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CHEMISTRY 2 STAGE 3
Structure of this paper
_ Numb_er of Num_ber of Sug_gest_ed Marks Percentage
Section questions questions to | working time :
) ) available of exam
available be answered (minutes)

Section One:

Multiple-choice 25 25 50 25 25

Section Two:

Short answer " 1 60 70 35

Section Three:

Extended 6 6 70 80 40

answer

Total 100

Instructions to candidates

1.

The rules for the conduct of Western Australian external examinations are detailed in the
Year 12 Information Handbook 2010. Sitting this examination implies that you agree to
abide by these rules.

Answer the questions according to the following instructions.

Section One: Answer all questions on the separate Multiple-choice Answer Sheet
provided. For each question shade the box to indicate your answer. Use only a blue or
black pen to shade the boxes. If you make a mistake, place a cross through that square,
do not erase or use correction fluid, and shade your new answer. Marks will not be
deducted for incorrect answers. No marks will be given if more than one answer is
completed for any question.

Sections Two and Three: Write your answers in this Question/Answer Booklet.

When calculating numerical answers, show your working or reasoning clearly unless
instructed otherwise.

You must be careful to confine your responses to the specific questions asked and to
follow any instructions that are specific to a particular question.

Spare pages are included at the end of this booklet. They can be used for planning your

responses and/or as additional space if required to continue an answer.

¢ Planning: If you use the spare pages for planning, indicate this clearly at the top of the
page.

e Continuing an answer: If you need to use the space to continue an answer, indicate in
the original answer space where the answer is continued, i.e. give the page number.
Fill in the number of the question(s) that you are continuing to answer at the top of the
page.

See next page



STAGE 3 3 CHEMISTRY
Section One: Multiple-choice 25% (25 Marks)

This section has 25 questions. Answer all questions on the separate Multiple-choice Answer
Sheet provided. For each question shade the box to indicate your answer. Use only a blue or
black pen to shade the boxes. If you make a mistake, place a cross through that square, do not
erase or use correction fluid, and shade your new answer. Marks will not be deducted for
incorrect answers. No marks will be given if more than one answer is completed for any
question.

Suggested working time: 50 minutes.

1. Which one of the following best explains why fluorine and chlorine are chemically similar
to each other?

(a) They each have seven valence electrons.

(b) They are both in Group 17 of the Periodic Table.
(c) Their nuclei have the same number of protons.
(d) They are both very powerful oxidising agents.

2. In which one of the following sets do all species have the electron configuration of a
noble gas?

(a) S%, 0%, He*
(b) H*, Mg, C/~

(c) P* 0%, Na'
(d)  S*, K' Mg*

3. Which one of the following statements is generally true of elements in the Periodic
Table?

) Group 17 elements are very strong reducing agents.

) Atomic radius increases across a period.

) Group 1 elements become less metallic as atomic number increases.
) Electronegativity decreases down a group.

4. Which one of the following observations can be explained in terms of hydrogen
bonding?

) The boiling point of H,S is greater than that of PHs.
) The melting point of CH, is less than that of PHs.

) The boiling point of H,O is greater than that of H,S.
) The melting point of HI is greater than that of NH;.

See next page



CHEMISTRY 4 STAGE 3

5.

10.

Hydrochloric acid (HC/) is a stronger acid than the ammonium ion (NH4*). Which one of
the statements below is true?

(a) The equilibrium constant for the hydrolysis of HC/ is smaller than that for NH,".
(b) Cr (aq) is a weaker base than NH;(aq).
(c) Solutions of HC/ will always have more hydrogen ions than solutions of NHs.
(d) The pH of a 0.1 mol L™" solution of HC/ will be greater than the pH of a

0.1 mol L™ solution of NH;.

Which one of the following pairs of substances forms a buffer in aqueous solution?

) HC/¢ and NaC/

) H2804 and NaZSO4

) NH4C¢ and NaNH,

) NaHCO3 and N32C03

Bromophenol blue is an acid-base indicator that has a colour change from yellow to blue
between pH 3.0 and 4.6. A sodium hydroxide solution (in a conical flask) is titrated with
an acetic (ethanoic) acid solution (in a burette), using bromophenol blue indicator.

