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SECTION I: MULTIPLE CHOICE (20 marks) 
Attempt ALL Questions  
Use the Multiple-Choice Answer Sheet. 
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1 Which of the following is part of Arrhenius’s theory of acids and bases? 

(A) Bases liberate OH– ions in solution. 

(B) Acidity is due to the presence of oxygen in non-metal compounds. 

(C) Compounds which contain hydrogen are acidic in nature. 

(D) All acids taste sour. 

 
 
2 Which class of organic molecules undergo addition reactions? 

(A) alkenes  

(B) alkanes   

(C) alkanols  

(D) amines  

 
 
 
3 If a solution of HCl(aq) has a pH of 2 and an equimolar concentration of acid X has a 

pH of 1.8, acid X is most likely to be a: 

(A) Strong monoprotic acid 

(B) Strong polyprotic acid 

(C) Weak monoprotic acid 

(D) Weak polyprotic acid  

 
 
4 In which of the following reactions would decreasing the volume of the reaction vessel 

(at constant temperature) leave the amount of reactants and products unchanged?  

(A) N2(g) + 3H2(g) Ý 2NH3(g) 

(B) 2N2(g) + O2(g) Ý  2N2O(g) 

(C) 2NO2(g) Ý N2O4(g) 

(D) N2(g) + O2(g) Ý 2NO(g) 
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5 Which of the following molecules is a secondary amide? 

 
 
 
6 Consider the titration apparatus below. 

 

 
 
Which of the following combinations of liquids should be used to rinse the glassware prior 
to commencing the titration to enhance the accuracy of the process? 
 

                Burette 
 

Pipette Conical flask 

(A) deionised water 
 

deionised water deionised water 

(B) deionised water 
 

analyte deionised water 

(C) titrant 
 

analyte deionised water 

(D) titrant 
 

deionised water deionised water 
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7 In which of the following titration reactions would buffering of the solution occur? 

(A) A strong acid added to a strong base 

(B) A strong acid added to a weak base 

(C) A strong base added to a strong acid 

(D) A weak acid added to water 

 

 

8 Which of the following molecules will not react with acidified potassium dichromate 

solution? 

(A) 2-methylbutan-2-ol  

(B) butanal  

(C) butan-2-ol  

(D) butan-1-ol  

 
 

9 Which of the following is true for 3-methylbutan-2-one, shown below? 

 

 
 

(A) It forms a silver mirror on treatment with Tollens’ reagent [Ag(NH3)2]+. 

(B) It is a functional group isomer of pentan-1-ol. 

(C) It may be prepared by the catalysed hydration of 3-methylbut-1-yne. 

(D) It will show five distinct carbon atoms in spectroscopy. 

 

10 A 35 mL sample of 0.25 M NaOH solution was placed in a 1 L volumetric flask and 

then filled with deionised water up to the mark. What is the pH of the final solution? 

 

(A) 0.00875 

(B) 2.06 

(C) 11.94 

(D) 12.15 
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11 Methane reacts with an excess of chlorine in the presence of UV light. What are the 

products of the reaction if it goes to completion? 

(A) CH3Cl and H2 

(B) CH3Cl and HCl  

(C) CCl4 and H2 

(D) CCl4 and HCl 

 
 

12 What is the IUPAC name for the compound shown below? 

 

          
 

(A) 2,2-dimethyl-3-fluoro-4-chloroheptane  

(B) 4-chloro-5-fluoro-6,6-dimethylheptane  

(C) 4-chloro-3-fluoro-2,2-dimethylheptane  

(D) 4-chloro-2,2-dimethyl-3-fluoroheptane  

 

13 Consider the following 13C NMR spectrum. 

 

 
 
 Which of the following compounds would have this spectrum? 
 

(A) pentane 

(B) pentanal 

(C) pentanoic acid 

(D) 2-methylbutane 
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14 Equal amounts of four compounds are added to the same volume of water. Which 

compound would produce a solution with the highest pH?  

(A) CH3CONHCH3  

(B) CH3COOH   

(C) CH3COOCH3  

(D) CH3CH2NH2  

 

15 Sulfur trioxide can be produced from the reaction of sulfur dioxide and oxygen 

according to the following equation: 

 
              2SO2(g) + O2(g) Ý 2SO3(g) 
 

One mole of sulfur dioxide and two moles of oxygen are mixed in a reaction vessel, and 
the system allowed to proceed towards equilibrium. 

