Student Number: .....unnne e,

CHEMISTRY 2UNIT

General Instructions

e Reading time— 5 minutes
Working time— 3 hours
Write using blue or black pen
Draw diagrams using pencil
Board-approved calculators may
be used

e A data sheet and a Periodic Table
are provided with this paper

e Write your student number at the top
of this page

2008

TRIAL HIGHER SCHOOL
CERTIFICATE

Total marks— 100

Section 1

75 marks

This section has two parts, Part A and Part B

Part A — 15 marks

e Attempt Questions 1-15

e Allow about 30 minutes for this part

Part B — 60 marks

e Attempt Questions 16-24

e Allow about 1 hour and 45 minutes for this part

Section |1

25 marks

o Attempt Question 25

e Allow about 45 minutes for this section

Thistask isweighted 35% HSC Chemistry assessment mark
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Section |

Part A — 15 marks
Allow about 30 minutes for this section.

Instructions

Select the alternative A, B, C or D that best answers the question. Fill in the response oval
completely.

Sample: 2+4= (A)2 (B6 (O8 (D)9
AO B@ cO 01O

If you think you have made a mistake, put a cross through the incorrect answer and fill in the
new answer.

AQ B cO DO

If you change your mind and have crossed out what you consider to be the correct answer, then
indicate the correct answer by writing the word correct and drawing an arrow as follows.

correct

'

AM <28 <cO 00O
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Section |
75 marks

Part A — 15 marks
Attempt Questions 1-15
Allow about 30 minutesfor thispart

Use the multiple-choice answer sheet for Questions 1-15.

1  ldentify the product formed when water is added to ethylene.

A Ethane
B Styrene
C Polyethylene
D Ethanol

2 ldentify the condition which promotes the fermentation of sugars.

Temperatures in excess of 50°C
Presence of yeast enzymes

Air in the fermentation mixture
Sulfuric acid as a catal yst

OO wm>

3 Identify the organic group that the compound CH3CH,CHOHCH,CHj3, belongs to.

A Alkanols

B Polymers

C Esters

D Alkanoic acids

4  Inthegavanic cell diagram, what does the arrow (marked X) represent?

voltmeter
X /
—_—
(\ /—w electrode
(cathode)

- —

electrode
(anode)
salt bridge electrolyte
A The direction of electrolyte flow
B The direction of flow in the salt bridge
C The direction of migration of negative ions
D The direction of electron flow
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Identify the TRUE statement about transuranic el ements.

o0 ®>

They are artificial elements made in nuclear reactors.
They al have atomic numbers less than 92.

They are al stable, non-radioactive elements.

They have aneutron to proton ratio in their nucleus of 1.

14

12 _|

10 _|

T — T T
10 20 30 40

Volume of acid added (mL)

Identify the titration represented by the curve shown in the diagram.

A
B
C
D

Strong base + weak acid
Weak base + strong acid
Strong base + strong acid
Weak base + weak acid

Identify which of the following is a property of acids.

o0 wm>

They turn red litmus blue.
They produce OH™ ionsin solution.
They are proton acceptors.
They have apH lessthan 7 at 25°C.
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Large amounts of sulfur dioxide may be released into the atmosphere by industrial
activities. Identify an industrial activity that would release sulfur dioxide.

OO wm>

Use of fertilisersin agriculture

Burning of fossil fuels

Combustion of petrol in internal combustion engines
Geothermal hot springs

10 mL of astrong acid is made up to 100 mL using distilled water. Identify the effect of
the addition of the 90 mL of water on the pH of the solution.

A Increase the pH by 10.

B Decrease the pH by 10.

C Increase the pH by 1.

D Decrease the pH by 1.

Identify which of the following is NOT characteristic of a chemical equilibrium
reaction.

A The reactants are completely consumed in the reaction.

B Forward and reverse reactions take place at the same rate.

C The amounts of any of the speciesin the reaction remain constant with time.
D Chemical equilibrium can only be maintained in a closed system.

Consider the following equilibrium reaction:

COy(g) + HO(l) = H.CO3(g) + heat

In this reaction, what effect would an increase in temperature have on the system?

