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Section I
75 marks

Part A - 20 marks
Attempt Questions 1-20

Allow about 35 minutes for this part

Use the multiple-choice answer sheet for Questions 1-20.

1 In an experiment, 30 mL of water is to be transferred into a conical flask.
Which piece of equipment would deliver the volume with the greatest accuracy?

A. Burette
B. Beaker
C.  Test tube
D

Measuring cylinder

2 Which row of the table correctly matches an ion with its flame colour during a flame test?

lon Flame colour
A. Barium Orange-red
B. Calcium Blue-green
C. Carbonate Orange-red
D. Copper Blue-green

3 What is the name of this compound?

H H Cl H
| | | |
H—C—C—C—C—H
| | | |
H H H F

2-chloro-1-fluorobutane
3-chloro-4-fluorobutane

1-fluoro-2-chlorobutane

c 0w »

4-fluoro-3-chlorobutane
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Esterification can be carried out in a school laboratory using the equipment shown.

= Water out

Condenser
Water in

rI

Round bottom flask

Mixture of alkanol
and alkanoic acid

O

b Bunsen burner

How could the safety of the process shown be improved?

A. Place a stopper on top of the condenser.
B.  Add concentrated sulfuric acid to the flask.
C.  Change the direction of water flow through the condenser.

D. Replace the Bunsen burner with an electric heating mantle.

Which of the following substances is amphiprotic in nature?

A. HSO,
B. H,SO,
C. SO
D. H,SO,

Which of the following is a transuranic element that is most likely to have been produced
in a nuclear reactor?

A.  Co-60
B. Np-239
C. U-238
D. Hs-265
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Three test tubes were set up as shown.

Brown
bromine —— Colourless | Colourless |
hexane hexene

wer \_/ \_/

Bromine water was added to X and Y in the absence of UV light.

Which of the following best represents the changes in test tubes X and Y?

Test tubes
X Y

A.

/ o/
B.

/ —/
C.

/ /
D.

o/ /

There are two unlabelled solutions. One is barium nitrate and the other lead nitrate.

Which of the following could be added to the two unlabelled solutions to distinguish
between them?

A.  Sodium sulfate

B.  Sodium nitrate

C.  Sodium chloride
D

Sodium carbonate



9 The following equipment was set up to measure the heat of combustion of an alkanol.

Thermometer

Loose fitting lid
Heat shield —

Conical flask containing water

Tripod

Spirit burner containing alkanol

N L

Black deposits were observed on the bottom of the conical flask and the heat of
combustion measured was lower than the theoretical value.

Which of the following equations could account for these observations?

A, 2C,Hg(g) + 70,(g) — 4CO,(g) + 6H,0(g)

B.  C3HgO(g) + 40,(g) — CO,(g) + CO(g) + 4H,0(g)

C. 2CH,,0(g) + 30,(g) — 38C(s) + 2H,(g) + 8H,0(g)
D.  2C,H,O(g) + 40,(g) — 2CO,(g) + 2C(s) + 6H,0(g)



10  The diagrams show a dry cell and a lead-acid cell. The electrodes are labelled ® and ®

DRY CELL LEAD-ACID CELL
X Metal cap on X
r?/ carbon rod —

Insulating layer

)

NH,CI paste

PbO Pb
MnO, paste 2

Zn outer casing |

Diluted H,SO,

When either cell is connected to supply energy, which row of the table correctly describes
the electrodes and their charges?

Electrode ® Electrode ®
A. Anode Positive Cathode Negative
B. Cathode Positive Anode Negative
C. Anode Negative Cathode Positive
D. Cathode Negative Anode Positive

11 Consider the following redox reaction.
2K,Cr,0,(agq) + 2H,0(l) + 3S(s) — 2Cr,05(aq) + 4KOH(ag) + 3S0,(g)

Which species is being oxidised?

A, Cr%*
B. K*
c. oO*
D. S
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What is the product when propene undergoes addition polymerisation?

H H H H H H
| | | |

| |
A. —CcC=C—C—C=C—C —
| |
H H
H H H H H H
| | | | | |
B —Cc—CcC—CcC—C—C—C—
| | | | | |
H H H H H H
H CHy H CH, H CH,
| | | | | |
C —C=C—C=C—C=¢C—
| |
H H
H CHy H CH, H CH,
| | | | | |
D —Cc—CcC—CcC—C—C—¢C—
| | | | | |
H H H H H H

25.0 mL of a 0.100 mol L™ acid is to be titrated against a sodium hydroxide solution

until final equivalence is reached.

Which of the following acids, if used in the titration, would require the greatest volume

of sodium hydroxide?

A.  Acetic

B. Citric

C. Hydrochloric
D

Sulfuric
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15

16

17

One litre of an aqueous solution is formed from mixing equal volumes of 0.2 mol L!
hydrochloric acid (HCI) and 0.2 mol L' sodium chloride (NaCl).

How effective as a buffer is the aqueous solution formed?

Ineffective, because HCl is a strong acid
Effective, because Cl is the conjugate base of HCI

Ineffective, because NaCl forms a neutral salt solution

o 0w »

Effective, because the pH would change when a solution of NaOH is added

Dinitrogen oxide (N,O) contains a coordinate covalent bond.
Which Lewis electron dot structure correctly represents N,O?

A. INIIN::O:

The following equilibrium is established in a closed system.
CO,(g) + H,O0()) = H,CO(aq) AH = -19.4 kJ mol!
How can the gas pressure in the system be decreased ?

A.  Add more CO,(g)
Add hydroxide ions to the solution

Decrease the volume of the container

o N w

Increase the temperature of the system

What is the density of ozone at 25°C and 100 kPa?

A 1291 gL
B. 1.500¢gL™
C. 1936gL™!
D. 2114gL™!



18 Three gases X, Y and Z were mixed in a closed container and allowed to reach
equilibrium. A change was imposed at time 7" and the equilibrium was re-established.
The concentration of each gas is plotted against time.

0.12
0.10 X
e
S~ 008
co |-l
£ S~
bt g 777777777777 e GRGE eI REE
§v 006 +—" 7
0.04 Z
0.02
I
I
Time

Which reaction is represented by the graph?

A X(g) + Y(9) = 2Z(g)
B. 2X(g) = Y(g) + Z(®)
C. 2X(g = Y(g) + 3Z(»)
D. X = Y( + Z(®)



The sulfate content of a fertiliser is 48% by mass. 1.20 g of this fertiliser is completely
dissolved in water and an excess of Ba(NO;),(aq) is added.

What mass of precipitate would be formed?

A. 0.006g
B. 058¢g
C. 140¢
D. 157¢

20.0 mL of 0.020 mol L™ barium hydroxide solution is added to 50.0 mL of
0.040 mol L™! hydrochloric acid solution.

What is the pH of the final solution?

A 02
B 1.6
C. 18
D. 29

~10 -
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Do NOT write in this area.

Question 21 (5 marks)

(a)  Outline ONE effect of ozone in the troposphere and ONE in the stratosphere. 2
(b)  Qualitatively compare TWO properties of oxygen (O,) and ozone (O5). 2
(c) Using ONE chemical equation, show how a chlorine radical (Cle) reacts with 1
ozone.
— 15—
Office Use Only — Do NOT write anything, or make any marks below this line.
1159310358




Question 22 (5 marks)

Atomic absorption spectroscopy was used to determine the concentration of zinc in a
water sample. The absorbance of a series of standard solutions of known concentration
of zinc was measured. The results are shown in the table.

(a)

(b)

Zinc
concentration 0.00 1.00 2.00 3.00 4.00 5.00
(ppm)
Absorbance 0.00 | 0.17 0.34 | 048 0.65 0.83

Plot the data on the grid and draw a line of best fit.

In order for water to be considered safe for drinking, the concentration of zinc

must be less than 2.80 ppm.

The absorbance of the water sample was 0.58. Explain whether this water is safe

for drinking.

—16 —
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Do NOT write in this area.

Question 23 (6 marks)

The diagram shows a galvanic cell.

Zinc

(a) Explain why a salt bridge is required.

Y
Salt bridge
- +— Silver
zn(NO,) AgNO,
Nl s i NG

(b) The initial mass of each electrode was 10.0 g. After some time, the electrodes

were removed from the solutions, dried and reweighed. The mass of the zinc
electrode had changed by 1.00 g.

Calculate the new mass of the silver electrode.

Office Use Only — Do NOT write anything, or make any marks below this line.
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Question 24 (5 marks)

A solution of sodium hydroxide was titrated against a standardised solution of acetic

acid which had a concentration of 0.5020 mol L.

