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Trial Examination 2021

HSC Year 12 Chemistry

General  
Instructions

•	 Reading time – 5 minutes

•	 Working time – 3 hours

•	 Write using black pen

•	 Draw diagrams using pencil

•	 Calculators approved by NESA may be used

•	 A formulae sheet, data sheet and Periodic Table are provided at the back of this paper

Total Marks:
100

Section I – 20 marks (pages 2–9)

•	 Attempt Questions 1– 20

•	 Allow about 35 minutes for this section

Section II – 80 marks (pages 11–30)

•	 Attempt Questions 21– 35

•	 Allow about 2 hours and 25 minutes for this section

Students are advised that this is a trial examination only and cannot in any way guarantee the content or the format of the 2021 HSC Year 12 Chemistry examination.
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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.

1	 Hydrogen can be produced from methane. The equation for the reaction is shown.

2H2O(g) + CH4(g)   CO2(g) + 4H2(g)

What is the correct equilibrium expression (Keq) for this reaction?
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2	 As the temperature of a particular reaction was increased, the rate of the reaction increased.
Which statement best explains why this occurred?

A.	 The product molecules collided more frequently.

B.	 The product molecules collided with the correct orientation.

C.	 The reactant molecules collided with greater energy per collision.

D.	 The reactant molecules collided less frequently.
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3	 The diagram shows three stages of a process.
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What process is shown?

A.	 the dissociation of an ionic substance

B.	 the dissociation of an acid

C.	 the dissociation of a base

D.	 the precipitation of a salt
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4	 Hydrogen and iodine react according to the following equilibrium reaction.

H2(g) + I2(g)   2HI(g)    DH < 0

A mixture of hydrogen gas and iodine gas was placed in a container, sealed and allowed  
to reach equilibrium. Changes were made to the mixture and the mole amounts of reactants  
and product were measured.

I		  The volume of the container was increased with the temperature remaining constant.

II		 Hydrogen gas was added to the container with the volume and temperature  
		  remaining constant.

III	 An inert gas was added to the container with the volume increasing and temperature  
		  remaining constant.

IV	 The temperature of the gases was decreased with the volume remaining constant.

Which changes would result in an increase in the number of moles of hydrogen iodide formed?

A.	 I and III only

B.	 I and IV only

C.	 II and III only

D.	 II and IV only

5	 The graph shows the progress of an equilibrium reaction (reactants   products).

t1 t2 t3

time

co
nc

en
tr

at
io

n

Which row of the table correctly identifies what is happening at t1, t2 and t3?

t1 t2 t3

A. at equilibrium reactants added new equilibrium position

B. at equilibrium products added new equilibrium position

C. no reaction occurring reaction proceeding reaction occurring

D.
only forward  

reaction occurring
forward and reverse  
reactions occurring

only reverse  
reaction occurring
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6	 Which statement about 100.0 mL of 0.10 mol L–1 hydrochloric acid and 100.0 mL  
of 0.10 mol L–1 acetic (ethanoic) acid solutions is correct?

A.	 Each solution will react completely with 100.0 mL of 0.10 mol L–1 sodium  
hydroxide solution.

B.	 The solutions will have the same electrical conductivity.

C.	 Each solution will react at the same rate with 1.00 g of magnesium ribbon.

D.	 The concentration of H3O+ ions will be the same in both solutions.

7	 A mixture was prepared containing equal amounts of 0.10 mol L–1 ammonia solution  

and 0.10 mol L–1 ammonium nitrate. 

Which statement about this mixture is correct?

A.	 The mixture is strongly acidic.

B.	 The mixture has a pH of approximately 7.

C.	 The mixture will resist changes in pH when other solutions are added to it.

D.	 The mixture will not change in pH when other solutions are added to it.

8	 The pH of two solutions, X and Y, of the same concentration were measured. The pH  
of solution X was 2.00 and the pH of solution Y was 4.00.
Which statement about solutions X and Y is correct?

A.	 Solution Y must contain a stronger acid than solution X.

B.	 The concentration of H+ in solution X is two times greater than the concentration  
of H+ in solution Y.

C.	 The concentration of H+ in solution X is 100 times greater than the concentration  
of H+ in solution Y.

D.	 The concentration of OH– in solution Y is two times greater than the concentration  
of OH– in solution X. 
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9	 The graph shows how pH changes in the reaction between a particular acid and a particular base.

volume of solution added (mL)
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Which of the following is closest to the pH of the equivalence point?