 
Which of the following statements about this system is true? 

 

(A) The concentration of O2(g) will always be half of the concentration of SO2(g). 

(B) The concentration of SO2(g) will increase at the same rate as the SO3(g) 
concentration is increasing. 

(C) The concentration of O2(g) will decrease at double the rate that the SO2(g) 
concentration is decreasing. 

(D) The concentration of O2(g) will decrease at half the rate that the SO3(g) 
concentration is increasing. 

 

16 The Ksp of chromium(III) hydroxide is 6.3 × 10–31. What is the concentration (in mol L–1) 

of chromium(III) ions in a saturated solution of chromium(III) hydroxide? 

 

(A) √6.3 × 10−31 

 

(B) �6.3 ×10−31

4

3
 

 

(C) �6.3 ×10−31

27

4
 

 

(D) �6.3 ×10−31

108

5
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17 If 1 mL of an acid with a pH of 5 is added to 999 mL of deionised water, what is the 

pH of the new solution? 

 

(A) pH 5 

(B) pH 6 

(C) pH 7 

(D) pH 8 

 

 

18 Which of the following compounds has the highest solubility (in g L−1)? 

 
                Compound  Molar mass (g mol−1) Ksp 

(A)  Lithium chloride 42.39 395 

(B)  Sodium chloride 58.44 42 

(C)  Potassium chloride 74.55 22 

(D)  Rubidium chloride 120.9 56 

 
 
 

19 Consider the following reaction: 

 
               H2(g) + I2(s) Ý 2HI(g)   ΔHʅ = −9.5 kJ mol−1 

 
Which of the following changes, when imposed on this system at equilibrium, will result 

in an increased concentration of HI(g) when equilibrium is re-established? 

(A) Halving the volume of the system. 

(B) Adding I2(s). 

(C) Removing HI(g). 

(D) Increasing the temperature of the system. 
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20 Consider the following reaction: 

 
                 W(g) + 2X(g) Ý 2Y(g) + Z(g)  Kc = 200 

 
If 0.5 mol of W and 0.5 mol of X are placed in a sealed 0.5 L vessel and allowed to 

react, which of the following is true once the system reaches equilibrium? 

 

(A) 2[W] = [X] 

(B) [W] > [X] 

(C) [Y] = [X] 

(D) [Z] > [Y] 
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SECTION II: 80 marks 
Attempt ALL Questions  
Write your answer in the space provided.  

 

Page 11 

CANDIDATE NUMBER 

 

 
Question 21 (5 marks)                          Marks 

 
 
The definition of acids and bases has changed often over time. 
 

a) State the Brønsted-Lowry definition of a base.        1 
 

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

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

 
 

b) Explain how the Brønsted-Lowry definition of a base is an improvement on the 
Arrhenius model, using an example and a relevant equation to illustrate this.   3 
 

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

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

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

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

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

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

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

 
 
 

c) Identify a limitation of the Brønsted-Lowry model.      1 
 

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

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

 
The Ksp for barium fluoride is 3.10 × 10−6. Calculate the solubility (in g per 100 mL) of 
barium fluoride.   

 

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

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

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

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

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

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

 

 

Question 23 (6 marks)                 

  
Titration is an analytical technique used to determine the unknown concentration of an 
acid or base. 

 
 

(a) A piece of equipment often used in a titration is shown in the diagram above. 
Name this piece of equipment and identify its purpose in a titration.                   2 

 

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

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

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

 ..........................................................................................................................................  
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Question cont.                                                                                                                 Marks 

 
 
(b) The titration curve below represents the change in pH when a monoprotic 0.1 M 

strong acid is incrementally added to a strong base during a titration. 
 

 
 

 
On the same graph, sketch the curve you would get if you were to incrementally 
add a monoprotic 0.1 M weak acid to the same base solution.                                     
  2 
 

 
 
 

(c) Indicators used in titrations are usually weak acids. Identify and explain the effect 
of adding too much indicator when conducting this titration.                          2 
 

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

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

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

 ..........................................................................................................................................  
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Question 24 (7 marks)                Marks 
 

Dinitrogen tetraoxide, a colourless gas, decomposes to form brown nitrogen dioxide gas, 
according to the following equation. 
 