(a) The end point was reached when 19.30 mL of sodium hydroxide solution had

been added to 25.00 mL of the acetic acid solution.

Calculate the concentration of the sodium hydroxide solution.

(b) Explain why the pH of the resulting salt solution was not 7. Include a relevant

chemical equation in your answer.

— 18 —
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Do NOT write in this area.
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Question 25 (4 marks)

Outline the steps that can be used to convert cellulose to polyethylene. Include 4

relevant chemical equations in your answer.

~ 19—

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

5638310354




Question 26 (7 marks)

(a)  Outline TWO reasons why the release of sulfur dioxide into the atmosphere is a

concern.

Question 26 continues on page 21

—20-—
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Do NOT write in this area.

Question 26 (continued)

(b) The diagram shows the concentrations of sulfur dioxide (SO,) in the lower
atmosphere above a landmass. High concentrations of sulfur dioxide were
recorded above a metal smelter and coal fired power stations.

< 0.2 x 102 molecules
[]

SO, per litre
Metal smelter

0.5 x 10 molecules S
SO, per litre o

0 1 x 10 molecules
SO, per litre

[ 2 x 10 molecules
SO, per litre

' Coal fired

¢ power stations

L
1000 km

Explain the varying concentrations of sulfur dioxide shown on the map. Include
relevant chemical equations in your answer.

End of Question 26

—-21 -
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Question 27 (5 marks)

The boiling points and molar masses of three compounds are shown in the table. 5
Compound Boiling point Molar mass
(°C) (g mol ™)
Acetic acid 118 60
Butan-1-ol 117 74
Butyl acetate 116 116
Acetic acid, butan-1-ol and butyl acetate have very different molar masses but
similar boiling points. Explain why in terms of the structure and bonding of the three
compounds.
22—
Office Use Only — Do NOT write anything, or make any marks below this line.
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Do NOT write in this area.
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Question 28 (7 marks)

(@) Outline TWO advantages and TWO disadvantages of using ethanol as an

alternative fuel for motor vehicles.

(b) The molar heat of combustion (AH C) for ethanol is 1360 kJ mol ™.

Calculate the energy generated per kg of CO, released by the combustion of

ethanol.

- 23
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Question 29 (4 marks)

Rivertown sits at the junction of two rivers.

PANEIVAN

leestone
caves

o

®H

Rivertown

ik

&

Saw mill

&

g

A simple water purification system has been purchased for the town water supply. It
consists ONLY of a sedimentation tank, pH control, sand filters and a chlorination

facility.

The system is to draw water either from Site X or Site Y.

A water chemist has obtained the following data from each site.

Factor X Y
Turbidity (NTU) 2 400
pH 7.3 6.0
Calcium (ppm) 120 5
Phosphate (ppm) 1.00 0.0001

Question 29 continues on page 25

_24 —
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Do NOT write in this area.
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Question 29 (continued)

With reference to the information provided, justify which of the sites, X or Y, would

be the preferred water source for the town water supply.

End of Question 29
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Question 30 (7 marks)

Analyse the conditions required to optimise the production of ammonia using the 7

Haber process.

26—
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Do NOT write in this area.

Section I Part B extra writing space

If you use this space, clearly indicate which question you are answering.
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Section I Part B extra writing space

If you use this space, clearly indicate which question you are answering.
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Question 31 — Industrial Chemistry (25 marks)

Answer parts (a) and (b) of the question on pages 2—4 of the Section II Writing
Booklet. Start each part of the question on a new page.

(a)

(b)

@

(ii)

Write an equation using structural formulae to describe saponification.
Use ethyl propanoate as one of the reactants.

Describe a procedure that can be used to carry out saponification and test
the product in a school laboratory.

The Contact process for the production of sulfuric acid includes a step whereby
sulfur dioxide is converted to sulfur trioxide in an equilibrium reaction:

SO,(g) + 20,(g) = SO(g) AH=-99 kJ mol’!

SO, and O, were added to a closed container. The production of SO, over time
is shown on the graph below.

)

(ii)

Copy the graph below into your answer booklet and sketch a second
curve on the same axes to demonstrate the production of SO, over time
when the reaction is repeated at a higher temperature. Clearly label the
two curves.

SO, Concentration —

Time —

At a certain temperature, the equilibrium constant, K, is 12.1 for this
reaction as written in the equation above.

At the same temperature, 1.0 mol SO, and 1.0 mol O, were added to a
1.0 litre closed container. At a point in time, the concentration of SO5 in

the container was measured as 0.70 mol L.

Had equilibrium been reached in the container at this point? Use
calculations to justify your answer.

Question 31 continues on page 31

~30-—



Question 31 (continued)

Answer parts (c) and (d) of the question on pages 5-8 of the Section II Writing

Booklet. Start each part of the question on a new page.

(¢)  The raw materials required to produce sodium carbonate by the Solvay process
are limestone and brine. Part of the process is represented by the flow chart.

Raw
materials

@
(ii)

(1)

Brine ———>

Limestone —>

Ammonia

l

Carbonating

X
tower <
T
co,
T
Lime Y
kilhn |—

Name the products labelled X and Y.

Products

Heater

Ammonia
recovery

)

Lime
slaker

Sodium
carbonate

Calcium
chloride

How is the brine purified? Include a relevant chemical equation in your

answer.

Explain the role of ammonia in the manufacture of sodium carbonate.

Include relevant chemical equation(s) in your answer.

(d) Assess the extent to which technological advances have overcome the technical
and environmental issues associated with the industrial production of sodium
hydroxide.

End of Question 31

~31 -



Question 32 — Shipwrecks, Corrosion and Conservation (25 marks)

Answer parts (a) and (b) of the question on pages 2—4 of the Section II Writing
Booklet. Start each part of the question on a new page.

(a) A first-hand investigation is to be carried out to compare the rate of corrosion
of metals in acidic and neutral solutions.

(1) Outline a suitable procedure for this investigation.

(ii) Explain the expected result. Include relevant half equations in your
answer.

(b) (i) Outline TWO different ways to increase the rate of an electrolysis
reaction.

(i) When two carbon electrodes were placed in a blue, 3 mol L' solution
of CuCl, and connected to a 6V DC power supply, bubbles started
appearing at the anode. After some time, the mass of the cathode had
increased and the intensity of the blue colour had decreased.

Account for these observations. Include relevant chemical equations in
your answer.

Answer parts (c) and (d) of the question on pages 5-8 of the Section II Writing
Booklet. Start each part of the question on a new page.

(c) In 1912, the ship Titanic sank in water over 3 km deep. The wreck was
discovered in 1985.

(1) Why did scientists predict that the rate of corrosion would have been
slow at this depth?

(i1) Explain why extra precautions need to be taken when retrieving wooden
artefacts from sea water compared to fresh water.

(i11)) Describe how electrolysis can be used to remove chloride ions from a
metallic artefact. Support your answer with a labelled diagram.

(d) Analyse the effect that the work of Volta and Davy had in reducing corrosion of
ocean-going vessels.

~32



Question 33 — The Biochemistry of Movement (25 marks)

Answer parts (a) and (b) of the question on pages 2—4 of the Section II Writing
Booklet. Start each part of the question on a new page.

(a) (1) The graph shows the activity of a biological enzyme over a given pH
range.
Enzyme
activity

pH
Explain the activity of the enzyme at pH 9.

(i1)) Describe a suitable procedure to investigate the effect of temperature on
enzyme activity.

(b) (1) How does the structure of ATP give rise to energy production?

(i) Each gram of mammalian skeletal muscle consumes ATP at a rate
of 1x 107> mol min™! during contraction. Concentrations of ATP in
muscle are about 4 x 107> mol L™! and the density of muscle tissue is
12 gmL™h

How long could contraction continue on ATP alone?

Question 33 continues on page 34

—33



Question 33 (continued)
Answer parts (c) and (d) of the question on pages 5-8 of the Section II Writing

Booklet. Start each part of the question on a new page.

(©) (1) This incomplete equation represents the formation of a dipeptide from
alanine and glycine.

NH,* NH,*
0 3 0
| Y | Y
H—C— C + HC — C — +
| N N
CH, OH OH

In your writing booklet, complete the equation.

(i1)) Explain, using a model, why enzymes are specific to their substrate.

(i1i1))  Outline the limitations of the model described in part (ii).

(d) Explain how long chain fatty acids are used in the production of usable energy.

End of Question 33
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Question 34 — The Chemistry of Art (25 marks)

Answer parts (a) and (b) of the question on pages 2—4 of the Section II Writing
Booklet. Start each part of the question on a new page.

