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Section I 

20 marks 

Attempt Questions 1 – 20 

Allow about 35 minutes for this section 

Use the multiple-choice answer sheet for Questions 1 - 20 

Sample  2  +  4  = A 2 B 6 C 8 D 9 

A  B C D 

If you think you have made a mistake, put a cross through the incorrect answer and fill in the new 

answer. 

A  B C D 

If you change your mind and have crossed out what you consider to be the correct answer, then 

indicate this by writing the word correct and drawing an arrow as follows. 

A  B C D 

correct 
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1. The following diagrams represent samples of four acids

Which beaker contains a concentrated, weak acid? 

A. T

B. U

C. V

D. W

2. What type of reaction is the conversion of ethene into ethane?

A. condensation

B. hydrogenation

C. hydrohalogenation

D. hydration

3. What is the name of the compound shown

A. 1-chloro-1,2-difluoropropane

B. 3-chloro-2,3-difluoropropane

C. 1,2-difluoro-1-chloropropane

D. 1-chloro-1,2-difluoropentane
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4. Which of the following are isomers?

A. Propanal and butanal

B. Pentane and cyclopentane

C. Methyl ethanoate and propanoic acid

D. Butanone and butan-1-ol

5. Iron (III) ions can react with thiocyanate (SCN-) ions to form the complex ion, iron

thiocyanate (Fe(SCN)2+), according to equation 1.

The addition of excess thiocyanate ions results in further reaction of the Fe(SCN)2+ ion to

form another complex ion, Fe(SCN)2
+, according to equation 2.

The presence of Fe(SCN)2
+ ion produces a deeper blood red solution.

1. Fe3+
(aq)   +   SCN-

(aq)  ⇌ Fe(SCN)2+
(aq) Keq  =  890 

2. Fe(SCN)2+
(aq)   +   SCN-(aq) ⇌ Fe(SCN)2

+
(aq) Keq  =  2.6 

Calculate the Keq for the reaction below:  

Fe3+
(aq)   +   2SCN-

(aq) ⇌ Fe(SCN)2
+

(aq) 

A. 892.6

B. 2.9 x 10-3

C. 2.3 x 103

D. 342.3

6. Consider the system:

HF(aq) + H2O(l) ⇌ F-
(aq) + H3O

+
(aq)

Which of the following represents a conjugate acid-base pair present in this system?

A. HF(aq)/F
-
(aq)

B. HF(aq)/ H3O
+

(aq)

C. HF(aq)/H2O(l)

D. F-
(aq)/H3O

+
(aq)
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7. Which of the following fragments could give rise to an ion peak in the mass spectrum of

1-chloro-2-methylpropane?

A. [C4H9]
+

B. [CH4]
+

C. [C3H9]
+

D. [CH3Cl]+

8. 

Indicator Colour & pH Colour & pH 

Phenol Red Yellow ≤ 6.8 Red ≥ 8.4 

Methyl Orange Red ≤ 3.1 Yellow ≥ 4.4 

A small quantity of soil was added to 5 mL of pure water, stirred for 5 minutes, allowed to 

settle and filtered. When one sample of the filtrate was tested with phenol red, the colour 

turned yellow. When another sample was tested with methyl orange, the colour turned yellow. 

What is the best conclusion about the soil? 

A. That it is slightly acidic and has a pH less than 8.4.

B. That it is slightly acidic and has a pH less than 6.8.

C. That it is slightly alkaline and has a pH less than 6.8.

D. That it is very acidic and has a pH less than 4.4.
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9. An experiment to test buffers was carried out in class. Below is a screenshot of the pH curves

obtained when buffered and unbuffered solutions were tested by adding drops of acid or base.

Identify the correct label for each of the graphs. 

