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SECTION A

Answer ALL the questions in this section.  You should aim to spend no more than 20 minutes on 
this section.  For each question, select one answer from A to D and put a cross in the box .   

If you change your mind, put a line through the box  and then mark your new answer with  
a cross .

1 How many molecular ion peaks are in the mass spectrum of 1,2-dichloroethane?

 Assume the only isotopes present are 1H, 12C, 35Cl and 37Cl.

  A 4

  B 3

  C 2

  D 1

(Total for Question 1 = 1 mark)

2 Four compounds that contribute to global warming are

 A carbon dioxide

 B methane

 C dichlorodifluoromethane 

 D sulfur hexafluoride 

 (a) Which of these molecules is polar?
(1)

  A

  B

  C

  D

 (b) Which of these compounds is emitted in the largest quantity by anthropogenic 
activity?

(1)
  A

  B

  C

  D
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 (c) Which of these compounds depletes the ozone layer?
(1)

  A

  B

  C

  D

 (d) Which of these molecules has an octahedral structure?
(1)

  A

  B

  C

  D

(Total for Question 2 = 4 marks)

3 Which of the following is a tertiary alcohol?

  A  4-methylpentan-2-ol

  B  3-methylpentan-2-ol

  C  2-methylpentan-3-ol

  D  3-methylpentan-3-ol

(Total for Question 3 = 1 mark)

Use this space for rough working.  Anything you write in this space will gain no credit.
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4 This question is about two isomeric alcohols and two isomeric carbonyl compounds.

 Propan-1-ol, CH3CH2CH2OH

 Propan-2-ol, CH3CH(OH)CH3

 Propanal, CH3CH2CHO

 Propanone, CH3COCH3

 (a) Which of these compounds would not produce a colour change when heated 
with acidified sodium dichromate(VI) solution?

(1)
  A Propan-1-ol

  B Propan-2-ol

  C Propanal

  D Propanone

 (b) Which pair of compounds would you expect to both have a singly charged peak 
at m/e = 29 in their mass spectra?

(1)
  A Propan-1-ol and propan-2-ol

  B Propan-2-ol and propanal

  C Propanal and propanone

  D Propan-1-ol and propanal

 (c) Which compound would you expect to give a peak at m/e = 31 in its mass spectrum?
(1)

  A Propan-1-ol

  B Propan-2-ol

  C Propanal

  D Propanone
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 (d) The infrared spectrum of one of these compounds is given below.

  Use the infrared absorptions, in wavenumbers, to identify the compound.

Bond Wavenumber range / cm–1

O H (alcohol) 3750 – 3200

C H (alkane) 2962 – 2853

C H (aldehyde) 2900 – 2820 and 2775 – 2700

C O (aldehyde or ketone) 1740 – 1680

  The compound with this infrared spectrum is
(1)

  A propan-1-ol.

  B propan-2-ol.

  C propanal.

  D propanone.

(Total for Question 4 = 4 marks)
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5 A Maxwell-Boltzmann curve shows the distribution of molecular energies in a 
reaction system.  When the temperature in this system is decreased, the peak is

  A higher and further to the right.

  B higher and further to the left.

  C lower and further to the right.

  D lower and further to the left.

(Total for Question 5 = 1 mark)

Use this space for rough working.  Anything you write in this space will gain no credit.
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6 This question is about the equilibrium reaction between hydrogen and  
carbon dioxide.

H2(g)   +  CO2(g)    H2O(g)  +  CO(g)    ΔH d  = +40 kJ mol–1

 What effect would the following changes have on the rate of the reaction and the 
yield of carbon monoxide?

 (a) Decrease in temperature from 700 K to 600 K.
(1)

Rate Yield of CO

A no change decrease

B decrease decrease

C decrease increase

D no change increase

 (b) Increase in pressure.
(1)

Rate Yield of CO

A increase increase

B increase no change

C no change increase

D no change no change

(Total for Question 6 = 2 marks)

7 What is produced when magnesium burns in air?

  A Magnesium oxide only

  B Magnesium oxide and magnesium carbonate

  C Magnesium oxide and magnesium nitride

  D Magnesium oxide, magnesium nitride and magnesium carbonate

(Total for Question 7 = 1 mark)
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8 What happens to the solubilities of hydroxides and sulfates as Group 2 is ascended 
from barium to magnesium?

