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General Instructions

e Reading time — 5 minutes

e Working time — 3 hours

e Write using blue or black pen

e Draw diagrams using pencil

e Board-approved calculators may be used

e Use the Data Sheet and Periodic Table
provided

e Use the Multiple Choice Answer Sheet
provided

e Write your Centre Number and Student
Number at the top of this page and on
page 9
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Section | Pages 3-21
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e Attempt Questions 1-15
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e Attempt Questions 16-29
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Section 11 Pages 25-34
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e Attempt ONE question from Questions 30-34
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Section |
75 marks

Part A — 15 marks
Attempt Questions 1-15
Allow about 30 minutes for this part

Use the Multiple Choice Answer Sheet provided

1 Why can ethylene be transformed readily into other compounds?

(A) Itis a product of both fossil fuels and biomass.
(B) It has a highly reactive double bond.
(C) Iteasily loses two H atoms.

(D) It can be catalytically cracked to form many different alkanes.

2 n (HO-C6H1004-OH) - H-(O-C6H1004)H-OH + (n-l) H,O
What type of reaction is this?

(A) catalytic cracking
(B) condensation polymerisation
(C) addition polymerisation

(D) oxidation and reduction

3 A student was investigating the heat of combustion of ethanol. She used an ethanol
burner that had an initial mass of 68.0 g. She then lit the burner and placed it under a
beaker containing 500 mL of water. After a few minutes, she noticed that the water
temperature had risen from 24°C to 38°C and the burner now weighed 66.5 g.

She made the assumption that only the water was heated.
What would be the student’s value for the heat of combustion for ethanol?

(A) 87.8 Jmol
(B) 29.3 kJ mol
(C) 899 kJ mol™
(D) 1350 kJ mol™



Consider the following reaction involving hydrogen ions.
2Na(s) + 2H'(ag) — Hy(g) + 2Na'(aq)
Which statement about the hydrogen ions in this reaction is correct?

(A) They undergo an increase in oxidation state.
(B) They are classified as the oxidising agent.
(C) They lose electrons.

(D) They undergo an acid-base reaction with the sodium metal.

The graph shows the radioactive decay of strontium-90.

g
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12.5 X
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What is the approximate half-life of strontium-90?

(A) 30years
(B) 50 years
(C) 80 years
(D) 140 years



An unknown chemical was extracted from a soil sample and sent to your laboratory.
One of the first tests you carried out was to determine the pH of the chemical by using
indicators. The following are the results:

Indicator Colour
Phenolphthalein Colourless
Methyl orange Yellow
Bromothymol blue Blue

How should your laboratory classify the soil sample?

(A) strongly acidic
(B) slightly acidic
(C) neutral

(D) slightly alkaline

The pH of a 0.1 mol L' solution of a monoprotic acid was measured by a student and
found to be close to 3. What proportion of the acid molecules remains unconverted to
ions?

(A) 0%
(B) 1%
(C) 60%
(D) 99 %

Which of the following curves would represent the change in pH in a conical flask when
a solution of hydrochloric acid (from a burette) is added to a solution of sodium
hydroxide (in the conical flask)?

(A) (B)
pH pH

©) (D)
pH pH
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The following diagrams show equipment you have used in carrying out first-hand
investigations in the school laboratory.
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Students were asked to perform an experiment in 3 steps:

Stepl:  The ester, ethyl propanoate, was prepared from ethanol, propanoic acid and a
small amount of concentrated sulfuric acid.

Step 2:  An impure sample of the ester was then separated from any unreacted acid,
alcohol and sulfuric acid.

Step 3: A pure sample of the ester was collected.

The equipment used in each step of this experiment was:

Step 1 Step 2 Step 3
(A) P T Q
(B) P Q S
(©) Q R T
(D) Q T S

Calculate the mass of carbon dioxide formed when 74.4 L of oxygen gas at 100 kPa and
25 °C completely combusts a sample of ethanol.

(A) 44g
(B) 30¢g
(C) 88¢g
(D) 132¢g

Identify the catalyst used in the Haber process.

(A) azeolite
(B) concentrated sulfuric acid
(C) dilute sulfuric acid

(D) iron oxide
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Identify the ion present in an unknown solution that produces bubbles with the addition
of dilute nitric acid.

