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1. Traces of different organic compounds contribute to the flavour of tomato juice. Three of these 
compounds are 2-methylbutanal, methyl salicylate, and phenylalanine.

(a) (i) Draw the structural formula of 2-methylbutanal. 

(2 marks)

(ii) The mass of 2-methylbutanal in a 10 mL sample of tomato juice is 1.22  10–7 g. 

Calculate the concentration, in ppb, of 2-methylbutanal in this sample.

(3 marks)

(b) The structural formula of methyl salicylate is shown below.

O

OH

O

Methyl salicylate can undergo both acidic hydrolysis and alkaline hydrolysis.

(i) Acidic hydrolysis of methyl salicylate produces an acid and another compound. 

Name the other compound.

 ________________________________________________________________________________________  (1 mark)

(ii) Identify a suitable reagent for the alkaline hydrolysis of methyl salicylate.

 ________________________________________________________________________________________  (1 mark)

(iii) Identify one way in which the products of hydrolysis of methyl salicylate differ when 
alkaline conditions, rather than acidic conditions, are used.

 ________________________________________________________________________________________  (1 mark)



page 7 of 15 PLEASE TURN OVER

(c) The structural formula of phenylalanine is shown below.

O

OH

NH2

(i) Identify two features of the structure of phenylalanine that classify it as an amino acid.

 __________________________________________________________________________________________________

 _______________________________________________________________________________________ (2 marks)

(ii) Tomato juice is acidic. 

Draw one possible structure of phenylalanine in tomato juice. 

(1 mark) 

(iii) Thin-layer chromatography was used to identify which of three amino acids (A, B, and C)  
was phenylalanine. The chromatogram produced is represented below.

amino acid A

amino acid B

amino acid C

solvent front

origin

The RF value of phenylalanine for the conditions used in this separation is 0.75. 

Identify and explain which of amino acids A, B, and C is phenylalanine.

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 _______________________________________________________________________________________ (2 marks)
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2. Geraniol is a compound that contributes to the aroma of rose oil. The structural formula of geraniol 
is shown below.

OH

(a) When a mixture containing acidified potassium dichromate solution and geraniol is warmed, a 
reaction occurs and a colour change is observed.

(i) Name the functional group in geraniol that causes this colour change.

 ________________________________________________________________________________________  (1 mark)

(ii) State the colour change that is observed.

 _______________________________________________________________________________________ (2 marks)

(b) Geraniol reacts with propanoic acid to form geranyl propanoate, a food flavouring.

(i) Name the functional group formed in this reaction.

 ________________________________________________________________________________________  (1 mark)

(ii) Identify the other product formed in this reaction.

 ________________________________________________________________________________________  (1 mark)

(iii) Draw the structural formula of geranyl propanoate.

(2 marks)

(c) A sample of rose oil was analysed using gas chromatography. 

Explain how the components of rose oil are separated as they travel through the column in 
the chromatograph.

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 ____________________________________________________________________________________________ (3 marks)
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(d) A sample of geraniol was analysed for purity, using a gas chromatograph. The diagram below 
represents the chromatogram obtained.
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State, with a reason, whether or not this sample of geraniol is pure. 

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 ____________________________________________________________________________________________ (2 marks)
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3. Chlorine, Cl2, is produced industrially on a large scale, and is used to manufacture a variety of 
other chemicals.

(a) The flow chart below shows the three main steps in the production of Cl2.

Step 3: 
electrolysis of 
purified NaCI 

solution

Na2CO3(aq)
NaOH(aq)

impure
NaCI

solution

Ba2
(aq)

CI2
H2
NaOH

CaCO3(s)
Mg(OH)2(s)

Step 2: 
cation exchange

Step 1: 
precipitation

(i) Referring to the flow chart, identify two raw materials used in the production of Cl2.

 __________________________________________________________________________________________________

 _______________________________________________________________________________________ (2 marks)

(ii) Write an ionic equation for the precipitation reaction in Step 1 that produces CaCO3 (s).

(2 marks)

(iii) Cation exchange is used in Step 2 to remove unwanted Ba2+
(aq)  from the impure 

NaCl solution. A section of the cation-exchange column is shown in the diagram below.

impure
NaCI 

solution
Key

resin bead

Na
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With reference to the diagram of the cation-exchange column, explain how cation 
exchange removes unwanted Ba2+

(aq)  from the impure NaCl solution.

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 _______________________________________________________________________________________ (3 marks)

(iv) (1) Write the half-equation for the production of Cl2 during electrolysis in Step 3. 