N2O4(g) Ý 2NO2(g)  ΔHʅ = +57 kJ mol−1  
  
A mixture of dinitrogen tetraoxide and nitrogen dioxide is placed in a sealed syringe. 
 

(a) Using collision theory, explain the effect of increasing the temperature of this 
system on the equilibrium constant, Kc.       4 

 

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

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

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

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

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

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

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

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

 ..........................................................................................................................................  
 
 
 
A 1.00 L reaction vessel containing 0.100 mol of dinitrogen tetraoxide gas is allowed to 
come to equilibrium. 0.250 mol of nitrogen dioxide is then added and the system allowed 
to reach equilibrium again. The final concentration of nitrogen dioxide in the vessel is 
0.400 mol L−1. The temperature is constant throughout these experiments. 
 

(b) Calculate the equilibrium constant, Kc, for this reaction.       3 

 

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

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

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

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

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

 ..........................................................................................................................................  
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CANDIDATE NUMBER 

 
 
 

Question 25 (3 marks)                 
 

Vitamins are biologically important molecules. Two examples, Vitamins A and C, have 
their structures shown below.  
 
 

     
 

 
Vitamin A 

 
Vitamin C 

 
 
Vitamin A is a fat-soluble whereas Vitamin C is water soluble. Account for the difference in 
solubilities of these two vitamins.         

 
 

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

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

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

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

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

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

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

The following table gives the names of some structural isomers with the molecular 
formula C5H10. 

 

Isomer Structure 

A  

B 
 

C 
 

 

(a) Draw a position isomer of isomer A.        1 
 
 
 
 
 
 

 
 
 
 

(b) Chemical tests can be used to distinguish between samples of isomer A and 
isomer B. Identify a suitable test, stating expected results.      2 
 

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

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

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

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

(c) Name isomer C.         1 
 

 ..........................................................................................................................................  
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Question cont.                                                                                                                 Marks 

 
(d) Draw the product(s) formed when isomer C is hydrated using dilute sulfuric acid.  2 
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Question 27 (8 marks)                Marks 
 
Gaseous A molecules undergo a reversible chemical reaction to form gaseous B 
molecules. The graph below shows how the concentrations of A(g) and B(g) molecules 
change over time, when placed in a 2.0 L reaction vessel at constant temperature.  The 
graph for A(g) is not completed yet. 
 

 
 
 

(a)  Explain the shape of the [B] curve from 0 to 8 min.          3 
 
 

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

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

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

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

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

 ..........................................................................................................................................  
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Question cont.                                                                                                                 Marks 
 

(b) Calculate the equilibrium constant for this system.        2 
 

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

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

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

 ..........................................................................................................................................  
 
 
 
At t = 8 min, some A(g) is added to the 2.0 L reaction vessel.  
 

(c) Calculate the amount (in mol) of A(g) added to the 2.0 L reaction vessel.     3 

 

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

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

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

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

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

 ..........................................................................................................................................  
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Question 28 (3 marks)         
 
pKa is a convenient way to express the relative strength of a weak acid. 

 
If the pKa of methanoic acid is 3.75, determine the pH of a 2.0 M solution.             
 

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

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

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

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

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

 ..........................................................................................................................................  
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CANDIDATE NUMBER 

 
Question 29 (4 marks)         

 
When 100 mL of 0.500 mol L−1 copper(II) nitrate solution is added to 150 mL of 
0.800 mol L−1 potassium hydroxide solution, a precipitate is produced. 
 
Calculate the concentrations of copper(II) ions and hydroxide ions remaining in the 
solution after precipitation occurs?         
 

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

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

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

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

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

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

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

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

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

 ..........................................................................................................................................  
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benzaldehyde 

ethyl benzoate 

Question 30 (6 marks)                Marks 
 
Ethyl benzoate has a pleasant odour described as cherry and grape. It can be 
synthesised from benzaldehyde via intermediate A as seen in the diagram below. 
 