1 2 3 4 

A. 
buffered solution 

with base added 

unbuffered 

solution with base 

added 

unbuffered 

solution with acid 

added 

buffered solution 

with acid added 

B. 

unbuffered 

solution with base 

added 

buffered solution 

with base added 

buffered solution 

with acid added 

unbuffered 

solution with acid 

added 

C. 

unbuffered 

solution with base 

added 

buffered solution 

with acid added 

buffered solution 

with base added 

unbuffered 

solution with acid 

added 

D. 
buffered solution 

with acid added 

unbuffered 

solution with acid 

added 

unbuffered 

solution with base 

added 

buffered solution 

with base added 
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10. Which sequence of reagents would be most suitable to convert 1-chloro-2-methylpropane

to 2-methylpropene?

A. Concentrated H2SO4, then acidified MnO4
-

B. Water with an acid catalyst then hydrogen with a platinum catalyst

C. Acidified MnO4
- , then water with an acid catalyst

D. NaOH (aq), then concentrated H2SO4

11. At a certain temperature, the equilibrium constant, K, for the following reaction is 75.

2O3(g) ⇌ 3O2(g) 

0.3 mol of O3 and 1.5 mol of O2 were introduced into a 5L reaction vessel. Which is the

direction of the equilibrium shift and the reason for the shift?

Direction Favoured Reason 

A. Left Q > K 

B. Left Q < K 

C. Right Q > K 

D. Right Q < K 

12. Consider the equilibrium process:

CH2CH2(g) + H2(g) ⇌ CH3CH3(g)            ΔH = - 136 kJ/mol

Which of the following changes would increase the rate of the forward reaction AND cause

the equilibrium to shift in the forward direction?

A. The temperature is decreased

B. The pressure is decreased

C. The concentration of H2 in the equilibrium mixture is increased

D. The concentration of CH3CH3 in the equilibrium mixture is increased

lOMoARcPSD|35984093



8 

13. The concentration of species in an equilibrium reaction are shown in the graph below.

A reaction that matches the changes shown in the graph is: 

A. H2(g) + I2(g) ⇌ 2HI(g)

B. 2SO2(g) + O2(g) ⇌ 2SO3(g)

C. N2O4(g) ⇌ 2NO2(g)

D. PCl3(g) + Cl2(g) ⇌ PCl5(g)

14. Deuterium (symbol D) is an isotope of hydrogen. Water made from deuterium has the symbol

D2O and has similar properties to normal water.

D2O ionises according to the equilibrium:

In a neutral solution of pure D2O at 25℃, [D+], in mol/L, is:

A. 1.00 x 10-7

B. 1.35 x 10-8

C. 0.91 x 10-16

D. 1.82 x 10-16

D2O(l) ⇌ D+
(aq) + OD-

(aq)      Keq = 1.82 x 10-16 at 25 ℃

lOMoARcPSD|35984093
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15. A saturated solution of magnesium sulfate was placed in a beaker. Solid magnesium sulfate

containing radioactive sulfur-35 was added to the solution. The beaker was left overnight and

then the mixture was filtered.

Radioactive sulfur-35 would be expected to be found in which of the following?

A. the residue only

B. the filtrate only

C. Neither the residue nor the filtrate

D. Both the residue and filtrate

16. Which of the following statements best describes the primary differences between the

Arrhenius and Brønsted-Lowry acid theories?

i. The Arrhenius theory defines acids as proton donors, while the Brønsted-Lowry theory

defines acids as proton acceptors.

ii. The Arrhenius theory defines acids as substances that contain hydrogen and increase the

concentration of hydrogen ions (H⁺) in aqueous solutions, while the Brønsted-Lowry

theory defines acids as proton donors.

iii. The Arrhenius theory applies only to reactions in aqueous solutions, while the Brønsted-

Lowry theory applies to reactions in both aqueous and non-aqueous solutions.

iv. The Arrhenius theory defines acids and bases in terms of electron pair acceptors and

donors, while the Brønsted-Lowry theory defines them in terms of proton donors and

acceptors.

A. ii only

B. i and iii

C. ii and iii

D. iii and iv

lOMoARcPSD|35984093
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17. The diagram below shows equilibrium mixtures of A2, B2 and AB at two different

temperatures where T2 > T1.

