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SECTION I: MULTIPLE CHOICE 
Attempt ALL Questions  
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1 Which of the following compounds has the weakest intermolecular 

forces? 

 

(A)  CCl4 

(B)  CH4 

(C)  CBr4 

(D)  CF4 

 

2 Identify the electron configuration of the chloride ion (Cl-). 

 

(A)  1s2 2s2 2p6 3s2 3p6 

(B)  1s2 2s2 2p6 3s2 3p5 

(C)  1s2 2p8 3d7 

(D)  1s2 2p8 3d8 

 

 

 

3 An atom has 20 neutrons and an atomic number of 19. Identify its name 

and mass number? 

 Name Mass 

Number 

(A) Potassium 39 

(B) Calcium 39 

(C) Potassium 20 

(D) Calcium 20 
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4 Which of the following has the highest concentration of potassium ions? 

 

(A)  0.050 M K4[Fe(CN)6] 

(B)  0.080 M K3PO4 

(C)  0.15 M K2CrO4 

(D)  0.20 M KCl  

 

5 A 60.45 g sample of a compound was found to contain 49.98 g carbon and 

10.47 g hydrogen. The molar mass of the compound is 58.12 g/mol. 

Determine the molecular formula of the compound. 

 

(A)  C2H2 

(B)  C2H5 

(C)  C4H10 

(D)  C5H6 

 

6 100 mL of 0.100 M lead(II) nitrate was added to 100 mL of 0.100 M sodium 

iodide. What mass of precipitate formed? 

 

(A)  1.67 g 

(B)  2.31 g  

(C)  3.34 g  

(D)  4.61 g  

 

 

7 Nitrogen gas and hydrogen gas react to form ammonia gas. At a constant 

temperature and pressure, 1.2 L of nitrogen reacts with 3.0 L of hydrogen. What 

volume of ammonia will be produced if the reaction goes to completion?   

 

(A)  2.0 L 

(B)  2.4 L  

(C)  3.0 L  

(D)  4.5 L  
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8 A chemist made a standard solution by dissolving 0.8928 g of anhydrous copper(II) 

sulfate in 250 mL of solution. They then transferred a 5.00 mL sample of this 

solution into a 100 mL volumetric flask and made up to the mark with water. What 

is the final concentration of this solution? 

 

(A)  0.00112 mol L-1 

(B)  0.0224 mol L-1 

(C)  0.00559 mol L-1 

(D)  0.179 mol L-1 

 

 

9 An electrochemical cell is assembled based on the following reaction: 

Cd(s) + 2AgNO3(aq) → Cd(NO3)2(aq) + 2Ag(s) 

Which cation is undergoing oxidation? 

 

(A) Ag+ 

(B)  Cd2+ 

(C)  NO3
- 

(D)  There are no cations undergoing oxidation 

 

 

10 Of the following, the best experimental evidence to show that iron metal is a 

better reducing agent than copper metal is that 

 

(A) purple permanganate solution (MnO4
-) reacts with Fe2+ ions but not with 

Cu2+ ions. 

(B) hydrogen gas is produced when iron is added to dilute acid, but no 

reaction occurs between copper and dilute acid 

(C) copper is a better electrical conductor than iron 

(D) dilute acid reacts with iron(II)sulfide, but no reaction occurs between 

dilute acid and copper(II)sulfide  
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11 Which reaction is spontaneous at 25°C? 

 

(A)  Fe2+ (aq) + Cu (s) → Fe (s) + Cu2+ (aq) 

(B)  2Fe3+ (aq) + Cu (s) → 2Fe2+ (aq) + Cu2+ (aq) 

(C)  Fe2+ (aq) + 2Cu (s) → Fe (s) + 2Cu+ (aq) 

(D)  Fe2+ (aq) + Cu+ (aq) → Fe3+ (aq) + Cu (s) 

 

 

12 In which of the following compounds does nitrogen have the highest oxidation 

state? 

 

(A)  NO2
- 

(B)  NO2 

(C)  N2O5 

(D)  NO 

 

13 Which one of the following reactions is an oxidation/reduction reaction? 

 

(A) NaCl (aq) + AgNO3 (aq) → AgCl (s) + NaNO3 (aq) 

(B) 3CuO (s) + 2NH3 (g) → 3Cu (s) + 3H2O (l) + N2 (g) 

(C) 3CaSO3 (aq) + 2HCl (aq) → CaCl2 (aq) + H2O (l) + SO2 (g) 

(D) 3Ca(OH)2 (s) + 2H3PO4 (aq) → Ca3(PO4)2 (aq) + 6H2O (l) 

 

 

 

14 Which combination of enthalpy (∆H) and entropy (∆S) will always give a 

spontaneous reaction? 