A.	 2

B.	 5

C.	 7

D.	 10.5

10	 The reaction CN– + H2O   HCN + OH– contains conjugate acid/base pairs.

Which of the following shows a conjugate acid/base pair in this reaction?

A.	 HCN/CN–

B.	 CN–/H2O

C.	 H2O/HCN

D.	 HCN/OH–

11	 The structure of a compound is shown.

C C C C CC C

H H H O HH H

H OH H HH H

HH

What is the preferred IUPAC name of this compound?

A.	 2-hydroxyheptan-5-one

B.	 5-oxo-heptan-2-ol

C.	 heptan-2-ol-5-one

D.	 6-hydroxyheptan-3-one
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12	 Which of the following lists the compounds from lowest to highest boiling point?
A.	 2-methylbutane, ethyl ethanoate, butan-1-ol, butanoic acid

B.	 ethyl ethanoate, 2-methylbutane, butanoic acid, butan-1-ol

C.	 2-methylbutane, butan-1-ol, butanoic acid, ethyl ethanoate

D.	 butanoic acid, butan-1-ol, ethyl ethanoate, 2-methylbutane

13	 A thermochemical reaction is shown.

CH3CH2CH2CH2OH(g) + 7.5O2(g) → 5CO2(g) + 5H2O(l)    DH = –2676 kJ mol–1

How much heat is released when 1.00 g of butanol is reacted?

A.	 30.4 kJ

B.	 36.1 kJ

C.	 145 kJ

D.	 198 kJ

14	 An infrared spectrum is shown.
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Which compound gives rise to this spectrum? 

A.	 hexan-1-ol

B.	 hexan-2-one

C.	 hexanal

D.	 hexanoic acid
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15	 Consider the isomeric alcohols.

butan-1-ol    butan-2-ol    2-methylpropan-2-ol    2-methylpropan-1-ol

Which of the following instrumental methods would most effectively differentiate between  
these isomeric alcohols?

A.	 atomic absorption spectroscopy

B.	 ultraviolet-visible spectrophotometry

C.	 infrared spectroscopy

D.	  1H NMR spectroscopy

16	 The structures of butanoic acid and methyl propanoate are shown.

CH3 CH2 CH2 C OH

O

CH3 CH2 C O

O

CH3

butanoic acid methyl propanoate

Which statement best explains why butanoic acid has a higher boiling point than methyl propanoate?

A.	 Butanoic acid has more covalent bonds than methyl propanoate.

B.	 Butanoic acid has a smaller size than methyl propanoate.

C.	 Butanoic acid has dipole–dipole forces.

D.	 Butanoic acid has hydrogen bonds.

17	 A portion of a polymer chain is shown.

NH CH2 CH2 NH C

O

CH2 CH2 NH CH2 CH2 NH CH2C C CCH2

O O O

Which of the following pairs of monomers would react to form this polymer?

A.	 CH2 CH2  and  HNCO

B.	 HO CH2 CH2 OH   and  NH2 CH2C

O

CH2
NH2C

O

C.	 CH2 CH2
   and  NH2 CH2C

O

CH2
NH2C

O

D.	 NH2 CH2 CH2
NH2   and  HO CH2C

O

CH2
OHC

O
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18	 Which of the following molecules has bond angles closest to 180°?
A.	 ethane

B.	 ethanol

C.	 ethyne

D.	 ethene

19	 Which of the following compounds is the most basic?

A.	 CH3 CH2 CH2
CH2

OH

B.	 CH3 CH2 CH2
CH2

NH2

C.	 CH3 CH2 C

O

O CH2
CH3

D.	 CH2 CH2 C

O

O HCH2CH3

20	 A 13C NMR spectrum is shown.

ppm

50 40 20 10 030

Which compound gives rise to this spectrum?

