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SECTIon a

Answer all the questions in the spaces provided.

1. Excess 0.100 molExcess 0.100 mol dm−� nitric acid is added to a certain mass of powdered calcium carbonate at 
20 °C.  The rate of reaction is monitored by measuring the change in mass over time due to the 
loss of carbon dioxide.

2HNO aq CaCO s Ca NO aq H O l CO g2� � � 2 2( ) ( ) ( ) ( ) ( ) ( )+ → + +  

	 (a)	 ������ ��� �����������	���	�����	rate of reaction.

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

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

[1]

 (b) Explain why the mass loss remains constant after a certain time.Explain why the mass loss remains constant after a certain time.

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

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

[1]

 (c) Draw a line on the graph above, to show what the graph would loo�� li��e if the same mass ofDraw a line on the graph above, to show what the graph would loo�� li��e if the same mass of 
calcium carbonate in larger pieces were reacted with excess 0.100 mol dm−� nitric acid. [1]

(This question continues on the following page)

Mass loss / g

Time / minutes
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(Question 1 continued)

 (d) Explain in terms of the collision theory what would happen to the rate if the reaction wasExplain in terms of the collision theory what would happen to the rate if the reaction was 
conducted at 50 °C.

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

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

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

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

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

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

[3]

 (e) Determine the rate of formation of carbon dioxide when the nitric acid reacts at a rate ofDetermine the rate of formation of carbon dioxide when the nitric acid reacts at a rate of 
2 00 10 � � 1. × − − −mol cm s .

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

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

[1]

 (f) Calculate the volume of carbon dioxide produced at 1 01 10 20 05. .× °Pa and C Pa and 20.0 °C when 0.�50 g 
of calcium carbonate reacts with excess 0.100 mol dm−� nitric acid.

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

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

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

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

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

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

[3]
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2. (a) State the meaning of the termState the meaning of the term electronegativity.

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

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

[1]

 (b) State and explain the trend in electronegativity across period � from Na to Cl.State and explain the trend in electronegativity across period � from Na to Cl.

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

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

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

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

[2]

 (c) Explain whyExplain why Cl2 rather than Br2 would react more vigorously with a solution of I−.

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

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

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

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

[2]

0410



2207-6105

– 5 –

Turn over

M07/4/CHEMI/SP2/ENG/TZ0/XX

3.	 (a)	 ������ ��� �����������	���	�����	average bond enthalpy.

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

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

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

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

[2]

 (b) Use the information from Table 10 in the Data Boo��let to calculate the enthalpy changeUse the information from Table 10 in the Data Boo��let to calculate the enthalpy change 
for the complete combustion of but-1-ene according to the following equation.

C H (g) O (g) CO (g) H O(g)4 � 2 2+ → +6 4 42

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

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

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

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

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

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

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

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

[3]

 (c) Predict, giving a reason, how the enthalpy change for the complete combustion of but-2-enePredict, giving a reason, how the enthalpy change for the complete combustion of but-2-ene 
would compare with that of but-1-ene based on average bond enthalpies.

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

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

[1]

	 (d)	 ���d����� ������ a ��a����� ������� ��� �������� ��a����� ����d�����	������	a	��a�����	�������	���	��������	��a�����	�S, for the reaction in (b) would be 
positive or negative.

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

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

[1]

(This question continues on the following page)

0510
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(Question 3 continued)

 (e) The enthalpy level diagram for a certain reaction is shown below.The enthalpy level diagram for a certain reaction is shown below.

  State and explain the relative stabilities of the reactants and products.State and explain the relative stabilities of the reactants and products.

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

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

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

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

[2]

HR
enthalpy of
reactants

HP
enthalpy of
products

Time

0610

Enthalpy
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4. Ammonia is produced by the Haber process according to the following reaction.

 (a) State the equilibrium constant expression for the above reaction.State the equilibrium constant expression for the above reaction.

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

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

[1]

 (b) Predict, giving a reason, the effect on the position of equilibrium when the pressure in thePredict, giving a reason, the effect on the position of equilibrium when the pressure in the 
reaction vessel is increased.

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

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

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

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

[2]

 (c) State and explain the effect on the value ofState and explain the effect on the value of Kc when the temperature is increased.

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

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

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

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

[2]

 (d) Explain why a catalyst has no effect on the position of equilibrium.Explain why a catalyst has no effect on the position of equilibrium.

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

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

[1]

N (g) H (g) NH (g) is negative.2 2 �+ � 2 ∆H

0710
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SECTIon b

Answer one question.  Write your answers on the answer sheets provided.  Write your session number 
on each answer sheet, and attach them to this examination paper and your cover sheet using the tag 
provided.

5. Ethene is an unsaturated hydrocarbon used as a starting material for many organic chemicals.Ethene is an unsaturated hydrocarbon used as a starting material for many organic chemicals.

