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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  An aqueous solution of an unknown acid (HA) is represented below. 

H+ 

A− 

A− 

H+ 

Which row of the table best describes this solution? 

A. 

B. 

C. 

D. 

Strong Concentrated 

✓ ✓ 

✓ ✗ 

✗ ✓ 

✗ ✗ 

2 Consider this reaction. 

H 

H H O H H H O H 

H C C C C H H C C C C H 

H H H H H H H 

Which reaction type is shown? 

A.  Addition 

B.  Oxidation 

C.  Reduction 

D.  Substitution 

– 2 – 



 

3  Which of the following structural formulae represents 1,2-dibromopentane? 

A. B. 
Br Br H H H Br H H H H 

H C C C C C H Br C C C C C H 

H H H H H H H H H H 

C. D. 
Br H Br H H Br H H Br H 

H C C C C C H H C C C C C H 

H H H H H H H H H H 

4  A student is presented with two clear colourless solutions. One contains Pb2+ and the 
other Na+  ions. 

Which ion can be added to the solutions to identify the solutions? 

A.  I−  

B.  NH +
4  

C.  NO −
3   

D.  CH3COO−  

– 3 – 



 

 

 

5 PCl3 and Cl2 were introduced to an empty sealed vessel. 

PCl3 reacted with Cl2 to produce PCl5. 

PCl ( g)   +3    Cl2( g)      PCl5( g) 

Which graph best represents the changing concentration of Cl2 as the system approached
the equilibrium point? 

A. 

C
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nt

ra
tio

n 

B. 

C
on

ce
nt

ra
tio

n 

Time Time 

C. 

Time 

C
on

ce
nt

ra
tio

n 

D. 

Time 

C
on

ce
nt

ra
tio

n 

6  What is the pH of a 0.25  mol  L−1 solution of hydrochloric acid? 

A.  − 0.60 

B.  − 0.25 

C.  0.25 

D.  0.60 

– 4 – 
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7 Copper ions can form coloured complexes with water molecules and with chloride ions 
in dilute aqueous solutions.

Complex ion Colour

9Cu(H O 2 )6C
2+
  Blue

7CuCl4A
2−
 Green

 Which of the following analytical techniques would be most suitable to distinguish 
between these two complexes?

A. Infrared spectrophotometry

B. Carbon-13 NMR spectroscopy

C. UV-visible spectrophotometry

D. Atomic absorption spectroscopy

8 An alkene X with only one C  C bond undergoes an addition reaction with an unknown 
substance to produce Y.

X  +  unknown substance    Y

 The following table shows the molecular ion peaks for X and Y.

X

70 m /z 90 m /z

Y

 Which of the following can be the unknown substance?

A. Water

B. Fluorine

C. Hydrogen

D. Hydrogen fluoride



 

	

9  Some Torres Strait Islander Peoples pound the leaves of the vine Derris uliginosa to 
extract a chemical called saponin. Saponin is a relatively large molecule that contains 
both a water-soluble carbohydrate chain and a fat-soluble side chain. 

Which is the most likely use of saponin? 

A.  As a cleaning agent 

B.  As a neutraliser of insect bites 

C.  As a dye for pigmentation and painting 

D.  As an additive to food for flavouring and tenderising 

10  Which of the following options lists ALL the forces that are present between molecules 
of butanoic acid? 

A.  Covalent bonding 

B.  Dispersion and dipole-dipole 

C.  Covalent bonding and hydrogen bonding 

D.  Dispersion, dipole-dipole and hydrogen bonding 

11  The structures of two substances, X and Y, are shown. 

H H O H H 
H 

H C C C O H C C N 
H 

H H H H 

X Y 

Which	 row	 of	 the	 table	 correctly	 classifies	 these	 substances	 as	 a	 Brønsted−Lowry	 acid	 or	 
a	 Brønsted−Lowry	 base? 

A. 

B. 

C. 

D. 

Brønsted−Lowry 
acid 

Brønsted−Lowry 
base 

− X and Y 

X and Y − 

Y X 

X Y 
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12 Consider the following reaction. 

3AgNO (aq)   +   FeCl (aq)      3AgCl( s)   +3 3    Fe(NO3 )3(aq) 

What is the correct equilibrium expression for this reaction? 

9Fe(NO3 ) C3  
A.  7AgNO A 7 A3 FeCl3  

9Fe NO C 
B. 