 

 ∆H ∆S 

(A) negative positive 

(B) negative negative 

(C) positive positive 

(D) positive negative 
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15 Which of the following models, going from left to right, demonstrates the largest 

increase in entropy at a constant temperature? 

 

 

 
 

 

 

 
 

 

16 The reaction between sulfuric acid and sodium hydroxide has an enthalpy 

change of -111.68 kJ mol-1 and an entropy change 161.32 J K mol-1. What 

is the Gibbs energy change at 395 K. 

 

H2SO4(aq)  +  2NaOH(aq)   →   Na2SO4(aq)  +  2H2O(l)      

 

∆S = 161.32 J K mol−1  ∆H =  −111.68 kJ mol−1   

 

(A)  ∆G = -175.40 kJ mol-1 

(B)  ∆G = +175.40 kJ mol-1 

(C)  ∆G = -63609 kJ mol-1 

(D)  ∆G = +63609 kJ mol-1 

 

  

(A) (B) 

(C) (D) 
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17 Calculate the enthalpy change (∆rH) for the following reaction of dinitrogen 

tetraoxide (N2O4) to nitrogen dioxide (NO2) using the enthalpy data provided. 

 

N2O4(g)   →   2NO2(g) 

 

N2(g)  +   2O2(g)   →   2NO2(g)    ∆rH = + 67.8 kJ mol−1 

N2(g)  +   2O2(g)   →   N2O4(g)    ∆fH = + 9.6 kJ mol−1 

 

 

(A) ∆rH = +58.2 kJ mol−1 

(B) ∆rH = +77.4 kJ mol−1 

(C) ∆rH = −58.2 kJ mol−1 

(D) ∆rH = −77.4 kJ mol−1 
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Question 18 (3 marks)         Marks 

Hydrogen sulfide and carbon dioxide are molecules with different shapes and different 

properties Their boiling points are identified below: 

 

Compound Hydrogen sulfide (H2S) Carbon dioxide (CO2) 

Boiling point (oC) -60°C -78.5°C 

 

By referring to molecular shape and intermolecular forces, explain the difference in the 

boiling points between hydrogen sulfide and carbon dioxide. 

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

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

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

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

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

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

 ..............................................................................................................................  
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Question 19 (5 marks)         Marks 

a) Naturally occurring boron exists as two isotopes, boron-10 and boron-11. Use the data in 

the table below to determine the percentage abundance of boron-10 in a natural sample of 

boron. Show all working.  

 

Isotope  Relative isotopic mass  

Boron-10 10.0129 

Boron-11 11.0093 

 

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

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

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

 
b) Boron-12 is a radioisotope that can be produced via neutron (n) bombardment of  

boron-11. It then decays via negative beta decay. 

Write two nuclear equations showing the synthesis and radioactive decay of boron-12. 

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

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

 
c) Is the decay product of boron – 12 stable or unstable. Give a reason for your answer.  

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

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

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

 
 

 

  



 SECTION II: Attempt ALL Questions 
 
Answer the questions in the spaces provided. 
Show all relevant working in questions involving calculations. 
 

 

 Page 11  

Question 20 (4 marks)         Marks 

a) Describe the trend in ionisation energy down a group on the periodic table.  

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

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

b) Explain why the atomic radius generally decreases across a period on the periodic table.  

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

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

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

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

 
 

 

  



 SECTION II: Attempt ALL Questions 
 
Answer the questions in the spaces provided. 
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Question 21 (7 marks)         Marks 

a) Ammonia, NH3, is a small covalently bonded polar molecule. Explain, in terms of 

electronegativity, why it forms as a covalent molecule rather than an ionic compound.  

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

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

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

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

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

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

 

 
b) Draw the Lewis electron dot diagram for ammonia and identify its molecular shape  

 

 

 

 

SHAPE 

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

c) Ammonia is a molecule that has hydrogen bonding. With the aid of a diagram, labelling the 

position of the hydrogen bond, explain the term hydrogen bond using ammonia as an 

example.  

 

 

 

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

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

 ..............................................................................................................................  
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Question 22 (3 marks)          Marks 

 

Write a balanced chemical equation for the reaction between the following chemicals. 

Include all states. 

(i) sodium sulfate and barium nitrate  

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

(ii) magnesium oxide and nitric acid 

 ......................................................................................................................   
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Question 23 (2 marks)         Marks 

 

The concentration of ethanol (C2H5OH) in blood, called the blood alcohol concentration 

(BAC), is reported in grams per 100 mL of blood. At a BAC of 0.020 g dissolved in 100 mL 

of blood, alcohol will start to have some measurable impact on the brain and body. What is 

the concentration of alcohol in mol/L at a BAC of 0.020?      