(a) @
(ii)
b O
(ii)

Outline a test that can be carried out to observe the flame colour of ONE
metal ion. Include a safety precaution in your answer.

Account for the flame colour that should be observed in part (i).

Outline the two main components of paint.

Explain how the colour of ONE mineral used by Aboriginal peoples
relates to its chemical composition and the position of its metallic
component in the Periodic Table.

Question 34 continues on page 36

— 35—



Question 34 (continued)

Answer parts (c) and (d) of the question on pages 5-8 of the Section II Writing
Booklet. Start each part of the question on a new page.

(c) (1) A student draws this Lewis electron dot structure to represent an oxygen
atom.

Identify the error in the representation and justify your answer using
Hund’s rule.

Use the following graph to answer parts (ii) and (iii). The graph shows the
successive ionisation energies for some elements.

7000
6000 4th ionisation energy
5000
4000+

3rd ionisation energy

lonisation energy (kJ mol®%)

2000+ N 2nd ionisation energy
1000 __— 1stionisation energy
0

Sc Ti V Cr Mn Fe Co Ni Cu Zn

Element

(i1)) Explain why the predominant oxidation state of scandium (Sc) is 3+.
(1) Explain why Sct compounds are white or colourless whereas V3t
compounds have colour.

(d) Using an example, explain the bonding in complex ions of transition metals.

End of Question 34
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Question 35 — Forensic Chemistry (25 marks)

Answer parts (a) and (b) of the question on pages 2—4 of the Section II Writing
Booklet. Start each part of the question on a new page.

(a)

(b)

@

(ii)

Outline a test that could be carried out in a school laboratory to
distinguish between sodium carbonate and starch.

The emission spectrum of sodium is shown.
Wavelength (nm)
4(I)O 4E|30 5(|)0 5?0 6(|)0 6?0 7(|)O
467 515 588]| 616

@

(ii)

With reference to atomic structure, explain how the lines on the emission
spectrum are produced.

A group of students tried to use chromatography to separate the pigments
extracted from a plant leaf. They put a small spot of the pigments on a
strip of paper and drew a line across the paper to show the starting point.
They then allowed solvent to run up the paper.

Explain why a pencil rather than a pen should be used to draw the line.
The students then tried to use chromatography to separate an alkanol and
an alkanoic acid. They found that the spot of the alkanol and alkanoic

acid mixture did not move when an alkane was used as the solvent.

Justify a modification to the experiment that would lead to the separation
of the alkanol and the alkanoic acid.

Question 35 continues on page 38
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Question 35 (continued)

Answer parts (c) and (d) of the question on pages 5-8 of the Section II Writing
Booklet. Start each part of the question on a new page.
(c) Electrophoresis of proteins can be used to test for performance enhancing drugs.

(1) Using structural formulae, draw a chemical equation to show how a
protein fragment can become positively charged in a low pH solution.

(i1)) Explain how electrophoresis is used to separate and identify proteins.
Include a labelled diagram in your answer.

(ii1)) Mass spectrometry can be used to identify other drugs in a blood sample.
Below is a spectrum obtained from the analysis of a blood sample.

Analysis of a blood sample

100 i

32
80

369

~
an
—
<}
0}
NS
=23
=<3

60

Abundance (%)

4019 % 204 30

4 oy 1 188 | 599
20 146 198 242 Mgz‘oq

I A i B Jl

0 TTTTTrT LNLINLIN INL L L L L L L L L L L L L L L LN LA B TTTTTTTTITTITTT

miz 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380

The mass spectra of four substances (Diagrams 1 to 4) are shown on the
next page.

Using the diagrams, deduce which of the substances are present in the
blood sample. Justify your answer.

(d) Discuss the use of DNA analysis in finding lost relatives. Include the relevant
underlying chemistry in your answer.

Question 35 continues on page 39
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Question 35 (continued)

Diagram 1 0 Methoxyp.d

100 150

80
s
@ 60
s
é 40
< 1% 19

20 - 20

65
Lol Jnhe fofulm)wlse s | o

0
miz 4 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210

Diagram 2 O Trifluor.d

100 188
80
S
S 60
8
3
g 4
e)
<C
20 56 W 20
£ s T Sty |g® Ll wa |

0 Frir
miz 4 5 60 70 8 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230

Diagram 3 0 Heroin

100 i

80

369
268

60 &

204

(371
w
o

40

~no

Abundance (%)

20

24 251 M 284 355

0 ‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\\‘\‘\‘\‘\\‘\‘\‘\"\‘\‘\‘\‘\‘\I‘\‘\

miz 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380

Diagram 4 0 Ethanol
100 i

80

4
60

Abundance (%)

40 9 16
2

20 15 26| 130 243
O TTTTT T TT T T TT T T ]]‘g 1T \ZI‘5 ! | | 47
miz 2 4

T T
68101214161820222426283032343638404244464850

End of paper
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DATA SHEET
AVOGAATO CONSEANT, Ny vvvevveereeriaereesseesesseeseseeesesssesseses 6.022 x 102 mol™!
Volume of 1 mole ideal gas: at 100 kPa and

at 0°C (273.15K) .coeevveiieiien. 22.71 L
at 25°C (298.15 K) ...cocvevvrvvenenn, 24.79 L
lonisation constant for water at 25°C (298.15 K), K, «vreeveeeer 1.0 x 1071
Specific heat capacity OF WALl .........o.ovvveeeeverereeeeseeeeeereeseeee. 418 x 103 J kgt Kt
Some useful formulae
pH = —log,,[H'] AH = —-mCAT
Some standard potentials
K" +e = K 294V
Ba?* + 2¢” = Ba(s) 291V
Ca* + 2¢” = Ca(s) 2.87V
Na' + ¢~ = Na(s) =271V
Mgt + 2¢” = Mg 236V
AP 4 3¢” = Alls) -1.68V
Mn%* + 2¢” = Mn(s) 118V
H,0+e = IH,(g)+OH" -0.83 V
Zn*t + 2¢” = Zn(s) -0.76 V
Fe?* +2¢” = Fe(s) 044V
Ni%* + 2¢” = Ni(s) -0.24 V
Sn?* + 2¢” = Sn(s) -0.14V
PbZ* + 2¢” = Pb(s) -0.13V
H" +e = 1Hy g 0.00 V
SO,> +4H* + 2¢ = S0,(ag) + 2H,0 0.16 V
Cu®* + 2¢~ = Cu(s) 0.34 V
10,(g) + H,0 + 2¢ = 20H" 0.40 V
Cut+e” =  Cu(s) 052V
1) +¢ = I 0.54 V
1(ag) + e = I 0.62V
Fe*t + e = Fe* 0.77 V
Agt+e = Ag() 0.80 V
IBry() + ¢ = Br 1.08 V
1Bry(ag) + ¢ = Br .10V
10,(g) + 2H" + 2¢” = HO 123V
1Cly(g) + ¢ = «Cr 136 V
1Cr0,7 +7H +3¢7 = Ot +IH,0 136 V
1Cly(ag) + ¢ = CI 140 V
MnO,” + 8H* + 5e” = Mn* +4H,0 151V
1F(g) + ¢ = F 289V

Aylward and Findlay, SI Chemical Data (5th Edition) is the principal source of data for
this examination paper. Some data may have been modified for examination purposes.
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Section I, Part B

Question 21 (a)

Criteria Marks
A Outlines ONE effect of ozone in troposphere and ONE effect in 2
stratosphere
A Identifies ONE effect of ozone in troposphere OR stratosphere 1

Sample answer:

Troposphere O ozone acts as a pollutant, causing respiratory problems.
Stratosphere O ozone acts as a UV radiation shield by absorbing UV.

Question 21 (b)

Criteria Marks

A Qualitatively compares TWO properties of O, and O, 2

A Qualitatively compares ONE property of O, and O,

OR 1
A 1dentifies TWO properties of the molecules

Sample answer:
Ozone has a higher boiling point than oxygen. Ozone is less stable than oxygen.

Question 21 (c)

Criteria Marks

A Provides a correct equation with or without states 1

Sample answer:
0,4(g) + CIA(g) — CIOA(g) + O,(g)

Answers could include:
A series of equations could be accepted.
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Question 22 (a)t

Criteria

Marks

Labels axes correctly including units
Uses appropriate scale

Plots points correctly

Draws appropriate line of best fit

Provides a substantially correct graph

I | > I > =

Includes ONE correct feature

Sample answer: 3

Absorbance

1.0

0.9

0.8

0.7

0.6

0.5

0.4

b
0.3 %

0 | 2

Zin¢ concentration (ppm)

3

4
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Question 22 (b)t

Criteria Marks
A Provides an explanation of whether the water is safe for drinking based on 9
correct interpretation of the studentés graph or data provided
A Provides some relevant information 1

Sample answer:

From the graph, the zinc concentration is 3.6 ppm. This is greater than the concentration
considered safe for drinking water. Therefore the water is not safe for drinking.
Answers could include:

From the graph, 2.8 ppm equals approximately 0.46 absorbance. 0.58 absorbance is higher.
Therefore the water is not safe to drink.

