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

SECTION A

 You should aim to spend no more than 55 minutes on this section.

1. (a) Four reactions of but-1-ene are summarised on the chart below.

  (i) Give the TWO reagents you would use for Reaction 1 in the laboratory.

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

    ................................................................................................................................
(2)

  (ii) Give the name of the product, Compound A, of Reaction 2.

    ................................................................................................................................
(1)

  (iii) Give the name of the product, Compound B, of Reaction 3.

    ................................................................................................................................
(1)

  (iv) Suggest the reagent needed for Reaction 4.

    ................................................................................................................................
(1)

CH3CH2CHOHCH3

Reaction 1

Reaction 3

Reaction 4
CH3CH2CHBrCH3 CH3CH2CH=CH2

Compound B

Br2

Reaction 2

KMnO4 /dil H2SO4

Compound A
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 (b) All four reactions are addition reactions.  Explain what is meant by an addition 
reaction.

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

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

   .......................................................................................................................................
(1)

 (c) (i) Explain what is meant by an electrophile.

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

    ................................................................................................................................
(1)

  (ii) Give the formula of the attacking electrophile in Reaction 3.

    ................................................................................................................................
(1)

 (d) (i) Select ONE reaction from 1–4 which involves oxidation of but-1-ene.

   Reaction ...........................................
(1)

  (ii) Explain what is meant by oxidation in this reaction.

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

    ................................................................................................................................
(1)
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 (e) 1-chlorobutane can be made from but-1-ene in a two-step process.  The but-1-ene is 
first reduced and then a chlorine atom is substituted for a hydrogen atom.

CH3CH2CH=CH2      Compound C      CH3CH2CH2CH2Cl
                                          Reaction 5                         Reaction 6

  (i) Identify compound C.

    ................................................................................................................................
(1)

  (ii) Name the reagent and catalyst required for Reaction 5.

   Reagent  ..................................................................................................................

   Catalyst  ..................................................................................................................
(2)

  (iii) Name the reagent and conditions for Reaction 6.

   Reagent  ..................................................................................................................

   Conditions  ..............................................................................................................
(2) Q1

(Total 15 marks)
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2. (a) Silicon, phosphorus and sulphur form chlorides with molecular formulae SiCl4, PCl3, 
SCl2.

  Draw the shapes you would expect for these molecules, suggesting a value for the 
bond angle in each case.

  SiCl4

  ClSiCl bond angle ...............

  PCl3

  ClPCl bond angle ...............

  SCl2

  ClSCl bond angle ...............
 (3)
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 (b) Calculate the standard enthalpy change of formation of gaseous silicon tetrachloride, 
ΔH ○

f [SiCl4(g)].

  Your answer should include a sign and units.

  Use the Hess cycle below and the following data at 298 K.

  ΔH ○
at [Si(s)]          = +455.6 kJ mol–1

  ΔH ○
at [½Cl2]          = +121.7 kJ mol–1

  Bond energy, E (Si-Cl) = +407.4 kJ mol–1

(3)

ΔH ○

SiCl4(g) Si(g) + 4Cl(g)

ΔH ○
f [SiCl4(g)]

Si(s) + 2Cl2(g)
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 (c) (i) Phosphorus trichloride reacts with oxygen to form phosphorus oxychloride in an 
equilibrium reaction.

                  PCl3(g) + ½O2(g) U POCl3(g)        ΔH ○  = –153.6 kJ mol–1

   Suggest how you would adjust the temperature and pressure to increase the yield 
of this reaction.  Justify your answer in each case.

   Temperature  ...........................................................................................................

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

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

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

   Pressure  ..................................................................................................................

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

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

    ................................................................................................................................
(2)

  (ii) State the effect of the adjustments you propose in part (i) on the rate of the 
reaction.

   Temperature  ...........................................................................................................

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

   Pressure  ..................................................................................................................

    ................................................................................................................................
(2)
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  (iii) On the axes below, sketch the energy profiles of the reaction in (c)(i) with and 
without a catalyst.  Label the profiles.

(2)

 (d) Sulphur dichloride, SCl2, reacts with chlorine at low temperatures to form yellow 
crystals of SCl4, thought to consist of SCl3

+ and Cl– ions.

  Draw a ‘dot and cross’ diagram for SCl3
+ showing outer electrons only.