Solubility of hydroxides Solubility of sulfates

A decreases decreases

B decreases increases

C increases decreases

D increases increases

(Total for Question 8 = 1 mark)

9 Which of the following substances does not form when a few drops of  
concentrated sulfuric acid are added to potassium bromide?

  A Br2

  B H2S

  C KHSO4

  D SO2

(Total for Question 9 = 1 mark)

10 10.00 cm3 of 1.00 mol dm–3 sulfuric acid is fully neutralized by 20.00 cm3 of 
1.00 mol dm–3 of sodium hydroxide.

 (a) What is the concentration, in mol dm–3, of sodium sulfate solution produced by 
the reaction?

(1)
  A 0.33

  B 0.50

  C 0.67

  D 1.00
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 (b) The volumes are measured using burettes, with each burette reading having an 
uncertainty of ±0.05 cm3.

  The percentage uncertainty in measuring the 10.00 cm3 of the acid is
(1)

  A ±0.05%

  B ±0.10%

  C ±0.50%

  D ±1.00%

(Total for Question 10 = 2 marks)

11 In water, hexan-1-ol is less soluble than ethanol.  The best explanation for this is that

  A hexan-1-ol molecules cannot form hydrogen bonds with water molecules but 
ethanol molecules can.

  B carbon-carbon bonds are stronger in hexan-1-ol than in ethanol.

  C London forces between hexan-1-ol molecules are stronger than between 
ethanol molecules.

  D permanent dipole forces are stronger in hexan-1-ol than in ethanol.

(Total for Question 11 = 1 mark)

12 As Group 7 is descended, the boiling temperatures of the hydrogen halides, from HF to HI,

  A decrease then increase.

  B decrease.

  C increase then decrease.

  D increase.

(Total for Question 12 = 1 mark)

TOTAL FOR SECTION A = 20 MARKS
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SECTION B

Answer ALL the questions.  Write your answers in the spaces provided.

13 This question is about three chlorine compounds: BCl3, NCl3 and Cl2O7.

 (a) For BCl3, give the shape of the molecule and give the ClBCl bond angle.
(2)

Shape  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Bond angle  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 *(b) For the NCl3 molecule, draw the shape you would expect, and suggest the ClNCl 
bond angle.  Explain why the molecule has this shape and bond angle.

(4)
Shape

Bond angle  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Explanation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

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

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

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

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

 (c) (i) What is the oxidation number of chlorine in Cl2O7?
(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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  (ii) One oxygen atom bonds to both chlorine atoms in Cl2O7.  Suggest a displayed 
formula for Cl2O7.

(1)

  (iii) Water reacts with Cl2O7 to form a single product.  Suggest the equation for this 
reaction.  State symbols are not required.

(1)

(Total for Question 13 = 9 marks)
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14 This question is about 1-chlorobutane, 1-bromobutane, and 1-iodobutane.

 (a) 1-chlorobutane can be made by adding potassium chloride to a mixture of 
butan-1-ol and concentrated sulfuric acid.

  (i) Explain why it is not possible to make 1-iodobutane from butan-1-ol using 
potassium iodide and concentrated sulfuric acid.

(2)

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

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

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

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

  (ii) 1-iodobutane is prepared by adding iodine in small portions to a mixture of 
red phosphorus and butan-1-ol.

   When all the iodine has been added, the mixture is refluxed.

   In this reaction, iodine reacts with phosphorus to produce phosphorus triiodide, 
which then reacts with the butan-1-ol to form 1-iodobutane.

   Write an equation for each reaction.  State symbols are not required.
(2)
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 (b) The rates of reaction of three halogenoalkanes with water are compared.

  2 cm3 of ethanol is added to three test tubes, A, B and C.

  Three drops of the halogenoalkane are added separately to each of these three test tubes.

  1-chlorobutane is added to test tube A.

  1-bromobutane is added to test tube B.

  1-iodobutane is added to test tube C.

