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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 The diagram shows four graphs in which a quantity Y has been plotted against a quantity X.

Y

X

Graph 1

Graph 2

Graph 3

Graph 4

 (a) Which graph would be obtained when X is reactant concentration and Y is rate of 
reaction for a first order reaction?

(1)

  A Graph 1

  B Graph 2

  C Graph 3

  D Graph 4
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 (b) Which graph would be obtained when X is time and Y is product concentration 
for a zero order reaction?

(1)

  A Graph 1

  B Graph 2

  C Graph 3

  D Graph 4

 (c) Which graph would be obtained when X is temperature and Y is rate of reaction?
(1)

  A Graph 1

  B Graph 2

  C Graph 3

  D Graph 4

(Total for Question 1 = 3 marks)

2 Hydrogen iodide may be formed from the reaction of hydrogen with iodine.

 The transition state is the same in both directions of the equilibrium.

H2(g) + I2(g)  2HI(g)   Hreaction = +53 kJ mol−1

 The activation energy for the forward reaction is 173 kJ mol−1.

 The activation energy, in kJ mol−1, for the reverse reaction is

  A −53

  B +120

  C +173

  D +226

(Total for Question 2 = 1 mark)

Use this space for any rough working.  Anything you write in this space will gain no credit.
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3 Sodium chloride dissolves in water.

NaCl(s) + aq  Na+(aq) + Cl−(aq)   H  = +3.9 kJ mol−1

 The best explanation for the fact that sodium chloride dissolves in water 
spontaneously is that the process has a

  A low activation energy.

  B positive enthalpy change.

  C positive entropy change of the surroundings, S surroundings .

  D positive entropy change of the system, S system .

(Total for Question 3 = 1 mark)

4 Butane has a higher standard molar entropy than 2-methylpropane at 298 K and 
1 atm, when both compounds are gases.

 The best explanation for this fact is that butane has 

  A a higher boiling temperature.

  B a more positive standard molar enthalpy change of formation.

  C fewer ways of distributing energy quanta.

  D more ways of distributing energy quanta.

(Total for Question 4 = 1 mark)

5 Standard molar entropy is zero for

  A perfect crystals at absolute zero (0 K).

  B ideal gases under standard conditions (298 K and 1 atm).

  C elements in their most stable states under standard conditions.

  D graphite, containing only the carbon-12 isotope, under standard conditions.

(Total for Question 5 = 1 mark)

Use this space for any rough working.  Anything you write in this space will gain no credit.
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6 Ethanol is manufactured by the hydration of ethene at 500 K and 60 atm.

C2H4(g) + H2O(g)  C2H5OH(g)   H  = −53.8 kJ mol−1

 (a) How does increasing the temperature to 550 K affect the activation energy and 
equilibrium constant of this reaction?

(1)

Activation energy Equilibrium constant

A increases increases

B decreases decreases

C unchanged increases

D unchanged decreases

 (b) How does increasing the pressure to 70 atm affect the rate of the reaction and the 
equilibrium yield of ethanol?

(1)

Rate Equilibrium yield

A increases increases

B increases decreases

C decreases increases

D decreases decreases

 (c) The equilibrium constant for the hydration of ethene is given by the expression
(1)

  A K
p

p p
p =

×
( )

( ) (
C H OH

C H H O)
2 5

2 4 2

  B K
p p

p
p =

×( ) (
( )

C H H O)
C H OH

2 4 2

2 5

  C K
p

p
p =

(
( )

C H OH)
C H
2 5

2 4

  D K
p

p
p =

( )
(

C H
C H OH)

2 4

2 5

(Total for Question 6 = 3 marks)



6

*P58273A0628*

 
D

O
 N

O
T

 W
R

IT
E

 IN
 T

H
IS

 A
R

E
A

 
D

O
 N

O
T

 W
R

IT
E

 IN
 T

H
IS

 A
R

E
A

 
D

O
 N

O
T

 W
R

IT
E

 IN
 T

H
IS

 A
R

E
A

7 The Arrhenius theory defined acids as substances that

  A have a sour taste.