(2 marks)

(2) State whether Cl2 will be produced at the anode or at the cathode.

 ___________________________________________________________________________________  (1 mark)

(b) Cl2 reacts with hydrocarbons to produce a monomer. This monomer is used to produce 
polyvinyl chloride, PVC.

A section of a PVC polymer is shown below.

CIH H CI H CI H CI

HH H H H H H H

C C C C C C C C

(i) Name the type of polymerisation that produces PVC.

 ________________________________________________________________________________________  (1 mark)

(ii) PVC is a thermoplastic polymer.

(1) Explain why thermoplastic polymers are recyclable.

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 __________________________________________________________________________________ (2 marks)
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(2) Describe one advantage to the environment of recycling, rather than discarding, 
unwanted PVC.

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 __________________________________________________________________________________ (2 marks)

(c) Cl2 forms two compounds with phosphorus: PCl3 and PCl5.

When PCl5 is heated, the following reaction occurs:

PCl5 (g)  PCl3 (g)  Cl2 (g)

In an experiment to determine the Kc value for this reaction, 0.200 mol of PCl5 was placed 
in an empty flask, which was then sealed and heated to a certain temperature. Two trials, 
A and B, were undertaken under the same conditions.

(i) Write the Kc expression for this reaction.

(1 mark)

(ii) In trial A, a 2.00 L flask was used. At equilibrium, 0.060 mol of PCl3 was present. 

(1) Calculate the concentrations of PCl5, PCl3, and Cl2 at equilibrium.

(3 marks)

(2) Calculate the Kc value for this reaction at this temperature.

(1 mark)

(iii) In trial B, a 1.00 L flask was used.

State how the Kc value obtained in trial B would compare with the Kc value obtained in 
trial A.

 ________________________________________________________________________________________  (1 mark)
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4. Canola plants are grown to produce canola oil, which can be used to make biodiesel.

(a) The structural formulae of two molecules that are present in biodiesel made from canola oil 
are shown below.

(CH2)7 C

H H

CO C

O

(CH2)7CH3 CH3

(CH2)7(CH2)4CH3 C C O

HH H

H

H H

C C C C

O

CH3

Using this information, draw the structural formula of one triglyceride that could be found in 
canola oil.

(2 marks)

(b) Fertiliser used to grow canola plants can run off the land and into water bodies.

Explain why water bodies that contain high concentrations of fertiliser may no longer be able 
to sustain aquatic life.

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 ____________________________________________________________________________________________ (4 marks)



page 14 of 15

(c) During the combustion of biodiesel in motor vehicle engines, NO is produced and emitted to 
the air.

(i) Explain why a high temperature in the engine is required in order for NO to be produced.

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 _______________________________________________________________________________________ (2 marks)

(ii) A catalytic converter contains a honeycomb structure of platinum-coated microscopic 
channels. As NO flows over the surfaces of the channels, most of it is converted to N2. 

(1) Explain, with the aid of an equation, how catalytic converters lead to the formation of 
less photochemical smog.

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 __________________________________________________________________________________ (3 marks)

(2) Researchers have recently designed a more effective arrangement of the catalyst, 
which not only uses 80% less platinum but also increases the active surface area 
of the channels. The researchers have set up a company to manufacture catalytic 
converters that use this new arrangement of the catalyst.

With reference to the key concept of application, explain — in terms of science as a 
human endeavour — one benefit of this new arrangement of the catalyst.

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 __________________________________________________________________________________ (2 marks)
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5. Many foods and beverages purchased by consumers contain synthetic components.

(a) Vanilla flavouring may contain synthetic vanillin.

The structural formula of vanillin is shown below.

O

OH

CH3

H

O

(i) On the structural formula above, circle the aldehyde group. (1 mark)

(ii) Draw the structural formula of the alcohol that can be oxidised to produce vanillin.

(2 marks)

(iii) Describe how Tollens’ reagent can be used to distinguish a sample of vanillin from a 
sample of the alcohol referred to in part (a)(ii).

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 _______________________________________________________________________________________  (2 marks)
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(b) Synthetic lemonade can be made by dissolving citric acid, sucrose, and carbon dioxide in 
water.

(i) The pH of lemonade can vary between 2.5 and 3.5, depending on how much citric acid 
is used.

Calculate the difference in concentration of H+, in mol L–1, between a lemonade of pH 2.5 
and a lemonade of pH 3.5.

(2 marks)

(ii) The structural formulae of citric acid and sucrose are shown below.

