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Section 1: Multiple Choice  

15 marks 

Attempt ALL Questions 

Allow about 15 minutes to complete this section. 

 

  3 

 

1 Which of the following techniques can be used to separate an insoluble salt 

from water? 

 

(A) Filtration 

(B) Distillation  

(C) Centrifugation 

(D) Visual inspection  

  

 

2 How many hydrogen atoms are present in a sample containing 0.10 mol of 

ammonium hydrogencarbonate? 

 

(A) 6.0 × 1022 

(B) 1.8 × 1023 

(C) 2.4 × 1023 

(D) 3.0 × 1023 

 

 

3 Which of the following processes is exothermic? 

 

(A) I2(s) → I2(l) 

(B) H2O(l) → H2O(s) 

(C) NH3(l) → NH3(g) 

(D) CO2(s) → CO2(g) 
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4 Consider the specific heat capacity of the following metals. 

 

 

 

 

 

 

 

 

 

Which metal will show the greatest temperature increase if 50 J of heat is 

supplied to a 0.001 kg sample of each metal at the same initial temperature. 

 

(A) Ag 

(B) Au 

(C) Cu 

(D) Pt 

 

 

5 Which of the following factors will influence the collision energy of reacting 

particles in solution. 

 

(A) Activation energy 

(B) A catalyst 

(C) Concentration  

(D) Temperature 

 

 

6 Which of the following statements about molecules is true? 

 

(A) Atoms in molecules are held together by strong intermolecular forces. 

(B) There are molecules of NaCl in a salt crystal. 

(C) Molecules contain two or more elements. 

(D) Non-polar molecules may have polar bonds. 

Metal Specific heat capacity / J kg–1 K–1 

Ag 234 

Au 130 

Cu 385 

Pt 134 
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7 Which of the following periodic trends are true for the halogens as you go down 

the group. 

 

(A) Reactivity increases and electronegativity increases. 

(B) Reactivity increases and electron affinity decreases. 

(C) Reactivity decreases and electronegativity decreases. 

(D) Reactivity decreases and electron affinity increases. 

 

 

8 What mass of lead(II) bromide is produced when 20.0 mL of 0.400 mol L−1 

sodium bromide reacts with 30.0 mL of 0.400 mol L−1 lead(II) nitrate solution? 

 

(A) 1.47 g 

(B) 2.94 g 

(C) 4.40 g 

(D) 8.81 g 

 

 

9 Which reaction equation best corresponds to the value for the standard 

enthalpy of formation of potassium oxide? 

 

(A) 4K(g) + O2(g) → 2K2O(g) 

(B) 2K(g) + O(g) → K2O(g) 

(C) 2K(s) + 0.5O2(g) → K2O(s) 

(D) 4K(s) + O2(g) → 2K2O(s) 
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10 A student investigates the rate of reaction between solid calcium carbonate 

and an excess of 1.0 mol L−1 hydrochloric acid. 

 

The experiment was performed twice, using two different sets of conditions, X 

and Y, and the volume of gas collected was measured over time. 

 

 
 

 

From the graph, which of the following set of conditions could be true for X 

and Y? 

 

 Conditions X Conditions Y 

(A) Large chunks of 

CaCO3(s) 
25°C Powdered CaCO3(s) 25°C 

(B) Powdered CaCO3(s) 25°C Powdered CaCO3(s) 35°C 

(C) Large chunks of 

CaCO3(s) 
35°C 

Large chunks of 

CaCO3(s) 
25°C 

(D) Large chunks of 

CaCO3(s) 
35°C Powdered CaCO3(s) 35°C 
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11 Magnesium reacts with ammonia to produce magnesium nitride and hydrogen, 

according to the following equation: 

 

3Mg(s) + 2NH3(g) → Mg3N2(s) + 3H2(g) 

 

Calculate the volume of ammonia (measured at 1200 K and 500 kPa) required 

to react with 50.0 g of magnesium. 