  B react with alkalis to form a salt and water only.

  C produce an excess of hydrogen ions in solution.

  D accept lone pairs of electrons.

(Total for Question 7 = 1 mark)

8 The dissociation constant of water, Kw , increases with increasing temperature. 

 Under standard conditions pure water is neutral and has a pH = 7. 

 What happens to the acidity and pH of pure water when the temperature is increased?

Effect of increasing temperature

Acidity of water pH

A increases increases

B increases decreases

C remains neutral increases

D remains neutral decreases

(Total for Question 8 = 1 mark)

Use this space for any rough working.  Anything you write in this space will gain no credit.
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9 When urea dissolves in liquid ammonia, an acid-base equilibrium is set up. 

NH3   +   O C

NH2

NH2

      NH4
+   +   O C

NH−

NH2

 Which species are the Brønsted-Lowry acids in this equilibrium?

Acid 1 Acid 2

A NH3 NH4
+

B O C

NH2

NH2

NH4
+

C NH3 O C

NH−

NH2

D O C

NH2

NH2

O C

NH−

NH2 

(Total for Question 9 = 1 mark)

Use this space for any rough working.  Anything you write in this space will gain no credit.
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10 Limonene is a major component of the oil found in citrus fruits.

Limonene

 Limonene will show 

  A geometric and optical isomerism.

  B geometric isomerism only.

  C optical isomerism only.

  D neither geometric nor optical isomerism.

(Total for Question 10 = 1 mark)

11 Ethanal has a much higher boiling temperature and is much more soluble in water 
than propane.

 These differences in properties are best explained by the fact that, in addition to 
London forces, ethanal forms 

  A hydrogen bonds in the liquid state and in aqueous solution.

  B permanent dipole-dipole forces in the liquid state and hydrogen bonds in 
aqueous solution.

  C hydrogen bonds in the liquid state and permanent dipole-dipole forces in 
aqueous solution.

  D permanent dipole-dipole forces in the liquid state and in aqueous solution.

(Total for Question 11 = 1 mark)

Use this space for any rough working.  Anything you write in this space will gain no credit.
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12 Butanone may be converted into propanoic acid by 

  A refluxing with acidified potassium dichromate(VI).

  B warming with iodine and sodium hydroxide followed by acidifying with 
sulfuric acid.

  C heating with hydrogen gas in the presence of a nickel catalyst.

  D heating with hydrogen cyanide and potassium cyanide followed by refluxing 
with sulfuric acid.

(Total for Question 12 = 1 mark)

13 The structure of 4-hydroxybutanoic acid is

HO

OH

O

 (a) The presence of the alcohol functional group and the carboxylic acid functional 
group may be confirmed by reacting under suitable conditions

(1)

  A a sample of the compound with phosphorus(V) chloride.

  B a sample of the compound with sodium hydrogencarbonate solution.

  C separate samples of the compound with ethanol and with ethanoic acid.

  D separate samples of the compound with acidified potassium dichromate(VI) 
and with 2,4-dinitrophenylhydrazine.

 (b) The high resolution proton nmr spectrum of 4-hydroxybutanoic acid will have
(1)

  A two singlets, two triplets and one quintet.

  B two singlets and three triplets.

  C one singlet, two triplets, one quartet and one quintet.

  D two singlets, two triplets, one quartet and one quintet.

(Total for Question 13 = 2 marks)

Use this space for any rough working.  Anything you write in this space will gain no credit.
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14 Transesterification involves reactions in which

  A alkyl groups of alcohols replace alkyl groups of esters.

  B alkyl groups of carboxylic acids replace alkyl groups of esters.

  C trans isomers of long-chain esters are formed.

  D diacyl chlorides and diols combine to form polyesters.

(Total for Question 14 = 1 mark)

15 The main characteristic of HPLC is the use of 

  A polymeric liquids.

  B high pressures.

  C helium-cadmium lasers.

  D long columns.