O
O

OH
OH

HO

OH
O

H

CH2OH

CH2OH

CH2OH

O

O

OH HH OH

OH H HOOH

H
H

H H
O

citric acid sucrose

With reference to the structural formulae of citric acid and sucrose, explain why citric acid 
contributes to the low pH of lemonade but sucrose does not.

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 _______________________________________________________________________________________  (3 marks)

(iii) The reaction between carbon dioxide and water also affects the pH of lemonade.

Write a chemical equation for the reaction between carbon dioxide and water.

(2 marks)
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(c) Xylitol is a synthetic sweetener that is manufactured commercially by reacting xylose with 
hydrogen. The structural formulae of xylose and xylitol are shown below.

HO H

CHO

H OH

CH2OH

H OH

HO H

CH2OH

H OH

CH2OH

H OH

xylose xylitol

(i) One advertisement claims that both xylose and xylitol are carbohydrates.

Explain why this claim is false. 

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 _______________________________________________________________________________________  (2 marks)

(ii) The reaction between xylose and hydrogen occurs under high pressure.

Explain, in terms of collision theory, why high pressure is used for this reaction.

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 _______________________________________________________________________________________  (3 marks)
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6. Bioethanol can be made from the cellulose in wood pulp.

(a) The first step in the production of bioethanol is the hydrolysis of cellulose (a polysaccharide), 
to produce glucose.

Write an equation for the hydrolysis of cellulose to produce glucose.

(2 marks)

(b) The second step in the production of bioethanol is the fermentation of glucose.

(i)  Write an equation for the fermentation of glucose.

(2 marks)

(ii) State how yeast increases the rate of fermentation of glucose.

 __________________________________________________________________________________________________

 ________________________________________________________________________________________   (1 mark)

(iii) Bioethanol produced from fermentation contains water. The high solubility of water in 
ethanol means that more than one distillation is needed in order to remove the water 
from the bioethanol.

Explain why water is highly soluble in ethanol. 

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 _______________________________________________________________________________________  (2 marks)
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Credit will be given for answers to part (c) that are coherent and contain only relevant information.

(2 marks)

(c) Bioethanol is added to unmodified petrol to produce a modified petrol known as ‘gasohol’. 

Discuss advantages and disadvantages of using gasohol, rather than unmodified petrol, in 
motor vehicles.

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 ____________________________________________________________________________________________  (6 marks)
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7. PFAS chemicals (a group of fluorinated organic compounds) do not occur naturally in the 
environment.

(a) The first PFAS chemical produced was polytetrafluoroethene (PTFE), which has been used 
as a non-stick surface coating on cookware to make cooking and cleaning easier.

The structure of a section of PTFE is shown below.

FF F F F F F F

FF F F F F F F

C C C C C C C C

polytetrafluoroethene (PTFE)

(i) Draw the structural formula of the monomer that is used to produce PTFE.

(1 mark)

(ii) The carbon–fluorine bonds in PTFE are polar because of the high electronegativity 
of the fluorine atom. Hence the fluorine atoms at the surface of PTFE molecules are 
partially charged.

(1) State whether this partial charge is positive or negative.

 ___________________________________________________________________________________  (1 mark)

(2) State why PTFE molecules are non-polar.

 _____________________________________________________________________________________________

 ___________________________________________________________________________________  (1 mark)

(b) Perfluorooctanoic acid (PFOA) is another PFAS chemical, and has been used since the 
1950s in the production of PTFE. The structural formula of PFOA is shown below.

FF F F F F F O

F F F F F F F

OHC C C C C C C CF

perfluorooctanoic acid (PFOA)

(i) The PFOA molecule has a polar head and a long, non-polar tail.

State the name of the functional group that forms the polar head.

 ________________________________________________________________________________________  (1 mark)
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(ii) Suggest one use for the anionic form of PFOA.

 ________________________________________________________________________________________  (1 mark)

(c) Since their introduction in the 1950s, PFAS chemicals have been used worldwide in 
industrial and consumer products. They are resistant to degradation because their 
carbon–fluorine bonds are very strong. Consequently, PFAS chemicals have been detected 
worldwide in soil, water, and living organisms.

In the 1990s, more sensitive analytical techniques became available, which enabled the 
detection of PFAS chemicals in blood. This led to the detection of PFAS chemicals in the 
blood of the general human population.

International research suggests that PFAS chemicals may have damaging effects on human 
health, but the evidence is not yet conclusive. PFAS chemicals take a very long time to leave 
the human body.