(2)

Reaction path

Energy

Q2

(Total 14 marks)



Leave 
blank

9

Turn over*N29269A0916*

3. This question is about the four halogenoalkanes:

E 1-chlorobutane, CH3CH2CH2CH2Cl
F 2-chloro-2-methylpropane, CH3CCl(CH3)CH3 
G 1-iodobutane, CH3CH2CH2CH2I
H 2-iodo-2-methylpropane, CH3CI(CH3)CH3

 (a) (i) Explain why 1-iodobutane has a higher boiling point than 1-chlorobutane.

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

    ................................................................................................................................
(2)

  (ii) Which has the higher boiling point, 1-chlorobutane or 2-chloro-2-methylpropane?
   Justify your answer.

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

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

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

    ................................................................................................................................
(2)

  (iii) Which of the halogenoalkanes, E, F, G or H, has the highest boiling point? 

   Put a cross ( ) in the box of the correct answer.  If you change your mind about 
the answer, put a line through the box ( ) and then mark your new answer with a 
cross ( ).

E

F

G

H
(1)
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 (b) All four halogenoalkanes form precipitates when mixed with hot aqueous silver 
nitrate. 

E 1-chlorobutane, CH3CH2CH2CH2Cl
F 2-chloro-2-methylpropane, CH3CCl(CH3)CH3 
G 1-iodobutane, CH3CH2CH2CH2I
H 2-iodo-2-methylpropane, CH3CI(CH3)CH3

  (i) Which of these halogenoalkanes would react most rapidly?

   Put a cross ( ) in the box of the correct answer.    If you change your mind about 
the answer, put a line through the box ( ) and then mark your new answer with a 
cross ( ).

E

F

G

H
(1)

  (ii) Which of these halogenoalkanes would take the longest time to react?  Justify 
your answer.

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

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

    ................................................................................................................................
(2)

  (iii) Name the functional group present in the organic product formed when 
halogenoalkanes react with the water in hot aqueous silver nitrate.

    ................................................................................................................................
(1) 

  (iv) Write an ionic equation to represent the part of the reaction which forms the 
precipitate, using X to represent the halogen.  Include state symbols.

(1) 
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  (v) Which TWO of the halogenoalkanes E, F, G and H would form a precipitate 
which would darken in sunlight?

   Put a cross ( ) in the box of the correct answer.    If you change your mind about 
the answer, put a line through the box ( ) and then mark your new answer with a 
cross ( ).

E and F

E and G

F and H

G and H
(1)

 (c) (i) Under appropriate conditions, halogenoalkanes react with ammonia.

   What are these conditions?

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

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

    ................................................................................................................................
(2)

  (ii) Complete the balanced equation for the reaction of 1-iodobutane with ammonia.

   CH3CH2CH2CH2I  +  2NH3  →
(2)

  (iii) Name the organic product of the reaction in (c)(ii).

    ................................................................................................................................
(1)

TOTAL FOR SECTION A: 45 MARKS

Q3

(Total 16 marks)
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SECTION B

You should aim to spend no more than 35 minutes on this section.  The passage needed 
for this section is provided on a separate sheet.

4. Read the passage on ‘Fluorine’ straight through and then more carefully.  Answer the 
following questions.

 (a) (i) Suggest why the electrolytic cell needs to be cooled.

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

    ................................................................................................................................
(1)

  (ii) Explain why water at 80°C is used to cool the cell rather than water at a lower 
temperature.

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

    ................................................................................................................................
(1)

 (b) Give the oxidation numbers of:

  Chlorine in chlorine trifluoride ..................

  Sulphur in disulphur decafluoride ..................
(2)

 (c) In the production of uranium(VI) fluoride from uranium(IV) oxide, in which of the 
reactions is uranium oxidised?

  Justify your answer.

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

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

   .......................................................................................................................................
(1)
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 (d) Suggest ONE reason for and ONE reason against the enrichment of uranium.

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

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

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

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

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

   .......................................................................................................................................
(2)

 (e) Describe in no more than 100 words the industrial production of fluorine.
(8)

You are NOT asked to summarise the whole passage, nor to include equations in your 
summary.  At the end of your summary state the number of words you have used.  You 
should write your summary on the lined pages provided in this question paper.

Credit will be given for answers written in good English, using complete sentences and using 
technical words correctly and chemical names rather than formulae.  Avoid copying long 
sections from the original text.  Numbers count as one word, as do standard abbreviations, 
units and hyphenated words.  Any title you give your passage does not count in your word 
total.

There are penalties for the use of words in excess of 100.

START YOUR SUMMARY ON PAGE 14
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  ..............................................................................................................................................

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



Leave 
blank

15

*N29269A01516*

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

TOTAL FOR SECTION B: 15 MARKS
TOTAL FOR PAPER: 60 MARKS

END

Q4

(Total 15 marks)
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