Which of the following is true for the reaction A2 + B2 ⇌ 2AB? 

A. It is exothermic

B. It is endothermic

C. It is neither exothermic or endothermic

D. There is not enough information to determine whether it is exothermic or endothermic.

lOMoARcPSD|35984093
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18. The shape around the numbered atoms in the molecule below are best described by which of

the following options?

A. C1 linear, C2 trigonal planar, C3 tetrahedral

B. C1 tetrahedral, C2 trigonal planar, C3 linear

C. C1 trigonal planar, C2 linear, C3 tetrahedral

D. C1 tetrahedral, C2 linear, C3 trigonal planar

19. A student prepared an indicator from red cabbage by boiling red cabbage leaves in water for

twenty minutes. They recorded the colour of the red cabbage indicator to obtain pH values at

intervals of 2, and produced the following table.

pH 2 4 6 8 10 12 14 

Colour of red 

cabbage indicator 
red pink violet blue 

blue-

green 
green 

yellow-

green 

The student used their prepared indicator to measure the pH of four different solutions of unknown 

concentration and recorded the following results. 

HCl – pink CH3COOH - pink NaHCO3 - blue NaOH – blue-green 

Which of the following conclusions is consistent with the observed results? 

A. The concentrations of the HCl and the NaOH were both 0.0001 M.

B. The concentrations of the HCl and CH3COOH were both 0.01 M.

C. The concentrations of the NaOH and NaHCO3 were both 0.01 M.

D. The concentrations of the HCl and NaHCO3 were both 0.01 M.
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20. The 13C NMR spectrum of an organic compound is shown below.

The organic compound could be: 

End of Section I 
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Question 21 (3 marks) 

Complete the table below. 3 
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Student Number 

Question 22 (7 marks) 

Formic acid, a weak acid, has the formula HCOOH and its pKa is 3.75. 

(a) Calculate the pH of a 0.25 M solution of formic acid at 25 C. 3 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

(b) Formic acid can react with potassium hydroxide to produce a salt and water. Write an

equation for this reaction. 1 

…………………………………………………………………………………………. 

(c) State whether you would expect the salt formed in part (b) to be acidic, neutral or basic.

Explain your answer including an appropriate chemical equation. 3 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 
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Question 23 (4 marks) 

50.0 mL of a solution of HCl with a pH of 3.0 was mixed with 30.0 mL of a solution of 

HNO3 with a pH of 5.0. 

Calculate the pH of the resultant solution. 4 

…………………………………………………………………………………………….… 

…………………………………………………………………………………………….… 

…………………………………………………………………………………………….… 

…………………………………………………………………………………………….… 

…………………………………………………………………………………………….… 

…………………………………………………………………………………………….… 

…………………………………………………………………………………………….… 

…………………………………………………………………………………………….… 
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Question 24 (4 marks) 

Ethanoic acid and ethanamide have similar molar masses but significantly different boiling points, 

as shown in the table below. 

Ethanoic acid Ethanamide 

MM (g/mol) 60 59 

Boiling point (C) 118 222 

Explain the difference in the boiling points of these two compounds. Include a diagram in your 

response.  4 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 
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Question 25 (6 marks) 

A chemist needed to check the composition of Nurofen tablets which contain the active ingredient, 

ibuprofen, a monoprotic acid. 

A Nurofen tablet, with a mass of 256 mg, was crushed to a fine powder and then dissolved in water 

and transferred to a 125.0 mL volumetric flask, adding water accurately up to the mark. Four 25.0 

mL aliquots of this solution were then titrated against a 0.00502 M standard solution of sodium 

hydroxide to a phenolphthalein end point. The sodium hydroxide titre values are shown below. 