A

B
C
D

Decrease the amount of H,CO3
Increase the amount of H,COs
Have no effect on the equilibrium
Decrease the amount of CO,

Which ion, when present in high concentration, is associated with hardness in water?

A

B
C
D

Sodium ion
Magnesium ion
Chlorideion
Aluminiumion

A solution is thought to contain one of the following cations:

barium, lead(I1), copper(I1), iron(l1).

Tests were carried out to determine the ion present: a solution of the ion did not produce
a precipitate with either sodium hydroxide or hydrochloric acid; aflame test of a
solution of the ion produced a pale green flame. Which ion was present?

A

B
C
D

Barium
Lead(l)
Copper(l1)
[ron(l1)
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The graph below shows the concentration of agas in the atmosphere with
increasing altitude.

40 —

30 —

Altitude o _|
(km)

10

T | |
5 10 15
Concentration (ppm) ——»

What gasis being indicated in the graph?

A Oxygen

B Nitrogen

C Ozone

D Carbon dioxide

Water quality is often monitored for organic matter by determining the concentration of
dissolved oxygen that is needed for the complete breakdown of the organic matter by
aerobic bacteria. What aspect of water quality is being determined?

A Dissolved oxygen

B Aerobic bacterialevels

C Biochemical oxygen demand
D Nitrogen-to-phosphorus ratio
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Section | (continued)
Part B — 60 marks
Attempt Questions 16-24
Allow about 1 hour and 45 minutesfor thispart

Answer the questions in the spaces provided.

Show all relevant working in questions involving calculations.

Marks
Question 16 (10 marks)
@ The equation below represents a pol ymerisation reaction:
n(CH,CHCI) — (-CH,CHCI-)
(i) Givethe SYSTEMATIC name of the monomer AND the COMMON
name of the polymer in this reaction. 2
(i) ldentify the type of polymerisation process shown. 1
(iii)  Identify ause for this polymer and relate its use to the properties of the
polymer. 3

Question 16 continueson page 8

7
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Marks
Question 16 (continued)

(b)  You have carried out afirst-hand investigation to compare the reactivity of an alkene
with its corresponding akane.
Explain the results obtained from this investigation .
Include arelevant chemical equation in your answer. 4

Question 17 (4 marks)

Analyse the relationship between the position of elementsin the Periodic Table, and
the acid-base behaviour of their oxides. 4
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Marks
Question 18 (5 marks)
A student set up the cell shown below.
W
J salt bridge J
Al(s)_______ﬂ_ ~ ~ -._______ﬂCLl(.S‘)
Al*(ag) ‘ Cu**(aq)
Beaker 1 Beaker 2
@ Identify two observations that could be made as the above cell operates. 2
(b) Identify a suitable solution that could be used to soak the filter paper to form a
salt bridge. 1
(© Justify how each of the two solutions will be disposed of at the end of the
experiment. 2
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Marks
Question 19 (6 marks)

The atmosphere contains a mixture of gases.

@ Argon isamajor constituent of the atmosphere. The concentration of argon in the
atmosphere is 0.93% (v/v). Calculate its concentration in ppm. 2

(b) The changes in the concentration of ozone in the stratosphere are being constantly
monitored. Describe the changes that have been observed and describe how this
information was obtai ned. 4
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Marks
Question 20 (7 marks)

A 0.1 mol L™ solution of nitric acid and @0.1 mol L™ solution of acetic acid was prepared..

@ Cadculate the pH of the nitric acid solution. 1

(b) The acetic acid had a pH of 2.9. Compare this with the value you calculated for
nitric acid and explain any difference in the pH of these two acids. 3

(© One of the above acids can be used to form a buffer by adding equimolar amounts
to asolution of its conjugate base. Explain, through the use of suitable
equation(s), how the resulting solution buffers against changes in pH when small
amounts of astrong acid or strong base are added to it. 3
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Marks
Question 21 (5 marks)

Assess the suitability of ethanol asafuel. 5

Question 22 (7 marks)

On Wednesday 2™ July 2008, the ABC news reported on the effort to clean up an
outbreak of blue-green algae in Qingdao which threatened the sailing events in the
Beijing Olympics.

Stories in the media specul ated on possible causes of the outbreak.