  2 cm3 portions of hot aqueous silver nitrate solution are added to each test tube.

  (i) Explain why ethanol is added to each test tube.
(1)

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

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

  (ii) Give the name of the organic product which forms in all of these reactions.
(1)

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

  (iii) The halide ion formed in each reaction reacts with the silver nitrate solution to 
give a precipitate.

   Give the colour of the precipitate formed in test tube C and give the ionic 
equation for the formation of this precipitate. 
Include state symbols in your equation.

(2)

Colour  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Equation

  (iv) Dilute and concentrated aqueous ammonia are added to separate samples of 
the precipitates formed in test tubes A and C.

   Complete the table.
(2)

Observation with dilute 
aqueous ammonia

Observation with concentrated 
aqueous ammonia

Precipitate from Tube A

Precipitate from Tube C
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  (v) Give the order in which the precipitates form, in the test tubes A, B and C, 
giving the fastest first.

(1)

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

  *(vi) State how the bond polarities of carbon-halogen bonds vary.

   Explain why bond polarity does not determine the rate of this reaction.
(2)

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

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

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

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

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

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

 (c) When these halogenoalkanes are heated separately with 
concentrated potassium hydroxide in ethanol, the same gaseous organic product forms.

  (i) Give the structural formula for this organic product.
(1)

  (ii) State the type of reaction which occurs.
(1)

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

  (iii) Give a chemical test for this organic product and state the colour change that 
occurs.

(2)

Test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Colour change . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (d) All three halogenoalkanes undergo substitution reactions with ammonia. 
The initial reaction forms butylamine, CH3CH2CH2CH2NH2.

  (i) Write the equation for the initial reaction of 1-iodobutane with ammonia. 
State symbols are not required.

(1)

  (ii) The butylamine formed also reacts with the 1-iodobutane in a further 
substitution reaction.

   Suggest a structural formula for the product of this reaction.
(1)

(Total for Question 14 = 19 marks)
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15 Hydrated barium nitrate, Ba(NO3)2.4H2O, is strongly heated in a boiling tube and the 
following changes occur.

 Stage 1 The white solid forms a clear colourless solution.

 Stage 2 Condensation forms around the mouth of the boiling tube and a white 
solid starts to form at the bottom of the tube.

 Stage 3 As the heating continues, the colourless solution disappears leaving 
another white solid.

 Stage 4 This white solid melts.

 Stage 5 Nitrogen dioxide and oxygen gases are given off, and barium oxide is left 
in the test tube.

 (a) (i) Give the formula for the white solid formed in Stage 3.
(1)

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

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

  (ii) What would you see when nitrogen dioxide is given off in Stage 5?
(1)

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

  (iii) Describe the test for oxygen and its positive result.
(1)

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

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

  (iv) Write the equation for the complete thermal decomposition of  
hydrated barium nitrate, Ba(NO3)2.4H2O.

   State symbols are not required.
(2)
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 (b) Describe a simple test tube experiment that you can use to compare the thermal 
stabilities of anhydrous barium nitrate and anhydrous calcium nitrate.

  State two essential conditions necessary to ensure a fair test.

  You may wish to draw a diagram.

  Detailed measurements are not required.
(3)
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 *(c) Explain why anhydrous calcium nitrate decomposes more readily than  
anhydrous barium nitrate.

(3)
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 (d) The chlorides of calcium and barium can be distinguished using flame tests.

  State what you would see in each test.
(2)

Calcium chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Barium chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Total for Question 15 = 13 marks)

TOTAL FOR SECTION B = 41 MARKS
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SECTION C

Answer ALL the questions.  Write your answers in the spaces provided.

16 Sunflower oil is an important edible oil.  It can be used as an alternative to butter in cooking.

 A useful method of comparing fats and oils is by measuring their iodine values. 
An iodine value is the amount of iodine in grams that reacts with 100 g of a fat or oil.  
The iodine value is a measure of the degree of unsaturation of the fat or oil.

 The iodine value of sunflower oil can be determined in the following way.

 Add 0.200 g of sunflower oil to a 250 cm3 conical flask.