(a) Complete the boxes in the flow diagram below to show how ethyl benzoate can be 
synthesised from benzaldehyde in two steps. You should include:       
 
i) Structure for intermediate A. 
ii) Reagent required for Step 1. 
iii) Structure for the reactant of Step 2. 
iv) Conditions required for Step 2.          4 

        
                     

                           
 
 
 
 
 
 

 
 
 
 
 
 

 

 
 
 
 
 
 

(b) Identify a chemical test (including the predicted results) that can be used to 
distinguish between ethyl benzoate and benzaldehyde.                             2 

 

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

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

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

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

  

ii) Reagent: 
 
 

i) Structure for intermediate A 
 
 
 
 
 

iii) Structure for reactant added in 
Step 2 

 
 
 
 
 

+ 

iv) Conditions 
 
 

STEP 1 
 
 

STEP 2 
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Question 31 (6 marks)                Marks 
 

 
Enthalpy of neutralisation is a measure of the amount of energy released per mole of 
water formed when an acid reacts completely with a base. The enthalpy of neutralisation 
when sodium hydroxide reacts with sulfuric acid is −57.3 kJ mol−1. 

 
(a) Write the net ionic equation for this neutralisation reaction. Include details of ∆H.     1   

 

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

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

 
 

(b) 110.0 mL of 1.00 mol L−1 sodium hydroxide (density 1.04 g mL−1) is mixed with 
50.0 mL of 1.00 mol L−1 sulfuric acid (density 1.06 g mL−1) in a Styrofoam cup. The 
initial temperature of each solution is 25.0°C.  

Assuming that the resulting solution has a specific heat capacity of 3.93 J K−1 g−1, 
calculate the final temperature reached.                                               5 

 

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

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

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

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

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

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

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

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

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

 ..........................................................................................................................................  
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Question 32 (5 marks)                Marks 
 
This question is about polymers. Some golf balls are made from polymers including 
polyisoprene and polyurethane.  
 
 

(a) Polyisoprene is an addition polymer. Its monomer, isoprene, is a branched, 
non-cyclic hydrocarbon that is 88.16% carbon by mass. Its mass spectrum is 
shown below. 
 

 
 
Draw a possible structure for the monomer, isoprene. Show all working.     3
      

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

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

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

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

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

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

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

 ..........................................................................................................................................  
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Question cont.                                                                                                                 Marks 
 

 
(b) Polyurethane is a condensation polymer.           1 

 
i. Describe one difference between an addition polymer and a condensation polymer.  

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

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

 
ii. The repeating unit for polyurethane is shown below.        1 

 
 

O
O NH

NH

O

O  
 
   
 Draw the structure of possible monomers that could be combined to synthesise  
 polyurethane. 
 
 
 
 
 
 

 

  



Sydney Grammar School  Form VI Chemistry  2022 Trial Examination 
 
 

Page 26  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LEFT BLANK INTENTIONALLY 



 
 

Page 27 

CANDIDATE NUMBER 

 
Question 33 (4 marks)                 

       
If 12 mL of calcium hydroxide (pH = 11.5) is mixed with 7.0 mL of nitric acid (pH = 1.8), 
calculate the final pH of the solution.       

  

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

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

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

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

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

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

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

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

  



Sydney Grammar School  Form VI Chemistry  2022 Trial Examination 
 
 

Page 28  

Question 34 (9 marks)                 
 
Consider the following reaction scheme. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Outline the reagents and conditions for each of the steps of this scheme and then discuss 
whether you could use the features shown in both IR and proton NMR spectroscopy to 
confirm that these products have been formed from the reactants in each step.      

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

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

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

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

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

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

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

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

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

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

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

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

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

A B 

C D 

Step 1 

Step 2 

Step 3 
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 ..........................................................................................................................................  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ..........................................................................................................................................  
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Question 35 (5 marks)                Marks 
  
Three unknown 0.1 M solutions each contain one cation and one anion, though it is not 
certain if the ions are either: 
 
 cations:    Mg2+, Na+, Ag+, Pb2+ 

 

anions:     CO3
2–, CH3COO–, SO4

2–, Cl– 
 

 
Some experiments are performed on new samples of each solution with the results shown in 
the table below: 
 

Experiment / Result A B C 

Add HNO3(aq) bubbles vinegar smell NVR 

Add BaCl2(aq) white precipitate white precipitate 
that darkened in UV 

NVR 

Add NH3(aq)  
or OH–(aq) 

NVR brown precipitate 
that dissolved when 
excess ammonia is 

added 

white precipitate 

 
(a) Determine the chemical formulae for samples A-C.                                                     3 

 
 

A: ……………………………………… 
 
B: ……………………………………… 
 
C: ……………………………………… 
 
 

(b) Outline why the brown precipitate dissolved in excess ammonia for solution B.  
               1 

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

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

 
(c) Identify why you would need to monitor the environment for any one of these ions.   1 

 

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

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

                       END OF EXAMINATION 
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SECTION I: MULTIPLE CHOICE (20 marks) 
Attempt ALL Questions  
Use the Multiple-Choice Answer Sheet. 
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1 Which of the following is part of Arrhenius’s theory of acids and bases? 