@ Identify anion that is often responsible for outbreaks of algal growth and identify
afactor that could affect the concentrations of that ion in anatural water body. 2

Question 22 continues on page 13
12
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Marks
Question 22 (continued)
(b) Describe atest that could be used to monitor the possible eutrophication of the
Qingdao coastline. 2

The Winkler method was used to determine the amount of dissolved oxygen in a sample of
water taken from a waterway.

In this procedure, oxygen reacts with M n2+ under alkaline conditions to produce a
precipitate of MNO(OH)».

2Mn**(ag) + Ox(ag) + 40H (ag) — 2MnO(OH)x(S)
The precipitate is then dissolved in acid and reacted with iodide, forming iodine and
M n2+.
IMNO(OH)(s) + 41 (aq) + 8H (ag) — 2I5(aq) + 2Mn° (aq) + 6H,0(1)
Finally, the amount of iodine produced is determined by reacting it with thiosulfate ion.
21p(ac) + 45,05" (ag) — 4T (ag) + 25406 (a0)

(© Combine the equations above to determine an overall equation for the reaction
between oxygen gas and the thiosulfate ion. 1

(d) A 50 mL water sample required 8.0 mL of 0.010mol L™ thiosulfate ions for the oxygen
in it to be completely reacted.
Ca culate the moles of dissolved oxygen in the 50 mL sample. 2
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Marks
Question 23 (7 marks)
Evaluate the Haber process with respect to the conditions required for maximum
product yield. Include in your answer the conditions used industrially for this process. 7

14
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Question 24 (9 marks)

@

(b)

boiling point (°C)

Molecular 46 60 74 88
weight
_ Alkanols 78 97 117 | 138
boiling point (°C)
Alkanoic acid 100 118 141 164

Draw line of best fit graphs of the data for each of these organic molecules.

Molecular weight

Name the products formed when butanoic acid and ethanol are refluxed with a
concentrated sulfuric acid catalyst.

Marks

The boiling points of alkanols and alkanoic acids versus molecular weight are shown in
the table below.

Question 24 continues on page 16

15
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Marks
Question 24 (continued)
(c)  Write acomplete balanced equation for the reaction. 1
(d) Draw afully labelled diagram of the equipment set-up for the reaction. 3

End of Section |

16
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Section ||

25 marks

Attempt Questions 25

Allow about 45 minutesfor this section

Answer the questions in awriting booklet. Extra writing booklets are available.

Show all relevant working in questions involving calculations.

Marks
Question 25 — Industrial Chemistry (25 marks)

@ Phosgene gas ( COCl>» ) is prepared by the reaction summarised in the following
equation.

CO(g) + Cl 2(g) CocCl 2(9)

The graph below shows what happens when al three gases are mixed in the
presence of a carbon catalyst.

(1) Identify what occurred 3 minutes after the gases were mixed. 1

17
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(i)  At4 minutes after mixing the temperature of the gases was increased to a
new constant temperature. The graph below plots the changesin
concentration of the three gases and these can be used to determine that
the reaction is exothermic.
Explain how the changes in the concentration of the three gases supports
the conclusion that the reaction is exothermic. 3

(iii)At 9 minutes after mixing, extra phosgene was added to the system and
equilibrium was re-established in the following two minutes.
Complete the graph supplied in your answer booklet to show how the
concentration of phosgene changed in the two-minute period following the
addition of the extra phosgene. 2

18
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(b) The Frasch Processis used to mine elemental sulfur in some parts of the world.

molten sulphur hot compressed air
and water «——

extracting ¢
sulphur  §1 S

sulph.ur

deposits 3
-m s

this is called the Frasch Process

super-heated steam
{under pressure)

: molten
sulphur
*‘-.!%.

Identify the properties of sulfur that allow its extraction and anal yse potential
environmental issues that may be associated with its extraction.

(© Sulfuric acid is one of the world’s most widely used chemicals. The Contact
process produces it industrially. Sulfur dioxide, air and water are the main
feedstocks in its production. The first step in the process is the production of
sulfur trioxide.

Analyse the reaction for the formation of sulfur trioxide to determine the
conditions that would maximise its yield.