( 3 
 

)3

7AgNO A 3 
 7FeCl A3 3  

7AgNO A3  
3 
 7FeCl A 

C.  
AgCl

3 7 A  9Fe(
3

NO  C3)3  

AgCl
3 7 A  9Fe  

 
(NO3) C3  

D. 
 
3 7AgNO A3  7FeCl A3  

13  Which row of the table correctly shows the expected signs of the enthalpy (DH ) and 
entropy (DS ) changes for the complete combustion of octane above 100°C? 

A. 

B. 

C. 

D. 

DH DS 

> 0 < 0 

< 0 < 0 

< 0 > 0 

> 0 > 0 

– 7 – 



 

 
 

 
 

 
 

 

  

 

14  The equation for the decomposition of hydrogen iodide is shown. 

2HI( g)      I       )    DH   =2(g) + H2(g   +52 kJ mol  –1  

The equilibrium formed during this reaction was investigated in two experiments
carried out at different temperatures. The initial and equilibrium concentrations for both 
experiments are shown in the table, with only the Keq for Experiment  1 shown. 

Initial 
concentrations 

(mol L–1) 
Equilibrium 

concentrations 
(mol L–1) 

Equilibrium 
constant 

(K )eq

7HIA 7H2A 7I2A 7HIA 7H2A 7I2A 
Experiment 1 0.06 0.00 0.00 0.04 0.01 0.01 6 × 10−2 

Experiment 2 0.00 0.04 0.04 0.04 0.02 0.02 ? 

Which row in the table correctly compares features of the two experiments? 

– 8 – 

A. 

B. 

C. 

D. 

K  eq Temperature of 
experiment 

Lower in 1 Lower in 2 

Lower in 1 Higher in 2 

Higher in 1 Lower in 2 

Higher in 1 Higher in 2 



 

 

 

  

  

  

  

15  Consider the following sequence of reactions. 

•  Prop-2-en-1-ol was reacted with hydrogen gas to form liquid  X. 

•  X was oxidised, producing liquid Y that formed bubbles of a gas when reacted  with 
aqueous sodium carbonate. 

•  Y was heated  under reflux with methanol and a drop of concentrated sulfuric acid, 
producing an organic liquid, Z.  

This process has been presented in the flow chart below. 

Oxidation MethanolH2 X Y ZOH 
H+Pd catalyst , D 

Prop-2-en-1-ol 

Which option correctly identifies the structures for X, Y and Z?  

OH O 
B. 

X Y Z 

O O 

A. 
OH OH 

O O 

O O 

C. 
OH O 

O O 

D. 
OH OH O 

16  A single straight strand of polyester was produced through a condensation reaction of 
1000 molecul es of 3-hydroxypropanoic acid, HOCH2CH2COOH. 

What is the approximate molar mass of the strand (in  g mol −1) ? 

A. 72 062 

B. 72 080 

C. 90 060 

D. 90 078 

– 9 – 



 

 

 

 

17  The chemical environment of an atom depends on the species surrounding that atom 
within a molecule. 

In which of the following compounds does the number of carbon chemical environments 
equal the number of proton chemical environments? 

A. 
H 

H 
H 

B. 
H H 

H C H O H O 

H C C C H H C C C H 

H H H H H H 

C. 
H O H 

D. 
H 

H C C C H H C C C H 

H H H 

18  The concentration of silver ions in a solution is determined by titrating it with aqueous 
sodium chloride, using yellow potassium chromate as the indicator. 

Which row of the table correctly identifies the colour change at the endpoint and the 
more soluble salt? 

A. 

B. 

C. 

D. 

Colour change 
 at endpoint 

 More soluble salt 

Red to yellow Ag2CrO4 

Yellow to red Ag2CrO4 

Red to yellow AgCl 

Yellow to red AgCl 

19  0.1  mol of solid sodium acetate is dissolved in 500  mL of 0.1  mol  L−1 HCl in a beaker. 
This solution has a pH of 4.8.  

500  mL of distilled water is then added to the beaker. 

What is the pH of the final solution? 

A.  2.4 

B.  4.5 

C.  4.8 

D.  5.1 

– 10 – 



 

 

 

20  The solubility constant for silver(I)  oxalate (Ag2C2O4 ) was determined using the
following method. 

•  2.0  g of solid Ag2C2O4 was added to 100  mL of distilled water. 

•  A sample of the saturated solution above the undissolved Ag2C2O4  was diluted by 
a factor of 2000, using distilled  water. 

•  This diluted solution was analysed using atomic absorption spectroscopy (AAS). 

The calibration curve for the AAS is provided below. 