Which one of the following statements about this titration is true?

) The end point and the equivalence point occur at the same time.

) The end point occurs after the equivalence point.

) The end point occurs before the equivalence point.

) The indicator will be yellow at the equivalence point of the titration.

Which one of the following species cannot act as a Brgnsted-Lowry acid and a
Brgnsted-Lowry base?

) H,PO,
)  CHs;COCH;
) H.O
)

(a
(b
(c
(d HCO;~

Which one of the following solutions will have the greatest number of ions per litre?

) 0.4 mol L' Zn(NO3),
) 0.1mol L NaC¢

) 0.2mol L™"HC/

) 0.2mol L' Alx(SO4)s

Which one of the four elements (C/, Cr, P, Mn) underlined below has the lowest
oxidation state?

) HCZO,
) K2CrO,
) NazPO,
) KMnO,

See next page



STAGE 3 5 CHEMISTRY

11.

12.

13.

14.

15.

Which of the following are redox reactions?

l. Nz + 3 H2 — 2 NH3

1. CaCO3 + 2HC/ — CaC|2 + Hzo +C02
. Zn + 2HC/ — ZnC/y + Hy

V. S + 02 —> SOz

) equations |, II, lll and IV

) equations I, lll and IV only
) equations Il, Ill and IV only
) equation IV only

In which one of the following will a metal displacement reaction occur?

) a zinc rod is dipped in a 1.0 mol L™" solution of sodium sulfate

) a copper rod is dipped in a 1.0 mol L™ solution of cobalt(ll) nitrate

) a silver rod is dipped in a 1.0 mol L™ solution of gold(lll) nitrate

) a tin rod is dipped in a 1.0 mol L™ solution of manganese(ll) sulfate

Solubility rules apply at modest concentrations of about 0.1 mol L™" or higher. In each of
the following instances, 0.2 mol of each of the four named substances is added to 1 L of
water and the mixture stirred. In which of these will a precipitate/s remain after stirring?

l. NaCH3COO, (NH4)2003, Mngz, KNO3
1. Pb(NO3)2, KzS, NaCE, NH4NO3

I, BaC/,, KCH3COO, CuSQ,, LiBr

V. Kl, NH4C/, NaBr, CuSO,

(a) [l only

(b) Il and Il only
(c) I, Il'and Il only
(d) [, 1, lland IV

Which one of the following statements about absolute zero is correct?

) At absolute zero, the volume of an ideal gas is zero.

) At absolute zero, ideal gases freeze to give solids.

) At absolute zero, solid and liquid water are at equilibrium.

) Absolute zero is the lowest temperature so far reached in the laboratory.

(a
(b
(c
(d

Which one of the following statements about the addition of a catalyst to a chemical
reaction is false?

(a) It increases the rate of the reaction relative to the uncatalysed reaction.

(b) It provides a reaction pathway that has a smaller activation energy than that for
the uncatalysed reaction.

(c) It causes a greater fraction of collisions between reaction particles to result in a
reaction relative to the uncatalysed reaction.

(d) It causes particles involved in a reaction to move faster than those in the

uncatalysed reaction.

See next page



CHEMISTRY 6 STAGE 3

16.

17.

18.

Consider the following reaction at equilibrium:

2 SOy(g) + O2(9) 2 S05(g) AH =-197 kJ mol™

Which one of the following changes will increase the concentration of SO3(g) in the
mixture when equilibrium is re-established?

) decreasing the concentration of SO, at constant temperature and pressure
) decreasing the concentration of O, at constant temperature and pressure
) decreasing the temperature of the system

) decreasing the pressure of the system

A small rise in temperature of gaseous reactants in a system results in an increase in
the rate of reaction. Which one of the following is the main reason for this change?

(a) an increase in the speed of reactant particles, leading to a higher rate of collision

(b) an increase in the pressure inside the reaction vessel, leading to a higher rate of
collision

(c) an increase in the proportion of collisions with more than the activation energy

(d) an increase in the activation energy of the reaction

When aqueous solutions of Ag* and Fe?* are mixed, Ag and Fe** form according to the
following equilibrium.