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

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

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

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

 

Question 24 (3 marks) 

 

Acid spills can be neutralised by adding a base such as sodium hydrogen carbonate. The 

resultant mixture can then be safely cleaned. 50.00 mL of 6.00 M sulfuric acid, H2SO4, was 

spilled.  

H2SO4(aq) + 2NaHCO3(s)  Na2SO4(aq) + 2CO2(g) + 2H2O(l)  

 

a) Identify one observation you could make to indicate that all of the acid had been 

neutralised 

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

b) What is the minimum mass of sodium hydrogen carbonate required to neutralise the 

acid?  

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

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

 ............................................................................................................................ 
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Question 25 (3 marks)         Marks 

 

A particular coal contains 3.0 % sulfur by mass. When the coal is burned in a power plant, the 

sulfur is converted into sulfur dioxide, which is a pollutant. To reduce sulfur dioxide 

emissions, calcium oxide is added, which reacts with the sulfur dioxide to produce calcium 

16ulphite as per the chemical equations below.  

 

S (s) + O2 (g) → SO2 (g) 

CaO (s) + SO2 (g) → CaSO3 (s) 

 

If a power plant uses 2 500 000 kg of coal a day, what mass of calcium oxide is required to 

eliminate the sulfur dioxide emissions?    

 

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

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

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

 ..............................................................................................................................  
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Question 26 (4 marks)         Marks 

 

Oxygen becomes less soluble in water as the temperature of water increases. Use the 

information on the accompanying graph, where the amount of oxygen dissolved in 

water at different temperatures is measured (pressure at 100 kPa), to answer the 

following question. 

 

 
Calculate the volume of oxygen gas (at 50.0°C) is released when 2.50 L of water 

saturated with oxygen at 25°C is heated to 50.0°C at 100 kPa?   

  

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

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

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

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

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

 ..............................................................................................................................  
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Answer the questions in the spaces provided. 
Show all relevant working in questions involving calculations. 
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Question 27 (8 marks)         Marks 

 

An experiment was performed with lead nitrate solution being added to different volumes of 

sodium chloride solution. After each reaction the precipitate of lead chloride was produced, 

extracted and weighed. 

Pb(NO3)2 (aq) + 2 NaCl (aq) → PbCl2 (s) + 2 NaNO3 (aq) 

The results are expressed in the table. 

Volume of sodium 

chloride (mL) 

Volume of lead (II) 

nitrate (mL) 

Mass of precipitate (g) 

20.0 50.0 0.3 

40.0 50.0 0.6 

60.0 50.0 0.9 

80.0 50.0 1.2 

100.0 50.0 1.4 

120.0 50.0 1.4 

140.0 50.0 1.5 

160.0 50.0 1.4 

 

(a) Construct a line graph to show the relationship between the mass of lead chloride 

precipitate formed vs volume of sodium chloride solution used.    4 

 

 

 

 

 

 

CONSTRUCT GRAPH OVER PAGE 
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           Marks 

 
 

 

(b) Calculate the concentration of the sodium chloride solution in mol L-1. 

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

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

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

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

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

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

 

Strips of three metals, A, B and C were placed into solutions of the metal ions A+, B2+ and 

C2+. The observations made are listed in the table below. 

 

Metal  In a solution of:  

 A+ (aq) B2+ (aq) C2+ (aq) 

A (s) No reaction Crystals formed Crystals formed 

B (s) No reaction No reaction Crystals formed 

C (s) No reaction No reaction No reaction 

 

 

(a) Use the results in the table to determine which of the above is: 

(i) The strongest oxidising agent 

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

 

(ii) The strongest reducing agent 

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

 

(b) Write a net ionic equation for the electrochemical reaction between two substances 

from the table which produce the highest voltage. (Include all states) 

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

 



 SECTION II: Attempt ALL Questions 
 
 
Answer the questions in the spaces provided. 
Show all relevant working in questions involving calculations. 
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Question 29 (8 marks)         Marks 

 

An electrochemical cell is designed using an aluminium rod placed in a solution of aluminium 

ions, Al3+, and a nickel rod placed in a solution of nickel ions, Ni2+. 

The two half cells are connected by a salt-bridge and a voltmeter is placed in the external 

circuit. 

 

(a) Write the half-equation for the reaction occurring in each half-cell. 

Oxidation:  ....................................................................................................  1 

Reduction:  ...................................................................................................  
 

(b) Write the net ionic equation for the reaction. 

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

 

(c) Draw a diagram to represent the cell, and label: 

(i) The direction of electron flow 

(ii) The metals and anode and cathode 

(iii) The direction of flow of positive and negative ions 

 

3 
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            Marks 

(d) Over a period of time the nickel electrode changes in mass by 1.86 g. Is this an 

increase or a decrease in mass? 

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

(e) Calculate the change in mass of the aluminium electrode over the same period of 

time. 