A.	 chloroethane

B.	 1-chloropropane

C.	 1,2-dichloroethane

D.	 1,3-dichloropropane
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Question 21 (4 marks)
A non-equilibrium system is shown. 								        	 4

8 18 2 2 2
1C H ( ) 12 O ( ) 8CO ( ) 9H O( )
2

l g g l+ → +

Discuss why this is a non-equilibrium system with reference to the effect of Gibbs free energy,  
enthalpy and entropy. 
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Question 22 (7 marks)
Nitrogen dioxide can dimerise to form dinitrogen tetroxide according to the following equation.

2NO2(g)   N2O4(g)    DH = –52 kJ mol–1

(a)	 Using Le Châtelier’s principle, explain what would happen to the position of equilibrium 	 2 
if the pressure were increased with all other conditions remaining the same.

	

	

	

	

(b)	 The energy profile diagram for this reaction is shown.	 2
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Determine the activation energies of the forward and reverse direction for 2NO2(g)   N2O4(g).

	

	

(c)	 Explain the effect of increasing the temperature on this equilibrium, all other conditions 	 3 
being kept constant.
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Question 23 (6 marks)

Iron(III) ions and thiocyanate ions react to form a complex ion according to the following equation.	 6

Fe3+(aq) + SCN–(aq)   FeSCN2+(aq)

10.0 mL of a 0.00200 mol L–1 solution of iron(III) was added to 10.0 mL of a 0.00200 mol L–1 solution  

of thiocyanate ions and mixed. The mixture was tested after a period of time and the concentration  

of the iron thiocyanate complex was found to be 1.45 × 10–  4 mol L–1. Under the conditions used,  

the theoretical value of the equilibrium constant (Keq ) is 2.05 × 102. 

Determine in which direction the reaction must proceed to reach equilibrium. Include the relevant  

calculations in your answer. 
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Question 24 (7 marks)
A student was looking for an alternative to the cleaning agent they used at home. They found  
the information shown.

Vinegar – an alternative to harsh chemical cleaning agents?
Vinegar is a solution of acetic (ethanoic) acid in water. Vinegar has been used as a cleaning 
agent for centuries. Studies have shown that the vinegar needs to have a concentration  
of 7–12% w/v* before it is an effective cleaning agent. Vinegar that has this concentration 
can be used as an alternative to synthetic cleaning agents.

* w/v = 
weight 100
volume

×

The student showed this information to their Chemistry class, and the class decided to analyse a sample  
of ‘white vinegar’ from the supermarket to determine the concentration of acetic acid (CH3COOH).

A conductimetric titration was carried out. 

A 25.00 mL sample was taken of the vinegar and diluted to 250 mL in a volumetric flask. A 25.0 mL 
portion of this diluted solution was titrated using standardised 0.120 mol L–1 sodium hydroxide solution. 
The conductivity of the diluted vinegar solution was taken.

1.00 mL of NaOH solution was then added in increments, the mixture stirred, and the new conductivity  
was taken after each addition.

The results of the titration are shown in the table.

NaOH added (mL) Conductivity (S m
–1

)

0 130
1.0 110
2.0 104
3.0 97
4.0 90
5.0 84
6.0 76
7.0 70
8.0 65
9.0 70
10.0 98
11.0 122
12.0 148
13.0 171
14.0 198
15.0 220

Question 24 continues on page 16
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Question 24 (continued)

By drawing a best-fit conductivity graph of the data in the table and performing relevant calculations, 	 7 
determine whether the vinegar was of the required concentration to be an effective cleaning agent.

	

	

	

	

	

	

	

	

	

	

	

	

End of Question 24
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Question 25 (5 marks)
A student added 1.78 g of Ca(OH)2(s) to 0.250 L of 0.200 mol L–1 HNO3(aq). The mixture  
was carefully stirred until no further reaction occurred. 

(a)	 Assuming that the total volume of the solution remains unchanged, calculate the pH 	 3 
of the resulting solution.

	

	

	

	

	

	

	

	

	

	

(b)	 Explain how nitric acid can be regarded as both an Arrhenius acid and a Brønsted–Lowry acid.	 2
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Question 26 (5 marks)
Magnesium reacts vigorously with mineral acids to produce a salt and hydrogen gas  
in an exothermic reaction.