Ag'(aq) + Fe*(aq) Ag(s) + Fe*(aq)

Which one of the following concentration versus time graphs best represents the way in
which the Fe*" concentration varies as the reaction proceeds to equilibrium?

(a) (b)

Fe* Fe**

Concentration Concentration

Time Time

(c) (d)

Fe’* Fe?*
Concentration Concentration

Time
Time

See next page
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19.

CHEMISTRY

An element X has the following five successive ionisation energies (in kJ mol™):

584, 1823, 2751, 11584, 14837

What is the formula of the compound formed when X reacts with nitrogen?

) XsN
) XN

) XNz
) XN

Questions 20 and 21 refer to the compounds, numbered | to IV, below.

V.

20.

21.

22.

CH3;CH,CH,CH,COOH
CH3CH,CH,CH,CH,OH
CH3CH,CH,CH,CHO
CH3CH,CH,CH,CH,CHj3

Which one of the following lists the compounds in order of decreasing solubility in

water?

(a) V>I>1>1
(b) I>1>1>1V
(c) I>1H>1>1V
(d) H>1>1>1Vv

) land Il

) I and IlI
) Il 'and llI
) land IV

Which one of the following compounds is an a-amino acid?

(a) H H H o} (b)
\ \ \ //
N—-C-C—-C
/ \ \ \
H H H 0]
\
H
(c) ﬁ (d)
H H 0O
| | /
H—C——O—C\
| | \
H H

See next page
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CHEMISTRY 8 STAGE 3

Use the information below to answer questions 23 and 24.

HC/(g) A Cla(9)
CH3sCHCHCH;

23. Which one of the following is the formula for the product B from the reaction of A with
hydrogen chloride?

) CHy;CHCHCH,C/

) CHyCHC/CHC/CHs
) CH3CH,CHC/CHs;
)

(a
(b
(c
(d CH3;CH,CH,CH,C

24, Which one of the following is the formula for the product C from reaction of A with
chlorine?

) CHy;CHCHCH,C/

) CHyCHC/CHC/CHs
) CH3CH,CHC/CHs;

) CH,C/CHCHCH,C/

25. Ethene (CH,CH.) can be used to manufacture ethyl ethanoate, CH;COOCH,CHj, in
three steps, as indicated below:

Step 2
cHoH, | SRl [ 3PS o 1.5P3 | cHcoocH.cH,
esterification

Which one of the following is the correct sequence of steps 1 and 27

Step 1 Step 2
(a) substitution with water oxidation
(b) addition of water oxidation
(c) oxidation addition of water
(d) oxidation substitution with water

End of Section One

See next page
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CHEMISTRY 10 STAGE 3
Section Two: Short answer 35% (70 Marks)

This section has 11 questions. Answer all questions. Write your answers in the spaces
provided.

Spare pages are included at the end of this booklet. They can be used for planning your

responses and/or as additional space if required to continue an answer.

e Planning: If you use the spare pages for planning, indicate this clearly at the top of the page.

e Continuing an answer: If you need to use the space to continue an answer, indicate in the
original answer space where the answer is continued, i.e. give the page number. Fill in the
number of the question(s) that you are continuing to answer at the top of the page.

Suggested working time: 60 minutes.

Question 26 (6 marks)
Consider the following system:

CO(g) + 2Hy(g) =—

CH3OH(g) AH = -92 kJ

(a) Predict whether the following changes will increase, decrease or have no effect on the
rate of attainment of equilibrium. (3 marks)

Change Effect

Decreasing the temperature

Increasing the pressure of
hydrogen

Adding a catalyst

(b) Predict whether the following changes will increase, decrease or have no effect on the
equilibrium yield of the reaction. (3 marks)

Change Effect

Increasing the temperature

Increasing the pressure of the
system

Adding a catalyst

See next page



STAGE 3 11 CHEMISTRY
Question 27 (2 marks)
Write the equilibrium constant expression for the following equilbria:

(a) (1 mark)

Equation BaSO.(s) Ba®'(aq) + SO, (aq)

Equilibrium
constant expression

(b) (1 mark)

Equation 2 CrO4%(aq) + 2 H'(aq) Cr,0;%(aq) + H,O(¢)

Equilibrium
constant expression

Question 28 (4 marks)

Like water, ammonia is able to react with itself, in the process known as ‘self-ionisation’. The
equation for the self-ionisation of ammonia is below.