A
bs

or
ba

nc
e 

Absorbance vs [Ag+]
0.12 

0.10 

0.08 

0.06 

0.04 

0.02 

0 
0 0.05 0.10 0.15 0.20 0.25 

  [Ag+] (× 10−6 mol L−1) 

The absorbance of the diluted sample was 0.055. 

What is the Ksp  for silver oxalate?

A.  8.8  −14×  10   

B.  5.3  ×  10−12  

C.  1.1    10−11×   

D.  2.1  ×  10−11  

– 11 – 
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Instructions 
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•	 Write	 your	 Centre	 Number	 and 	Student 	Number 	at 	the	 top	 of 	this	 
page 

•	 Answer	 the 	questions 	in	 the 	spaces 	provided.	 These	 spaces	 
provide	 guidance	 for	 the	 expected	 length	 of	 response 

•	 Show	 all	 relevant 	working	 in 	questions 	involving	 calculations 

•	 Extra	 writing 	space 	is 	provided 	at	 the	 back	 of	 this	 booklet.	 If	 you 	
use	 this	 space,	 clearly	 indicate	 which	 question	 you	 are	 answering 

Please turn over



Office Use Only – Do NOT write anything, or make any marks below this line.

– 14 – 

D
o N

O
T w

rite in this area.

Question 21 (2 marks) 

Consider the following organic reaction. 

Br 
Reaction condition X 

CH3CH2CH2CH3    +  Br2 CH3CH2CHCH3    +  HBr 

In the space provided, identify reaction condition  X and name the organic product. 

2 

Reaction condition X IUPAC name of organic product 

Question 22 (2 marks)  

Outline why quantitative and qualitative analyses are BOTH important in determining 
water quality. 

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

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

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

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

1530310429 
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Question 23 (3 marks)  

A student attempted to determine the %  w/w of sulfate in a sample of solid fertiliser. 
They used the procedure described below. 

1.  Weigh a clean, dry beaker. 

2.  Add fertiliser to the beaker and weigh again. 

3.  Add 250  mL of distilled water and stir thoroughly. 

4.  Add 20  mL of 0.1 mol  L−1 BaCl2 solution. 

5.  Filter out the BaSO4 precipitate, using distilled water to ensure all of the solid is 
transferred from the beaker to the filter paper. 

6.  Put the filter paper and precipitate onto a weighed watch glass and leave them to 
dry for 20  minutes in the sun. 

7.  Weigh the watch glass, the filter paper and the precipitate. 

8.  Calculate the %  w/w. 

Justify TWO changes that can be made to the procedure to ensure more accurate
results. 

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

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

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

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

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

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

0398310420 
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Question 24 (5 marks)  

65.0  g of ethyne gas reacts with an excess of gaseous hydrogen chloride to produce 
chloroethene. 

(a)  Draw the full structural formula of ethyne and identify the shape of the molecule. 2 

Structural formula Shape of molecule 

(b)  The molar masses of the compounds in the reaction are provided. 3 

Compound Molar mass 

Ethyne 26.04 

Hydrogen chloride 36.46 

Chloroethene 62.50 

Calculate the mass of chloroethene produced, using the molar masses provided. 
Include a relevant chemical equation in your answer.

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

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

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

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

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

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

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

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

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

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

7671310421 
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Question 25 (3 marks)  

A student produced the ester propyl butanoate in the school laboratory, by refluxing 
0.267  mol of propan-1-ol and 0.298  mol of butanoic acid with a catalyst. 

Use the data in the table to calculate the percentage yield of the ester. 

3 

Product Volume 
produced 

(mL) 

Density 

(g mL−1) 
Molar mass 

(g mol−1) 
propyl butanoate 12.2 0.873 130.2 

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

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

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

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

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

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

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

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

Please turn over 
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Question 26 (5 marks)  

A hydrogen atom on the methyl group of ethanoic acid can be replaced with a single
halogen atom. A general formula for these haloethanoic acids is shown. 

X–  CH2COOH    (X = F, Cl, Br or I)  

The pKa  values of the four haloethanoic acids are given in the table. 

Acid X pKa 

Fluoroethanoic acid F 2.6 
Chloroethanoic acid Cl 2.9 
Bromoethanoic acid Br 2.9 
Iodoethanoic acid I 3.2 

Question 26 continues on page 19 

3556310429 



Office Use Only – Do NOT write anything, or make any marks below this line.

– 19 – 

D
o N

O
T w

rite in this area. D
o 

N
O

T 
w

ri
te

 i
n 

th
is

 a
re

a.