A student reacted 0.361 g of magnesium with excess sulfuric acid and measured the volume  
of hydrogen generated. When the magnesium had completely reacted, there was 385 mL  
of gas in the syringe. The apparatus used by the student is shown.

magnesium
sulfuric acid

generated
hydrogen 

gas syringe

(a)	 Write a balanced chemical equation for this reaction between magnesium and sulfuric acid.	 1

	

(b)	 Calculate the volume of hydrogen that is generated at 25.0°C and 100 kPa.	 3

	

	

	

	

	

(c)	 Assuming that the method was valid and the gas syringe was accurate, give ONE reason	 1 
why there might be a difference between theoretical yield and the amount recorded. 
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Question 27 (4 marks)
Formic acid is an organic acid, found in the venom of ants and bees. The diagram shows a molecule  
of formic acid dissociating in water.

C
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H O
H

O
H H
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H O
–

O 
+

H

H H

 �

(a)	 Determine the dissociation constant of a 0.100 mol L–1 formic acid solution that has a pH 	 3 
of 2.38.

	

	

	

	

	

	

	

	

(b)	 Use the dissociation constant calculated in part (a) to identify the strength of this acid.	 1
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Question 28 (3 marks) 

In an aqueous solution, the colourless weak acid p-nitrophenol (C6H5NO3) undergoes hydrolysis  
to produce yellow-coloured p-nitrophenoxide ions. The absorbance of this solution was measured  
at 410 nm and found to be 0.433 when using a sample cell with a pathlength of 1.00 cm. Only 
p-nitrophenoxide ions absorb at this wavelength. Its molar attenuation coefficient, at this wavelength,  
is 18 600 L mol–1 cm–1.

(a)	 Complete the equilibrium equation.	 1

C6H5NO3(aq) � H2O(l)  � (aq)  � (aq)

(b)	 Determine the concentration of p-nitrophenoxide in the solution.	 2
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Question 29 (6 marks) 
Mass spectroscopy is a technique that measures the mass-to-charge ratio (m/z) of charged particles.  
The instrument used is called a mass spectrometer, in which electric signals produce a mass spectrum  
on a screen. The diagram shows a mass spectrometer. 

amplifier

data output

to vacuum 
pump

detector produces 
an electric signalelectromagnet

electric field

sample is vaporised 
in injection point

sample is 
ionised

high voltage 
hot anode

A sample is injected into the mass spectrometer and the particles pass through an electric field,  
and then through a magnetic field.

(a)	 (i)	 What is the purpose of the electric field?	 1

	

	

(ii)	 What is the purpose of the magnetic field?	 1

	

	

Question 29 continues on page 22
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Question 29 (continued)

A common use for mass spectroscopy is to identify elements and their isotopes.

(b)	 The mass spectrum of a mixture of elements is shown.	 2

re
la
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e 
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ity

80.00

m/z

90.00 100.0 110.070.00

74.92 106.9
108.9

What elements are present and how many isotopes does each element have?

	

	

	

	

Question 29 continues on page 23
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Question 29 (continued)

(c)	 Mass spectroscopy is often used with other spectroscopic techniques to identify 	 2 
the components of mixtures. Infrared spectroscopy is one such technique that aids  
in identifying the functional groups contained within a molecule. The infrared spectra  
of hexane and hexan-1-ol are shown.
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Infrared spectrum for hexan-1-ol
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 � �1wavenumber cm�
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Identify the bonds in hexan-1-ol that account for the differences between the two IR spectra  
and identify the relevant absorption peaks.

	

	

	

	

End of Question 29
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Question 30 (4 marks)
Compound X is an insoluble white ionic compound. A student performed a series of experiments 	 4 
on compound X to determine its identity. A flow chart is shown summarising their results.

colourless gas bubbles form

compound X

Add Ba(NO3)2(aq) Add NaOH(aq) Add AgNO3(aq)

no visible reaction no visible reaction no visible reaction

solution Y remains

Add HNO3(aq)

Add NaCl(aq) Add Na2SO4(aq)Add NaOH(aq)

no visible reaction no visible reaction a white precipitate forms

Use the information provided to identify compound X and justify your choice. Include net ionic  
equations where appropriate.
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Question 31 (7 marks)
Compound B is formed when an alcohol, compound A, is reacted with reagent X as shown in the equation.

compound A compound B

 heat
4 9 4 8 2C H OH + reagant X  C H O����

(a)	 (i)	 Identify whether compound A is a primary, secondary or tertiary alcohol, 	 2 
and explain your choice. 