 (a) Draw the structural formula of ethene and state the meaning of the termDraw the structural formula of ethene and state the meaning of the term unsaturated 
hydrocarbon. [2]

 (b) State an equation for the conversion of ethene to ethanol and identify the type of reaction.State an equation for the conversion of ethene to ethanol and identify the type of reaction. [2]

 (c) Describe the complete oxidation of ethanol and name the product. Include the conditions,Describe the complete oxidation of ethanol and name the product.  Include the conditions, 
reagents required and any colour changes. [4]

 (d) State an equation for the reaction between ethanol and the product of complete oxidationState an equation for the reaction between ethanol and the product of complete oxidation 
in (c).  Include any other reagent required for this reaction.  Name the organic product and 
state one possible use of this product. [4]

 (e) Explain why ethene undergoes addition polymerisation but not condensationExplain why ethene undergoes addition polymerisation but not condensation 
polymerisation. [2]

 (f) (i) State the meaning of the termState the meaning of the term isomers. [1]

  (ii) Draw the functional group isomers ofDraw the functional group isomers of C H O� 6 . [2]

  (iii) State the meaning of the termState the meaning of the term optical isomers.  Draw the alcohol with the molecular 
formula C H O4 10  which exhibits optical isomerism and identify the chiral carbon atom. [3]

0810
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6.	 (a)	 ��a�� ��� �������� a��a�������� ��� a����� �� a������������ �������� a�d �����������a��	���	��������	a��a��������	���	a�����	��	a������������	��������	a�d	��������� [2]

 (b) Describe the bonding present in samples of solid aluminium and nitrogen gas.Describe the bonding present in samples of solid aluminium and nitrogen gas. [4]

	 (�)	 ����������� ������d��������������	������d���	Al��, is a solid up to a temperature of 1250 °C whereas nitrogen 
���������d���	N��, is a gas above − °12� C.  Describe the bonding and structure in samples of 
each of these substances. [5]

 (d) Explain whyExplain why

  (i) aluminium conducts electricity in both the solid and liquid state.aluminium conducts electricity in both the solid and liquid state. [1]

	 	 (��)	 a���������� ������d� ���d���� ������������ �� ��� �����d ��a�� ��� ��� �� ��� ����d ��a���a����������	������d�	���d����	������������	��	���	�����d	��a��	���	���	��	���	����d	��a��� [2]

	 	 (���)	 �������� ���������d� d��� ��� ���d��� �� ������ ��� �����d �� ����d ��a������������	���������d�	d���	���	���d���	��	������	���	�����d	��	����d	��a���� [1]

 (e) Draw the Lewis structure ofDraw the Lewis structure of NCl�.  Predict, giving a reason, the Cl – N – Cl bond angle in 
NCl�. [3]

 (f) The relative atomic mass of chlorine is �5.45.  Calculate the percentage abundance of theCalculate the percentage abundance of the 
two isotopes of chlorine, �5 Cl and �7 Cl in a sample of chlorine gas. [2]

0910
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7. (a) Explain why a 1.0 molExplain why a 1.0 mol dm−� solution of sodium hydroxide has a pH of 14 whereas 
1 0 �. mol dm−  ammonia solution has a pH of about 12.  Use equations in your answer. [5]

 (b) 20.020.0 cm� of a ��nown concentration of sodium hydroxide is titrated with a solution of nitric 
acid.  The graph for this titration is given below.

  (i) State an equation for the reaction between sodium hydroxide and nitric acid.State an equation for the reaction between sodium hydroxide and nitric acid. [1]

  (ii) Calculate the concentration of the sodium hydroxide solution before the titration.Calculate the concentration of the sodium hydroxide solution before the titration. [2]

  (iii) �rom the graph determine the volume of nitric acid required to neutrali�e the�rom the graph determine the volume of nitric acid required to neutrali�e the 
sodium hydroxide and calculate the concentration of the nitric acid. [2]

  (iv) Predict the volume of ethanoic acid of the same concentration as the nitric acid inPredict the volume of ethanoic acid of the same concentration as the nitric acid in 
(b) (iii), required to neutrali�e 20.0 cm� of this sodium hydroxide solution. [1]

 (c) State and explainState and explain two methods, other than measuring pH, which could be used to 
distinguish between 1 0 �. mol dm−  solutions of nitric acid and ethanoic acid. [4]

 (d) Nitric acid and ammonia may be used to ma��e a buffer solution.Nitric acid and ammonia may be used to ma��e a buffer solution.

  (i) Describe the behaviour of a buffer solution.Describe the behaviour of a buffer solution. [2]

  (ii) Describe how you could prepare a buffer solution using 0.100 molDescribe how you could prepare a buffer solution using 0.100 mol dm−� solutions 
of nitric acid and ammonia. [3]

Volume of nitric acid / cm�
0

7

1�

pH

�02010

1010