NHs(aq) + NHs(aq) NH4"(aq) + NH2(aq)

(a) Identify the conjugate acid and base pairs in the reaction. Join each pair with a line, and
label the conjugate acid and base of each pair appropriately. (1 mark)

NHs(aq) + NH;(aq) NH,4"(aq) + NHz (aq)

(b) At standard temperature and pressure, the equilibrium constant, K, for this reaction is
about 1 x 107°. The self-ionisation of ammonia is an endothermic process. Will the
value of K be less than or greater than 1 x 107° at temperatures greater than 0°C?
Explain. (3 marks)

See next page




CHEMISTRY 12 STAGE 3
Question 29 (8 marks)

Benzoic acid is found in many berries and some other fruits, and is used as a food preservative.
The structure of benzoic acid is shown below. In an aqueous environment, benzoic acid
ionises and exists in equilibrium with the benzoate ion.

(0]
//
C
\

OH

(a) Write the equation for the reaction between benzoic acid and water. (1 mark)

(b) Draw the structure (either benzoic acid or the benzoate ion) that would predominate in
the acidic environment of the stomach. (1 mark)

See next page



STAGE 3 13 CHEMISTRY

(c) Show, using equations and the principles of equilibrium, how a solution of benzoic acid
and the benzoate ion may behave as a buffer. (3 marks)

(d) The ease with which a substance is excreted from the body is determined in part by its
solubility in water. |s benzoic acid more or less miscible with water than acetic
(ethanoic) acid, and hence more or less readily excreted from the body? Explain.

(3 marks)

See next page



CHEMISTRY 14 STAGE 3
Question 30 (6 marks)
Consider the following reactions and complete the tables that follow.

(@) An excess of 2-butanol is oxidised by acidified Na,Cr,O-. (3 marks)

Observations

Structural formula of
organic product

Show all atoms

Name of organic
product

(b) Butanoic acid reacts with methanol in the presence of H,SOj,. (3 marks)

Observations

Structural formula of
organic product

Show all atoms

Name of organic
product

See next page



STAGE 3 15 CHEMISTRY
Question 31 (3 marks)

Condensation polymers form from two monomers, each with functional groups at their terminal
carbon atoms (that is, the monomers are difunctional). Examine the polyester structure below.

o} o) o) o}
J@COCHchz—OL@J—OCH20H2—0

(a) Circle all the ester linkages (functional groups that link the monomers) represented in

the above structure. (1 mark)
(b) Identify the two monomer compounds (A and B) used in the production of this polymer
and draw their molecular structures. (2 marks)
Monomer A
Monomer B

See next page



CHEMISTRY 16 STAGE 3
Question 32 (12 marks)
For each species listed in the table below, draw the structural formula, representing all valence

shell electron pairs either as : or as — and state or draw the shape of the molecule and state
the polarity of the molecule.

(for example, water H:0:H or H—O—H or H*(E*H bent polar)

Structure (showing Polarity of
. Shape
Species all valence shell molecule
(sketch or name)
electrons) (polar or non-polar)

nitrogen trichloride

NC/;

methanal
HCHO

sulfur dioxide
SO,

carbon dioxide

CO,

See next page



STAGE 3 17 CHEMISTRY
Question 33 (4 marks)
Using the information in the table below, identify the substances A, B, C and D from the
following list:
. aluminium
° calcium carbonate
° copper
. copper(ll) sulfate
° octane
. graphite
° iodine
° mercury
o nickel(ll) chloride
. silicon dioxide
° potassium chloride
Electrical Electrical
conductivity | conductivity | Solubility | Phase | Colour at Name of substance
in the solid | in the liquid | in water | at 25°C 25°C
state state
A nil conducts soluble solid white
B conducts conducts insoluble solid silver
C nil nil insoluble liquid colourless
D nil nil insoluble solid white