 

(A) 20.5 L 

(B) 27.4 L 

(C) 41.0 L  

(D) 61.6 L 

 

 

12 Lithium aluminium hydride reacts violently with water, by releasing lots of heat 

and producing a flame. Which of the following statements about the reaction 

between lithium aluminium hydride and water must be true. 

 

(A) The activation energy for this reaction must be very high. 

(B) The reaction must be highly endothermic. 

(C) The total energy of the products must be much higher than the energy 

level of the reactants. 

(D) The value for ∆H is large and negative. 

 

 

13 Which of the following compounds contains 11.44% phosphorus by mass? 

 

(A) PF3 

(B) PCl3 

(C) PCl5 

(D) PBr3 
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14 The standard enthalpy change of formation of two oxides of phosphorus are: 

 

P4(s) + 3O2(g) → P4O6(s)    ∆fHʅ = −1600 kJ mol−1 

P4(s) + 5O2(g) → P4O10(s)    ∆fHʅ = −3000 kJ mol−1 

 

What is the enthalpy change, in kJ mol-1, for the reaction below? 

 

P4O6(s) + 2O2(g) → P4O10(s) 

 

(A) +4600 

(B) +1400 

(C) -1400 

(D) -4600  

 

 

15 Below is an emission spectrum for an element. 

 

What do each of the lines correspond to? 

 

(A) The energy released when an electron drops from a higher energy level 

to a lower one. 

(B) The energy absorbed when an electron climbs from a lower energy level 

to a higher one. 

(C) The energy required to remove successive electrons from the valence 

shell. 

(D) The energy of all its electrons.  

 

 

 

 



Section 2: Extended Response  

75 marks 

Attempt ALL Questions 

Allow about 1 hour 45 minutes to complete this section. 
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Question 16 (4 marks)         Marks 

Write balanced chemical equations for the following reactions. 

a) The reaction between sodium and phosphoric acid. 

 ..............................................................................................................................   2 

 
b) The reaction between lead(II) nitrate and sodium hydroxide. 

 ..............................................................................................................................   2 

 

 

Question 17 (3 marks)          

Complete each of the following nuclear equations.  

 

a)  𝐿𝐿𝐿𝐿3
7   +               →  2 𝐻𝐻𝐻𝐻2

4  

1 

 
 

b)  𝐶𝐶14   →   𝑁𝑁714  +    

1 

 
 

c)  𝐶𝐶𝐶𝐶96
250   →               + 𝑁𝑁38

98  + 4 𝑛𝑛01  

1 
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Question 18 (4 marks)         Marks 

Hydrogen peroxide decomposes to produce oxygen gas. 

 

2H2O2(aq) → 2H2O(l) + O2(g) 

 

The graph shows the volume of oxygen gas evolved when 50 mL of 1.0 mol L–1 

hydrogen peroxide decomposes at 298 K. 

 

 

 

On the graph above, sketch how the volume of oxygen gas evolved would change if 
the experiment was repeated at 298 K using the following: 
 
a) 25 mL of 2.0 mol L–1 hydrogen peroxide. Label this curve A. 

2 
 
 

b) 25 mL of 1.0 mol L–1 hydrogen peroxide in the presence of a manganese dioxide 
catalyst. Label this curve B. 

2 
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Question 19 (4 marks)         Marks 

Calculate the volume of 0.2503 mol L−1 potassium iodide solution required for 

complete reaction with 25.00 mL of 0.2042 mol L−1 lead(II) acetate solution. 

 

 ...................................................................................................................................   4 

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

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

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

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

 ...................................................................................................................................  
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Question 20 (6 marks)        

Compound X, a common solvent, contains 62.04% carbon and 27.55% oxygen by 

mass, with the remainder being hydrogen. 

 

a) Calculate the empirical formula for compound X. 

 .............................................................................................................................   3 

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

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

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

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

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

 

A 250 mL flask containing 0.6038 g of compound X has a pressure of 101.3 kPa and 

a temperature of 293.0 K. 

 

b) Calculate the molar mass of compound X, and hence its molecular formula. 