Question 23 (a)

Criteria Marks
A Provides an explanation of why a salt bridge is required 2
A Identifies a function of a salt bridge 1

Sample answer:

The salt bridge completes the circuit in a galvanic cell. It allows movement of ions between
solutions to maintain electrical neutrality in each half-cell.
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Question 23 (b)t
Criteria Marks
A Correctly calculates the new mass showing working 4
A Provides substantially correct working 3
A Provides a relevant step and equation
OR 2
A Provides some relevant steps
A Provides ONE relevant step 1

Sample answer:

n=™ =290 4015295 mol
M 65.38

Zn+2Agt = Zn?t + 2Ag
Molar ratio Zn:Ag = 1:2

. 2x%0.015295 =0.030590 mol Ag formed
m=nM m =3.29979 g

=3.30 g gained
New mass silver electrode =10.0+3.30

=13.39¢
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Question 24 (a)t

Criteria Marks
A Calculates concentration of NaOH to four significant figures showing 3
working

A Provides substantially correct working 2

A Provides ONE relevant step 1
Sample answer:

n
C=— n=cv
v
N,cetic = 0-5020x0.02500
=0.01255 mol
Molar ratio 1:1
0.01255 5
~C =" =0.6503 mol L%
NaOH = .01930
Question 24 (b)
Criteria Marks

A Provides a correct explanation including a relevant equation 2

A Provides a relevant equation

OR 1

A Provides some valid explanation

Sample answer:

Because the acetate ion is a weak base, it has accepted a proton from the water resulting in

production of hydroxide ions. Therefore the solution has a pH > 7.

CH,C000(ag) + H,0(I) = CH,COOH (ag) + OH O(aq).
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Question 25t

Criteria Marks

A Outlines the steps in the conversion of cellulose to polyethylene 4
A Provides relevant equations

A Outlines the main steps in the conversion of cellulose to polyethylene 3
A Provides at least one relevant equation

A Identifies relevant steps in the conversion of cellulose to polyethylene

OR

A Provides substantially correct equations 2
OR

A Identifies a relevant step and a substantially correct equation

A 1dentifies ONE relevant step or equation 1
Sample answer:
Cellulose is a condensation polymer and can be broken down into glucose monomers.
Glucose can be fermented to ethanol.

Fermentation C4H,,0, (aq)—=22CH,CH,0H(aq)+2C0,(g).

Ethanol can then be dehydrated to ethylene.

. H,SO
Dehydration CH,CH,0H—24"9 ,ch, — CH, +H,0.
Polymerisation of ethylene forms polyethylene.
Question 26 (a)
Criteria Marks

A Outlines TWO reasons 3
A Identifies TWO reasons

OR 2
A Outlines ONE reason

A Identifies ONE reason 1

Sample answer:
Sulfur dioxide release is a concern for human health because even at low concentrations it
irritates the respiratory system and causes breathing difficulties. Because SO, dissolves in

water droplets, it forms acid rain that has adverse effects on the environment, for example
breaking down waxy surfaces of leaves leading to deforestation.
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Question 26 (b)t

Criteria Marks

A Explains the varying concentrations of SO, with reference to the map A
A Provides relevant equations
A Outlines factors that contribute to the varying concentrations of SO, 3
A Provides at least one relevant equation
A Provides substantially correct equations
OR
A Outlines a factor that contributes to the varying concentrations of SO, 5
OR
A Identifies a factor that contributes to the varying concentrations of SO,

and provides a substantially correct equation
A Provides some relevant information 1

Sample answer:

While sulfur dioxide is continually added to the atmosphere from geothermal sources, the
main human activities that release sulfur dioxide are burning fossil fuels such as coal

containing sulfur S(s) + O,(g) — SO,(g) or extracting metals from sulfide ores, for example
at the smelter 2PbS(s) + 30,(g) — 2PbO(s) + 2S0,(9).

Both these processes have resulted in localised high levels of SO, but have not spread across
the region. This is both because SO, levels are low in absolute terms and readily diluted in the
atmosphere and because SO, dissolves in water and is removed from the atmosphere by rain.
Sulfur dioxide reacts to form sulfurous acid:

SO,(g9) + H,0O(l) — H,SO4(aq) and is then converted to sulfuric acid.
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Question 27t

Criteria Marks

A Explains why the three compounds have very different molar masses but 5
similar boiling points in terms of their structure and bonding

A Outlines why the three compounds have very different molar masses but 4
similar boiling points in terms of their structure and/or bonding

A Shows some understanding of the structure and/or bonding of the three 203
compounds

A Provides some relevant information 1

Sample answer:

Despite having different molar masses, all three molecules have similar boiling points due to
their different structures and resulting intermolecular forces.

Butyl acetate has the largest molar mass and therefore greatest dispersion forces but it is only
slightly polar and has no hydrogen bonding.

Butan-1-ol has lower molar mass than butyl acetate and therefore smaller dispersion forces
but it is polar and contains a hydrogen bound to an oxygen. Therefore, it exhibits hydrogen
bonding resulting in strong intermolecular forces.

Acetic acid has the lowest molar mass and so the weakest dispersion forces but it is polar and
contains a hydrogen bound to an oxygen allowing the formation of hydrogen bonds between
molecules. The presence of a second oxygen in acetic acid increases the hydrogen bonding
compared with butan-1-ol.

Therefore, all three molecules have similar total strength of intermolecular forces and
therefore similar boiling points.
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Question 28 (a)t

Criteria Marks
A Outline_s TWO advantages anq TWO disadvantages of using ethanol as an 4
alternative fuel for motor vehicles
A Outlines advantages and/or disadvantages of using ethanol as a fuel 203
Identifies an advantage or a disadvantage of using ethanol as a fuel 1

Sample answer:
Advantages:

A Ethanol can be produced from renewable sources such as sugarcane as opposed to other

fuels such as petrol which come from fossil fuels, the supply of which is finite.

A Ethanol undergoes complete combustion more easily than octane therefore producing less

C(s) which can clog engine parts, and less CO(g) which is poisonous.

Disadvantages:

A Ethanol releases less energy per gram than octane meaning that a greater mass of fuel is

required to travel the same distance.

A Producing ethanol from renewable sources requires vast amounts of arable land, reducing

the availability of land for food crops.

Question 28 (b)

Criteria Marks
A Correctly calculates the energy generated showing working 3
A Provides substantially correct working 2
A Provides ONE relevant step 1

Sample answer:
C,HOH(I)+ 302(9) — 2C02(g) - 3H20(g)

~ 1000
€O~ 44.01
=22.72
22.72
Nethanol = =11.36

Energy per kg of CO, =11.36x1360
=15450 kJ
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Question 29t

Criteria Marks
A Provides a valid justification of one site with reference to the information 4
provided
A Provides a justification of one site with reference to some of the 203
information provided
A Provides some relevant information 1

Sample answer:

Site Y would be preferable as a water source.

A< Although the turbidity is higher than site X the new purification system has a
sedimentation tank where the suspended solids could be removed.

A pH is slightly acidic but this can be adjusted in the system.

A Calcium is lower than Site X. This is preferable as calcium ions in the water contribute to
ehardnessé that prevents soap lathering and can cause build-up of precipitates on pipes.
Calcium will not be removed by the new system.

A Phosphate is lower than Site X. At Site X the high phosphate could lead to algal blooms
making the water toxic to livestock and humans, having low dissolved oxygen leading to
fish kills and subsequent contamination. This is known as eutrophication.
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Question 30t

Criteria Marks
A Provides a thorough analysis of the conditions required to optimise
ammonia production using the Haber process including factors such as 7

temperature, pressure and catalyst, and their interrelationships

A Describes how factors such as temperature, pressure and catalyst, and their

interrelationships can optimise ammonia production using the Haber 6
process

A Outlines conditions that can optimise ammonia production using the 405
Haber process

A Outlines factor(s) that can affect the Haber Process 203

A Provides some relevant information 1

Sample answer:

The Haber process is an industrial process used to manufacture ammonia according to the
following equilibrium reaction.