(A) Bases liberate OH– ions in solution. 

(B) Acidity is due to the presence of oxygen in non-metal compounds. 

(C) Compounds which contain hydrogen are acidic in nature. 

(D) All acids taste sour. 

 
 
2 Which class of organic molecules undergo addition reactions? 

(A) alkenes  

(B) alkanes   

(C) alkanols  

(D) amines  

 
 
 
3 If a solution of HCl(aq) has a pH of 2 and an equimolar concentration of acid X has a 

pH of 1.8, acid X is most likely to be a: 

(A) Strong monoprotic acid 

(B) Strong polyprotic acid 

(C) Weak monoprotic acid 

(D) Weak polyprotic acid  

 
 
4 In which of the following reactions would decreasing the volume of the reaction vessel 

(at constant temperature) leave the amount of reactants and products unchanged?  

(A) N2(g) + 3H2(g) Ý 2NH3(g) 

(B) 2N2(g) + O2(g) Ý  2N2O(g) 

(C) 2NO2(g) Ý N2O4(g) 

(D) N2(g) + O2(g) Ý 2NO(g) 
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5 Which of the following molecules is a secondary amide? 

6 Consider the titration apparatus below. 

Which of the following combinations of liquids should be used to rinse the glassware prior 
to commencing the titration to enhance the accuracy of the process? 

  Burette Pipette Conical flask 

(A) deionised water deionised water deionised water 

(B) deionised water analyte deionised water 

(C) titrant analyte deionised water 

(D) titrant deionised water deionised water 

MTK
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7 In which of the following titration reactions would buffering of the solution occur? 

(A) A strong acid added to a strong base

(B) A strong acid added to a weak base

(C) A strong base added to a strong acid

(D) A weak acid added to water

8 Which of the following molecules will not react with acidified potassium dichromate 

solution? 

(A) 2-methylbutan-2-ol

(B) butanal

(C) butan-2-ol

(D) butan-1-ol

9 Which of the following is true for 3-methylbutan-2-one, shown below? 

(A) It forms a silver mirror on treatment with Tollens’ reagent [Ag(NH3)2]+.

(B) It is a functional group isomer of pentan-1-ol.

(C) It may be prepared by the catalysed hydration of 3-methylbut-1-yne.

(D) It will show five distinct carbon atoms in spectroscopy.

10 A 35 mL sample of 0.25 M NaOH solution was placed in a 1 L volumetric flask and 

then filled with deionised water up to the mark. What is the pH of the final solution? 

(A) 0.00875

(B) 2.06

(C) 11.94

(D) 12.15
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11 Methane reacts with an excess of chlorine in the presence of UV light. What are the 

products of the reaction if it goes to completion? 

(A) CH3Cl and H2 

(B) CH3Cl and HCl  

(C) CCl4 and H2 

(D) CCl4 and HCl 

 
 

12 What is the IUPAC name for the compound shown below? 

 

          
 

(A) 2,2-dimethyl-3-fluoro-4-chloroheptane  

(B) 4-chloro-5-fluoro-6,6-dimethylheptane  

(C) 4-chloro-3-fluoro-2,2-dimethylheptane  

(D) 4-chloro-2,2-dimethyl-3-fluoroheptane  

 

13 Consider the following 13C NMR spectrum. 

 

 
 
 Which of the following compounds would have this spectrum? 
 

(A) pentane 

(B) pentanal 

(C) pentanoic acid 

(D) 2-methylbutane 
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14 Equal amounts of four compounds are added to the same volume of water. Which 

compound would produce a solution with the highest pH?  

