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

 1. A chemist has synthesised a compound W believed to be

  

 (a) State and explain what you would see if W is reacted with:

  (i) sodium carbonate solution

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

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

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

  (ii) bromine water.

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

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

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

    ................................................................................................................................
(3)

HO CH CH CH C

Cl O

OH
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 (b) W shows both types of stereoisomerism.

  (i) How many stereoisomers of W are there?  Briefly explain your answer.

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

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

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

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

  (ii) Explain why W shows optical isomerism.

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

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

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

 (c) Describe how you would show that W contains chlorine.

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

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

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

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

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

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

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

   .......................................................................................................................................
(5) Q1

(Total 14 marks)
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2. Two gases, A and B, react according to the equation

A(g) + 2B(g) → AB2(g)

 A series of kinetics experiments performed at constant temperature gave the following 
results:

Experiment Initial concentration of 
A /mol dm–3

Initial concentration of 
B /mol dm–3

Initial rate
/mol dm–3 s–1

1 0.0500 0.100 1.00 × 10–4

2 0.0500 0.200 3.92 × 10–4

3 0.1000 0.100 1.95 × 10–4

 (a) (i) Calculate, showing your working, the order of reaction with respect to A and to B.

(3)

  (ii) Write the rate equation for the reaction.

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

  (iii) Calculate the rate constant, k, for the reaction in experiment 3, stating its units.

(2)
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 (b) (i) Explain, in terms of collision theory, why the rate of reaction increases with an 
increase in temperature.

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

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

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

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

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

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

    ................................................................................................................................
(3)

  (ii) Suggest, with an explanation, the least number of steps which is likely to exist in 
the mechanism of the reaction between A and B.

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

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

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

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

    ................................................................................................................................
(2)
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 (c) The variation of the rate constant, k, with change in temperature is given by the 
Arrhenius equation:

ln lnk E
R T

Aa=
−






 +

1

  where A is a constant.

  In a series of experiments performed at various temperatures T to determine the 
rate constant, k, for the decomposition of a gas X, a graph of ln k against 1/T gave a

  straight line of slope −E
R
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  Use the graph to calculate the value of the activation energy, in kJ mol–1, for the 
decomposition of X.  The value of the gas constant R = 8.31 J K–1 mol–1.

(4) Q2

(Total 15 marks)
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3. Brass is a widely-used alloy that contains copper and zinc.  There are many varieties of 
brass with different compositions.

 In the volumetric analysis of the composition of brass, the first step is to react a weighed 
sample of the alloy with nitric acid.  This gives a greenish-blue solution.

 (a) The following standard electrode potentials are needed for this question:

                                                                E ○/V

         Zn2+ + 2e– ⇌ Zn                            – 0.76
         Cu2+ + 2e– ⇌ Cu                            + 0.34
NO3

– + 2H+ + e–  ⇌ NO2 + H2O               + 0.81

  (i) Use the half equations given above and the values of E ○  to calculate the 
standard electrode potential for the reaction between zinc and nitric acid and 
derive the equation.

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

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

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

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

  (ii) Suggest why zinc does not produce hydrogen with nitric acid.

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

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

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

  (iii) If the greenish-blue solution is diluted with water it turns light blue and contains 
hydrated copper(II) ions.

   Name the light blue complex ion and draw its structure so as to show its shape.

   Name .......................................................................................................................

   Structure:

(2)



Leave 
blank

9

Turn over*N26034A0920*

  (iv) If concentrated hydrochloric acid is added to a portion of the light blue solution 
it turns green.

   State the type of reaction that occurs and give an equation for the reaction.

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

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

 (b) The light blue solution from (a)(iii) is then neutralised, and reacted with an excess of 
potassium iodide solution.

  The following standard electrode potentials are needed:

                                        E ○/V
Cu2+ + e– ⇌ Cu+              + 0.15
  I2 + 2e– ⇌ 2I–               + 0.54

  (i) Use these E○  values to explain why you would not expect the following reaction 
to occur. 