(A) CI
(B) COs™
(C) PO,
(D) S04~

The three equations below summarise a series of reactions occurring in the atmosphere.
CCILF + UV radiation — Cl. + .CCLF

Cl. +0; — .CIO + O

.ClIO +0 - ClL. + O

What do these three equations explain?

(A) Production of oxygen gas in the troposphere.
(B) Formation of ozone in the stratosphere.
(C) Absorption, by ozone, of harmful UV radiation.

(D) Production, destruction and regeneration of chlorine atoms.

CHCI1,CF; and CHCIFCCIF, are

(A) isomers
(B) 1isotopes
(C) allotropes
(D) CFCs

The treatment of water to make it suitable for human consumption is a process which
occurs in steps.

Identify the INCORRECT statement relating to this process.

(A) The pH of the water is increased by the addition of lime or sodium hydroxide to
assist in coagulation.

(B) Salts such as alum or iron (IIT) chloride are added to bring about coagulation and
sedimentation of suspended materials.

(C) Chloride ions are added to kill bacteria in the water.

(C) Fluoride salts may be added to assist in the prevention of tooth decay in children.
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Part B — 60 marks
Attempt Questions 16-29
Allow about 1 hour and 45 minutes for this part

Answer the questions in the spaces provided.

Show all relevant working in questions involving calculations.

Question 16 (3 marks) Marks

(a) Using a labelled diagram, demonstrate how polystyrene can be produced from its 2
monomer.

(b) Explain ONE use of this polymer in terms of ONE of its physical properties. 1
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Question 17 (6 marks) Marks

In order to produce a cell with a voltage between 1.1 V and 1.2 V, a student constructed the
following galvanic cell.

copper | ¢ silver
| T |
KCl (aq)
/)V
— Cu* Ag’ —
(a) Label the cathode on the above diagram. 1

(b) Explain why KCI (aq) would be an inappropriate choice for the salt bridge in this cell. 2

(c) Calculate the cell potential, showing relevant half-equations, in order to evaluate the 3
student’s selection of electrodes and electrolytes. (Assume standard conditions.)

10



Question 18 (2 marks) Marks
Name an isotope used in industry. Explain how its use is related to its properties. 2

Question 19 (2 marks) Marks

Cobalt — 60 forms when cobalt — 59 captures a neutron.

(a) Write a balanced nuclear equation for this reaction. 1

(b) Explain why cobalt — 60 is produced in a nuclear reactor rather than a cyclotron 1
(particle accelerator).

11



Question 20 (7 marks) Marks
Fossil fuels are currently the dominant source of both energy and raw materials needed for 7
the production of polymers. However, the supply of fossil fuels is finite and rapidly

diminishing. In the near future, a replacement source of both energy and polymer raw

materials will need to be found and one potential source is ethanol.

Using appropriate chemical equations, assess the potential of ethanol as a resource to replace
fossil fuels for the supply of both polymers and energy.



Question 21 (4 marks) Marks

(a) SOz, Kzo, NzOs, CaO

From the list of oxides above, identify:

(1)  abasiCOXIde ...coviriiiii i 1
(1) anacidic OXide ......c.oovuiiiii i, 1
(b) Write a balanced equation for a reaction which illustrates the acidic or basic nature of 1

one of the oxides you identified in part (a).

(¢) Aluminium oxide is classified as amphoteric. Define the term amphoteric. 1
Question 22 (3 marks) Marks
(a) State an industrial use for a named ester. 1
(b) (i) Draw the structural formula for the ester produced in the reaction between 1

1-butanol and ethanoic acid, in the presence of concentrated sulfuric acid.

(i) Name this ester. 1
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Question 23 (8 marks) Marks

Hydrogen sulfide gas is extremely toxic if inhaled, has an unpleasant smell (rotten eggs) and
is highly flammable. Stringent precautions are required when handling it.

(a) Explain why hydrogen sulfide is classified as a WEAK acid. 1

(b) Explain (with the aid of a chemical equation) why H,S is considered a Bronsted-Lowry 2
acid.

(c) Identify ONE conjugate acid-base pair involved in the equation you have written in (b) 1
above.

Question 23 continues on page 15
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Question 23 (continued) Marks
(d) Hydrogen sulfide (@) is formed when hydrochloric acid reacts with zinc sulfide.
ZnS (s) + 2HCI (aq) — ZnCl, (aq) + HaS (g)

In an experiment performed in a fume cupboard 50.0 mL of 0.10M HCI was added to
0.11 g of solid zinc sulfide.