	

	

	

	

(ii)	 Identify a reagent that could function as reagent X.	 1

	

But-1-ene is the only alkene produced when compound A is reacted under appropriate conditions.

(b)	 Identify the systematic name of compound B and draw its structural formula.	 2

	

(c)	 Compound C, a sweet-smelling liquid, is one of two products formed when compound A 	 2 
reacts with compound B in the presence of a catalytic amount of sulfuric acid.

Identify the systematic name of compound C and draw its structural formula.
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Question 32 (8 marks)

Compound X was found to have the molecular formula C4H8O2. To confirm the molecular structure  

of the compound, mass spectrometry, infrared spectroscopy and 1H NMR spectrometry were performed. 

The resulting spectra are shown.
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(a)	 What does the peak at m/z = 88 in the mass spectrum indicate?	 1

	

	

	

Question 32 continues on page 27
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Question 32 (continued)

(b)	 Use the spectra provided to identify compound X. Justify your answer with reference 	 7 
to the data provided.

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

End of Question 32
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Question 33 (5 marks)

(a) C3H5Cl has several structural isomers containing an alkene functional group. 3

Complete the table by stating the systematic names and drawing the structural formulae 
of THREE structural isomers of C3H5Cl.

Systematic name Structural formula

(b) A chemical test can be performed quickly in a school laboratory to distinguish 2 
between cyclohexanol and 1-methylcyclohexanol.

Identify the reagent used in this test and describe the expected observations.



HSC Year 12 Chemistry Trial Examination 

Copyright © 2021 Neap Education Pty Ltd	 HSC Chemistry Yr12_QB_2021	 29

Question 34 (4 marks)
A chemist has proposed a reaction process for the industrial production of phenol, a compound 	 4 
used in the manufacture of a wide range of industrial chemicals. This process has been shown  
to result in 98% conversion of benzene to phenol. The process is shown in the flow chart.

cumene synthesis
120°C, 300 kPa
(H3PO4 catalyst)

propene
cumene oxidation
100°C, 700 kPa

hydrolysis
25°C

(H3PO4 catalyst)benzene

acetone

phenol

air exhaust gas (N2)

cumene recyclebenzene recycle

Using the information provided, outline THREE factors that may have been considered in the design  
of this industrial process. 
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Question 35 (5 marks)
The diagrams show the bonding within and between methane and ethane molecules.	 5

CH

H

H

H

H
CH

H

H

A
B

Methane

Ethane

C C
H

H

H

H

H

H

C C
H

H

H

H

H

H

C
D

Compare the strengths of bonds A and C AND compare the strengths of bonds B and D. In your response,  
evaluate the significance of these bonds in determining the physical properties of the homologous series 
represented in the diagrams. 

	

	

	

	

	

	

	

	

	

	

End of paper
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Section II extra writing space

If you use this space, clearly indicate which question you are answering.
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Section II extra writing space

If you use this space, clearly indicate which question you are answering.
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FORMULAE SHEET