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

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

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

 

A pupil found an unknown potassium salt whose label had faded and wanted to use the molar 

enthalpy change of solution to figure out which potassium salt it was. The pupil found the 

molar enthalpy changes for the following potassium salts: 

 

Potassium salt ∆solH  kJ mol-1 Molar Mass g mol-1 

Potassium iodide 20.3 166.00 

Potassium chloride 17.2 74.55 

Potassium hydroxide -57.1 56.11 

Potassium sulfate 34.9 174.27 

Potassium carbonate -30.9 138.21 

 

a) 1.50 g of the potassium salt was added to 70.0 g of water which had an initial temperature 

of 19.8 °C, the maximum temperature reached by the solution was 25.0 ˚C. Calculate the 

enthalpy change of solution (in kJ g-1) for the salt and using the information provided 

suggest which potassium salt it is. 

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

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

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

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

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

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

 ............................................................................................................................  
b) Give one reason the molar enthalpy of the solution measured does not match the standard 

molar enthalpy of solution?  

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

 



 SECTION II: Attempt ALL Questions 
 
 
Answer the questions in the spaces provided. 
Show all relevant working in questions involving calculations. 
 

 

 Page 26  

 

Question 31 (2 marks)         Marks 

Given the following information: 

 

 2NO(g) + O2(g) → 2NO2(g)                             ΔH = -116 kJ mol-1 

 2N2(g) + 5O2(g) +  2H2O(l) → 4HNO3(aq)      ΔH = -256 kJ mol-1 

 N2(g) + O2(g) → 2NO(g)                                  ΔH = +183 kJ mol-1 

 

Calculate the enthalpy change for the reaction below: 

 3NO2(g) + H2O(l) → 2HNO3(aq) + NO(g) 

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

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

 ......................................................................................................................  
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Question 32 (8 marks)         Marks 

 

Enthalpy changes depend on the number and type of bonds broken and formed. 

Use the average bond enthalpies in the table to answer the following question. 

 

Bond Bond 

Energy 

(kJ/ mol-1) 

Bond Bond 

Energy 

(kJ mol-1) 

O=O 498 C–C 347 

C=O 732 C–H 413 

C–O 336 O–H 464 

C ≡ O 1077 H-H 432 

 

(a) Hydrogen gas can be formed industrially by the reaction of natural gas with steam. 

CH4 (g) + H2O (g) → 3H2 (g) + CO (g) 

Determine the enthalpy change, ΔH, for the reaction, in kJ mol-1, using average bond 

enthalpies. 

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

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

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

 

(b) The table lists the standard enthalpies of formation, ∆fH (kJ mol–1) for some of the 

species in the reaction above. 

 CH4(g) H2O(g) CO(g) 

∆fH (kJ mol–1) -74.0 -242 -111 

(i) Outline why no value is listed for H2(g). 

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

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



 SECTION II: Attempt ALL Questions 
 
 
Answer the questions in the spaces provided. 
Show all relevant working in questions involving calculations. 
 

 

 Page 28  

            Marks 

(ii) Determine the value of ∆rH, in kJ mol-1, for the reaction using the values in 

 the table. 

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

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

(iii) Outline why the value of enthalpy of reaction calculated from bond energies is 

less accurate. 

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

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

 
(c) The table lists standard entropy, S°, values in J K-1 mol-1. 

 

 CH4(g) H2O(g) CO(g) H2(g) 

S° / J K-1 mol-1 +186 +189 +198 +131 

 

 Calculate the standard entropy change, ΔS°, in J K-1 mol-1. 

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

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

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

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

 
(d) Calculate the standard Gibbs energy change, ΔG°, in kJ mol-1, for the reaction at 

298 K, using your answer to (b)(ii). 

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

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

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

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



 SECTION II: Attempt ALL Questions 
 
 
Answer the questions in the spaces provided. 
Show all relevant working in questions involving calculations. 
 

 

 Page 29  

  Marks 
(e) Determine the temperature, in K, above which the reaction becomes spontaneous. 

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

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

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

 

 

 
 

Question 33 OVER PAGE 
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Question 33 (5 marks)         Marks 

 

Binary compound A can be synthesised by heating elements B and C.  
 
2.158 g of A reacts rapidly with excess water to form 1.406 g of a solid (containing 46.75% B 
by mass) and 1.158 L (measured at 302.7 K and 101.7 kPa) of the toxic gas D, which contains 
94.09% C by mass. D can also be formed from the reaction of aluminium sulfide with water; 
aluminium hydroxide is the only other product of this reaction. 
 
The molar masses of B, C and D differ by less than 6 g mol˗1. 
 
Identify substances A to D, showing all relevant working. 
 

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

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

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

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

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

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

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

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

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

 
 

 

 

 

END OF EXAMINATION 
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