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1 Which of the following substances contains atoms bonded together by covalent 
bonds only? 

 MgO 

 SiO2 

 NH4NO3 

 NaCl 

 

2 Which of the following pairs of electron configurations correspond to a pair of 
atoms that would be expected to form a covalent bond? 

 1s2 2s2 2p5 and 1s2 2s2 2p4 

 1s2 2s2 2p6 3s2 3p6 and 1s2 

 1s2 2s2 2p6 3s1 and 1s2 2s2 2p6 3s2 3p5 

 1s2 2s2 2p6 3s2 3p3 and 1s2 2s2 2p6 3s2 3p6 4s1  

 

3 Which of the following substances would be least polar? 

 CCl4 

 CFCl3 

 HCl 

 Cl2O 

 

4 A 450 mL sample of 1.50 M sodium acetate solution was evaporated to achieve 
a final concentration of 2.25 M. What is the final volume of the solution? 

 150 mL 

 200 mL 

 300 mL 

 400 mL 
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5 The diagram shows a change in a property of atoms down a group and across a 

period of the Periodic Table. 

 

 

 

 

 

 

 The property whose change is shown in the diagram could be 

 first ionisation energy. 

 relative atomic mass. 

 electronegativity. 

 atomic radius. 

 

6 Which of the following correctly identifies a process that occurs at an electrode? 

 Reduction at the anode. 

 Electron loss at the cathode. 

 Electron gain at the anode. 

 Oxidation at the anode. 
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7 In which of the following situations is the manganese-containing species 
oxidised? 

 2MnO4
−(aq) + 16H+(aq) + 10Cl−(aq) → 2Mn2+(aq) + 8H2O(l) + 5Cl2(g) 

 2Mn2+(aq) + 4OH−(aq) + O2(g) ⟶ 2MnO2(s) + 2H2O(l) 

 MnO4
2−(aq) + H2(g) → MnO2(s) + 2OH−(aq) 

 MnO2(s) + 2C(s) → 2CO(g) + Mn(s)  

 

8 A balloon filled with 1.00 L of air at 29.0 °C was cooled to 15.0 °C. Assuming 
that the pressure remains constant, what is the final volume of the balloon? 

 0.349 L 

 0.517 L 

 0.954 L 

 1.049 L 

 

9 How many nitrogen atoms are in 1.34 mol of copper(II) nitrate? 

 2.25 × 1023 atoms 

 4.49 × 1023 atoms 

 8.07 × 1023 atoms 

 1.61 × 1024 atoms 

 

10 Nitrogen and hydrogen gas react to form ammonia (NH3). If 3.0 L of nitrogen is 
added to excess hydrogen at 100 kPa and 293 K, what volume of ammonia will 
be produced, assuming that all of the nitrogen is consumed? 

 1.5 L 

 3.0 L 

 6.0 L 

 9.0 L 
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11 When 9.86 J of energy is transferred as heat to a sample of aluminium metal, the 
temperature of the sample increases from 23.2 °C to 30.5 °C. The specific heat 
capacity of aluminium is 0.90 J K−1 g−1. What is the mass of the aluminium metal 
sample? 

 0.67 g 

 0.82 g 

 1.2 g 

 1.5 g 

 

12 Given that the standard enthalpy of formation for Cu2+(aq) is +64.4 kJ mol−1 and 
that of Zn2+(aq) is −152.4 kJ mol−1, what is the standard enthalpy of reaction for 
the following reaction? 

Zn(s) + Cu2+(aq) → Zn2+(aq) + Cu(s) 

 −216.8 kJ mol−1  

 −88.0 kJ mol−1  

 +88.0 kJ mol−1  

 +216.8 kJ mol−1 
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Question 13 (4 marks) Marks 

 

The radioisotope, potassium-40 decays to form a beta particle and calcium-40. 

 Write a balanced nuclear equation for this reaction. 

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

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

 

 Contrast two features of a beta particle with those of an alpha particle. 

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

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

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

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

 

 Give the electronic structure of an atom of potassium in spdf orbital notation. 

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

 ..........................................................................................................................  
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Question 14 (5 marks) Marks 

 

The table below shows the first ionisation energies of the Period 2 and Period 3 
elements, measured in kJ mol−1. 