(Total for Question 15 = 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.

16 Ammonium nitrate, NH4NO3 , is used as a fertiliser.

 (a) When heated gently at 160 °C , ammonium nitrate decomposes.

NH4NO3(s)  N2O(g) + 2H2O(g)   H  = −36.0 kJ mol−1

  (i) Predict the sign of the entropy change in the system, S system .   
Justify your answer.

(1)

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

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

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

  (ii) Calculate the entropy change in the system, S system , for the decomposition of 
ammonium nitrate, using data from your Data Booklet.

   Include a sign and units with your answer.
(3)

  (iii) Calculate the entropy change in the surroundings, S surroundings , for the 
decomposition of ammonium nitrate at 160 °C. 

   Include a sign and units with your answer.
(3)
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  (iv) Use your answers to (a)(ii) and (a)(iii) to calculate the total entropy change,  
S total , for the decomposition of ammonium nitrate.   

Give your answer to an appropriate number of significant figures and include 
a sign and units with your answer.

(2)

 (b) When ammonium nitrate is heated rapidly, it decomposes as shown.

NH4NO3(s)  N2(g) + 2H2O(g) + ½O2(g)   H = −118.0 kJ mol−1

  (i) The total entropy change, Stotal , for this decomposition of ammonium nitrate 
is +555 J K−1 mol−1.

   Calculate the equilibrium constant for this decomposition.   
Units are not required.

(2)

   *(ii) Explain, in terms of entropy, how this equilibrium constant for the complete 
decomposition of ammonium nitrate would be affected if the temperature 
was increased.  No calculation is required.

(2)

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

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

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

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

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

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

(Total for Question 16 = 13 marks)
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17 The reaction of 2-bromobutane with aqueous alkali is a nucleophilic substitution.

C4H9Br + NaOH  C4H9OH + NaBr

 Depending on the conditions, the mechanism of this reaction may be SN1 or SN2.

 (a) Experiments were carried out to determine the rate equation for a reaction of 
2-bromobutane with aqueous sodium hydroxide.

  In each experiment, the reactants were mixed and the concentration of     
2-bromobutane was measured at various times as the reaction proceeded.

  The initial rate of the reaction was determined using these data.

  (i) Describe how the initial rate would be determined from the results of 
one experiment.

(3)

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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  (ii) Give a reason why the concentration of sodium hydroxide used was very 
much greater than the concentration of 2-bromobutane.
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 (b) The results of a set of experiments are shown.

Experiment Initial [C4H9Br] / mol dm−3 Initial [NaOH] / mol dm−3 Initial rate / mol dm−3 s−1

1 0.020 1.0 1.5 × 10−5

2 0.030 1.0 2.3 × 10−5

3 0.040 2.0 5.9 × 10−5

  (i) By referring to the data in the table, show that the reaction was first order 
with respect to both C4H9Br and NaOH.

(2)

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

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

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

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

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

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

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

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

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

  (ii) Calculate the rate constant for the reaction.
   Use the data from experiment 1 and include units with your answer.

(2)
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 (c) (i) State why the reaction of 2-bromobutane with aqueous sodium hydroxide 
being second order indicates an SN2 mechanism.

(1)
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  (ii) Draw the first step of the mechanism, showing the transition state in the 
SN2 mechanism for the reaction of 2-bromobutane with aqueous sodium hydroxide.   
Include curly arrows, and any relevant dipoles and lone pairs of electrons.

(3)
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 (d) 2-bromobutane and butan-2-ol are chiral molecules.

  (i) State the meaning of the term chiral molecule.
(1)
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   *(ii) When a single enantiomer (optical isomer) of 2-bromobutane reacts with 
aqueous alkali, the stereochemistry of the butan-2-ol formed depends on 
whether the mechanism is SN1 or SN2.

   Explain how the stereochemistry of the butan-2-ol differs with the 
different mechanisms.