N,(g) + 3H,(g) = 2NH,(g) AH =092 kJ mol™

In order to be economically viable it needs to produce a high yield at a reasonable rate.

Increasing the temperature will provide the reactants with more energy and therefore increase
the rate of reaction. According to Le Chatelierés Principle (LCP) when a change is imposed
on a system the system will adjust to minimise the change. Therefore if the temperature is
increased the system will adjust to reduce the temperature by favouring the reverse,
endothermic reaction and reducing the yield. As a result the process is carried out at a
moderate temperature of 450°C. An iron oxide catalyst is also added to increase the rate of
reaction but this has no impact on the yield.

According to LCP if the pressure is increased, the system will adjust to reduce the pressure by
favouring the reaction that produces fewer moles of gas. In this process it will favour the
production of ammonia, increasing the yield, but there is a limit to the pressure that the
apparatus can safely withstand so it is carried out at pressures of about 300 atm.

The equilibrium mixture is also passed through a condenser to remove the ammonia, shifting
the equilibrium to favour the production of more ammonia and increasing the yield.

To optimise production of ammonia, it is important to monitor and maintain these conditions.
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Section 11

Question 31 (a) (i)

Criteria Marks
A Writes a correct equation using structural formulae 2
A Provides some features of the equation 1
Sample answer: 3
0 0
CH,~ CH,~ C + OH- 2 CH;— CH,~ C  + CH,— CH,—OH
‘0~ CH,~— CH, O
Question 31 (a) (i)t
Criteria Marks
A Describes a suitable procedure 3
A Provides some steps to carry out saponification and/or test the product 2
A Provides some relevant information 1

Sample answer:
Procedure:

1. Add 5 g of olive oil, 15 mL of ethanol and 15 mL of 20% NaOH to an evaporating basin.

2. Heat and stir the mixture for approximately 30 minutes until the solution no longer has two
separate layers.

3. Add approximately 50 mL of saturated NaCl solution to the solution in the evaporating
basin. Stir until curds of soap float to surface.

4. Skim curds from surface. Rinse with cold water. Pat dry on filter paper.

5. Place 5 mL rainwater in a test tube with a small amount of the soap product. Invert and
shake.

6. Record the quantity of foam/bubbles.

0130



NESA 2017 HSC Chemistry Marking Guidelines

Question 31 (b) (i)t

Criteria

Marks

A Sketches a correct curve on the same axes

A Sketches a partially correct curve

Sample answer: 3

SO, Concentration —

Time -

Question 31 (b) (i)t

Lower temperature

Higher temperature

Criteria

Marks

Draws a correct conclusion
Justifies conclusion using correct calculations

Draws a conclusion
Justifies the conclusion with substantially correct calculations

Provides some relevant calculations

| | > X=>:| I>: I=:

Provides some relevant information

Sample answer:

Concentration of gases in 1.0 L container, mol L0

Moles SO,

Moles O,

Moles SO,

Initial

1.0

1.0

0

Used/made

0.70

0.35

0.70

Final

0.30

0.65

0.70

59, ]

(50,10,

0.7

=29

0.3%x0.652

Since 2.9 = 12.1, equilibrium has not been reached.
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Question 31 (c) (i)t

Criteria Marks
A Identifies both products 2
A Identifies ONE product 1

Sample answer:

X = NaHCO, or sodium hydrogen carbonate.
Y = CaO or calcium oxide.

Note: Two correct products without labelling in any order can be awarded full marks.

Question 31 (c) (ii)

Criteria Marks
A Outlines how the brine is purified )
A Provides a relevant chemical equation
A Provides some relevant information 1
Sample answer:
A Sodium carbonate is added to precipitate calcium.
A ca*(aq) + CO,%(aq) — CaCO,(s).
Question 31 (c) (iii)
Criteria Marks
A Explains the role of NH, in the manufacture of Na,CO, 3
A Provides relevant equation(s)
A~ Shows some understanding of the role of NH,
AND/OR 2
A Provides relevant equation(s)
A Provides some relevant information 1

Sample answer:

The brine is saturated with NH, so that when CO,(g) is bubbled through it and forms
H,CO,(aq) this weak acid (H,CO,) reacts with the weak base, NH,, to form hydrogen

carbonate ions.
NH,(aq) + H,CO4(aq) — NH,"(aq) + HCO3O(aq).

Sodium ions can then combine with the hydrogen carbonate ion

Na*(aq) + HCO30(aq) — NaHCO, (s).

This is an essential step in the production of sodium carbonate that would not be possible

without ammonia.
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Question 31 (d)t

Criteria Marks
A Shows a thorough understanding of the technical and environmental issues
associated with the industrial production of sodium hydroxide 7
A Makes an informed judgement about the extent to which technological
advances have overcome the issues
A Outlines technical and environmental issues associated with the industrial
production with the industrial production of sodium hydroxide
A Shows a sound understanding of technological advances in the industrial 6
production of sodium hydroxide
A Makes some judgement about the extent to which technological advances
have overcome the issues
A Outlines technical and/or environmental issues associated with the
industrial production of sodium hydroxide 405
A Shows some understanding of the use of technology in the industrial
production of sodium hydroxide
A Identifies some technological advances and/or technical issue and/or )
environmental issues associated with the industrial production of sodium 203
hydroxide
A Provides some relevant information 1

Sample answer:

NaOH is produced in an electrolytic cell using three main methods the diaphragm process,
membrane process and mercury process. The overall equation is:

2NaCl(aq) + 2H,0(l) — 2NaOH(aq) + H,(g) + Cl,(9)

Initially the diaphragm process was used, whereby an aqueous solution of NaCl was
electrolysed to form chlorine gas at the anode (2CI° — Cl, + 2¢°) leaving sodium ions in

solution, and water formed hydrogen gas at the cathode leaving OHC ions
(2H,0 + 2e° — H, + 20HC). NaOH formed when sodium ions could pass through an ashestos

membrane to combine with the OHO ions.

Although a high volume of NaOH was produced this way some contamination of the final
product occurred. Diffusion of chloride ions into the cathode compartment forms some NaCl

which compromises the purity of the NaOH formed there. In addition some OHY ions leak

back to the anode forming CIO® ions. In the diaphragm method, this technical difficulty was

overcome by maintaining a slightly positive pressure in the anode compartment. However, it
required further understanding of the chemistry of polymers before technology advanced and
the membrane process was developed. In this technology, a polymer membrane was inserted
between the half-cells instead of the asbestos membrane. This membrane contained highly

electronegative atoms like fluorine, which repelled C1% ions to prevent contamination.

The technical issue of contamination of the NaOH was solved in the mercury process which

reduced Na' ions from NaCl to Na at the cathode, the Na forming an amalgam with mercury
for transport to another tank where it is then sprayed with water to produce a chemical
reaction that forms the desired NaOH(aq). Although the mercury can be recycled some
escapes to the environment and has serious adverse effects on animals.
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However, both the diaphragm and the mercury processes raised environmental and health
concerns. The asbestos diaphragms required maintenance and replacement, leading to health
problems in workers handling the asbestos. While the mercury method solved this by
eliminating the need for asbestos, it used mercury, which could leak into the environment,
contaminating waterways. Both these issues have been addressed by the newer technology of
the membrane process where neither asbestos nor mercury are used. While introducing new
technologies to old processing plants is expensive, all new plants now use the new membrane
technology.

In my judgement, the technical and environmental issues of NaOH production have been
improved to a great extent by the introduction of new technologies.
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Question 32 (a) (i)t

Criteria Marks
A Outlines a suitable procedure 2
A Provides some relevant information 1

Sample answer:

A 5 nails were placed in test tubes containing 10 mL of 0.1 mol L® HCI.

A 5 identical nails were placed in test tubes containing 10 mL of distilled water.
A All test tubes were left for 5 days in the same location.

A After 5 days the nails were inspected for signs of corrosion.

Question 32 (a) (ii)

Criteria Marks

A Explains the expected result
A Includes relevant half equations

A Provides some explanation of the expected result

AND/OR 2
A Includes relevant half equation
A Provides some relevant information 1

Sample answer:

The nails will corrode faster in acidic conditions. This is because in the presence of H™ ions
the oxygen is more easily reduced and is therefore a stronger oxidising agent because it has a
more positive reduction potential.