2Cu2+(aq)  +  4I – (aq) → 2CuI(s) +  I2(aq)

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

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

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

  (ii) Explain why, in practice, the reaction in (i) does occur and iodine is liberated.

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

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

    ................................................................................................................................
(2)
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  (iii) When the precipitate formed in the reaction in (i) is filtered off and then dissolved 
in concentrated aqueous ammonia, a colourless solution is produced.

   Suggest the formula of the cation in this solution.

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

  (iv) If the colourless solution from (iii) is left to stand in air for some time, it turns 
blue.

   State why this is so, naming the reactant responsible for the change.

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

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

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

 (c) In a determination of the composition of a sample of brass, 1.50 g of the alloy was 
treated to give 250 cm3 of a neutral solution of copper(II) nitrate and zinc nitrate.

  Excess potassium iodide solution was added to 25.0 cm3 portions of this solution, and 
the liberated iodine titrated with 0.100 mol dm–3 sodium thiosulphate solution.  The 
mean titre was 16.55 cm3.

2Cu2+(aq) + 4I – (aq) → 2CuI(s) + I2(aq)
 2S2O3

2−(aq) + I2(aq) → 2I−(aq) + S4O6
2–(aq)

  (i)  State which indicator you would use for the titration and the colour change seen 
at the end point.

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

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

  (ii) Explain why the indicator is not added until the reaction is nearly complete.

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

    ................................................................................................................................
(1)
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  (iii) Calculate the percentage of copper by mass in this brass.

(5) Q3

(Total 22 marks)
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4. Phenylethanoic acid occurs naturally in honey as its ethyl ester: it is the main cause of the 
honey’s smell. 

 The acid has the structure

 Phenylethanoic acid can be synthesised from benzene as follows:

 (a) State the reagent and catalyst needed for step 1.

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

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

CH2COOH

step 1 step 2

step 3
KCN

step 4
CH2COOH Compound A

CH3

Cl2, uv

CH2Cl
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 (b) (i) What type of reaction is step 2?

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

  (ii) Suggest a mechanism for step 2.  You should include the initiation step, the two 
propagation steps and a termination step.

   You may use Ph to represent the phenyl group, C6H5.

(4)
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  (iii) Draw an apparatus which would enable you to carry out step 2, in which chlorine 
is bubbled through boiling methylbenzene, safely.

   Do not show the uv light source.

(3)
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 (c) (i) Give the structural formula of compound A.

(1)

  (ii) Give the reagent and the conditions needed to convert compound A into 
phenylethanoic acid in step 4.

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

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

  (iii) Suggest how you would convert phenylethanoic acid into its ethyl ester.

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

    ................................................................................................................................
(2)
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 (d) (i) An isomer, X, of phenylethanoic acid has the molecular formula C8H8O2. 

   This isomer has a mass spectrum with a large peak at m/e 105 and a molecular 
ion peak at m/e 136. 

   The ring in X is monosubstituted. 

   Suggest the formula of the ion at m/e 105 and hence the formula of X.

(2)

  (ii) Another isomer, Y, of phenylethanoic acid is boiled with alkaline potassium 
manganate(VII) solution and the mixture is then acidified.  The substance 
produced is benzene-1,4-dicarboxylic acid:

   Suggest with a reason the structure of Y.

   Reason ....................................................................................................................

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

COOH

COOH
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 (e) Benzene-1,4-dicarboxylic acid can be converted into its acid chloride, the structural 
formula of which is

  This will react with ethane-1,2-diol to give the polyester known as PET.

  (i) What reagent could be used to convert benzene-1,4-dicarboxylic acid into its acid 
chloride?

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

  (ii) Give the structure of the repeating unit of PET.

(2)

  (iii) Suggest, with a reason, a type of chemical substance which should not be stored 
in a bottle made of PET.

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

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

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

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

TOTAL FOR PAPER: 75 MARKS

END

Q4

(Total 24 marks)
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