See next page
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Question 34

18

STAGE 3

(11 marks)

The approximate boiling points of the Group 14, 15, 16 and 17 hydrides are listed below.

n?,ﬁﬂﬁr Hydride | Period pEior:iF’%)
14 CHa 2 — 161
SiH, 3 ~ 112
GeH, 4 —88
SnH, 5 ~52
15 NH3 2 ~33
PH, 3 —88
AsHs 4 ~62
SbH; 5 ~17
16 H,0 2 100
H,S 3 - 60
H,Se 4 — 41
H,Te 5 ~2
17 HF 2 20
HC/ 3 -85
HBr 4 — 66
HI 5 ~34

See next page



STAGE 3 19 CHEMISTRY

(@)

Plot the boiling points for each group on the axes below. The data for Group 14 have

been plotted as an example.

(3 marks)

100

80

60

40

20

Boiling point

(°C) -40

an4

-80
/6H4
-100

-120 /{

-140

-160
CH,
-180 . .

Period

The hydrides of Group 14 are non-polar molecules.
(i) Give the name of the shape of a Group 14 hydride molecule

or

Draw a diagram to illustrate the shape of a Group 14 hydride molecule.

(1 mark)

Diagram or Name

See next page




CHEMISTRY 20 STAGE 3

(c)

(i) Apply your understanding of intermolecular interactions to explain the steadily
increasing boiling points of the Group 14 hydrides CH,4, SiH4, GeH4 and SnH,.
(2 marks)

The Group 15, 16 and 17 hydrides are polar molecules. Consider the Group 17 hydrides
HC/, HBr and HI.

(i List HC/, HBr and HlI in order of increasing polarity. (1 mark)

(i) Compare the trend in polarities of HC/, HBr and HI with the observed trend in
their boiling points. Briefly explain your reasoning. (2 marks)

The first member of each hydride series (NH;3 in Group 15, H,O in Group 16 and HF in
Group 17) has a much higher boiling point than the next hydride in its series. Apply

your understanding of intermolecular interactions to explain the anomalous boiling

points of NH3, H,O and HF. (2 marks)

See next page
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Question 35 (5 marks)

Concentrated sulfuric acid can behave as an oxidising agent. Depending upon conditions, it
can react in one of three ways to form

(i)
(ii)
(iif)

(@)

sulfur dioxide gas;
hydrogen sulfide gas; or
elemental sulfur.

Write half-equations showing each of these three possible reactions. (3 marks)

(i)

(ii)

(iif)

Write half-equations and an overall redox equation for the reaction between
concentrated sulfuric acid and hydrogen iodide to form hydrogen sulfide, iodine and
water. (2 marks)

Reduction half-equation:

Oxidation half-equation:

Overall redox equation:

See next page



CHEMISTRY 22 STAGE 3
Question 36 (9 marks)

An electrochemical cell consists of a tin electrode in a solution of 1.0 mol L™ tin(I) nitrate, to
create a Sn/Sn?* half cell, and a similarly constructed half cell composed of a chromium
electrode in a solution of 1.0 mol L™ chromium(lll) nitrate. The two electrodes are joined by a
piece of copper wire. A salt bridge, as shown in the diagram below, joins the two solutions.

Sn Salt Bridge Cr
(Of NH4NO3)
1.0 mol L™ Sn(NO3), 1.0 mol L™ Cr(NOs)s
(a) On the diagram, label (3 marks)
(i) the anode
(i) the direction of electron flow
(iii) the direction of cation flow in the salt bridge.
(b) Write the balanced anode and cathode reactions. (2 marks)
(i Anode:
(i) Cathode:
(c) Would sodium carbonate be suitable as a salt for the salt bridge? Explain. (2 marks)

See next page



STAGE 3 23 CHEMISTRY

(d) Why does the rate of production of electrical current from an electrochemical cell
decrease as it operates? (1 mark)

(e) During the operation of an electrochemical cell, why is it important that the anode and
cathode do not come into contact with each other? (1 mark)

End of Section Two

See next page



CHEMISTRY 24 STAGE 3
Section Three: Extended answer 40% (80 Marks)

This section contains six (6) questions. You must answer all questions. Write your answers in
the spaces provided.