(d) The Contact process produces sulfuric acid.
(i)  Nametwo MAIN uses for sulfuric acid.
(i)  Below isapartia flowchart of the Contact process showing the

production of sulfuric acid from sulfur trioxide.
Write balanced equations for the reactions occurring in the first two boxes.

Sulfur trioxide Oleum reacts
isdissolved in with water to Sulfuric
concentrated > form sulfuric > Acid
sulfuric acid to acid
form Oleum

19
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(e Y ou performed afirst-hand investigation in the school laboratory to observe the
reactions of sulfuric acid.

(i)  Outline the experimental method used and the observations you made for
each reaction.

(i)  For one of the above reactions, identify a safety risk associated with its
procedure and suggest a safe work practice to minimise this risk.

End of Examination

20
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Section | — Multiple choice
Answer sheet

10

11

12

13

14

15

21
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This page has been intentionally left blank
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DATA SHEET
Avogadro constant, N, .momismsmmsssis s 6.022 x 10% mol™!
Volume of 1 mole ideal gas: at 100 kPa and
at 0°C (273.15K) .cccvveieveennnnn. 22.71 L
at 25°C (298.15K) ..cccovccevrevrnn. 24779 L
Ionisation constant for water at 25°C (298.15K), K, ................. L.O X 101
Specific heat capacity of Water ......cccccceeieesieecieeceeeceec e e 418x10%J kg'l K!
Some useful formulae
pH=—log10[H+] AH =-mCAT
Some standard potentials
Kr+e = K@) 294V
Ba®" + 2¢” = Ba(s) 291V
Ca?t +2¢” = Ca(s) 287V
Nat+e = Na(s) =271V
Mg¥ +2¢ = Mg(s) -2.36V
AP* 4 3¢” = Alls) ~1.68V
Mn?* + 2¢” = Mn(s) -1LI8V
H,0+e” = fHy(g)+OH" 083V
Zn? + 2¢” = Zn(s) -0.76 V
Fe?* 4 2¢” = Fes) 044V
Ni?* + 2¢” = Ni(s) -0.24V
Sn** +2¢” = Sn(s) -0.14V
Pb™ +2¢” = Pb(s) -0.13V
H' +¢ = IH() 0.00v
SO, +4H" + 2¢” = S0,(aq) +2H,0 0.16V
Cu?* +2¢” = Cu(s) 0.34V
10,(g) + H,0 + 2¢” ¥ 20HT 0.40V
Cu*+e” = Cu(y) 0.52V
) +¢ = ¥ 0.54V
i (aq) + e = I 0.62V
Fe** + ¢ = Fe? 077V
Agt+e = Ag(s) 080V
IBry(h) +¢ =  Br 1.08V
1Bry(aq) + ¢ =  Br 110V
$0,(g) + 2H" +2¢” = HO 1.23v
1CL(g) + & =  Cr 136 V
$Cr0 +TH +3e” = Cr*+JH,0 136V
%Clz(aq) +e” = CI 140V
MnO,” + 8H* + 5¢” = Mn’t+4H,0 1.51V
1F,(g) +¢ = F 2.89V
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Marking guidelines

Section | — Part A

1 D
2 B
3 A
4 D
5 A
6 C
7 D
8 B
9 C
10 A
11 A
12 B
13 A
14 C
15 C

Section | — Part B

Question 16(a)(i)

Criteria Marks
Correctly identifies BOTH names of the polymer 1
Correctly identifies ONE of the names of the polymer 1

Suggested answer :
Chloroethene and Polyvinyl chloride (or PVC).

Question 16(a)(ii)

Criteria Marks

Correctly identifies the type of polymerisation 1

Suggested answer :
Addition polymerisation



Cheltenham Girls High School Chemistry Trial HSC 2008

Question 16(a)(iii)

Criteria Marks

Correctly identifies ause of PVC and relates the useto at least TWO
properties

Correctly identifies a use of PV C and a property of PVC
OR 2
Correctly identifies at least TWO properties of PVC

Correctly identifiesause of PVC
OR 1
Correctly identifies a property of PVC

Suggested answer :

Usesinclude drain pipes and guttering. The linear chains of the polymer reduces flexibility
because of the close packing of the chains one to another; this stiffness and rigidity make
them suitable for the uses given.