(a) Write a balanced chemical equation for the reaction between ibuprofen and sodium

hydroxide. 1 

………………………………………………………………………………………… 

(b) Determine the percentage composition by mass of ibuprofen in the Nurofen tablet. 5 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

lOMoARcPSD|35984093
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Student Number 

Question 26 (7 marks) 

Ammonia is manufactured industrially by the Haber process, the reaction equation being: 

N2(g) + 3H2(g) ⇌ 2NH3(g)  ∆H = -92 kJ/mol 

(a) Write the equilibrium constant expression for this reaction. 1 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

Some hydrogen, nitrogen and ammonia were sealed in a reaction vessel and the forward and 

reverse reaction rates were monitored for a period of time, as shown in the following graph: 

Question 26 continues on page 20 
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Question 26 (continued) 

(b) A change was made to the system at 5 minutes. Identify this change and use

collision theory to explain the shapes of the curves between 5 and 8 minutes. 3 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

Question 26 continues on page 21 
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Student Number 

Question 26 (continued) 

(c) At 9 minutes, a temperature OR pressure change was applied to the system.

With reference to the graph above, and Le Chatelier’s principle, justify which change

was applied to the system at this time. 3 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

End of Question 26 
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Question 27 (9 marks) 

Esters are the basis of many naturally occurring odours and are therefore widely used in the 

creation of artificial flavours. Methyl butanoate is a component in pineapple flavouring. 

(a) Draw the structural formula equation for the formation of methyl butanoate from an

alcohol and a carboxylic acid. Include all relevant reaction conditions. 2 

(b) Justify the need to reflux the reaction mixture to produce the ester product. 3 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

Question 27 continues on page 23 

lOMoARcPSD|35984093
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Question 27 (continued) 

(c) A chemist prepared methyl butanoate by combining 3.50 g of alcohol with 5.75 g of carboxylic

acid. The mass of the product was found to be only 24% of the expected result.

What was the mass of the product extracted? 4

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

End of Question 27 
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Question 28 (7 marks) 

Ionic compounds can form saturated solutions in water. 

(a) Explain the processes involved when an ionic compound dissolves in water. Use

diagrams to support your explanation. 3 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

(b) Lead(II) sulfate is an ionic compound used in lead-acid batteries. Write the equilibrium

expression, Ksp, for a saturated solution of lead(II) sulfate. 1 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

Question 28 continues on page 25 
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Question 28 (continued) 

(c) Calculate the solubility of lead(II) sulfate at 25C, in grams per 100 mL. 3 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

End of Question 28 
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Question 29 (5 marks) 

Draw the structural formula and name each of the molecules A to E in the reaction 

sequence below. 5 

C5H10

HBr

NaOH 

H+/MnO4
-/heat

No reaction 

No bubbles produced 

NaOH 

H+/MnO4
-/heat

A B 

C D

E 

Na2CO3 

lOMoARcPSD|35984093
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Question 30 (9 marks) 

A group of students conducted an experiment using the calorimeter shown to determine the heat of 

neutralisation for an acid/base reaction. 

The students added 200.0 mL of 1.00 mol L–1 nitric acid (HNO3) to 200.0 mL of 1.00 mol L–1 

potassium hydroxide (KOH) and stirred the mixture. An initial temperature of 22.7°C and a  

final temperature of 26.4°C were recorded. 

(a) Calculate the molar enthalpy of neutralisation between nitric acid and potassium

hydroxide. 3 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

Question 30 continues on page 28 
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Question 30 (continued) 

(b) The theoretical enthalpy of neutralisation of any strong acid and strong base is -57 kJ/mol.

Explain the effect of ONE source of error on the calculated enthalpy of neutralisation. 3 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

(c) Describe an application of neutralisation reactions in everyday life. Include a balanced

chemical equation in your answer. 3 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

End of Question 30 
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Question 31 (4 marks) 

Determine whether a precipitate will form when 50.0 mL of 0.052 M Ba(OH)2 is mixed 

with 50.0 mL of 0.049 M Na2SO4. 4 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 
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Question 32 (8 marks) 

A range of analysis techniques were performed on a sample of a substance found in wine. 