Where questions require an explanation and/or description, marks are awarded for the relevant
chemical content and also for coherence and clarity of expression. Lists or dot points are
unlikely to gain full marks.

Final answers to calculations should be expressed to three (3) significant figures.

Spare pages are included at the end of this booklet. They can be used for planning your

responses and/or as additional space if required to continue an answer.

e Planning: If you use the spare pages for planning, indicate this clearly at the top of the page.

e Continuing an answer: If you need to use the space to continue an answer, indicate in the
original answer space where the answer is continued, i.e. give the page number. Fill in the
number of the question(s) that you are continuing to answer at the top of the page.

Suggested working time: 70 minutes.

Question 37 (12 marks)

A blast furnace is a large furnace operated at very high temperatures to convert iron(lll) oxide
(in iron ore) to iron using carbon monoxide, which is itself converted to carbon dioxide during
the process.

(a) Write the equation for the reaction of iron(lll) oxide with carbon monoxide. (1 mark)
(b) Identify the oxidant and reductant in the above process. (1 mark)
Oxidant:
Reductant:

See next page
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(c) 1.00 tonne of iron ore containing 96.5% iron(lll) oxide is fed into the blast furnace with
2.70 x 10° L of carbon monoxide at 1.12 atm pressure and 1986°C.
Note: 1 tonne =1x10%g

(i) Determine the limiting reactant for this reaction. (4 marks)
(i) What mass of iron is theoretically produced in this reaction? (2 marks)
(iii) Calculate the mass of the reactant in excess. (3 marks)
(d) If 5.56 x 107" tonne of iron is actually produced, what is the overall percentage yield of
the process? (1 mark)

See next page
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Question 38 (13 marks)
Sodium carbonate is produced by the five-step Solvay process.

Step 1
Brine (sodium chloride solution) is purified by the addition of sodium carbonate to precipitate
calcium ion impurities and of sodium hydroxide to precipitate magnesium ion impurities.

Step 2

Limestone is heated in a kiln at between 950°C and 1100°C to decompose it to calcium oxide
and carbon dioxide. This is shown below.

CaCOs(s) — CaO(s) + COy(g)
The calcium oxide is removed for use in Step 5.
Step 3
Ammonia gas is dissolved in the purified brine in a reaction tower. The resulting solution is

passed to a second tower, where carbon dioxide is added to the solution. The reaction is shown
below.

NaC/(aq) + NHs(g) + H.O(¢) + COx(g) — NH4C/(aq) + NaHCO;(s)

The reaction is performed at 0°C to precipitate the sodium hydrogencarbonate. The mixture is
filtered, the sodium hydrogencarbonate washed and dried, and the ammonium chloride sent to
the ammonia recovery plant.

Step 4
The sodium hydrogencarbonate is heated to approximately 300°C to decompose it to sodium
carbonate. The reaction is shown below.

2 NaHCO4(s) + heat —» NayCOs3(s) + COy(g) + H.O(g)

The carbon dioxide is recovered for use in Step 3.

Step 5
Calcium oxide produced in Step 2 is added to water.

CaO(s) + H.O(f) — Ca(OH).(aq)

The calcium hydroxide solution produced in this step is mixed with the ammonium chloride
solution produced in Step 3, and the resulting solution is warmed to recover ammonia.

2 NH,C/(aq) + Ca(OH),(aq) — CaCly(aq) + 2 NHs(g) + 2 HO()

(a) (i) Write the equation for the precipitation of the calcium ions in Step 1. Show only
those species participating in the reaction. (1 mark)

(i) Write the equation for the precipitation of the magnesium ions in Step 1. Show
only those species participating in the reaction. (1 mark)

See next page
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The reactions for Steps 2, 3 and 4 of the process are shown below.

Step 2
Step 3

Step 4

(b) (i)

CaCO4(s) — CaO(s) + CO4(g)
NaC/(aq) + NHi(g) + H.O(¢) + COy(g) — NH,C/(aq) + NaHCO;3(s)

2 NaHCOs(s) + heat — Na,COs(s) + CO.(g) + H.O(g)

How many moles of calcium carbonate are consumed to produce one mole of
sodium carbonate? (1 mark)

If a company plans to produce 1.00 x 10* tonnes of sodium carbonate each
week, what mass of calcium carbonate will be needed if the overall process is
85.0% efficient?