Question 16(b)

Criteria Marks
Correctly explains the results obtained in the investigation and includes a 4
relevant chemical equation in the answer
Correctly explains the result(s) obtained in the investigation
OR 5.3

Correctly describes the result(s) obtained in the investigation and includes a
relevant chemical equation in the answer

Correct equation
OR 1
Correctly identifies aresult of the investigation

Suggested answer :

Alkenes — react spontaneously by addition across the double bond causing bromine water to
decolourise. CeHi2(g) + HOBr(agg @— CgHBrOH(l)

Alkanes — relatively unreactive; reaction with bromine water very slow (over aday or so).
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Question 17
Criteria Marks

Correctly describes the trends in acid-base behaviour of oxides of elements 4
and relates this to the position of elementsin the Periodic Table
Correctly describes trends in acid-base behaviour of oxides of el ements 3
Provides two correct statements about acid—base behaviour of oxides of
elements 2
OR
Two correct equations
Provides one correct statement about acid-base behaviour of oxides of 1
elements

Suggested answer :

Acidic oxides react with water to form an acid. They are generally oxides of non-metals,
elements found at the right of the Periodic Table.

Basic oxides react with water to form abase. They are generally oxides of metals, elements
found towards the left of the Periodic Table.

The oxides of some metals found towards the right of the periodic table react with both acids
and bases (are amphoteric) whilst afew elements (C, O, and N) form oxides that are neutral.
Generally, the oxides of elements become acidic as you move left to right across aperiod in
the Periodic Table and more basic as you move down a group.

Question 18(a)

Criteria Marks
Correctly identifies two observations that could be made as the cell operates 2
Correctly identifies an observation that could be made as the cell operates 1

Suggested answer :

Any two of:
e Decreasein the intensity of blue colour in Beaker 2
e Decreasein size of magnesium electrode / clean appearance electrode
e Increasein size of copper electrode/ clean appearance electrode

Question 18(b)

Criteria Marks

Correctly identifies a suitable solution that could be used to soak the filter
paper

Suggested answer':
Potassium nitrate
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Question 18(c)

Criteria Marks

Correctly justifies the disposal of BOTH solutions 2

Correctly justifies the disposal of a solution
OR 1
Correctly identifies the disposal of BOTH solutions

Suggested answer :
Copper solution should be placed in a heavy metal waste container for disposal later and
magnesium solution is poured down the sink asit is safe to do so.

Question 19(a)

Criteria Marks
0.935 (v/v) = 0.93mL/100 mL 1
Correct answer 1

Suggested answer :
0.935(v/v) = 0.93mL/100mL = 0.93 x 10000 mL/KL = 9300 ppm

Question 19(b)

Criteria Marks

Correctly describes the changes that have been observed in ozone
concentration and how the information was obtained

Correctly describeg/identifies the change(s) that have been observed in ozone
concentration and correctly identifies how the information was obtained

OR 2-3
Correctly identifies the change(s) that have been observed in ozone
concentration and correctly describes how the information was obtained

Correctly describes the changes that have been observed in ozone
concentration and how the information was obtained

Suggested answer':

In 1976, measurements made with ground-based Dobson UV spectrophotometers and on air
samples collected by high-altitude balloons and aircraft, indicated a decrease in ozone
concentrations over Antarcticain spring.

As the 1980’s progressed, the ozone loss continued to worsen. Since 2005, the “ozone hole”
has been smaller and fairly steady in size. Satellites now measure 0zone concentrations using
infra-red radiometers, aswell TOMS UV spectrometry. Ground-based UV lasers (lidars) and
chemiluminescence of air samples are aso used to make o0zone measurements so reliability
can be determined.
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Question 20(a)

Criteria Marks
Correctly calculates the pH of the acid 1
Suggested answer':
pH =-log;0[0.1] =1
Question 20(b)
Criteria Marks
Correctly compares the pH values of the two acids and explains the
differencesin terms of acid strength, hydronium ion concentration and the pH 3
calculation
Distinguishes the acids in terms of their ‘strength’ and hence their [H+] (can
be through use of a diagram)
AND 2
Correctly relates pH with [H']
OR
Correctly compares the pH values of the two acids
Correctly compares the pH values of the two acids
OR
Distinguishes the acids in terms of their ‘strength’ or degree of ionisation 1