 .............................................................................................................................   3 

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

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

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

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

 .............................................................................................................................  
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Question 21 (4 marks)         Marks 

Dinitrogen monoxide, N2O(g), is used as a rocket fuel. The data in the table below 

shows how the activation energy, EA, for the decomposition of dinitrogen monoxide in 

the presence of different catalysts. 

2N2O(g) → 2N2(g) + O2(g) 

 

Conditions EA (kJ mol-1) 

no catalyst 245 

gold catalyst 121 

iron catalyst 116 

platinum catalyst 136 

 

 

a) Use the table to identify the most effective catalyst for this decomposition. 

 .............................................................................................................................   1 
 

  

b) Explain how this catalyst affects the rate of N2O decomposition in terms of 

Collision Theory. 

 .............................................................................................................................   3 

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

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

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

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

 .............................................................................................................................  
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Question 22 (8 marks)         Marks 

Two students, John and Marit, were asked to determine the value for the enthalpy of 

combustion, ∆cHʅ, of methanol (CH3OH(l)). 

 

CH3OH(l) + 1.5O2(g) → CO2(g) + 2H2O(l) 

 

John used the average bond enthalpies given in the table below. 

Bond Average bond enthalpies (kJ mol–1) 

C – H 413 

C – O 358 

O – H 463 

O = O 495 

C = O 804 

 

a) Calculate the value for the enthalpy of combustion of methanol obtained by John 

using the average bond enthalpies given in the table above. 

 ..............................................................................................................................   3 

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

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

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

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

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

 

 

 

 

 

 

 

 

Question continues on next page. 
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Question 22 continued.         Marks 

Marit placed a beaker containing 100 mL of water above a spirit burner containing 

methanol (CH3OH(l)) as shown in the diagram below. She weighed the spirit burner 

and measured the initial temperature of the water. 

 

 

Marit lit the spirit burner and waited until the temperature had increased significantly. 

She weighed the spirit burner again, measured the final temperature of the water and 

placed all her results into the table below. 

Initial mass of spirit burner and methanol 52.550 g 

Final mass of spirit burner and methanol 52.268 g 

Initial temperature of water 20.1°C 

Final temperature of water 30.4°C 

 

b) Calculate the value for the enthalpy of combustion determined by Marit using 

calorimetry. 

 ..............................................................................................................................   3 

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

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

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

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

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

Question continues on next page. 
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Question 22 continued.          Marks 

The literature value for the standard enthalpy of combustion of methanol is 

−726 kJ mol−1. 

c) Explain why John obtained a result closer to the literature value for the enthalpy of 

combustion of methanol than Marit. 

 ..............................................................................................................................   1 

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

 

d) Explain why there is still a difference between John’s result and the literature value 

for the enthalpy of combustion of methanol. 

 ..............................................................................................................................   1 

 ..............................................................................................................................  
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Question 23 (5 marks)         Marks 

Orica produces sodium cyanide (NaCN) at its plant in Yarwun, Queensland. It is 

supplied to the mining industry in tanks containing 24 200 kg of a 30.0%(w/w) aqueous 

solution. 

 

a) Calculate the mass of sodium cyanide present in each tank. 

 .............................................................................................................................   1 

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

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

 

Sodium cyanide is prepared in a two-step process, with the main starting materials 

being methane, ammonia and sodium hydroxide. 

 

2CH4(g) + 2NH3(g) + 3O2(g) → 2HCN(g) + 6H2O(l) 

HCN(g) + NaOH(aq) → NaCN(aq) + H2O(l) 

 

 

b) Calculate the mass of ammonia required to produce the mass of sodium cyanide 

in part (a).  

 .............................................................................................................................   2 

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

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

 

c) Calculate the volume (measured at 25°C and 100 kPa) of oxygen gas required to 

produce the mass of sodium cyanide in part (a). 

 .............................................................................................................................   2 

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

 .............................................................................................................................  
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Question 24 (6 marks)        Marks 

The fluoride ion and the magnesium ion have the same electron configuration. 
 

a) Write the electron configuration for the two ions using spdf notation. 