Note: 1 tonne =1x10°%g (6 marks)

See next page
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The reactions for Step 5 are reproduced below.

Step 5 CaO(s) + H,O(¢) — Ca(OH)x(aq)
2 NH,C/(aq) + Ca(OH)y(aq) — CaCry(aq) + 2 NH;(g) + 2 H,O(¢)

(c) What volume of ammonia gas at 40.0°C and 1.00 atm pressure can be recovered if
8.50 x 10° tonnes of calcium oxide is obtained from Step 2? (4 marks)

See next page
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Question 39 (12 marks)

A student carried out the experiment described below to determine the volume of carbon
dioxide gas dissolved in a particular brand of carbonated, flavoured soft drink.

A 360 mL bottle of the drink was immersed in a beaker of warm water and the gas collected in
an inverted 250.0 mL cylinder, as shown in the diagram below.

(zas delivery tube

Measuring cylinder
for collection of CO.,

Warm water bath
with drink bottle

The volume of gas was measured, at 28°C and 102.4 kPa, and recorded when no further
change in the height of water in the upturned measuring cylinder was observed. This procedure
was carried out four times. The results are shown in the table below.

Trial 1 Trial 2 Trial 3 Trial 4
238.2 241.6 234.6 236.4

Volume of
CO,(mL)

(a) The figure below shows the graduations on the measuring cylinder used to collect the
gas. Has the student recorded the volume data with an appropriate level of precision (an
appropriate number of decimal places) in the table above? Explain.

(2 marks)

See next page
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(b) Using all of the student’s data, calculate the average number of moles of carbon dioxide

in a 360 mL bottle of this brand of drink. (The vapour pressure of water may be
ignored.) (3 marks)

The student measured the pH of the drink immediately upon opening and found it to be 3.19.

(c) What is the hydrogen ion concentration of the drink? (1 mark)

The label on the bottle shows there is 697 kJ of energy and 40.0 g of sugar in one 360 mL
bottle of the drink. The energy in the drink is released when the sugar (in the form of glucose,
CesH1205) from the drink reacts in the cells of the body through respiration. This process is
represented by the reaction:

CeH1205 + 60, — 6 CO, + 6 H,O + energy

(d) How many moles of glucose are provided by the drink? (2 marks)

(e) How much energy is released by the respiration of one mole of glucose? (2 marks)

See next page
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(f) The label on the bottle lists food acid 330 as an ingredient. This is citric acid and has
the structure given below:

0. /OH
OH ~C OH
\ \ /
C—-CH,-O0O-C—-CH,-C
// \ A\
@) OH o
(i) Circle and label with the letter A all the carboxylic acid functional groups in this
compound. (1 mark)

(i) Circle and label with the letter B all the alcohol functional groups in this
compound. (1 mark)

See next page
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Question 40 (13 marks)

The manufacturer of the soft drink referred to in question 39 also produces a diet version of the
drink, containing artificial sweetener. The quality assurance procedures of the soft drink
manufacturer require that incoming batches of the artificial sweetener be analysed to ensure
compliance with standards. A combustion analysis of a 1.021 g sample of sweetener produced
1.715 g CO,, 0.2521 g H,0, 0.2558 g NO, and 0.3568 g SO,. The sweetener contains the
elements C, H, O, N and S. Determine its empirical formula.

See next page
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Extra working space for Question 40.

See next page
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Question 41 (20 marks)

Production of excess acid in the stomach leads to heartburn. This can be easily treated with
antacids, which contain an active ingredient that neutralises the excess acid.

A commonly used antacid preparation is ‘milk of magnesia’, a suspension of the active
ingredient Mg(OH), in water. A suspension of AZ(OH); in water is also often used as an antacid.