% composition analysis revealed C: 62.0%, H:10.4%, O:27.6%. 

The spectra obtained from this analysis are presented below, along with 1H NMR chemical shift 

data:  

Infra-red: 

Mass Spectrum: 

Question 32 continues on page 31 
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Question 32 (continued) 

13C NMR: 

1H NMR: 

Data from 1H NMR spectrum 

Chemical Shift Relative peak area Splitting pattern 

1.1 6 doublet 

1.2 3 triplet 

2.6 1 septet 

4.2 2 quartet 

Question 32 continues on page 32 

expansion 
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Question 32 (continued) 

(a) With reference to the percentage composition and the mass spectrum, determine the molecular

formula of the compound.   1

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

Question 32 continues on page 33 
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Question 32 (continued) 

(b) Draw the structural formula of the compound and justify your decision by referring to

data in all the spectra provided.  7 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

End of Question 32 
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Question 33 (7 marks) 

The labels and most of the information for five organic compounds in the laboratory store cupboard 

have been lost. The compounds are known to be pentane, pentan-1-ol, pentan-3-ol, pentan-3-one 

and pentanoic acid.  

Use the clues below and the boiling point data in the table to identify the five compounds. Draw the 

structural formula of each compound (in the table below) and justify your identifications with 

reference to specific data, structural formulae and/or relevant chemical equations. 7 

A B C 

D E 

Question 33 continues on page 35 
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Question 33 (continued) 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

End of Question 33 

End of Paper 
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mark Question 23

3 Changes was decrease in reactant/s with reasoning about initial 

changes in rate and favouring of one direction over other

States points of collision theory in answer

Described how changing amounts of reactants and products 

AFTER initial change resulted in a return to equilib with 

reference to collision theory.

2 Incorrect attribution of change agent or favouring of reaction 

direction or incomplete use of collision theory to explain return 

to equilib after initial change.

1 Incorrect attribution of change agent and/or favouring of 

reaction direction and/or incomplete use of collision theory to 

explain return to equilib after initial change.

Main issue was poor description of changes in reactant and product concs and how collision theory 

could explain the return to equilib.

Many students couldn't identify that the smaller change in initial rate indicated which direction was 

favoured, instead looking at which line increased rate after the initial change.

mark Question 23

3 Changes was increase in temp

Correct reasoning about initial changes in rate and favouring of 

one direction over other

Referred to Le Chat theory

2 Incorrect attribution of change agent or incorrect reasoning or 

incomplete reference to Le Chat

1 Incorrect attribution of change agent and/or incorrect 

reasoning and/or incomplete reference to Le Chat

Like the previous question, many students couldn't correctly interpret the initial changes 

to identify which direction had been favoured.
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Criteria (ETH) Marks

All structures correctly identified and drawn in table•

Correct, relevant, and logical justifications given for each structure•

7

All structures correctly identified and drawn in table•

Correct, relevant, and logical justifications given for most structures•

6

All structures correctly identified and drawn in table•

Correct justifications given, but the justifications are not robust or are not always logical 

conclusions 

•

5

All structures correctly identified and drawn in table•

Justification absent or incorrect •

4

3­4 structures correctly identified and drawn in table •

Some relevant justifications present •

3

1­2 structures correctly identified and drawn in table •

Some relevant justifications present •

2

Some relevant information• 1

Markers comments: 

This was overall done well. A number of students obtained full marks, and there were some excellent 

answers. 

Students who did well: 

Were able to correctly answer the question and the verb 'justify' ­­> they provided their own 

content knowledge to supplement the information given in the question to genuinely justify their 

choices 

-

Laid out their answer in a logical sequence (often using subheadings) -

Had neat and clear structural formula-

Students who did not do well: 

Lacked justifications 

Unfortunately, a number of students received 4 or 5 marks despite getting all the structural 

formula correct. 

○

-

Just repeated information from the question as their justification, but did not explain these any 

further with their own content knowledge 

-

Often did not reference relevant IMFs in their justifications -
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