0,+2H,0+4¢® - 40H°  E=040V
0, +4H" +4e° — 2H,0 E=123V

Question 32 (b) (i)

Criteria Marks
A Outlines TWO ways 2
A Outlines ONE way
OR 1
A Identifies TWO ways

Sample answer:

Increasing the concentration of the electrolyte will increase the rate of the reaction. A higher
voltage will also increase the rate.
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Question 32 (b) (i)t

Criteria Marks

Accounts for the observations including relevant equations 4

A Accounts for some observations and provides at least one relevant 3
equation

A 1dentifies reason(s) for the observations

AND/OR 2

A Provides relevant equation(s)

A Provides some relevant information 1

Sample answer:
The bubbles at the anode were due to the oxidation of chloride ions

cl - > Cl,y(g) + €
The decrease in blue intensity was due to the removal of Cu?* ions as they are reduced at the

cathode. The solid copper produced in this reaction was deposited on the cathode and
accounts for the increase in mass.

Cu* + 2e% - Cu(s).

Question 32 (c) (i)

Criteria Marks
A Shows why the rate of corrosion would have been slow at the depth 2
A Provides some relevant information 1

Sample answer:

Scientists thought that the rate of corrosion would be very slow because at great depths the
temperature and concentration of oxygen would be low.

Question 32 (c) (ii)

Criteria Marks
A Provides a valid explanation 2
A Provides some relevant information 1

Sample answer:

The wooden artefact in seawater will be saturated with salts such as NaCl. If allowed to dry
out without treatment the NaCl will crystallise within the wood and distort the structure.
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Question 32 (c) (i)t

Criteria Marks
A Describes how electrolysis can be used to remove chloride ions 3
A Includes a relevant labelled diagram
A Outlines how electrolysis can be used to remove ions
AND/OR 2
A Includes a diagram
A Identifies a feature of electrolysis 1

Sample answer: 3
Power supply
o+ |

----- Stainless steel
2 ‘ ) electrode (or mesh)
Iron artefact
= Sodium hydroxide
| solution

The artefact is submerged in a dilute NaOH electrolyte. The artefact functions as a cathode as
it is attached to the negative terminal of a DC power source. The positive terminal is attached
to a stainless steel anode. The negatively charged chloride ions migrate away from the artefact

towards the positively charged anode.
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Question 32 (d)t

Criteria Marks

A Describes the relevant work of Volta and Davy and their influence on

reducing corrosion of ocean-going vessels 7
A Draws out and relates implications
A Describes the relevant work of Volta and Davy
A Relates the work to reducing corrosion of ocean-going vessels 6
A Outlines the relevant work of Volta and/or Davy 405
A Links this work to reducing corrosion of ocean-going vessels
A Shows some understanding of the work of Volta and/or the work of Davy 203

and/or reducing corrosion of ocean-going vessels
A Provides some relevant information 1

Sample answer:

Both Volta and Davy contributed significantly to our understanding of electron transfer
reactions, leading to an increase in the range of metals and an understanding of how to protect
metals from corrosion.

Volta disproved Galvaniés ideas and showed that the electricity was due to the two different
metals in contact with the frogés legs. He went on to show that the greater the difference in
the reactivity of the metal, the greater the electricity. VVolta also developed his voltaic pile that
was the first practical source of DC current. Davy used this source to carry out various
electrolysis experiments and actually investigated the process of corrosion.

Using Voltaés idea that the current was linked to the difference in reactivity of the metals,
Davy experimented with the idea of sacrificial protection, a method that is still used today.
This involves attaching a more active metal like zinc to the iron hull of a ship. The zinc
undergoes oxidation instead of the iron, thus protecting it from corrosion.

Davyés electrolysis experiments also allowed for the extraction of new metals from their
compounds. This has led to a greater range of metals like aluminium and chromium being
available for shipbuilding. Small boats are made out of aluminium that is a passivating metal
that resists corrosion, while chromium is alloyed with iron to produce stainless steel that is
used in various components, as they are corrosion resistant.

The increased understanding of electrolysis reactions stemming from Davyés work has led to
the use of cathodic protection to prevent the corrosion of shipsé hulls. This process involves
connecting the iron hull of a ship to the negative terminal of a DC power supply while the

positive terminal is connected to an inert electrode. This prevents the formation of Fe?* ions
by reducing them back to Fe(s).

These and other processes would not be available without our understanding of electron
transfer reactions, which have stemmed from the work of VVolta and Davy.
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Question 33 (a) (i)t

Criteria Marks
A Provides a valid explanation 2
A Provides some relevant information 1

Sample answer:
The enzyme optimally functions at pH 204.

Since pH affects structural confirmation, at pH 9 the enzyme may not have the correct
structure and therefore will not be optimally functional.

Question 33 (a) (ii)

Criteria Marks
A Describes a suitable procedure 3
A Outlines some relevant steps 2
A Provides some relevant information 1

Sample answer:
1.< Water baths were prepared at temperatures of 20°C, 30°C, 40°C and 50°C.

2.< 3mL of milk was added to 8 test tubes using a pipette. Test tubes placed in water bath
until temperature was reached.

3.< 5drops of junket mix was added to each test tube.
4.< Test tubes were mixed by shaking and then carefully examined for clotting.
5.< The time taken to clot was recorded and enzyme activity calculated.

Question 33 (b) (i)

Criteria Marks
A Outlines how the structure of ATP gives rise to energy production 2
A Provides some relevant information 1

Sample answer:

ATP has an adenosine core with three phosphate groups attached. The hydrolysis of a
phosphate group converting ATP to ADP is highly exothermic releasing energy for cellular
processes.
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Question 33 (b) (i)t

Criteria Marks
A Correctly calculates time for contraction 4
A Provides substantially correct working 3
A Provides some relevant steps 2
A Provides ONE relevant step 1
Sample answer:
4x -3 N
mols per g=—————mol g**
P9 o x103 ™ 9
=3.3x10"%mol g%
ATP consumed
3.3 x 10%/1 x 10%3
= 3.3 x 109 minutes
= 0.198 seconds = 0.2 seconds
Question 33 (c) (i)
Criteria Marks
A Provides correct structural formula including water molecule 2
A Provides substantially correct structural formula
OR 1

A Identifies a product

Sample answer: 3

O ,.-0
H | H
H,O+ H,N” @ C N C C
: H H
> §)
CH,
Gly-Ala
Answers could include: 3
H.N* 0O 0
| H %
H—C—C-=N—C —1C +H,0
| H H
0
H,C
Ala-Gly
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Question 33 (c) (i)t

Criteria Marks
A Provides an explanation using a suitable model 3
A Shows some understanding of why enzymes are specific to their substrate 2
A Provides some relevant information 1

Sample answer:
Lock and key model

For a substrate to bind to an enzyme bonds must form between the active site of the enzyme
and the substrate. The active site is located within the protein structure of the enzyme. If an
incorrect enzyme comes into contact with the substrate it will not bind as these bonds will not
form.

The lock and key model explains the need for the precise fit and a complementary
substrate/enzyme complex. It is similar to a lock and key whereby the key must fit a particular

lock.
' @ [’\, y
Substrate \J

Y

Aclive site o

—

Enzyvme Y
J Enzyme-substrate complex

Lock and key Model - the substrate and enzyme active
site have complementary shapes

Answers could include:

The induced fit model is a more recent idea whereby the substrates change their shape slightly
and become bound to the enzymes by weak chemical bonds. This binding can weaken the
bonds within the reactants themselves, allowing the reaction to proceed more readily.
Following the reaction the enzyme returns to its original shape ready to undergo another
reaction.

Question 33 (c) (iii)

Criteria Marks
A Outlines limitations of model used 2
A Outlines ONE limitation
OR 1
A Identifies limitations

Sample answer:

The model lacks details, especially dynamic changes in structure. Parts of the model may not
be in proportion to real structures.
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Question 33 (d)t

Criteria Marks

A Describes the B-oxidation pathway with reference to the breakdown of
fatty acids to acetyl CoA 7

A Relates B-oxidation and TCA cycle to ATP production

A Describes the B-oxidation pathway with reference to the breakdown of
fatty acids to acetyl CoA 6

A Links B-oxidation to ATP production

A Outlines the B-oxidation pathway 485

A Shows some link between B-oxidation and ATP production

A Shows some understanding of long chain fatty acids and/or the production 203
of usable energy

A Provides some relevant information 1

Sample answer:

A long chain fatty acid is a carboxyl group with a backbone of carbon and hydrogen attached.
Fats provide more ATP per gram than carbohydrates.

Fatty acids are obtained from the breakdown of Triacylglycerides (TAGS) into glycerol and
fatty acids. These fatty acids are converted to an activated fatty acyl-CoA.
B-oxidation then results in the production of acetyl-CoA, 1 FADH,, 1 NADH and another

fatty acyl-CoA molecule, 2 carbon atoms shorter than the original. This process is repeated
until the full acyl chain has been oxidised into acetyl-CoA (eg palmitoyl CoA (16 carbon
chain) will give 8 acetyl CoA molecules).