(A) CH3CONHCH3  

(B) CH3COOH   

(C) CH3COOCH3  

(D) CH3CH2NH2  

 

15 Sulfur trioxide can be produced from the reaction of sulfur dioxide and oxygen 

according to the following equation: 

 
              2SO2(g) + O2(g) Ý 2SO3(g) 
 

One mole of sulfur dioxide and two moles of oxygen are mixed in a reaction vessel, and 
the system allowed to proceed towards equilibrium. 

 
Which of the following statements about this system is true? 

 

(A) The concentration of O2(g) will always be half of the concentration of SO2(g). 

(B) The concentration of SO2(g) will increase at the same rate as the SO3(g) 
concentration is increasing. 

(C) The concentration of O2(g) will decrease at double the rate that the SO2(g) 
concentration is decreasing. 

(D) The concentration of O2(g) will decrease at half the rate that the SO3(g) 
concentration is increasing. 

 

16 The Ksp of chromium(III) hydroxide is 6.3 × 10–31. What is the concentration (in mol L–1) 

of chromium(III) ions in a saturated solution of chromium(III) hydroxide? 

 

(A) √6.3 × 10−31 

 

(B) �6.3 ×10−31

4

3
 

 

(C) �6.3 ×10−31

27

4
 

 

(D) �6.3 ×10−31

108

5
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17 If 1 mL of an acid with a pH of 5 is added to 999 mL of deionised water, what is the 

pH of the new solution? 

 

(A) pH 5 

(B) pH 6 

(C) pH 7 

(D) pH 8 

 

 

18 Which of the following compounds has the highest solubility (in g L−1)? 

 
                Compound  Molar mass (g mol−1) Ksp 

(A)  Lithium chloride 42.39 395 

(B)  Sodium chloride 58.44 42 

(C)  Potassium chloride 74.55 22 

(D)  Rubidium chloride 120.9 56 

 
 
 

19 Consider the following reaction: 

 
               H2(g) + I2(s) Ý 2HI(g)   ΔHʅ = −9.5 kJ mol−1 

 
Which of the following changes, when imposed on this system at equilibrium, will result 

in an increased concentration of HI(g) when equilibrium is re-established? 

(A) Halving the volume of the system. 

(B) Adding I2(s). 

(C) Removing HI(g). 

(D) Increasing the temperature of the system. 
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20 Consider the following reaction: 

 
                 W(g) + 2X(g) Ý 2Y(g) + Z(g)  Kc = 200 

 
If 0.5 mol of W and 0.5 mol of X are placed in a sealed 0.5 L vessel and allowed to 

react, which of the following is true once the system reaches equilibrium? 

 

(A) 2[W] = [X] 

(B) [W] > [X] 

(C) [Y] = [X] 

(D) [Z] > [Y] 
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Attempt ALL Questions
Write your answer in the space provided CANDIDATE NUMBER

Question 21 (5 marks)

The definition of acids and bases has changed often over time.

a) State the Bronsted-Lowry definition of a base.

Marks

1

^{ /-rx ..,:r... a.. g.*,4.....a.*.*hk .

"b) Explain how the Bronsted-Lowry definition of a base is an improvement on the
Arrhenius model, usi ng an example and relgv4l3quatio! to illustrate this. 3
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c) ldentify a limitation of the Brsnsted-Lowry model
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Marks
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Question 22 (3 marks)

The Kp for barium fluoride is 3.10 x 10-6. Cal
barium fluoride. 6"

culate the solubility (in g per 100 mL) of

€ --z 6o"*+ Z i'
&, 6 nr (.(xcrs .../?:1 2//*/

Question 23 (6 marks)

Titration is an analytical technique used to determine
acid or base.

..... :.1. : / y. /..8.:.:...
-6

I -)
7,/95 xk) d- t /,6h/L

4Lq o-/612/,o-L

413

unknown concentration of an

4
^$.<o

(a) A piece of equipment often used in a titration is shown in the diagram above.
Name this piece of equipment and identify its purpose in a titration.
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Question cont,

(b) The titration curve below represents the change in pH when a monoprotic 0.1 M

strong acid is incrementally added to a strong base during a titration.

14

12

CL

Marks

10

8

6

4

2

0
51015 20 25 30 35

Volume of titrant (mL)

40 45 50

On the same graph, sketch the curve you would get if you were to incrementally
add a monoprotic 0.1 M weak acid to the same base solution.

