D,

A ] South Australian
Certificate of Education

Chemistry
2018

Question booklet 1

* (Questions 1 to 4) 59 marks

* Answer all questions

» Write your answers in this question booklet

* You may write on page 15 if you need more space
» Allow approximately 60 minutes

Examination information

Materials

+ Question booklet 1 (Questions 1 to 4)
+ Question booklet 2 (Questions 5 to 8)
» SACE registration number label

Reading time

* 10 minutes

* You may begin writing during this time

* You may begin using an approved calculator during this time

Writing time

* 2 hours

» Use black or blue pen

* You may use a sharp dark pencil for diagrams and other representations
» Approved calculators may be used

Total marks 120

Government

© SACE Board of South Australia 2018 of South Australia

Attach your SACE registration number label here




o>ACE
BOARD
OF sOUTH
AUSTRALIA



(z92) (652) (852) (282) (zs2) (152) (L¥2) (Lv2) (ev2) (¥¥2) (2€2) 082 0'L€z 0zee
WNOUSIMET [ WNIOqON [WNIABJOPUSN| wniwle wniuesuly | wniwioe) | wniaylag wnun) wnpuawy | wnuoinjld | wniunydaN wniueln (wnupoejold |  wnuoyl
" ON | PN | w4 | s3 JO | 49 | wo | wy | nd | dN n ed uL S3l18s 9pIuUROY;
€01 [411% (X1] 00l 66 86 16 96 G6 16 €6 Z6 16 06 m
>
0G.L 0€Ll 6891 €/91 679l G291 6851 €451 0ZS) ¥°0G1 (G¥1) A4 60Vl LovL (@]
wnnieinT WINIqJaRA wninyg wnigi3 wniwioH | wnisoidsAQ wniqle] wniuijopes | wnidoingy wnuewes | wniyjwold | wniwApoaN (wniwAposseld|  wnuad zZ
4
N | qA | wl | 413 oH | /i@ | 9L | P9 | N3 | ws | wd | PN | 4id :To) sal9s splueyjueT, u
L 0L 69 89 19 99 G9 9 €9 29 19 09 65 86 H
7]
<
4
(¥62) (v62) (¢62) (882) (682) (¥82) (s82) (082) (182) (922) (0£2) (z12) (L22) (892) (292) (L22) (9z2) (ez2) o
uossauebQ | BUISSBUUB] | WNLOWISAIT [ WNIAOOSOW | wnIA0I8|4 wniuoyiN  [wndiuisdo) (wnjusbiusoy|wnipeiswieq| wnusulsiy wnisseH wnuyog wnibiogeag | wnugng [wnipiogayiny|  wniunoy wnipey wniouel
Bo | sL | M1 | 2N E| UN | up | By | sa | W | SH | yg | Bs | aa | M oy | ey E|
sLl LIl 9Ll SLl 141" €Ll L L oLl 601 801 L0L 90l +{1]% 141]% 268 88 18
(zz2) (012) (602) 0602 2,02 ¥'¥02 9002 0261 LGBl (441 z06l z98l 8'e8l 608} g8l 6'8¢l €€l 6'cel
. uopey auleisy wnjuojod yinwsig peaT wnijeyl AinoJay pl1oo wnuneld wnipu| wniwsQ wniuayy uaysbun) wnjejue| wniuyeH wnueyjue] wnueg wnisee)
m uy w od g9 qd 1L BH ny d ] SO 9y M el JH e’ ed M)
cw 98 G8 8 €8 Z8 18 08 6. 8. LL 9. 72 V. €L L LS 99 GS
o
,m glel 6921 921 8Lzl 18l YLl il 620L ¥'901 6201 L'LOL (26) ¥6'G6 16726 216 16'88 2918 11'G8
%: uouay Baulpo| wnun|| L Auownuy url wnipu| wniwpe) JOA|IS wnipejied wnipoyy wnjuayiny | wnpauyoa] |wnuspgAjop| wnigoiN wniuoalliz WNUPA wnpuoss wnipigny
® C) ¢ | 9] qs us uj PO By Pd Uy ny o1 O aN 1z A 1S qy 2
M 14 €S [4%] 1S 0S 6V 14 Ly (14 414 144 e [A4 (A4 (114 6€ 8¢ JA .,w
I
S 08'¢8 06'6. 96'8/ 26'v. 652 2.'69 8€°G9 G5'€9 01'8S £6'85 G8'GS Y61 002 7605 06°L¥ 96'1¥ 80°0% 0L°6¢ >
© uoydAry aujwolg wnius|es oluasIy wniuewsss wnijes ourz Jaddop 1932IN Jeqo)d uol| asauebuely | wniwoiyd wnipeuep wniuey ] wnipueog wnioe) wnissejod m
I I g 9S SvY 29 e uz no IN 0D 94 UN 1D A 1L oS -30) A
w 9¢ G¢ 145 €e [A% L€ 0¢ 6¢ 8¢ L2 9¢ *T4 ve €C [44 (X4 (174 6l
.m, G6'6€ G¥'Ge 90°2¢ 16°0€ 60°82 96'92 Leve 66'2¢C
— uobay auloyo anyng snioydsoyd uool|IS wnjuiwn|y wnisaubepy wnipos
> =)/ 1D S d IS v BN EN
.m 1% Ll 9l Sl 143 €l 4% %
% 81°02 006} 0091 LOvL L0CL 1801 Z10'6 1769
-~ uoaN auuon|4 uabAxQ uabonN uoge) uolog wnijfieg wniyy
5 aN J o N ) | ag 7
,m (1]% 6 8 L 9 ] 14 €
>
W €00t 8001
» wnijeH uaboupAH
S oH H
o [4 l
g
o)
& SIN3IN313 IHL 40 319V1 21dOold3d