 

 Explain the general trend in first ionisation energy across Period 2. 

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

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

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

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

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

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

 

 Explain why the elements of Period 3 have smaller first ionisation energies than 
the corresponding elements of Period 2. 

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

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

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

 ..........................................................................................................................  
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Question 15 (7 marks) Marks 

 

The graphs below show the relative boiling points of hydrides of elements in Groups 4 
and 6 of the Periodic Table. 

 

 Draw a Lewis structure or electron dot formula to represent a molecule of 
hydrogen sulfide, (H2S). 

 

 

 
 1 

 

 Explain why H2S is polar whereas SiH4 is not. 

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

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

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

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

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

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

 

Question continued on next page.  
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Question continued. Marks 

 Explain the trend in the boiling points of the Group 6 hydrides from H2S to H2Po. 

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

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

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

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

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

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

 

 Explain why the boiling point of water is significantly higher than would be 
expected from the trend for the other Group 6 hydrides. 

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

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

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

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

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

 ..........................................................................................................................  
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Question 16 (2 marks) Marks 

Briefly explain how a process employed by Aboriginal or Torres Strait Islander peoples 
detoxifies poisonous food items. 

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

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

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

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

 

Question 17 (3 marks) 

 

Consider the following balanced chemical equation: 

Sn(s) + Pb(NO3)2(aq)  → Pb(s) + Sn(NO3)2(aq) 

 Does the reaction in the equation above proceed spontaneously? Justify your 
answer. 

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

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

 

 Identify the spectator ion in the equation in part (a). 

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

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

 

 Identify the reducing agent (reductant), for the equation in part (a). 

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

 ..........................................................................................................................  
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Question 18 (6 marks) Marks 

 

A student conducts an investigation to determine the voltage of a galvanic cell made 
from half-cells containing magnesium and silver, and their respective ions. 

 Draw a labelled diagram of the experimental set-up. Indicate on your diagram the 
direction of electron flow and the direction of cation movement. 

 4 

 

 

 

 

 

 

 

 

 Calculate the standard cell potential for this galvanic cell. 

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

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

 

 The experimental voltage obtained from galvanic cells is often different to that 
indicated from standard reduction potentials.  Suggest a reason why this may be. 

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

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

In a metal displacement reaction following half reactions were observed to occur: 

Cu → Cu2+ + 2e− 

Ag+ + e− → Ag 

 Write a net ionic equation for this reaction, including all states. 

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

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

 A strip of copper was placed into a solution containing silver nitrate. After the 
reaction was complete the silver was removed from the surface of the copper strip 
and the copper strip was removed. The resulting suspension, containing solid 
silver, was filtered. 

copper strip before reaction 2.298 g 
copper strip after reaction 2.216 g 
filter paper before filtration 1.662 g 
filter paper after filtration 2.002 g 

(i) Calculate the chemical amount (in mol) of silver produced and of copper 
consumed. 

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

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

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

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

 

(ii) Calculate the experimental mole ratio of silver to copper and account for 
any deviation from ideal  results. 

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

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

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

 ..........................................................................................................................  
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Question 20 (4 marks) Marks 
 

A compound was found to contain 24.8% carbon, 2.0% hydrogen and 73.2% chlorine. 

 Determine the empirical formula of this compound. 

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

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

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

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

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

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

 

 The molar mass of this compound is 96.9 g mol−1. Determine the molecular 
formula of this compound. 

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

 ..........................................................................................................................  
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Question 21 (2 marks) 

Chromium has four stable isotopes, whose relative isotopic masses and percentage 

abundances are shown in the table below. 

 

 

Calculate the relative atomic mass of chromium. 

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

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

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

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

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

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

 
  

Isotope Isotopic mass (u) Percentage abundance (%) 
50Cr 49.946 4.3450 
52Cr 51.941 83.789 
53Cr 52.941 9.5012 
54Cr 53.939 2.3657 
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Question 22 (5 marks) Marks 
 

In an experiment, 2.369 g of aluminium hydroxide reacts with 60.0 mL of 0.714 M 
sulfuric acid to produce a salt solution and water. 