The major sources of PFAS chemical exposure in humans are not very well understood, and 
are still being investigated by scientists in Australia and other countries. It seems that humans 
are most likely exposed to PFAS chemicals through PFAS-contaminated water and food.

The key concepts of science as a human endeavour are:

• communication and collaboration
• development
• influence
• application and limitation.

With reference to one or more of these key concepts, describe two ways in which this short 
history of PFAS chemicals exemplifies science as a human endeavour.

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 ____________________________________________________________________________________________  (4 marks)
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8. The presence of some metal cations in tap water can lead to undesirable outcomes.

(a) In some locations, high concentrations of Ca2+ are found in tap water.

(i) (1) State the term used to describe water that has a high concentration of Ca2+.

 ___________________________________________________________________________________  (1 mark)

(2) Explain one undesirable outcome of washing clothes with water that has a high 
concentration of Ca2+.

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 __________________________________________________________________________________  (2 marks)

(ii) The simplified flow chart below shows how the process of reverse osmosis, RO, removes 
metal cations such as Ca2+  from tap water.

RO membranestap water

waste water

demineralised water

Explain how RO removes metal cations such as Ca2+ from tap water.

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 _______________________________________________________________________________________  (3 marks)
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(b) The presence of metal cations such as Fe3+ in tap water can lead to discoloration of clothes 
during washing.

(i) Four electron configurations (A, B, C, and D) are shown below.

A: 1s2 2s2 2p6 3s2 3p6 3d5

B: 1s2 2s2 2p6 3s2 3p6 3d3 4s2

C: 1s2 2s2 2p6 3s2 3p6 3d6 4s2

D: 1s2 2s2 2p6 3s2 3p6 3d9 4s2

Identify which of A, B, C, and D represents the electron configuration of Fe3+ in its lowest 
energy state.

 ________________________________________________________________________________________  (1 mark)

(ii) An analytical technique was used to determine the concentration of Fe3+ in a tap water 
sample. The calibration graph prepared for this determination is shown below.

0.0
0.0
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0.4

0.4

0.5 0.6 0.7 0.8
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rb
an
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(1) Write the full name of the analytical technique that was used.

 ___________________________________________________________________________________  (1 mark)

(2) The absorbance of the tap water sample was found to be 0.1. 

Using the graph above, determine the concentration of Fe3+ in the tap water sample, 
in ppm.

 ___________________________________________________________________________________  (1 mark)
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(iii) One active ingredient in some products that are used to remove stains from clothes is 
hydrogen peroxide, H2O2.

(1) A student carried out a titration to determine the concentration of H2O2 in one stain 
remover. The following procedure was used:

Step 1 — preparation of dilute solution of stain remover
10.00 mL of stain remover was pipetted into a 100.0 mL volumetric flask, 
which was then filled to the calibration line with distilled water.

Step 2 — titration
20.00 mL samples of the dilute solution prepared in Step 1 were titrated 
with a 0.0415 mol L–1 permanganate solution until a permanent pink 
colour remained. The average titre was 17.35 mL. 

The equation for the reaction is shown below.

2MnO4
–  5H2O2  6H+  2Mn2+  5O2  8H2O

Credit will be given for the correct use of significant figures in answers to part (A). (1 mark)

(A) Calculate the number of moles of MnO4
–  that reacted. 

(2 marks)

(B) Calculate the number of moles of H2O2 in 20.00 mL of the dilute solution of stain 
remover. 

(2 marks)

(C) Calculate the concentration of H2O2, in mol L–1, in the undiluted stain remover.

(2 marks)
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(2) The concentration of H2O2 determined by the student was lower than the 
concentration stated on the bottle of stain remover. H2O2 decomposes during 
storage.

(A) State whether the decomposition of H2O2 during storage would lead to a 
systematic error or a random error in this titration.

 ______________________________________________________________________________  (1 mark)

(B) The student decided to investigate whether exposure to light of different 
intensities affects the rate of decomposition of H2O2.

The student set up five flasks and placed each flask in a separate box. Each 
box contained a light of a different intensity. All flasks contained 20 mL of H2O2 
and were left in their boxes for 1 week.

Identify one other factor that needs to be kept constant in all five trials, and 
explain why this factor needs to be kept constant.

 ________________________________________________________________________________________

 ________________________________________________________________________________________

 ________________________________________________________________________________________

 ________________________________________________________________________________________

 ________________________________________________________________________________________

 _____________________________________________________________________________  (3 marks)
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