Question 26 (continued) 

(a)  Construct an appropriate graph for the four haloethanoic acids, showing their 
pKa  values and the identity of the halogen  X in each molecule, in the order
provided in the table. 

3 

X (in X–CH2COOH) 

(b)  Describe the trend in the relative strengths of the haloethanoic acids.

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

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

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

2 

End of Question 26 

6982310425 
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Question 27 (8 marks)  

Mixtures of hydrocarbons can be obtained from crude oil by the process of fractional 
distillation. Examples include petrol, diesel and natural gas. 

(a)  Outline an environmental implication for a use of a named hydrocarbon mixture 
that is obtained from crude oil.

2 

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

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

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

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

(b)  Ethene is a simple hydrocarbon obtained from crude oil. 

 Using structural formulae, write the chemical equation for the conversion of 
ethene to ethanol, including any other necessary reagents. 

3 

Question 27 continues on page 21 

5775310424 
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Question 27 (continued) 

(c)  When ethanol is reacted with ethanoic acid, ethyl ethanoate is formed, as shown 
by the equation. 

ethanol + ethanoic acid  ethyl ethanoate + water 

The graph below shows the concentration of ethanol from the start of the 
reaction, t0, up to a time  t1. 

At time  t1, an additional amount of ethanol is added to the system. 

Sketch on the graph the changes that occur in the concentration of ethanol 
between time  t1, and when the system reaches a new equilibrium before time  t2. 

3 

6Ethanol@ 

t0 t1 t2 

Time 

End of Question 27 

8039310420 
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Question 28 (4 marks)  

Kevlar and polystyrene are two common polymers. 

A section of their structures is shown. 

H 

N O 

HN 

NH 

O 

n 

N 

H 
n 

Kevlar Polystyrene 

(a)  Kevlar is produced through a reaction of two different monomers, one of which 
is shown. Draw the missing monomer in the box provided. 

1 

Cl 

O 

O 

Cl 

Question 28 continues on page 23 

0915310425 
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Question 28 (continued) 

(b)  Kevlar chains are hard to pull apart, whereas polystyrene chains are not. 

 With reference to intermolecular forces, explain the difference in the physical 
properties of the two polymers.

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

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

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

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

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

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

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

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

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

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

3 

End of Question 28 

Please turn over 
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Question 29 (4 marks)  

Consider the following reaction. 

2NO ( g)      N O ( g)    DH     57.2 kJ mol  –1 = −2  2 4  

A sealed reaction vessel of fixed volume contains a mixture of NO2  and N2O4  gases
at equilibrium. 

Explain the impact of the addition of argon, an inert gas, on the temperature of the 
system. 

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

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

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

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

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

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

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

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

7246310429 
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Question 30 (5 marks)  

Phosgene is used in industry as a starting material to synthesise useful polymers. 
Phosgene (Cl2CO) is a gas at room temperature and is highly toxic. 

(a)  Justify a suitable precaution when using phosgene. 2 

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

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

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

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

(b)  Phosgene 
(
 is 

)
synthesised  by the  reaction  of carbon  monoxide  (CO)  and  

chlorine  Cl2  in the gas phase. 

Cl2( g)   +   CO( g)      Cl2CO( g) 

 Explain why an excess of carbon monoxide and a catalyst are used in the
industrial synthesis of phosgene.

3 

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

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

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

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

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

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

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

 ............................................................................................................................... 
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Question 31 (6 marks)  

Hydrazine is a compound of hydrogen and nitrogen. The complete combustion of 
1.0  L of gaseous hydrazine requires 3.0  L of oxygen, producing 2.0  L of nitrogen 
dioxide gas and 2.0  L of water vapour. All volumes are measured at 400°C. 

(a)  Use the chemical equation for the combustion of hydrazine to show that the 
molecular formula for hydrazine is N 2H4.

2 

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

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

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

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

(b)  The relationship between the acid equilibrium 
conjugate base equilibrium constant  ( b)

constant  K a  and the corresponding 
K  is shown. 

K  ×  K  =  a b K w  

 Use a relevant chemical equation to calculate the pH of a 0.20  mol  L−1 solution 
of N2H +

5  using the following data: 

•  the K   −6
b of hydrazine is 1.7 × 10  at 25°C 

•  N2H +
5  is the conjugate acid of N2H4.

( ) 4

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

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

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

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

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

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

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

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

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

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

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

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

 ............................................................................................................................... 
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Question 32 (5 marks)  

The following three solids were added together to 1 litre of water:  

•  0.006 mol Mg (NO3)2  

•  0.010 mol NaOH  

•  0.002 mol Na 2CO3. 