(i)  Which reagent is in excess? Show Your Working. 2
(1)) What volume of hydrogen sulfide () is produced at 298K and 100 kPa in this 2
experiment

End of Question 23
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Question 24 (5 marks) Marks

Caustic soda (sodium hydroxide) can be used to strip paint off furniture.

A 3.0 g container of caustic soda was dissolved in water and the volume of the solution was
made up to 3.0 L.

The sodium hydroxide solution was then titrated with 0.026 mol L™ hydrochloric acid
solution.

(a) Calculate the concentration of the sodium hydroxide solution in mol L. Show your 1
working.

(b) Determine the pH of the hydrochloric acid solution. 1

(c) Evaluate the use of sodium hydroxide as a primary standard. 3
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Question 25 (4 marks) Marks

The Haber Process has been used for over 90 years for the industrial production of ammonia. 4
This process must be carefully managed and monitored by industrial chemists.

Analyse the impact of changes in pressure and temperature on the yield and rate of
production of ammonia during the Haber Process.

Question 26 (2 marks) Marks
Explain why incomplete combustion of carbon-based fuels is considered a problem for the 2
environment and identify how scientists can reduce the possibility of incomplete combustion
occurring.

17



Question 27 (5 marks)

(a) Identify the purpose of using standard solutions in atomic absorption spectroscopy
(AAS).

(b) Assess the impact of atomic absorption spectroscopy (AAS) on scientific
understanding of the effects of ONE trace element that you have studied.

18
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Question 28 (4 marks) Marks

This graph summarises the atmospheric ozone concentrations measured at Halley Bay.
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(a) Identify the trends or patterns described by the graph. 2
(b) Explain ONE method of obtaining the data in the graph. 2
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Question 29 (5 marks) Marks

The hardness of a sample of water was investigated using the following methods.

Method A Method B
25.0 mL samples of water were titrated Three drops of detergent were added to
against ethylenediamine tetra-acetic acid separate vials containing 5 mL samples of
(EDTA) with Eriochrome Black T indicator. distilled water, hard water and the sample.
21.7 mL of EDTA was required. The After shaking the vials ten times the heights
hardness was calculated to be equivalent to of froth were compared. The procedure was
17 mg/L of CaCOs. repeated twice. As the amount of froth in the

three samples was only slightly less than in
the distilled water the sample was determined

to be soft.
(a) Identify which of the TWO methods is classified as qualitative. 1
(b)  Using the following table, the results from Method A indicated the sample was soft. 1
Water Hardness Scale
Concentration of Classification
CaCOs
less than 20 ppm soft
20-60 ppm slightly hard
60-120 ppm moderately hard
more than 120 ppm hard

Justify this conclusion.

Question 29 continues on page 21

20



Question 29 (continued) Marks

(c) Compare the appropriateness of Method A and Method B for determining the 3
hardness of the water.

End of Question 29

21
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Chemistry

Section 11

25 marks

Attempt ONE question from Questions 30-34
Allow about 45 minutes for this section

Answer the question in a SEPARATE writing booklet.

Show all relevant working in questions involving calculations.

Question 30 Industrial ChemiStry ..........cooveiiiiiiiee i
Question 31 Shipwrecks, Corrosion and Conservation ..............cccccveveeveennenn,
Question 32 The Biochemistry of MOVEMENt..........cccocvveiieieiieiece e
Question 33 The Chemistry Of Alt.ce..i o
Question 34 FOrensic ChemIStIY ........cccciviieiieie e

25
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Question 30 — Industrial Chemistry (25 marks) Marks

(@) The gas carbon oxyfluoride (COF,) decomposes to the gas tetrafluoromethane (CF,)
and carbon dioxide.

2COF,(g) < CFa4(9) + CO2(9)
The reaction is carried out at 200°C in a fixed volume 5.00 L container. Initially

0.400 mol of carbon oxyfluoride is present in the flask. At equilibrium 0.080 mol of
carbon oxyfluoride remains.

(1) Write the expression for the equilibrium constant for this reaction. 1
(i)  Determine the value of the equilibrium constant. 3
(iii)  Anincrease in temperature results in 0.090 mol of carbon 1

oxyfluoride being present at equilibrium. Is the decomposition of carbon
oxyfluoride exothermic or endothermic? Explain your answer

(b) Outline the steps and conditions necessary for the industrial production of 4
H,SO, from its raw materials.