 .............................................................................................................................   1 

 
 

b) State which of the two ions would have a greater ionic radius and explain your 

choice. 

 ..............................................................................................................................   3 

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

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

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

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

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

 
 
c) The successive ionisation energies of magnesium are given in the table below. 

 

Ionisation Ionisation energy (kJ mol–1) 

1 738 

2 1451 

3 7733 

 

 

By referencing this data, explain why magnesium forms a Mg2+ ion and not a Mg3+ 

ion. 

 ..............................................................................................................................   2 

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

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

 ..............................................................................................................................  
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Question 25 (5 marks)         Marks 

Carbon can be found in a variety of forms. 

Diamond, an allotrope of carbon, is the hardest naturally occurring substance on 
Earth. 

 

 

 

 

 

Structure of diamond 

 

a) Explain why diamond is such a hard material in terms of structure and bonding. 

 .............................................................................................................................   3 

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

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

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

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

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

 

Metal carbides are also hard materials used in computing and machinery.  

b) Draw the Lewis dot structure for the carbide ion (C2
2-). 

2 
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Question 26 (5 marks)         Marks 

Phosphorus trifluoride, PF3, is a colourless and odourless gas. 

 
a) Deduce whether phosphorus trifluoride will be a polar molecule or not and explain 

your reasoning. 

 .............................................................................................................................   3 

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

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

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

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

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

 

b) Name the predominant intermolecular force that exists between phosphorus 

trifluoride molecules and explain how this force arises. 

 .............................................................................................................................   2 

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

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

 .............................................................................................................................  
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Question 27 (9 marks)          Marks 

The production of ammonia is an important reaction in industry. 

 

N2(g) + 3H2(g) → 2NH3(g) 

 

Some thermodynamic data has been given in the table below. 

 N2(g) H2(g) NH3(g) 

∆fHʅ (kJ mol–1) 0 0 −41 

Sʅ (J K–1 mol–1) 193 131 192 

 

 

a) Calculate the standard enthalpy change for the reaction. 

 ..............................................................................................................................   1 

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

 

b) Calculate the standard entropy change for the reaction. 

 ..............................................................................................................................   2 

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

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

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

 
c) Calculate ∆G for the reaction at 300 K and determine whether the reaction will be 

spontaneous at this temperature. 

 ..............................................................................................................................   2 

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

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

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

 

 

 

Question continues on next page. 
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Question 27 continued.          Marks 

d) If ammonia was produced as a liquid and not a gas in this reaction, state 

and explain how the values for ∆H and ∆S would change. 

 ..............................................................................................................................   4 

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

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

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

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

 ..............................................................................................................................  
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Question 28 (3 marks)         Marks 

The Maxwell Boltzmann distribution below shows an energy distribution of a gaseous 

substance at two different temperatures. 

 

 

Use the distribution above to explain why increasing the temperature significantly 

increases the rate of a chemical reaction. 

 ...................................................................................................................................   3 

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

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

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

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

 ...................................................................................................................................  
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Question 29 (4 marks)         Marks 

Calculate the bond enthalpy of a C≡O bond in kJ mol−1 using the data given below. 

 

Bond enthalpy of O=O bond   ∆Hʅ = +495 kJ mol−1 

Enthalpy of formation of CO2(g)  ∆Hʅ = −394 kJ mol−1 

C(s) → C(g)     ∆Hʅ = +716 kJ mol−1 

2CO2(g) → O2(g) + 2CO(g)   ∆Hʅ = +566 kJ mol−1 

 

 ...................................................................................................................................   4 

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

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

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

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

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

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

 ...................................................................................................................................  
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Question 30 (5 marks)         Marks 

The Mond process is used to purify nickel, by reacting impure nickel with carbon 

monoxide: 

 

Ni(s) + 4CO(g) → Ni(CO)4(g) 

 

Impure nickel is placed in a 100 L reactor and the reactor pressurised with carbon 

monoxide gas. The initial pressure in the reactor is 215 kPa and the initial temperature 

is 295 K. After the mixture in the reactor is heated the reaction takes place. The final 

pressure in the reactor is 145 kPa and the final temperature is 350 K. Calculate the 

mass of nickel consumed in this reaction, assuming that the only reaction occurring is 

shown in the equation above. 