=
mn

MM
=

nc
V

PV nRT=

[ ]10loga apK K=-
 10logε= = oIA lc

I

Avogadro constant, NA							       6.022 × 1023 mol–1

Volume of 1 mole ideal gas: 	 at 100 kPa and

				    at 0°C (273.15 K)			   22.71 L

				    at 25°C (298.15 K)			   24.79 L

Gas constant								        8.314 J mol–1 K–1

Ionisation constant for water at 25°C (298.15 K), Kw			   1.0 × 10–14

Specific heat capacity of water	  					     4.18 × 103 J kg–1 K–1

DATA SHEET
Solubility constants at 25°C

Compound     Ksp Compound     Ksp

Barium carbonate 2.58 × 10−9 Lead(II) bromide 6.60 × 10−6

Barium hydroxide 2.55 × 10−4 Lead(II) chloride 1.70 × 10−5

Barium phosphate 1.3 × 10−29 Lead(II) iodide 9.8 × 10−9

Barium sulfate 1.08 × 10−10 Lead(II) carbonate 7.40 × 10−14

Calcium carbonate 3.36 × 10−9 Lead(II) hydroxide 1.43 × 10−15

Calcium hydroxide 5.02 × 10−6 Lead(II) phosphate 8.0 × 10−43

Calcium phosphate 2.07 × 10−29 Lead(II) sulfate 2.53 × 10−8

Calcium sulfate 4.93 × 10−5 Magnesium carbonate 6.82 × 10−6

Copper(II) carbonate 1.4 × 10−10 Magnesium hydroxide 5.61 × 10−12

Copper(II) hydroxide 2.2 × 10−20 Magnesium phosphate 1.04 × 10−24

Copper(II) phosphate 1.40 × 10−37 Silver bromide 5.35 × 10−13

Iron(II) carbonate 3.13 × 10−11 Silver chloride 1.77 × 10−10

Iron(II) hydroxide 4.87 × 10−17 Silver carbonate 8.46 × 10−12

Iron(III) hydroxide 2.79 × 10−39 Silver hydroxide 2.0 × 10−8

Iron(III) phosphate 9.91 × 10−16 Silver iodide 8.52 × 10−17

Silver phosphate 8.89 × 10−17

Silver sulfate 1.20 × 10−5

q mc TD= G H T SD D D°= °- ° 10pH log H+é ù=- ê úë û
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Infrared absorption data 13C NMR chemical shift data

Bond Wavenumber/cm–1 Type of carbon d/ppm

N H

(amines)
3300  –3500 C C 5 –  40

O H

(alcohols)
3230  –3550

(broad)
C Cl or BrR 10  –70

C H 2850  –3300
C CR

O
20  –50

O H

(acids)
2500  –3000
(very broad)

C NR 25  –  60

C N 2220  –2260 C O
alcohols,
ethers or
esters

50 –90

C O 1680  –1750 C C 90 –150

C C 1620  –1680 C NR 110 –125

C O 1000  –1300 110 –160

C C 750  –1100
esters or 
acids

CR

O
160 –185

aldehydes
or ketones

CR

O
190 –220

UV absorption
(This is not a definitive list and is approximate.)

Chromophore lmax (nm) Chromophore lmax (nm)

C H 112 C C 173       178
196        222

C C 135 C Cl 173

C C 162 C Br 208
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Some standard potentials

K+ + e– 


K(s) –2.94 V

Ba2+ + 2e– 


Ba(s) –2.91 V

Ca2+ + 2e– 


Ca(s) –2.87 V

Na+ + e– 


Na(s) –2.71 V

Mg2+ + 2e– 


Mg(s) –2.36 V

Al3+ + 3e–


Al(s) –1.68 V

Mn2+ + 2e–


Mn(s) –1.18 V

H2O + e–


1
2 H2(g) + OH– – 0.83 V

Zn2+ + 2e– 


Zn(s) – 0.76 V

Fe2+ + 2e–


Fe(s) – 0.44 V

Ni2+ + 2e–


Ni(s) – 0.24 V

Sn2+ + 2e– 


Sn(s) – 0.14 V

Pb2+ + 2e–


Pb(s) – 0.13 V

H+ + e–


1
2 H2(g) 0.00 V

SO4
2– + 4H+ + 2e– 


SO2(aq) + 2H2O 0.16 V

Cu2+ + 2e– 


Cu(s) 0.34 V

1
2 O2(g) + H2O + 2e–


2OH– 0.40 V

Cu+ + e– 


Cu(s) 0.52 V

1
2 I2(s) + e– 

I– 0.54 V

1
2 I2(aq) + e–


I– 0.62 V

Fe3+ + e


Fe2+ 0.77 V

Ag+ + e– 


Ag(s) 0.80 V

1
2 Br2(l) + e–


Br– 1.08 V

1
2 Br2(aq) + e–


Br– 1.10 V

1
2 O2(g) + 2H+ + 2e–


H2O 1.23 V

1
2 Cl2(g) + e–


Cl– 1.36 V

1
2 Cr2O7

2– + 7H+ + 3e–
 Cr3+ + 72 H2O 1.36 V

1
2 Cl2(aq) + e– 

Cl– 1.40 V

MnO4
– + 8H+ + 5e–


Mn2+ + 4H2O 1.51 V

1
2 F2(g) + e–


F– 2.89 V

Aylward and Findlay, SI Chemical Data (5th Edition) is the principal source of data for 
the standard potentials. Some data may have been modified for examination purposes. 
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