(c) During the course of your studies you performed a first-hand investigation to
identify the products of electrolysis of NaCl.

(i) Use equations to identify the products when both concentrated NaCl and dilute 4
NaCl solutions are electrolysed. Explain the tests you used to identify the
products in each case.
(i)  What would be the products of electrolysis of molten sodium chloride? 1
(d) During the past 50 years, different classes of synthetic detergents have been 5

developed to replace soap as the dominant cleaning agent. Assess the impact on the
environment of the use of these synthetic detergents as a replacement for soap.

Question 30 continues on page 27
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Question 30 (continued) Marks

(e) The flow chart below summarises the Solvay Process.

| C l() T
Gt 0]
I \
—] bolvav\ Recoverv>__,
@._”C] f Tower / \_ Tower
O, + !11()} / \
N o) [y
(1) What are the raw materials needed for this industrial process? 1
(i)  Write equations for the steps in the process which result in the formation of 2

sodium hydrogen carbonate and ammonium chloride.

(ili)  The outputs of the Solvay process include sodium carbonate and a waste 3
chemical product. Identify this waste product and explain how the disposal of
this waste influences the choice of location of the manufacturing plant.

End of Question 30
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Question 31 — Shipwrecks, Corrosion and Conservation (25 marks) Marks
@ () Minerals are leached by rainwater from terrestrial environments into the 1
oceans.
Identify another significant source of minerals in the ocean.

(i) Describe the processes that occur when a saturated solution evaporates and 2
relate this to the potential damage to drying artefacts.

(iii) ~ Discuss a chemical procedure for removing salts from a metal artefact. 3

(b) The chemical analysis of TWO steels is summarised in this table.

Steel X Steel Y
Element % Element %

C 0.08 C 0.95

Mn 2.00 Mn 11

Si 0.75 Cr 0.6

Cr 16.0 w 0.6

Mo 2.0 \Y 0.1

Ni 10.0 Si 0.25
(i) Identify the main element in steel. 1
(i) Outline the steps that could be carried out to make a valid comparison of the 3

corrosion rates of these TWO steels in a marine environment.

(iii)  Justify the selection of Steel X for handrails on a marine vessel. 2

Question 31 continues on page 29
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Question 31 (continued)

(c) The diagram below shows an application of cathodic protection.

(d)

(€)

steel side of ship—>

<+—— magnesium bar
bolted to ship

seawater

Copy the diagram into your answer book.
(i) On your diagram, label the anode.
(i)  Onyour diagram, indicate the flow of electrons.
(iii)  Write the reduction half equation.

Explain how an understanding of electron transfer reactions can be used to clarify the
role of bacteria in accelerating the corrosion of deeply submerged wrecks.

In an investigation to predict the rate of corrosion of a metal at great depths, the
following items of information were discovered.

GRAPH: Pressure versus Ocean Depth
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TABLE: Solubility (g/100g H,0)

Pressure (atm) | O, | N, | CO;
5 0.08 |1 0.04 | 0.8
10 0.16 1 0.08| 1.6

(i)  Use the items to deduce the qualitative relationship between depth and
solubility of gases.

(i)  Evaluate the relevance of these TWO items to the investigation.

End of Question 31
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Question 32 — The Biochemistry of Movement (25 marks) Marks

@ (@ Describe how amino acids bond to form peptide chains. Include an equation or 2
diagram of a peptide bond in your answer.

(i) Identify the amino acid which makes disulfide bonding possible and sketch 2
TWO appropriate sections of amino acid chains connected by a disulfide
bond.

(iii)  Assess the influence of disulfide bonds on the shape of a protein. 4

(b) The diagram below summarises the aerobic release of energy in cells.

glycolysis

IH' (oxidation) _— pyruvate
NADH  NAD' oA

(1) oxaloacetic acid “~—__ acetyl-CoA (condensation)

(8) malic acid (2) citric acid

H,0 (hydration) \

o (3) iso-citric acid
(7) fumaric acid

FAD NAD'
R 0
24 (oddation) ——\_ pph : NADH (oxidation)

(6) Sccinc acid 0, (4) o-ketoglutaric acid
suc
(5) succinyl-CoA

ADP  ATP 1H' (oxidation)

Glycolysis is the first step in this process. 3

Summarise the process of glycolysis. Ensure that you include in your summary:

— the identity of the raw material used
—  the form in which the energy is captured
— the end product of the process.