OR
Correctly relates pH with [H']

Suggested answer :

The nitric acid has alower pH value compared to acidic acid. Thisis because nitric acidisa
strong acid and is totally ionised, resulting in a higher concentration of hydronium ions when

compared to acetic acid, which isaweak acid and only about 1% ionised. The lower

concentration of hydronium ionsin acetic acid resultsin a higher pH valuewhen it is

calculated since pH = -logio[H'].
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Question 20(c)

Criteria

Marks

Correctly identifies that acetic acid and the ethanoate ion form the buffer
(can be an equation if clear concept is understood)
AND

Correctly explains, using suitable equation(s), how the resulting solution acts
as a buffer when small amounts of a strong acid or strong base are added to it

Correctly explains, using suitable equation(s), how the resulting solution acts
as a buffer when small amounts of a strong acid or strong base are added to it
OR

Correctly identifies that acetic acid and the ethanoate ion form the buffer
AND

Includes a correct suitable equation(s) that illustrate a buffering reaction

Correctly identifies that acetic acid and the ethanoate ion form the buffer
OR

Correct suitable equation that illustrates a buffering reaction

OR

Correct statement about buffers

Suggested answer :

Acetic acid forms a buffer solution with equimolar amounts of the ethanoate ion. An

equilibrium exists within the buffer:

CH3COOH () + H20() == CH3COO (o) + H30" (aq

When small amounts of a strong acid are added to the solution, the equilibrium shiftsto the
left, reducing the hydronium ion concentration, so the pH of the solution is not lowered

significantly.

When small amounts of a strong base are added to the solution, it reacts with the hydronium
ion, lowering its concentration. The equilibrium shiftsto the right, restoring most of the

hydronium ion, so the pH of the solution is not raised significantly.
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Question 21

Criteria

Marks

Identifies properties of ethanol that make it a suitable fuel
Explains the problems and benefits arising from the use of ethanol

Provides ajudgement of the potential for ethanol to be used as an aternative
fuel

Describes the problems and benefits arising from the use of ethanol
AND

Identifies a property of ethanol that make it a suitable fuel

OR

Provides ajudgement of the potential of ethanol as an alternative fuel

|dentifies one reason for the need for aternative fuels
OR

Identifies an advantage or disadvantage of using ethanol as afuel

Suggested answers:
Answer should include an assessment and five main points:

Ethanol isaliquid at room temperature and readily combusts to release considerable

energy
Advantage: arenewable resource
Advantage: could reduce greenhouse gas emissions/combusts cleanly

Disadvantage: large amounts of arable that would be required for growing suitable crops
Disadvantage: necessity of disposal of large amounts of fermentation by-products/need to

modify cars/energy required for distillation

Question 22(a)

Criteria Marks
Correctly identifies an ion that can result in outbreaks of algae and a possible 5
source of contamination
Correctly identifies an ion that can result in outbreaks of agae
OR 1

Correctly identifies a possible source of contamination

Suggested answer :
Phosphate and fertiliser in run-off from farms. Also accept nitrate.
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Question 22(b)

Criteria Marks

Describes atest that could be used to monitor the possible eutrophication 2

Identifies atest that could be used to monitor the possible eutrophication
OR 1
Describes atest that might indicate possible eutrophication

Suggested answer :

Phosphate concentrations are best determined using colorimetry. The phosphate ions in the
water sample are reacted with acidified ammonium molybdate and reduced to form
molybdenum blue, which gives the solution a blue colour. A colorimeter is used to compare
the intensity of the blue colour against standards of known concentration and hence determine
the concentration of phosphate in the sample.