 ...................................................................................................................................   5 

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

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

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

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

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

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

 ...................................................................................................................................  
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END OF EXAMINATION 
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Section 2: Extended Response  

75 marks 

Attempt ALL Questions 

Allow about 1 hour 45 minutes to complete this section. 
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Question 16 (4 marks)         Marks 

Write balanced chemical equations for the following reactions. 

a) The reaction between sodium and phosphoric acid. 

 ..............................................................................................................................   2 

 
b) The reaction between lead(II) nitrate and sodium hydroxide. 

 ..............................................................................................................................   2 

 

 

Question 17 (3 marks)          

Complete each of the following nuclear equations.  

 

a)  𝐿𝐿𝐿𝐿3
7   +               →  2 𝐻𝐻𝐻𝐻2

4  

1 

 
 

b)  𝐶𝐶14   →   𝑁𝑁714  +    

1 

 
 

c)  𝐶𝐶𝐶𝐶96
250   →               + 𝑁𝑁38

98  + 4 𝑛𝑛01  

1 
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Question 18 (4 marks)         Marks 

Hydrogen peroxide decomposes to produce oxygen gas. 

 

2H2O2(aq) → 2H2O(l) + O2(g) 

 

The graph shows the volume of oxygen gas evolved when 50 mL of 1.0 mol L–1 

hydrogen peroxide decomposes at 298 K. 

 

 

 

On the graph above, sketch how the volume of oxygen gas evolved would change if 
the experiment was repeated at 298 K using the following: 
 
a) 25 mL of 2.0 mol L–1 hydrogen peroxide. Label this curve A. 

2 
 
 

b) 25 mL of 1.0 mol L–1 hydrogen peroxide in the presence of a manganese dioxide 
catalyst. Label this curve B. 

2 
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Question 19 (4 marks)         Marks 

Calculate the volume of 0.2503 mol L−1 potassium iodide solution required for 

complete reaction with 25.00 mL of 0.2042 mol L−1 lead(II) acetate solution. 

 

 ...................................................................................................................................   4 

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

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

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

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

 ...................................................................................................................................  
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Question 20 (6 marks)        

Compound X, a common solvent, contains 62.04% carbon and 27.55% oxygen by 

mass, with the remainder being hydrogen. 

 

a) Calculate the empirical formula for compound X. 

 .............................................................................................................................   3 

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

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

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

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

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

 

A 250 mL flask containing 0.6038 g of compound X has a pressure of 101.3 kPa and 

a temperature of 293.0 K. 

 

b) Calculate the molar mass of compound X, and hence its molecular formula. 

 .............................................................................................................................   3 

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

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

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

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

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

 

 

 

 

 

 

 

 



Question 21 (4 marks) Marks 

Dinitrogen monoxide, N2O(g), is used as a rocket fuel. The data in the table below shows 

how the activation energy, EA, for the decomposition of dinitrogen monoxide in the 

presence of different catalysts. 

2N2O(g) → 2N2(g) + O2(g) 

Conditions EA (kJ mol-1) 

no catalyst 245 

gold catalyst 121 

iron catalyst 116 

platinum catalyst 136 

a) Use the table to identify the most effective catalyst for this decomposition.

Iron catalyst (1) ................................................................................................. 1 

b) Explain how this catalyst affects the rate of N2O decomposition in terms of Collision

Theory.

Rate of decomposition increases. (1) ................................................................ 3 

The catalyst provides an alternate reaction pathway with a lower activation energy. (1)  

Higher proportions of particles will be able to collide and react successfully with the lower Ae. (1) 

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

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



Question 22 (8 marks) Marks 

Two students, John and Marit, were asked to determine the value for the enthalpy of 

combustion, ∆cHʅ, of methanol (CH3OH(l)). 