Metal activity

Li
K
Ca
Na
Mg
Al
Zn
Cd
Co
Ni
Cu
Hg
Pt

4

most reactive

least reactive

Table of Sl prefixes

SI prefix Symbol Value
tera T 10"
giga G 10°
mega M 10°
kilo k 10°
deci d 107"
centi c 1072
milli m 10°
micro u 10°°
nano n 10°°
pico p 107"

Symbols of common quantities

amount of substance n
mass m
molar concentration c
change in enthalpy AH
molar mass M
volume %
heat energy Q
specific heat capacity C
temperature T

Magnitude of physical constants

Avogadro’s number 6.02 x 10 mol™

heat capacity of water 418Jg'K™

Mathematical relationships

pH :—Iog[H*J
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The examination questions begin on page 6.
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1.

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

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

(2 marks)

(i) The mass of 2-methylbutanal in a 10 mL sample of tomato juice is 1.22 x 107 g.

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

(3 marks)
(b) The structural formula of methyl salicylate is shown below.
O
O/
OH
Methyl salicylate can undergo both acidic hydrolysis and alkaline hydrolysis.
(i) Acidic hydrolysis of methyl salicylate produces an acid and another compound.
Name the other compound.
(1 mark)
(i) ldentify a suitable reagent for the alkaline hydrolysis of methyl salicylate.
(1 mark)

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

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

0]

OH

NH,

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

(2 marks)

(i) Tomato juice is acidic.

Draw one possible structure of phenylalanine in tomato juice.

(1 mark)

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

solvent front f----------

° amino acid A
° amino acid B
° amino acid C

origin f----------

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

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

(2 marks)
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2.

Geraniol is a compound that contributes to the aroma of rose oil. The structural formula of geraniol
is shown below.

(@)

(b)

(c)

AR

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

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

(1 mark)
(ii) State the colour change that is observed.
(2 marks)
Geraniol reacts with propanoic acid to form geranyl propanoate, a food flavouring.
(i) Name the functional group formed in this reaction.
(1 mark)
(ii) Identify the other product formed in this reaction.
(1 mark)
(iii) Draw the structural formula of geranyl propanoate.
(2 marks)

A sample of rose oil was analysed using gas chromatography.

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

(3 marks)
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(d) A sample of geraniol was analysed for purity, using a gas chromatograph. The diagram below

represents the chromatogram obtained.

Relative abundance

00 02 04 06 08 10 12 1

Time (min)

State, with a reason, whether or not this sample of geraniol

4

is pure.

(2 marks)
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3.

Chlorine, Cl,, is produced industrially on a large scale, and is used to manufacture a variety of
other chemicals.

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

Na2003(aq)
NaOH
l (aq)
. Step 3: Cl,
impure Step 1: R Step 2: electrolysis of H
NaCl precipitation "| cation exchange purified NaCl NZOH
solution solution a
2+
CaCo, Ba”aq)
Mg(OH),

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

(2 marks)

(i) Write an ionic equation for the precipitation reaction in Step 1 that produces CaCO, .

(2 marks)

+

(iii) Cation exchange is used in Step 2 to remove unwanted Ba? (aq from the impure
NaCl solution. A section of the cation-exchange column is shown in the diagram below.

impure
NaCl
solution

Key

@ resin bead

@ Na*

IO
OHOOOC
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With reference to the diagram of the cation-exchange column, explain how cation
exchange removes unwanted Ba”(aq) from the impure NaCl solution.

(3 marks)

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

(2 marks)
(2) State whether Cl, will be produced at the anode or at the cathode.

(1 mark)

b) CI, reacts with hydrocarbons to produce a monomer. This monomer is used to produce
2
polyvinyl chloride, PVC.

A section of a PVC polymer is shown below.

LTI T TIT
T
H H H H H H H H

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

(1 mark)

(i) PVC is a thermoplastic polymer.

(1) Explain why thermoplastic polymers are recyclable.

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

(2 marks)

(c) Cl, forms two compounds with phosphorus: PCl, and PClI,.

When PCI, is heated, the following reaction occurs:

PCl,,, = PCl,, + Cl

5(9) 2(9)

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

(i) Write the K, expression for this reaction.