Each acetyl-CoA is then fed into the tricarboxylic acid cycle (TCA) to produce 1 ATP, 3
NADH and 1 FADH,. The NADH and FADH, from both B-oxidation and the TCA cycle

then goes to oxidative phosphorylation to produce more ATP (NADH = 3ATP; FADH, =
2ATP).
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Question 34 (a) (i)t

Criteria Marks
A Outlines a suitable test and includes a relevant safety precaution 2
A Provides some relevant information 1

Sample answer:

Ak 1gnite flame of a Bunsen burner on a heat-proof mat.

A Spray into flame one at a time low-concentration aqueous nitrate salts of metal ions eg
calcium.

A Ensure that salts are not sprayed towards others.
A Observe and record resulting flame colour.

Question 34 (a) (ii)

Criteria Marks
A Accounts for the flame colour observed 3
A Shows some understanding of energy levels and/or visible spectrum 2
A Provides some relevant information 1

Sample answer:

For example calcium ions in a flame emit a brick red colour.

In the Bohr model of the atom, electrons orbit the nucleus in circular orbits, which are
associated with different energy levels. When calcium ions are sprayed into a flame, the
cations absorb heat from the flame. If the quantity of heat absorbed equals the energy
difference between two energy levels within the ion, an electron can become excited and
moves to a higher energy level. When an electron in an excited state drops to a lower energy
level, it emits a photon of a discrete frequency that equals the energy difference between the
two energy levels. Therefore discrete wavelengths of light are emitted and if these are in the
visible spectrum, as in the case of calcium, they will be seen as colour.

Question 34 (b) (i)

Criteria Marks
A Outlines the two main components of paint 2
A Outlines one component of paint 1

Sample answer:

Paints are comprised of a pigment, which provides colour, and a liquid medium to carry the
pigment and spread it over the surface.
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Question 34 (b) (i)t

Criteria Marks

A Identifies a colour used by Aboriginal peoples and a metal ion as the
chemical component responsible for the colour

A Provides a thorough explanation of why transition metal ions appear
coloured

A Identifies a colour used by Aboriginal peoples and a metal ion as the
chemical component responsible for the colour 3

A Provides a basic explanation of why transition metal ions appear coloured

A Relates specific colour to a naturally occurring chemical compound 5
A Identifies transition metal ion as responsible for the colour

A Provides some relevant information 1

Sample answer:

Red was one of the colours used by Aboriginal peoples. The reds are ochres formed from
silica or clay. Red ochre contains anhydrous iron (I11) oxide (Fe,O,), which is responsible for

the colour. The iron is one of the transition metals on the Periodic Table due to its electron
configuration of incompletely filled 3d orbitals. These d orbitals have slightly different
energies, the differences between them being similar to the energies of visible light enabling
the electrons in transition metal ions to jump to a slightly higher-energy d orbital by absorbing
photons of white light. This causes the compound to appear coloured.

Question 34 (c) (i)

Criteria Marks
A 1dentifies the error and justifies the answer using Hundés rule 3
A Identifies the error and/or shows some understanding of Hundés rule 2
A Identifies the error
OR 1
A Shows a basic understanding of Hundés rule

Sample answer:
The diagram should be drawn as shown with all four available suborbitals being used.

This is because Hundés rule states that orbitals of equal energy (such as the 2p orbitals) each
acquire one electron before any orbital acquires two electrons. In the original diagram the
paired dots suggest two of the p-orbitals contained two electrons while the third contained
none. A better representation would be a pair in one 2p orbital and a single electron in each of
the other 2p orbitals represented by single dots.
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Question 34 (c) (i)t

Criteria Marks
A Provides a valid explanation 2
A Provides some relevant information 1
Sample answer:
The energy required to promote an electron from its outer shell from Sc3* to Sc** is
significantly higher than that required from Sc®* to Sc®* or from Sc* to Sc?”.
Question 34 (c) (iii)
Criteria Marks
A Provides a valid explanation 2
A Provides some relevant information 1

Sample answer:

From the graph, a much higher amount of energy is needed for Sc3* than for VV3* to promote
an electron from its outer shell. The amount of energy required by Sc3* would require a
frequency outside the visible spectrum while the energy required by V3* would be within the

visible spectrum.
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Question 34 (d)E

Criteria Marks

A Provides an example of a complex ion of a transition metal
A Using the example to explain the bonding is complex ions of transition 7

metals
A Provides an example of a complex ion of a transition metal
A Describes the bonding in the complex ion 6
A Provides some explanation of the bonding
A Provides an example of a complex ion of a transition metal 405
A Outlines features of the bonding in the complex ion
A Provides an example of a complex ion of a transition metal
AND/OR 203
A 1dentifies feature(s) of the bonding in complex ions of transition metals
A Provides some relevant information 1

Sample answer:

A complex ion of a transition metal has the metal cation surrounded by anions or polar
molecules referred to as ligands. Examples of ligands include chloride, cyanide and polar
molecules such as water and ammonia. Ligands have at least one atom with a lone pair of
unbonded electrons. Coordinate covalent bonds form between the ligands and the transition
metal ion using the electron lone pairs on the ligands. Hydrated metal ions are examples of

complex ions, such as copper (I1) hexahydrate ion [Cu(H,0) 6]2+'

H 2+
Be |
~ I_i l o o
O 4
i . R
S e
H
ok |
n H _

This ion can form when an ionic solid such as copper sulfate dissolves in water. The ions
dissociate and are surrounded by polar water molecules with two pairs of unshared electrons.
Because the negatively charged side of the water molecule, the oxygen atom, is attracted to
the cation, the lone pairs of electrons can be shared with the cation in a coordinate covalent
bond. Ligands which bond using the electron pair of a single donor atom such as the oxygen

atom in H,O forming [Cu(H,0) (] 2* are ligands. If more than one atom of the ligand can

donate an electron pair and the ligand monodentate bonds to the cation through more than one
pair, the ligand is known as polydentate. Polydentate ligands bind more tightly to the metal
ion than monodentate ligands.
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Question 35 (a) (i) E

Criteria Marks
A Outlines a suitable test 2
A Provides some relevant information 1

Sample answer:
Add a few drops of acid to the sample. If bubbles appear, it is sodium carbonate.

Question 35 (a) (ii)

Criteria Marks
A Provides a valid explanation with reference to atomic structure 3
A Shows some understanding of how the lines are produced 2
A Provides some relevant information 1

Sample answer:

When an atom is heated, electrons are exited into higher energy levels. As the electrons return
to lower energy levels, they emit light energy at certain wavelengths, characteristic to the
element. These emissions are seen as coloured lines in an emission spectrum.

Question 35 (b) (i)

Criteria Marks
A Provides a valid explanation 2
A Provides some relevant information 1

Sample answer:

A pencil contains insoluble graphite whereas a pen may contain soluble pigments. Soluble
pigments from the pen may move with the solvent, blurring or moving the starting line.
Therefore a pencil line is better as it will remain in place as a reference line.
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Question 35 (b) (i)t

Criteria Marks
A Justifies a suitable modification 4
A Shows some understanding of solvent choice and separation
AND/OR 203
A Outlines a suitable modification
A Provides some relevant information 1

Sample answer:

The student should repeat the experiment using a polar solvent as the mobile phase. An
alkane is a non-polar solvent and the alkanol and alkanoic acid are both polar substances. As
like dissolves like, a polar solvent will cause the polar substances to move up the stationary
phase. As alkanoic acids tend to be more polar than alkanols of similar chain length, the
alkanoic acid will move further up the stationary phase than the alkanol thus separating them.

Question 35 (c) (i)

Criteria Marks
A Draws a correct equation 2
A Provides some relevant information 1
Sample answer: 3
H O R 0 H O K OH
H.N"* C C N C C +H" = H\N" C C N & c

H

H

QO
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Question 35 (c) (i)t

Criteria Marks
A Explains how electrophoresis is used to separate and identify proteins 3
A Includes a detailed labelled diagram
A Outlines how electrophoresis is used to separate and/or identify proteins
A Provides some relevant information
Sample answer: 3
Sample 10 be tested Known protein samples
3 for comparison
L+ -

Power After time Power M’“"‘"‘_’"

Gel substrate in of proteins
source source

budfer solution
Matching degree
of migration

Proteins can be identified using electrophoresis. The protein to be tested and samples of

known proteins are loaded in a well of the gel substrate. An electric current is passed through
the gel matrix and the proteins migrate towards the negative terminal, according to their size.
The migration of the unknown sample is then matched to the migration of the known samples

so that it can be identified.