Which precipitate(s), if any, will form? Justify your answer with appropriate
calculations. 

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

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

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

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

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

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

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

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

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

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

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

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

6048310428 
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Question 33 (7 marks)  

Chalk is predominantly calcium carbonate. Different brands of chalk vary in their
calcium carbonate composition. 

The table shows the composition of three different brands of chalk. 

Brand X Brand Y Brand Z 

CaCO3 (%) 85.5 83.9 82.4 

The following procedure was used to determine the calcium carbonate composition 
of a chalk sample. 

•  A sample of chalk was crushed in a mortar and pestle. 

•  A 3.00  g sample of the crushed chalk was placed in a conical flask. 

•  100.0 mL  of 0.550 mol L  −1 HCl(aq) was added to the sample and left to react 
completely, resulting in a clear solution. 

•  Four 20  mL aliquots of this mixture were then titrated with 0.10  mol  L−1  
KOH. 

The results of the titrations are recorded. 

Burette volume (mL) Trial 1 Trial 2 Trial 3 Trial 4 

Final 7.80 14.90 22.10 29.25 

Initial 0.00 7.80 14.90 22.10 

Total used 7.80 7.10 7.20 7.15 

Determine the brand of the chalk sample. Include a relevant chemical equation in your 
answer. 

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

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

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

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

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

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

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

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

7 

Question 33 continues on page 29 

0896310423 
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Question 33 (continued) 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

......................................................................................................................................... 
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Question 34 (5 marks)  

A 0.010  L aliquot of an acid was titrated with 0.10  mol  L−1 NaOH, resulting in the
following titration curve. 

pH vs Volume of base added 
14.0 

12.0 

10.0 

8.0 
pH 

6.0 

4.0 

2.0 

0.0
0 0.010 0.020 0.030 0.040 0.050 0.060 

NaOH (L) 

(a)  Calculate the Ka for the acid used. 3
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Question 34 (continued) 

(b)  The concentration of the NaOH was 0.10  mol  L−1.  

 Explain why the pH of the final solution never reached 13. 

 ...............................................................................................................................
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 ............................................................................................................................... 
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End of Question 34 
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Question 35 (5 marks)  

A purple solution at 25°C contains a mixture of two different cobalt(II) complexes 
which are at equilibrium. 

CoCl 2−
4 (aq)  +   6H2O(l )    Co(H2O) 2+

 +6 (aq)    4Cl−(aq)  
(blue)     (pink)   

The results of heating and cooling a sample of this solution are given in the table. 

Temperature (°C) 80 0 

Colour of solution blue pink 

The energy profile diagram for this reaction is shown. 

Enthalpy 

Ea1 Ea2 

Reactants 

Products 

Reaction coordinate 

How do collision theory and Le Chatelier’s principle account for the colour change to 
pink when the solution is cooled? Refer to the energy profile diagram in your answer. 
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Question 35 (continued) 
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 CH3,    CH2  ,    CH   

   
   
  

  

 CH2  OH   or    CH2  NH   

 

Question 36 (7 marks)  

Use the data sheet provided and the information in the table to answer this question. 

1H NMR chemical shift data 

Type of proton Common functional groups d (ppm) 

hydrocarbons 0.7–2.1 

CH3 CO 
CH2 CO 
CH2 CO 

aldehydes, ketones, 
carboxylic acids or esters 2.1–4.5 

alcohols or amines 0.5–4.8 

COOH carboxylic acid 9.0–13.0 

Consider the molecule shown. 

HO 

O 

For each of the following instrumental techniques, predict the expected features of the 
spectra produced. 

Refer to the structural features of the molecule in your answer. 

•  Infrared (IR)    (Ignore any absorptions due to C   C or C   H) 
•  Carbon-13 NMR 
•  Proton NMR 
•  Mass spectroscopy 
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Question 36 (continued) 
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Question 37 (4 marks)  

Compound A has the molecular  formula C5H10. The information below shows some 
chemical reactions beginning with this compound. 

•  Compound A reacts  with H+/ H2O to produce compounds B and C.   

•  Compound B does not react  with H+/ Cr 2−
2O7 . 

•  Compound C reacts with H +/ Cr 2−
2O7  to produce compound D.  

•  Compound D does not react  with Na2CO3(aq). 

Determine the structure of compound A. Justify your answer using all the data given. 
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If you use this space, clearly indicate which question you are answering. 
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