(4)
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(Total for Question 17 = 17 marks)
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18 Butanoic acid is found in milk, butter and cheese and its name comes from the 
Latin word for butter.  It has an unpleasant smell, which can be detected at very low 
concentrations, whereas the esters of butanoic acid, such as methyl butanoate, have 
pleasant smells and tastes, and are added to food and perfumes.

 (a) Some reactions of butanoic acid are shown.

O

O

O

Cl
O

H

OH

Reaction 1

Reaction 2

Reaction 3

Reaction 4

Reaction 5

methyl butanoate butanal

O

OH

butanoic acid

  (i) Identify, by name or formula, the reagents and any essential conditions for 
Reactions 1 to 4.

(5)

Reaction 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Reaction 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Reaction 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Reaction 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

  (ii) The reagents used in Reaction 5 are potassium dichromate(VI) and 
sulfuric acid. 

   State how this reaction must be carried out to ensure that the main product 
is butanal.

(1)

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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  (iii) Give one advantage and one disadvantage of preparing methyl butanoate 
using Reactions 1 and 2 rather than Reaction 3.

(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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  (iv) Suggest why butanal is not made from butanoic acid in a single step.
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 (b) Give two ways in which the infrared spectra of butanoic acid and methyl butanoate 
differ, other than in their fingerprint region.   
Quote values from your Data Booklet for the wavenumber ranges of specific bonds.
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 (c) Butanoic acid can be detected by animals with a good sense of smell at 
concentrations of 10 parts of butanoic acid vapour per billion (1 × 109) of air at 
room temperature and pressure (r.t.p.).  

  Calculate the minimum concentration, in mol dm−3, of butanoic acid that can be 
detected by these animals.

(2)

  [Molar volume of gases at r.t.p. = 24.0 dm3 mol−1]

(Total for Question 18 = 13 marks)
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Turn over     

19 Heating fructose with hydrochloric acid produced an aliphatic compound, G, which 
has five carbon atoms in an unbranched chain.

 G gave an orange precipitate with 2,4-dinitrophenylhydrazine but no reaction when 
warmed with ammoniacal silver nitrate.  Addition of G to sodium hydrogencarbonate 
solution resulted in vigorous effervescence.

 In the mass spectrum of G, the molecular ion peak was at m / e = 116.

 Draw the three possible structures of G.  Explain your reasoning.
(7)
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(Total for Question 19 = 7 marks)

TOTAL FOR SECTION B = 50 MARKS
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SECTION C

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

20 Methanoic acid, HCOOH, is a weak acid that is present in the stings of ants and nettles.  
It is used as a preservative and antibacterial agent in livestock feed.

 (a) An aqueous solution of methanoic acid has a concentration of 30 g dm−3. 

  (i) Write the equation for the dissociation of methanoic acid in water.   
State symbols are not required.

(1)

  (ii) Write the expression for Ka for methanoic acid.
(1)

  (iii) Calculate the pH of a solution of methanoic acid with a concentration of 30 g dm−3.

   [Ka of methanoic acid = 1.70 × 10−4 mol dm−3]
(4)
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  (iv) State two approximations used in the calculation of the pH in (a)(iii).
(2)

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

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

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

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

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

 (b) A solution which contains both methanoic acid and sodium methanoate acts as a buffer.

  (i) State the meaning of the term buffer.
(2)
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   *(ii) Explain how a solution which contains both methanoic acid and 
sodium methanoate acts as a buffer.

(4)
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Turn over     
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 (c) A buffer solution Q is prepared by dissolving 1.25 mol of methanoic acid and 1.50 mol 
of sodium methanoate in distilled water and making up the solution to 1.00 dm3.

  (i) Calculate the pH of Q.

   [Ka of methanoic acid = 1.70 × 10−4 mol dm−3]
(3)

  (ii) Calculate the pH of Q after the addition of 2.0 g of sodium hydroxide.   
Assume that the volume of Q is unchanged at 1.00 dm3.

(3)

(Total for Question 20 = 20 marks)

TOTAL FOR SECTION C = 20 MARKS 

TOTAL FOR PAPER = 90 MARKS
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