CH3OH(l) + 1.5O2(g) → CO2(g) + 2H2O(l) 

John used the average bond enthalpies given in the table below. 

Bond Average bond enthalpies (kJ mol–1) 

C – H 413 

C – O 358 

O – H 463 

O = O 495 

C = O 804 

a) Calculate the value for the enthalpy of combustion of methanol obtained by John using

the average bond enthalpies given in the table above.

 .............................................................................................................................. 3 
Energy (break bond) = 3(C-H) + (C-O) + (O-H) + 1.5(O=O) = 2802.5 kJ/mol (1) 

Energy (bond form) = 2(C=O) + 4(O-H) = 3460 kJ/mol (1) 

Δ H = 2802.5 + (-3460) = -657.5 kJ/mol (1) 

Question continues on next page. 



Question 22 continued.         Marks 

Marit placed a beaker containing 100 mL of water above a spirit burner containing 

methanol (CH3OH(l)) as shown in the diagram below. She weighed the spirit burner and 

measured the initial temperature of the water. 

 

 

Marit lit the spirit burner and waited until the temperature had increased significantly. She 

weighed the spirit burner again, measured the final temperature of the water and placed 

all her results into the table below. 

Initial mass of spirit burner and 

methanol 

52.550 g 

Final mass of spirit burner and 

methanol 

52.268 g 

Initial temperature of water 20.1°C 

Final temperature of water 30.4°C 

 

b) Calculate the value for the enthalpy of combustion determined by Marit using 

calorimetry. 

q = mc(ΔT) = 0.1 x 4.18 x 10^3 x (30.4 – 20.1) = 4305.4 J (1) 

n = (52.550 – 52.268)/32.042 = 0.0088 mol (1) 

ΔH = -q/n = -4305.4 / 0.0088 = -489.25 kJ/mol (1) 



Question 22 continued. Marks 

The literature value for the standard enthalpy of combustion of methanol is −726 kJ mol−1. 

c) Explain why John obtained a result closer to the literature value for the enthalpy of

combustion of methanol than Marit.

Heat loss to the surrounding environment, etc (1)

 .............................................................................................................................. 1 

d) Explain why there is still a difference between John’s result and the literature value for

the enthalpy of combustion of methanol.

Used average bond enthalpy, real values depend on the specific molecule. (1).... 1 

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



Question 23 (5 marks) Marks 

Orica produces sodium cyanide (NaCN) at its plant in Yarwun, Queensland. It is supplied 

to the mining industry in tanks containing 24 200 kg of a 30.0%(w/w) aqueous solution. 

a) Calculate the mass of sodium cyanide present in each tank.

 ............................................................................................................................. 1 

m(NaCN) = 24 200 kg × 30.0/100 = 7260 kg (to 3 sig. figs.) (1) 

Sodium cyanide is prepared in a two-step process, with the main starting materials being 

methane, ammonia and sodium hydroxide. 

2CH4(g) + 2NH3(g) + 3O2(g) → 2HCN(g) + 6H2O(l) 

HCN(g) + NaOH(aq) → NaCN(aq) + H2O(l) 

b) Calculate the mass of ammonia required to produce the mass of sodium cyanide in

part (a).

 ............................................................................................................................. 2 

n(NaCN) = 7260 kg / 49.01 kg kmol−1 = 148 kmol (1) 

n(NH3) = n(HCN) = n(NaCN) = 148 kmol 

m(NH3) = 148 kmol × 17.034 kg kmol−1 = 2520 kg (to 3 sig figs). (1) 

c) Calculate the volume (measured at 25°C and 100 kPa) of oxygen gas required to

produce the mass of sodium cyanide in part (a).

n(O2) = 3/2 × 148 kmol = 222 kmol (1)

v(O2) = 222 kmol × 24.79 kL kmol−1 = 5.51 ML = 5.51 × 106 L (1)



Question 24 (6 marks) Marks 

The fluoride ion and the magnesium ion have the same electron configuration. 

a) Write the electron configuration for the two ions using spdf notation.