Question 32 continues on page 31
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Question 32 (continued)

(©)

(d)

(€)

(f)

(i)  Identify the chemical cause of muscle cell contractions.

(i) Outline the role of ATP in muscle contraction movement.

Assess the relative importance of triacylglycerols (TAGs) and carbohydrates as
energy resources for humans.

In your study of enzymes, you performed a first-hand investigation of factors which
can affect the reactions of an enzyme.

Identify the enzyme you studied and TWO factors which you investigated.

Explain when anaerobic respiration occurs and outline a problem associated with
anaerobic respiration.

End of Question 32
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Question 33 — The Chemistry of Art (25 marks)

(@)

(b)

(©)

(d)

(€)

(f)

(9)

Identify the element whose neutral atom has the following electronic configuration:
15 2s% 2p°

The first FOUR ionisation energies for boron are:

I, = 807 kJ mol™

I, = 2433 kJ mol™
I3 = 3666 kJ mol™
l, = 25033 kJ mol™

Explain why there is such a large difference between the third and fourth ionisation
energies.

0] Explain how flame tests could be used to distinguish between potassium
chloride and strontium nitrate.

(i) Describe, with an example, how you could show that the metal ions in a
compound are responsible for the flame colour and not the anions.

A green complex is identified as [Ni(H,0)s] **.

(i) For the above complex identify the metal ion and its oxidation state.

(i) Identify the property of the atoms within the ligand that allow it to be bonded
to the metal ion.

(iii)  Identify the block in the Periodic Table which contains elements that tend to
form coloured compounds. Explain, in terms of electronic configurations and
using a specific example, why these compounds are coloured.

With reference to a particular pigment, explain why pigments used for cave

paintings, self decoration or burial needed to be insoluble in most substances.

Discuss the merits and limitations of the Bohr model of the atom.

You have carried out a first hand investigation to demonstrate that potassium

permanganate is a STRONG oxidising agent.

Q) What is the oxidation state of manganese in the permanganate ion?

(i) Describe your experimental procedure and the observations you made.

(i) Write half equations and an overall equation for the reactions you describe.

32
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Question 34 — Forensic Chemistry (25 marks)

(@)

(b)

An illegal shipment of endangered snakes was confiscated at Kingsford Smith

Airport.

The major mineral compositions and possible origins of a sample of soil found in

the container are shown in the table below.

Atomic emission analysis was performed on the sample and on soil samples taken
from THREE possible sites A, B and C, to confirm its origin.

Marks

Possible origin Minerals present Chemical composition of mineral
Site A cinnabar HgS
azurite CuCO;.Cu(OH),
Site B calcite CaCOg3
malachite CuCO3.Cu(OH),
Site C haematite Fe 03
cuprite Cu,0
[ | 1 | Cu
I | L] | Fe
{
I [ [ I [ | He
| Il | | Ca
L] L [] I | Sample
300 400 500 600
Atomic Absorption Data
(i)  Use the data provided to identify the origin of the sample. 1
(i)  Outline the conditions necessary for elements to emit light. 2
(i)  Describe a simple procedure that can be used to distinguish between organic 2
and inorganic compounds.
(i) - Name TWO classes of organic compounds. For each class, draw the structural 2

formula of a compound which is a member of this class and circle the
functional group in the compound.

Question 34 continues on page 34
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Question 34 (continued)

(©)

(d)

(€)

(f)

(i)

(i)

(i)

Use an appropriate example to describe when destructive testing is a problem
in forensic analysis.

Name ONE non-destructive method for testing small samples.

Use a diagram or equation to explain the chemical difference between
reducing and non-reducing sugars.

Outline the procedure that you followed to distinguish between a reducing and
a non-reducing sugar.

Proteins can be grouped on the basis of their function. Distinguish between the

TWO main groups of proteins.

Chromatography and electrophoresis are TWO procedures regularly used by
forensic chemists. Compare and contrast these TWO procedures.

Advances in DNA technology have changed the way in which evidence can affect
the outcome of civil and criminal proceedings. However, the use of DNA
technology has raised ethical issues for society.

Discuss these statements.

End of Paper
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