(c) lndicators used in titrations are usually weak acids.-blgglify andjx@iqthe effect

of adding too much indicator when conducting this titration' 2

2
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Question 24 (7 marks) Marks 

Dinitrogen tetraoxide, a colourless gas, decomposes to form brown nitrogen dioxide gas, 
according to the following equation. 

t!.H6 = +57 kJ mo1-1 

A mixture of dinitrogen tetraoxide and nitrogen dioxide is placed in a sealed syringe. 

(a) Using collision theory, explain the effect of increasing the temperature of this
system on the equilibrium constant, Kc. 4 
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A 1.00 L reaction vessel containing 0.100 mol of di nitrogen tetra6xide gas is allowed to 
come to equilibrium. 0.250 mol of nitrogen dioxide is then added and the system allowed 
to reach equilibrium again. The final concentration of nitrogen dioxide in the vessel is 
0.400 mol L-1

• The temperature is constant throughout these experiments. 

(b) Calculate the equilibrium constant, Kc, for this reaction. 3 

Since K is constant, the system will reach the same equilibrium irrespective of timing of addition 
of extra nitrogen dioxide.  Thus you will get the same result if you assume it all reacts initially, 
none reacts initially or it partly reacts to  first equilibrium.  Easiest to draw an ICE table as if all 
added at the start recognising it shifted right because the final value of 0.4 is greater than 0.25.

            N2O4            NO2
I          0.100             0+0.25
C         -x                  +2x
E      0.1 - x              0.4

2x = 0.15 therefore x = 0.075 so end values are [N2O4] = 0.025 and from the question [NO2] = 0.4.

K =  [NO2]2 /  [N2O4] = .42 / 0.025 = 6.4

3 marks - calculates 6.4
2 marks - 1 error
1 mark  - any relevant information
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Question 28 (3 marks)         
 
pKa is a convenient way to express the relative strength of a weak acid. 

 
If the pKa of methanoic acid is 3.75, determine the pH of a 2.0 M solution.             
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 CANDIDATE NUMBER 

 
Question 29 (4 marks)         

 
When 100 mL of 0.500 mol L−1 copper(II) nitrate solution is added to 150 mL of 
0.800 mol L−1 potassium hydroxide solution, a precipitate is produced. 
 
Calculate the concentrations of copper(II) ions and hydroxide ions remaining in the 
solution after precipitation occurs?         
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benzaldehyde 

ethyl benzoate 

Question 30  (6 marks)                Marks 
 
Ethyl benzoate has a pleasant odour described as cherry and grape. It can be 
synthesised from benzaldehyde via intermediate A as seen in the diagram below. 
 

(a) Complete the boxes in the flow diagram below to show how ethyl benzoate can be 
synthesised from benzaldehyde in two steps. You should include:       
 
i) Structure for intermediate A. 
ii) Reagent required for Step 1. 
iii) Structure for the reactant of Step 2. 
iv) Conditions required for Step 2.          4 

        
                     

                           
 
 
 
 
 
 

 
 
 
 
 
 

 

 
 
 
 
 
 

(b) Identify a chemical test (including the predicted results) that can be used to 
distinguish between ethyl benzoate and benzaldehyde.                             2 

 
 

 ..........................................................................................................................................  
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ii) Reagent: 
 
 

i) Structure for intermediate A 
 
 
 
 
 

iii) Structure for reactant added in 
Step 2 

 
 
 
 
 

+ 

iv) Conditions 
 
 

STEP 1 
 
 

STEP 2 
 
 



Question 31 (6 marks)                Marks 
 

 
Enthalpy of neutralisation is a measure of the amount of energy released per mole of 
water formed when an acid reacts completely with a base. The enthalpy of neutralisation 
when sodium hydroxide reacts with sulfuric acid is −57.3 kJ mol−1. 

 
(a) Write the net ionic equation for this neutralisation reaction. Include details of ∆H.     1   

 

 ..........................................................................................................................................  
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(b) 110.0 mL of 1.00 mol L−1 sodium hydroxide (density 1.04 g mL−1) is mixed with 
50.0 mL of 1.00 mol L−1 sulfuric acid (density 1.06 g mL−1) in a Styrofoam cup. The 
initial temperature of each solution is 25.0°C.  

Assuming that the resulting solution has a specific heat capacity of 3.93 J K−1 g−1, 
calculate the final temperature reached.                                               5 

 

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

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

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

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

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

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

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

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



Question 32 (5 marks)                Marks 
 
This question is about polymers. Some golf balls are made from polymers including 
polyisoprene and polyurethane.  
 