Question 35 (c) (iii)

A Identifies ONE correct substance with justification

Criteria Marks
A Identifies the TWO correct substances with justification 2
A 1dentifies correct substances
OR 1

Sample answer:

Heroin and ethanol. The major peaks in the heroin and ethanol mass spectrometry samples
coincide with the peaks in the spectrum obtained from the analysis of the blood sample.
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Question 35 (d)t

Criteria Marks
A Provides a thorough discussion on the use of DNA analysis in finding lost
relatives
Shows a thorough understanding of DNA analysis !
Includes the relevant underlying chemistry
A Provides some discussion on the use of DNA analysis in finding lost
relatives
Shows a sound understanding of DNA analysis 6
Includes relevant underlying chemistry
A Outlines issues associated with DNA analysis
AND/OR 405
A Includes some relevant chemistry
A Shows some understanding of DNA analysis 203
A Provides some relevant information 1

Sample answer:

DNA is a large polymer molecule that codes genetic information for the transmission of
inherited traits. Sections of DNA called gene code for specific inherited characteristic and
these are found in the part of the DNA referred to as the exons which are very similar between
individuals. The non-coding parts of the DNA are called introns and these differ widely
between individuals due to the different lengths of short tandem repeats within these sections.

When DNA is analysed, restriction enzymes are used to cut the DNA into fragments. These
fragments are separated and ordered by gel electrophoresis to produce a sequence that is
unique to the individual. The introns are identified by using probes complimentary to the
short tandem repeats. The result is a series of bands on the gel. This is called a DNA profile.

Children inherit 50% of their introns from their mother and 50% from their father so parts of
an individualés profile will show similarities to relatives. The number of similarities can
provide a very accurate indication of the relationship between these family members. It is
therefore a very accurate method for providing paternity or that people are related. However,
the DNA of both parties needs to be available for this to work. Either both parties must agree
to providing DNA samples or a DNA databank must be searched.

These concerns about the violation of privacy and human rights with respect to the
maintenance of DNA data banks. Privacy and security of DNA data banks are a concern as
DNA profiles can be stored indefinitely and potentially be used in the future for new and
unidentified purposes. Laws could also change to allow that profile to be shared with others.

In instances eg terrorist bombings where bodies are largely destroyed, this analysis can be
extremely useful to identify the victims as only a small amount of their DNA is required and
can be compared to the DNA of family members to establish their identity very accurately.
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Section |
Part A
Question | Marks Content Syllabus outcomes
1 1 9.3.4.3.3 H11.3 (a)
2 1 9.4.33.1 H6
3 1 9.4.4.2.9 H9
4 1 9.35.3.1 H11.2 (e)
5 1 9.3.4.2.6 H8
6 1 9.25.2.2 H6
7 1 9.2.1.3.2 H9, H13
8 1 9.4.3.2.1,9.433.1 H8
9 1 9.2.3.3.6,9.4.1.2.3 H9, H10, H14
10 1 9.2.4.3.3 H3, H7
11 1 9.24.2.3 H6, H8
12 1 9.2.1.3.3,9.2.1.25 H9
13 1 9.3.3.2.2,9.3.4.3.3 H10
14 1 9.3.4.2.9,9.3.4.2.3 H8
15 1 9.44.24,94.4.25 H6
16 1 9.3.2.2.4,9.3.2.25 H8
17 1 9.3.2.2.9,9.4.4.2.6 H10, H12.4 (b)
18 1 9.3.2.2.4,9.4.2.2.9 H10
19 1 9.4.33.3 H10, H12.4 (b)
20 1 9.3.3.3.7,9.3.3.25 H10, H12.4 (b)
Section |
Part B
Question | Marks Content Syllabus outcomes
21 (a) 2 9.4.4.2.3 H4
21 (b) 2 9.4.4.2.6 H8
21 (c) 1 9.4.43.1 H6
22 (a) 3 9.4.3.35 H13.1 (f)
22 (b) 2 9.45.2.1,9.4.335 H12.4 (b), H4
23 (a) 2 9.2.4.3.1,9.2.4.2.5 H7
23 (b) 4 9.2.4.2.2,9.2.4.2.4,9.2.4.2.6 H7, H10, H12.4 (b)
24 (a) 3 9.3.4.3.3 H12.4 (b), H10
24 (b) 2 9.3.4.2.4,9.2.1.3.1,9.2.1.2.1 H8
25 4 9.2.2.2.5,9.2.3.35,9.2.3.3.1,9.2.1.2.6 H1, H5
26 () 3 9.3.2.2.6,9.3.2.2.7,9.3.2.2.8,9.3.2.2.10, H4, H8, H14.1, H14.3

9.3.2.3.2
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Question | Marks Content Syllabus outcomes
26 (b) 4 9.3.2.1 H8, H4, H14.1, H14.3
27 5 9.3.5.2.1,9.35.2.3 H9, H2, H14
28 (a) 4 9.2.3.2.4,9.2.3.2.8,9.2.3.3.3 H9, H4, H5
28 (b) 3 9.2.3.3.6 H7, H9, H10, H12.4 (b)
29 4 9.45.1 H4, H12.3 (c), H14.1
30 7 94.21 H1, H2, H8, H10, H14.1
Section 11
Question | Marks Content Syllabus outcomes
Qu%sltion Industrial Chemistry
@) (i) 2 9.55.2.1 H9
(a) (i) 3 9.55.3.1 H9, H11
(b) (i) 2 9.5.3.2.4,9.5.3.25 H8
(b) (ii) 4 9.5.2.2.3,9.5.2.3.4,9.5.3.25 H8
() (i) 2 9.5.6.2.3 H3, H4
(c) (ii) 2 9.5.6.2.3 H3, H8
(c) (iii) 3 9.5.6.2.3 H3, H8
(d) 7 9.5.4.2.3 H3, H5
Question Shipwrecks, Corrosion and
32 Conservation
@) (i) 2 9.6.6.3.1 H11.3 (a)
(a) (ii) 3 9.6.6.2.3 H8
(b) (i) 2 9.6.3.2.2 H8
(b) (ii) 4 9.6.3.2.1 H6, H7
(c) (i) 2 9.6.5.3.2,9.6.5.2.4 H1, H8
(c) (ii) 2 9.6.7.2.2 H4
(c) (iii) 3 9.6.7.2.3,9.6.7.2.5 H4
(d) 2 ggigi 9.6.1.3.1,9.6.4.2.3,9.6.4.3.4, H1, H3
Qu%sgtion The Biochemistry of Movement
@) (i) 2 9.7.43.2,9.74.25,9.74.2.6 H2, H8
(a) (ii) 3 9.7.4.3.2 H11
(b) (i) 2 9.7.11 H9
(b) (ii) 4 9.7.1.21 H10, H12.4 (b)
() (i) 2 9.7.4.2.3 H9, H10, H13.1d
(c) (ii) 3 9.7.4.2.7,9.74.33 H2, H8
(c) (iii) 2 9.7.4.33 H2
(d) 7 9.7.6.1,9.7.1.2.4,9.7.8.2.1-3 H7, H9, H10
Qu%s:ion The Chemistry of Art
@) (i) 2 9.8.2.3.1 H11
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Question | Marks Content Syllabus outcomes
. 9.8.2.2.1,9.8.2.2.2,9.8.2.2.3,9.8.2.2.2.7,
(@) (if) 3 98231 H2
(b) (i) 2 9.8.1.2.6 H4
b) (i 4 9.8.1.3.1,9.8.1.2.8 H6
(
(c) (i) 3 9.8.3.3.2 H1, H6
(c) (ii) 2 9.8.3.2.8,9.8.3.3.1 H6
(c) (iii) 2 9.8.2.2.4 H6
(d) 7
Qu%ssstlon Forensic Chemistry
@) (i) 2 9.9.1.33 H8
(a) (ii) 3 9.9.6.2.1,9.9.6.2.2,9.9.6.2.3,9.9.6.2.4 H6, H14.1
(b) (i) 2 9.9.3.3.3,9.9.3.34 H11.2 (d), H11.2 (e)
(b) (ii) 4 9.9.3.3.3,9.9.3.34 H11.2 (d), H11.2 (e)
() (i) 2 9.9.3.2.3 H9
(c) (ii) 3 9.9.3.2.6,9.9.3.35 H11
(c) (iii) 2 9.9.5.2.3,9.953.1 H12.3 (c), H14
(d) 7 9.9.1.3.2,9.9.4.3.1,9.9.4.2.2,9.9.4.2.3 H1, H3, H4, H14
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