 Write a balanced chemical equation for this reaction. 

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

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

 

 Calculate the chemical amount (in mol) of the salt produced. 

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

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

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

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

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

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

 

Question 23 (4 marks) 

A 33.34 g sample of a diatomic gas was stored in a 20.0 L vessel at 150 kPa and 30 °C. 
What is the identity of this gas? 

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

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

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

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

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

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

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

 ..........................................................................................................................  
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Question 24 (5 marks) Marks 
 

Antacids contain calcium carbonate and are used to neutralise stomach acid. The mass 
of one antacid tablet was found to be 1.30 g. To determine the amount of calcium 
carbonate present, this tablet was crushed into a fine powder and excess hydrochloric 
acid was added to it. After the reaction was complete, there was a decrease in mass of 
0.220 g. 

 Write a balanced equation for the reaction between calcium carbonate and 
hydrochloric acid. 

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

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

 

 Calculate the mass (in g) of calcium carbonate present in the antacid tablet. 

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

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

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

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

 

 Calculate the percentage by mass of calcium carbonate in the antacid tablet. 

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

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

 

 At 100 kPa and 296 K, what volume of gas would have be produced? 

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

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

 ..........................................................................................................................  
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Question 25 (4 marks) Marks 

 

 silicon tetrachloride silicon dioxide 
Melting point (°C) −68 1713 

Explain the melting points of silicon tetrachloride and silicon dioxide in terms of their 

structure and bonding. 

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

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

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

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

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

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

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

 ..........................................................................................................................  
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Question 26 (6 marks) Marks 
 

5.000 g of silver nitrate is dissolved in 100.0 g of water, initially at 25.0 °C. 

 If the enthalpy of solution (∆solH) for silver nitrate is +22.6 kJ mol−1, what is the 
final temperature of the solution? 

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

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

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

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

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

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

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

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

 

 Given that silver nitrate is soluble in water at room temperature, what must be the 
sign of the entropy of solution (∆solS) for silver nitrate? Explain your answer. 

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

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

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

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

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

 ..........................................................................................................................  
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Question 27 (2 marks) Marks 

The reaction of acetylene (C2H2) with hydrogen (H2) can produce either ethylene (C2H4) 

or ethane (C2H6): 

C2H2(g) + H2(g) → C2H4(g)  ∆rHʅ = −175.7 kJ mol−1 

C2H2(g) + 2H2(g) → C2H6(g)   ∆rHʅ = −312.0 kJ mol−1 

Industrially, ethylene and hydrogen are produced from ethane on a massive scale. 

What is ∆rH for the reaction of ethane (C2H6) to form ethylene (C2H4) and H2? 

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

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

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

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

 

Question 28 (3 marks)  

Tetraethyllead [Pb(C2H5)4] was formally used as a fuel additive, but its use in 

automotive petrol has been banned in Australia since 2002. It combusts as follows: 

[ܾܲሺܥଶܪହሻସ]ሺ݈ሻ +  
27
2

ܱଶሺ݃ሻ → ܾܱܲሺݏሻ + + ଶሺ݃ሻܱܥ8  °ܪଶܱሺ݈ሻ     Δܪ10  =  1−݈݋݉ ܬ݇ 6278−

 standard enthalpy of formation (kJ mol−1) 

CO2(g) −393.5 

H2O(l) −285.8 

[Pb(C2H5)4](l) +53.0 

Given the information in the table above, calculate the standard enthalpy of formation 

of PbO(s). 

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

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

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

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

 ..........................................................................................................................  
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Question 29 (5 marks) Marks 

Widgiemoolthalite is a rare blue-green mineral first identified in Widgiemooltha, 

Western Australia, in 1992. It contains three different ions, none of which contains 

atoms of more than two elements. 

When 2.000 g of widgiemoolthalite reacts with excess hydrochloric acid it dissolves 

completely and releases 0.5354 g of carbon dioxide. Strongly heating 2.000 g of 

widgiemoolthalite produces water vapour, carbon dioxide and 1.1358 g of 

nickel(II) oxide as the only products. 

Calculate the empirical formula for widgiemoolthalite, expressing your answer in terms 

of the ions and molecules present. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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