1 mark for describing DO test, BOD test, precipitation

Question 22(c)

Criteria Marks

Writes a correctly balanced equation, including subscripts 1

Suggested answer :
Oz g+ 4H " (ay + 45205 (a) —> 2H20() + 25406” (o)

also accept Oy g+ 8H (ag) + 40H (a) + 45,05 (o) — 6H20() + 25406” (g

Question 22(d)

Criteria Marks
Correctly calculates the moles of oxygen in the sample 2
Correctly calculates the moles of thiosulfate ions used 1

Suggested answer :
Moles of thiosufate ions = 0.008 x 0.010M = 8 x 10™> moles
Mole ratio of oxygen to thiosufate = 1:4
Moles of oxygen in 50mL sample = 8 x 10° moles
4
=2x 10° moles
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Question 23

Criteria

Marks

» Demonstrates an extensive knowledge of the Haber process including the
industrial conditions required for maximum product yield.

* Provides a comprehensive explanation of why the industrial conditions used
produce maximum product yield and relates them to the nature of the
reaction

* Provides an evaluation

6-7

» Demonstrates a thorough knowledge of the Haber process
* Explains why some reaction conditions are required for maximum product
yield

4-5

» Demonstrates a sound knowledge of the Haber process
OR

* Demonstrates a limited knowledge of the Haber process and identifies (a)
reaction condition(s) that is (2 marks)/are (3 marks) used industrially

Of
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Question 24(a)

Criteria Marks
Correct units and labels X and Y axes, including unit for boiling point 1
Correct placements of points on graph and drawing of lines of best fit 1
Appropriate indication of which line refers to which molecular group 1
Suggested answer :
Solid line: Alkanol
Dashed line: Alkanoic acid
180
160 :
Boiling 140 T -
point x P
oC 27
(©) 120 T ~
. X
Pid e
100 -
80
60
40
20

20 30 40 50 60 70 80 90

Molecular weight

Question 24(b)

Criteria Marks
Both products correctly identified 2
One product correctly identified 1

Suggested answer':
Ethyl butanoate and water
10
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Question 24(c)

Criteria Marks
Correct balanced equation, including equilibrium arrow, subscripts and 1
condensed structural formulae
Suggested answer': conc. HzS0,
C3H7COOH(|) + C2H50H(|) -~ C3H7COOC2H5(|) + H20(|)
Question 24(d)
Criteria Marks
Condenser shown and labelled including water in & water out
AND
Reaction vessel shown and labelled 3
AND
Tripod shown with bunsen/wire gauze OR other more appropriate heating
Two of the above correct
OR 2
Three done poorly
One of the above correct
OR 1

Two poorly done/three done very poorly

water oute—

i, W
7

Suggested answer :
J / Condenser

i <«water in

Reaction
vessal/ mixture

11
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Section |1
Question 25(a)(i)

Criteria

Marks

Correctly identifies change shown in graph

Suggested answer':
Equilibrium was reached.

Question 25(a)(ii)

Criteria

Marks

Uses data from the graph and Le Chatelier’s principle to explain how the
changes in the concentration of the gases supports the conclusion that the
reaction is exothermic

Correctly identifies the changes in the concentration of the three gases from
the graph

AND

Identifies a new equilibrium is established after 6 minutes

Correctly identifies a change in a gases concentration from the graph
OR

Identifies a new equilibrium is established after 6 minutes

OR

Makes a correct statement about exothermic equilibrium reactions

Suggested answer :

The concentration of the product (COCI,) fals after 4 minutes while the concentrations of
both of reactant gases increase, until a new equilibrium is established. Since therisein
temperature favours the formation of reactants over product (i.e. the equilibrium as shifted to
the left), Le Chatelier’s principle can be applied to determine that the reaction is exothermic.

Question 25(a)(iii)

Line drawn indicates equilibrium has been re-established

Criteria Marks
Line drawn include spike for initial increase and a curve for the decline to 5
equilibrium, with the final concentration higher than the 7-8 minute level
Draws aline that indicates phosgene concentration is higher after 9 minutes
OR 1

Suggested answer':

12
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Question 25(b)

Correctly identifies a potential environmental issue that may be associated
with its extraction

Criteria Marks
Correctly identifies at least TWO properties of sulfur that allow its extraction
and describes TWO potentia environmental issues that may be associated 4
with its extraction
Correctly identifies at least ONE property of sulfur that allows its extraction
AND
Correctly describes ONE potential environmental issue that may be associated
with its extraction 2-3
OR
Correctly identifies at least TWO potential environmental issues that may be
associated with its extraction
Correctly identifies a property of sulfur that allowsits extraction
OR 1

Suggested answer :

The properties of sulfur that allow its extraction are:

e It metsat 113°C so it can be easily melted by superheated steam.

e It’s insoluble in water, so easy to separate from water at the surface.

e Ithasalow density of 2.07 gmcm ~, so its emulsion with water can be carried to the

surface by compressed air.
e Itisinert, non-toxic and non-volatile, so it is safe to work with.