A student set out to compare the effectiveness of a given quantity of two antacid preparations,
one containing Mg(OH), and the other A¢(OH)3, purchased from his local pharmacy. He titrated
each of the preparations against a hydrochloric acid solution to determine how much acid each
could neutralise, and to determine the concentration of active ingredient in each of the
preparations. He first standardised the hydrochloric acid solution available in the laboratory
against a primary standard, and chose anhydrous sodium carbonate as the primary standard.

(a) Did the student select an appropriate primary standard? Explain. (2 marks)

The student prepared 1.00 L of a 0.0248 mol L~ Na,CO; solution. He titrated three 25.0 mL
aliquots of this solution against the HC/ and found an average titre of 24.35 mL.

(b) Calculate the concentration of the standardised HC/ solution. (4 marks)

See next page
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The student proceeded to prepare his antacids for titration against the standardised HC/.
He performed the following procedure for each of the antacids.

The antacid suspension was thoroughly shaken and 20.0 g was weighed out and transferred to
a 250.0 mL volumetric flask, which was made up to the mark with deionised water and shaken
vigorously. 10.0 mL aliquots of this diluted suspension were transferred for titration, using an
appropriate indicator, to conical flasks. The titration data for the A/(OH); suspension are shown
in the table below.

Volume HC/ (mL)
Titration Result Trials
1 2 3 4
Final reading 23.20 44.96 2212 42.18
Initial reading 0.58 22.98 0.20 20.26
Titre

(c) Complete the table and determine the average titre value for the HC/ solution. (1 mark)

Average titre:

See next page
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(d) The densities, in grams per millilitre, of the original antacid preparations are given

below.
Suspension Density (g mL™)
Mg(OH), 1.06
A/(OH)s 1.12

0] Calculate the concentration, in mg per mL, of AZ(OH); in the original A/(OH);
suspension. (7 marks)

(i) From his titration of the Mg(OH). diluted suspension, the student found the mass
of Mg(OH), in the 250 mL diluted suspension to be 1.13 g. Determine the
concentration of Mg(OH), in the original undiluted suspension and express your
answer in mg per mL. (2 marks)

See next page
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(e) The directions for use on each of the antacid preparations suggest a standard adult
dose of 10.0 mL. Which of the preparations would be more effective (neutralise the most
HC/) per standard dose? Show your working. (4 marks)

See next page
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Question 42 (10 marks)
Nitric acid is manufactured by the Ostwald process.

In the first step, ammonia gas reacts with oxygen gas to produce nitric oxide in the presence of

a catalyst such as platinum with 10% rhodium. This reaction is carried out at a temperature of
approximately 900°C and at a pressure of approximately 10 atmospheres.

4 NH3(g) + 5 O4(g) 4 NO(g) + 6 H,O(g) + heat

The nitric oxide is next oxidised at approximately 50°C.

2 NO(g) + O(g) 2 NOy(g) + heat

The nitrogen dioxide then enters an absorption tower, where water is added through a sprinkler
system in the presence of air to give nitric acid.

4 NO2(g) + Oz(9) + 2 H0(¢) 4 HNOs(aq)

Use your understanding of reaction rates and chemical equilibrium to explain the conditions
used in the Ostwald process. Your answer should include at least three (3) paragraphs, and
should be 1 to 1% pages in length.

End of questions



STAGE 3 39 CHEMISTRY




CHEMISTRY 40 STAGE 3




STAGE 3 41 CHEMISTRY

Additional working space




CHEMISTRY 42 STAGE 3

Additional working space




STAGE 3 43 CHEMISTRY

Additional working space




This examination paper — apart from any third party copyright material contained in it — may be freely copied, or communicated
on an intranet, for non-commercial purposes in educational institutions, provided that it is not changed and that the Curriculum
Council is acknowledged as the copyright owner. Teachers in schools offering the Western Australian Certificate of Education
(WACE) may change the examination paper, provided that the Curriculum Council’s moral rights are not infringed.

Copying or communication for any other purpose can be done only within the terms of the Copyright Act or with prior written
permission of the Curriculum Council. Copying or communication of any third party copyright material can be done only within
the terms of the Copyright Act or with permission of the copyright owners.

Published by the Curriculum Council of Western Australia
27 Walters Drive
OSBORNE PARK WA 6017





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