(1 mark)

(i) Intrial A, a 2.00 L flask was used. At equilibrium, 0.060 mol of PCI, was present.

(1) Calculate the concentrations of PCl,, PCl,, and Cl, at equilibrium.

(3 marks)

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

(1 mark)

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

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

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

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

H

H
B

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

(2 marks)

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

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

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

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

(2 marks)

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

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

(3 marks)

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

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

(2 marks)
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You may write on this page if you need more space to finish your answers to any of the questions in
this question booklet. Make sure to label each answer carefully (e.g. 3(b)(ii)(1) continued).

page 15 of 15 — end of question booklet
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5.

Many foods and beverages purchased by consumers contain synthetic components.

(a) Vanilla flavouring may contain synthetic vanillin.

The structural formula of vanillin is shown below.

@) H

O/CH3

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

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

(2 marks)

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

(2 marks)

page 3 of 14 PLEASE TURN OVER



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

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

Calculate the difference in concentration of H', in mol L™, between a lemonade of pH 2.5
and a lemonade of pH 3.5.

(2 marks)
(ii) The structural formulae of citric acid and sucrose are shown below.
o OH CH,OH
0 0 H QO H CH,OH H
H @)
OH H
HO bH OH OH O\ 19/, oH
H OH OH H
citric acid sucrose

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

(3 marks)

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

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

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

CHO CH,OH
H—1—OH H—1—OH
HO——F—H HO——F—H
H—1—OH H—1—OH
CH,OH CH,OH
xylose xylitol

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

Explain why this claim is false.

(2 marks)

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

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

(3 marks)
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6.

Bioethanol can be made from the cellulose in wood pulp.

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

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

(2 marks)
(b) The second step in the production of bioethanol is the fermentation of glucose.
(i) Write an equation for the fermentation of glucose.
(2 marks)
(i) State how yeast increases the rate of fermentation of glucose.
(1 mark)

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

Explain why water is highly soluble in ethanol.

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

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

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

(6 marks)
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7.

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

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

The structure of a section of PTFE is shown below.

polytetrafluoroethene (PTFE)

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

(1 mark)

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

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

(1 mark)

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

(1 mark)

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

perfluorooctanoic acid (PFOA)

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

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

(1 mark)
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(€)

(i) Suggest one use for the anionic form of PFOA.

(1 mark)

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

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

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

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

The key concepts of science as a human endeavour are:
« communication and collaboration
» development

* influence
+ application and limitation.

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

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

(@) In some locations, high concentrations of Ca®" are found in tap water.

(i) (1) State the term used to describe water that has a high concentration of Ca?".

(1 mark)

(2) Explain one undesirable outcome of washing clothes with water that has a high
concentration of Ca?".

(2 marks)

(i) The simplified flow chart below shows how the process of reverse osmosis, RO, removes
metal cations such as Ca?" from tap water.

tap water ————>{ RO membranes ——> demineralised water

l

waste water

Explain how RO removes metal cations such as Ca?®' from tap water.

(3 marks)
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(b) The presence of metal cations such as Fe*"in tap water can lead to discoloration of clothes
during washing.

(i)

(ii)

Four electron configurations (A, B, C, and D) are shown below.
A: 1s?2s? 2p® 3s2 3p° 3d°

B: 1s22s?2p® 3s? 3p® 3d° 4s2

C: 1s?2s? 2p® 3s? 3p® 3d° 4s?

D: 1s?2s?2p® 3s? 3p® 3d° 4s?

Identify which of A, B, C, and D represents the electron configuration of Fe*"in its lowest
energy state.

(1 mark)

An analytical technique was used to determine the concentration of Fe®"in a tap water
sample. The calibration graph prepared for this determination is shown below.

04
D
03 e
/"/
[0]
2 02
3
rd
<
01
0.0
0.0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8

Concentration of Fe3' (ppm)

(1) Write the full name of the analytical technique that was used.

(1 mark)

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

Using the graph above, determine the concentration of Fe"in the tap water sample,
in ppm.

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

(1) Astudent carried out a titration to determine the concentration of H,0, in one stain
remover. The following procedure was used:

Step 1 — preparation of dilute solution of stain remover

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

Step 2 — titration

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

The equation for the reaction is shown below.

2MnO,” + 5H,0, + 6H" — > 2Mn?" + 50, + 8H,0

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

(A) Calculate the number of moles of MnO, that reacted.

(2 marks)

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

(2 marks)

(C) Calculate the concentration of H,0,, in mol L™, in the undiluted stain remover.

(2 marks)
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(2) The concentration of H,O, determined by the student was lower than the
concentration stated on the bottle of stain remover. H,0, decomposes during
storage.

(A) State whether the decomposition of H,0, during storage would lead to a
systematic error or a random error in this titration.

(1 mark)

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

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

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

(3 marks)
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You may write on this page if you need more space to finish your answers to any of the questions in
this question booklet. Make sure to label each answer carefully (e.g. 8(b)(iii)(1)(A) continued).

page 14 of 14 — end of question booklet
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