene is an alkene that is made by cracking. Alkenes are used in addition polymerisation.

  (i) Draw one repeat unit of the addition polymer formed from propene.

 [1]

  (ii) The disposal of poly(alkenes) by combustion produces harmful products.

   State one other disadvantage associated with the disposal of poly(alkenes) such 

as poly(propene).

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

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

  (iii) Aqueous bromine is used to test for the presence of the C=C bond in propene.

   State what is observed when aqueous bromine is mixed with propene.

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

 (c) But-1-ene and but-2-ene are structural isomers.

  State the type of structural isomerism shown by but-1-ene and but-2-ene.

 .............................................................................................................................................  [1]
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 (d) But-2-ene reacts with HBr(g). The HBr acts as an electrophile in the reaction.

  (i) State how HBr acts as an electrophile in terms of electron transfer.

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

  (ii) Complete Figure 5.1 to show the mechanism for the reaction of but-2-ene with HBr.

   Include charges, dipoles, lone pairs of electrons and curly arrows, as appropriate.

H C C C C

H H H H

H H

H Br

H H C C C C

H H H H

H H

H

HBr

 Figure 5.1

 [4]

 (e) But-1-ene and bromine, Br2, react in an electrophilic addition reaction to make product P.

  Give the systematic name for P.

 .............................................................................................................................................  [1]
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 (f) Figure 5.2 shows the structure of methylpropene.

C C

CH3

CH3

H

H

 Figure 5.2

  Methylpropene reacts with HCl to produce products Q and R.

Q R

H C C CH3

H CH3

Cl H

H3C C CH3

Cl

CH3

 Figure 5.3

  Explain why R is the major product in this reaction.

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

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

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

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

[Total: 13]
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Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.022 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every 

reasonable effort has been made by the publisher (Cambridge University Press & Assessment) to trace copyright holders, but if any items requiring clearance 

have unwittingly been included, the publisher will be pleased to make amends at the earliest possible opportunity.

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in our Copyright 

Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download at www.cambridgeinternational.org after the live 

examination series.
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