The environmental problems associated with the mining of sulfur include:

e Water from the processis hot and contains unidentified dissolved minerals. It must be

recycled rather than releasing it to the environment, which can result in pollution.

e Care must be taken to avoid the oxidation of sulfur to form sulfur dioxide, as sulfur

dioxide can contribute to acid rain.

e Cavernsthat remain underground after extraction are difficult to back-fill and can result in

subsidence.

13
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Question 25(c)

Criteria

Marks

e Writes acorrect balanced chemical equation for the formation of sulfur
trioxide

e Applies Le Chatelier’s principle to the equilibrium to determine the
conditions required for the maximum yield of sulfur trioxide

e Analysestemperature condition in terms of arate/yield compromise and
includes the use of a catalyst

4-5

e Applies Le Chatelier’s principle to the equilibrium to determine some
conditions required for the maximum yield of sulfur trioxide

AND

e Writes acorrect balanced chemical equation for the formation of sulfur
trioxide

OR
e |dentifiesthat reaction is an exothermic equilibrium

Correctly identifies a condition required for the maximum yield of sulfur
trioxide

OR

Writes a correct balanced chemical equation for the formation of sulfur
trioxide

OR
Differentiates rate and yield

Question 25(d)(i)

Criteria

Marks

Correctly identifiestwo MAIN uses of sulfuric acid

Correctly identifiesa MAIN use of sulfuric acid

Suggested answer :
The manufacture of fertilisers and detergents.

14
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Question 25(d)(ii)

Criteria Marks
Correct equations for both of the steps, including subscripts 2
Correct equations for both of the steps, excluding subscripts
OR
Correct equations for ONE of the steps, including subscripts 1
OR

Equations for both of the steps including subscripts but contain minor errors

Suggested answer :

SO3(g) + H2SO4() > H2S07()

H2307() + H20(q) —> 2H2S04()

Question 25()(i)

Criteria Marks

e Correctly outlines the experimental method used for each reaction 4
e Correctly outlines the observations made for each reaction
e Correctly outlines the experimental method and the observations made for 3

each reaction with minor omissions
e Correctly outlines the experimental method used for each reaction
OR
e Correctly outlines the observations made for each reaction >
OR
e Outlines some of the experimental method used and identifies some

observations made for reactions
Correctly identifies a step or observation for the investigation 1

Suggested answer :
The teacher demonstrated the experiment due to the risks associated with handling
concentrated sulfuric acid.

1.

2.

3.

A few crystals of potassium bromide were placed in atest tube in atest tuberack ina
working fume cupboard.

A few drops of concentrated sulfuric acid were added to the test tube using a plastic
dropper.

A 150 mL beaker was placed in the fume cupboard and sucrose was added to a depth
of 1cm.

10 mL of concentrated sulfuric acid was added to the sugar and the mixture was
stirred with a glass rod.

15
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Observations
1. Brown vapour rose from the test tube. The brown coloured solution cleared over afew
minutes.
2. The sucrose mixture slowly darkened to a black colour. After afew minutes, vapour
could be seen rising form the beaker. The mixture rose up the beaker to the top and a
porous black solid remained at the end of the experiment.

Question 25(e)(ii)

Criteria Marks

Correctly identifies a safety risk associated with the procedure and identifies a
safe work practice to minimise this risk

Correctly identifies a safety risk associated with the procedure
OR 1
Correctly identifies a safe work practice for the procedure

Suggested answer :

Concentrated sulfuric acid is extremely corrosive. It should only be handled by ateacher and
used in an operating fume cupboard. The teacher must wear goggles, protective clothing and
gloves.
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