 Add 10 cm3 of solvent to dissolve the oil.

 Add 10.0 cm3 of a solution of iodine monochloride, called Wijs solution.

 Stopper the flask and allow to stand in the dark for half an hour.

 Add 15 cm3 (an excess) of 10% potassium iodide solution and 100 cm3 of water, and 
shake the mixture.

 Titrate the liberated iodine with 0.100 mol dm–3 sodium thiosulfate solution. 
This gives the sample titre.

 Carry out a blank titration with the same sodium thiosulfate solution, using 10 cm3 of 
solvent, 10.0 cm3 of Wijs solution, 15 cm3 of 10% potassium iodide solution and  
100 cm3 of water.

 (a) Trichloromethane and 1,1,1-trichloroethane are two possible solvents for this 
reaction.

  (i) Give the skeletal formulae for trichloromethane and 1,1,1-trichloroethane .
(2)

   Trichloromethane

   1,1,1-trichloroethane
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  (ii) Explain why 1,1,1-trichloroethane has a higher boiling temperature 
than trichloromethane.

(2)
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  (iii) Suggest why solvents such as trichloromethane and 1,1,1-trichloroethane are 
no longer used.

(1)
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 (b) (i) Complete the formula of the product when iodine monochloride reacts with 
linoleic acid, CH3(CH2)4CH CHCH2CH CH(CH2)7COOH, the most abundant 
unsaturated compound in sunflower oil.

(1)

CH3(CH2)4 C C CH2 C C (CH2)7COOH

  (ii) Iodine monochloride solution is preferred to iodine solution for this reaction 
because it is more reactive.

   Explain why this is so.
(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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  (iii) Suggest why Wijs solution is stored in a brown bottle.
(1)

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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  (iv) The equation for the reaction between iodide ions and iodine monochloride is 
given below.

   Show that this is a redox reaction by giving all the oxidation numbers and 
identifying the oxidizing agent.

(2)
 ICl   +   I–   →   I2   +   Cl–

   Oxidation numbers . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .

Oxidizing agent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 (c) (i) Starch solution is usually added as an indicator towards the end of the 
titration.

   Describe how the colour of the mixture would change during the titration, 
before starch is added.

(1)

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

  (ii) Explain why starch solution is not added at the start of the titration.
(1)

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

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

 (d) In the blank titration, 40.0cm3 of 0.100 mol dm–3 sodium thiosulfate solution 
reacted with 10.0 cm3 of Wijs solution.

  (i) Calculate the number of moles of 0.100 mol dm–3 sodium thiosulfate that 
reacted in the blank titre.

(1)

  (ii) Calculate the number of moles of iodine, I2, which reacted with the thiosulfate 
solution in the blank titration.

2S2O3
2–(aq)  +  I2(aq)  →  S4O6

2–(aq)  +  2I−(aq)
(1)
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Turn over    

  (iii) Using your answer to (d)(ii), and the equation in (b)(iv), deduce the 
corresponding number of moles of iodine monochloride solution in 10.0 cm3 
of Wijs solution.

(1)

  (iv) The number of moles of iodine monochloride left after reacting the Wijs 
solution with the sample of the sunflower oil, calculated from the titre, is 
1.10 × 10–3 mol.

   Use this, and your answer to (d)(iii), to calculate the number of moles of  
iodine monochloride that reacted with the sample.

(1)

  (v) Your answer to (d)(iv) is equal to the number of moles of iodine that would 
have reacted with 0.2 g of sunflower oil.

   Calculate the number of moles of iodine that would have reacted with 100 g 
of sunflower oil.

(1)

  (vi) Calculate the mass of iodine, I2, which would have reacted with 100 g of 
sunflower oil, which is the iodine value for the sunflower oil.

(1)
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 (e) Butter contains a smaller percentage of unsaturated molecules than sunflower oil.

  Would the titre value and iodine value for butter be higher, lower or about the 
same as the values for sunflower oil?

(1)

Titre value . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Iodine value  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Total for Question 16 = 19 marks)

TOTAL FOR SECTION C = 19 MARKS 
TOTAL FOR PAPER = 80 MARKS
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