 

(a) Polyisoprene is an addition polymer. Its monomer, isoprene, is a branched, 
non-cyclic hydrocarbon that is 88.16% carbon by mass. Its mass spectrum is 
shown below. 
 

 
 
Draw a possible structure for the monomer, isoprene. Show all working.     3
      
      

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

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

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

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

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

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

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

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

 

 
 
  



Question cont.                                                                                                                 Marks 
 

 
(b) Polyurethane is a condensation polymer.           1 

 
i. Describe one difference between an addition polymer and a condensation polymer.  

 

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

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

 
ii. The repeating unit for polyurethane is shown below.        1 

 
 

O
O NH

NH

O

O  
 
   
 Draw the structure of possible monomers that could be combined to synthesise  
 polyurethane. 
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Question 33 (4 marks)

lf 12 mL of calcium hydroxide (pH = 11.5) is mixed with 7.0 mL of nitric acid (pH = 1.8),

calculate the final pH of the solution.
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Marked holistically, but effectively: 
 
3 marks – reagents / conditions for each step (if missing S1, S2, S3 may be written) 
 
6 marks – IR and NMR usefulness for each comparison 
 
NC = no comparison – just a list of features (usually only awarded 4 marks) 
ND = no discussion if spectroscopy is useful or not 
 
Table of possible answers on next page.  All listed items were not required – just 
enough of them to discuss whether useful or not, but it was necessary to consider 
IR AND NMR for each step. 
 
  



 

Possible Answers could include: 
 

 A B C D 

Name Ethane Chloroethane Ethanol Ethanal 

Reagents / 
conditions 

UV light + 
Cl2(g) 

(HCl not paid as 
radical needed) 

Dil KOH(aq) 

 

PCC 

Accepted strong 
oxidising agent if 

mention of 
stopping reaction 
e.g. distilling off 

 

IR Usual peaks for 
organic 

compounds 

Not helpful from 
A – or 

comparison to 
database in 

fingerprint area 

Broad O-H peak  
3230-3350 cm-1 

useful 

C=O peak at 
1680-1750 cm-1 

useful 

Proton NMR     

# peaks 1 2 3 2 

Integration None (note a) 3:2 3:2:1 3:1 

Splitting None – singlet 
(note b) 

Triplet:quartet Triplet:quartet: 

singlet 

Singlet:singlet 

(note c) 

Shift Shielded; low 
ppm; upfield 

Deshielded; 
higher ppm; 
downfield 

Deshielded; 
higher ppm; 
downfield 

Deshielded; 
higher ppm; 
downfield 

 
None of the following incorrect statements caused marks to be lost BUT be aware: 
 
Note a – since there is only one peak, then integration is not possible.  Too many 
boys said it would integrate to 6.  Integration is a comparison of relative peaks 
ONLY. 
 
Note b – there is no splitting for hydrogens in the same H environment, therefore 
ethane will be a singlet. 
 
Note c – unless very high-resolution NMR equipment is used, then aldehydes (along 
with -OH and NH) do not cause observable splitting, hence two singlets rather than 
quartet:doublet are more likely to be seen for ethanal. 
 
Many boys discussed carbon NMR / Mass Spec – generally ignored, unless used for 
entry marks only (i.e. could get 1-2 marks if this was all that was written). 
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Question 34 (9 marks)

Consider the following reaction scheme
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Outli
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ne the reagents and conditions for each of the steps of this scheme and then discuss

whether you could use the features shown in both lR and proton NMR spectroscopy to
confirm that these products have been formed from the reactants in each step.
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Question 34 (9 marks)

Consider the following reaction scheme.
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Question 35 (5 marks) Marks

Three unknown 0.1 M solutions each contain one cation and one anion, though it is not
certain if the ions are eitherl

cations: Mg2*, Na*, Ag*, Pb2*

anions: COs2-, CH3COO-, SO+2-, Cl-

Some experiments are performed on new samples of each solution with the results shown in
the table below:

i
l(

l.l

,^"tt','l it;
('i

(a) Determine the chemical formulae for samples A-C 3
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(b) Outline why the brown precipitate dissolved in excess ammonia for solution B.
I
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