1s2 2s2 2p6  (1) ...................................................................................................... 1 

b) State which of the two ions would have a greater ionic radius and explain your choice.

F- would have a greater ionic radius (1) ................................................................ 3 

Isoelectronic configuration or same number of occupied electron shells 

F- has less protons / less positive charge in the nucleus / smaller effective nuclear

charge. Smaller electrostatic attraction from the nucleus to the electrons -> greater 

ionic radius. (2) ...................................................................................................... 

c) The successive ionisation energies of magnesium are given in the table below.

Ionisation Ionisation energy (kJ mol–1) 

1 738 

2 1451 

3 7733 

By referencing this data, explain why magnesium forms a Mg2+ ion and not a Mg3+ ion. 

REFERENCE DATA  Large jump between IE2 and IE3.(1) ............................... 2 

EXPLANATION (1)

EITHER The third electron experiences much less shielding 

OR The third electron is held in orbital closer to the nucleus 

so more energy required to remove electron.



CANDIDATE NUMBER 

Question 25 (5 marks) 

'Carbon can be found in a variety of forms. 

Diamond, an allotrope of carbon, ls the hardest naturally occurring s_ubstance on 
Earth. 

. 
. 

' . 

Structure of diamond ,. 

e '1fJ:A wiJJb- �Jv�e
a) E)(f:>lain why diamond is such a hard material in terms of structure and bonding.

ct .... /2an11,:;:;,,,.L{.:s ... a .... c:e✓-v.�4"$t:2./a1°Y.�ti. ..

Marks 

1�5•;ti}
l- 3 

r:fi/�;;;:::�;�:�2��) N 
...... . .. . . . ......... ......... . . ..... .. . . ............... . . . . . . .. . ........... ... .. ................... . . . . ..... . ......... . . . ... ... 

v �;:Zt��;/'i�tjji:�1 �-/. f/

Metal carbides are also hard m�terials used in computing and machinery. 

2 
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3 Marks - ALL information given below
2 Marks - missing ONE piece of information below
1 Mark   - ANY relevant information
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Question 26 (5 marks) 

Phosphorus trifluoride, PF,, is a colourless and odourless gas. .

a)

Missing 
Information

Deduce whether phosphorus trifluoride will be a polar molecule or not and 
explain your reasoning.

20 

3 Marks    - Comprehensive EXPLANATION including ALL information below 

2 Marks    -  Weak explanation of structure AND bonding 
OR detailed explanation of structure OR bonding

1 Mark     -   ANY relevant information
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Question 27 (9 marks)

The production of ammonia is an important reaction in industry

,191 + 3Hz(d--- 2NHo(9,)

Some thermodynamic data has been given in the table below.

a) Calculate the standard enthalpy change for the reaction

... ..Z.x,:Q/ ..= =..I2. At*,o./..: (.....

b) Calculate the standard entropy change for the reaction

zx/7z = Oz3 +3x{3t)

c) Calculate AG for the reaction at 300 K and determine whether the reaction will be

spontaneous at this temPerature.

.hh...=At'l-rA.S
.... . ?..: .t2 :S.eex. ;.kH

ldoU

-'. y'--s 

^ 
A^*'.*^,3 f^/rtzot'+-J 4

A/M ry *jM*

Marks

1

2

2

Nr(9) H'(9) NHs(9)

AtH" (kJ mol{) 0 0 -41

.s" (J K{ mol-1) 193 1 3 1 192

Question continues on next Page'
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Question 27 continued.

d) lf ammonia was produced as a liquid and not a gas in this reaction, state
and explain how the values tor LH and AS would change.

'{ A il...a*/L.. Ae a.rr*... *te#- u*xb h.Aa*. d

fi A.Sx.r,A.t.r.*..M,
* NH" ...,5....4r...)(c)

56L 4,*-,
m,?lX-

Marks

/ nr%Y1 4

n4.fl84 ,

(..m#y'.

I mtttyt .^ilry
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