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You may refer to the following table, which shows the relative activities of a number of metals, when
answering questions that involve metals:

Metal activity

K most reactive
Ca
Na
Mg
Al

Zn
Cd
Co
Ni

Cu
Hg

Ag Y least reactive

You may refer to the following table, which shows Sl prefixes, their symbols, and their values, when
answering questions that involve the conversion of units:

S prefix Symbol Value

tera T 102
giga G 10°
mega M 108
kilo k 10°
deci d 107"
centi c 1072
milli m 1073
micro u 10°°
nano n 107°
pico p 1072
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The examination questions begin on page 6.
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Question 1 (15 marks)

CO is one pollutant that may be found in the exhaust gases produced by petrol-burning vehicles.

(a) (i) Explain why there may be CO in the exhaust gases produced by a petrol-burning vehicle.

(2 marks)

(i) State why CO is considered to be a pollutant.

(1 mark)

(iii) State and explain whether CO is a primary or secondary pollutant.

(2 marks)

(iv) One reaction that can occur between two exhaust gases is:

CO,, + NO,, —> CO,, + NO

2(g 2(9) (9)

The energy profile diagram for this reaction is shown below.

~100 a
- [

COyq) + NOy)

l
-200 (reactants) \

Energy (kJ mol")

-300

COy) + NO,

400 (products)

Reaction pathway

Determine the magnitude and sign of AH for the forward reaction, in kJmol™.

(2 marks)
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(b) All modern petrol-burning vehicles are fitted with catalytic converters that convert CO into CO,,.

(i) Explain the effect of the catalyst on the activation energy of this reaction.

(2 marks)

(i) Explain the effect of the catalyst on the magnitude of AH for this reaction.

(2 marks)

(iii) The honeycomb structure inside a catalytic converter provides a very large surface, which is
coated with the catalyst.

Explain, in terms of collisions between reactant particles, why an increase in surface area
produces an increase in the rate of reaction.

(2 marks)

(iv) An incomplete thermochemical equation for the conversion of CO into CO, in a catalytic
converter is:

CcoO + o, — CO, AH =-283 kJmol .

Complete this thermochemical equation. (2 marks)
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Question 2 (10 marks)

‘Cold and flu’ medications contain a variety of chemicals.

(a) Ethanol can be used as a solvent in these medications.
(iy Ethanol can be produced by the fermentation of glucose.

(1) Write an equation for the fermentation of glucose.

(2 marks)

(2) State one observation that would indicate that fermentation is occurring.

(1 mark)

(i) The ethanol present in these medications can produce positive results in alcohol breath tests
that use dichromate ions as the oxidising agent.

State the colour change observed when dichromate ions react with ethanol.

(2 marks)

(b) Fexofenadine and pseudoephedrine are active ingredients in some cold and flu medications.
(i) Glucose is used as a raw material in the production of pseudoephedrine. The structural
formula of glucose is shown below.

HO —0
HO

OH

State why glucose is classified as a carbohydrate.

(1 mark)
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(i) The production of pseudoephedrine involves a reaction between glucose and benzaldehyde,

an aldehyde.
Explain why Tollens’ reagent cannot be used to conclude that excess benzaldehyde remained

at the end of this reaction.

(2 marks)

(iii) A mixture of fexofenadine and pseudoephedrine was separated, using high-performance
liquid chromatography. The stationary phase was less polar than the mobile phase.

The resultant chromatogram is shown below.

fexofenadine

Intensity

pseudoephedrine

0 1 2 3 4 5 6
Retention time (min)

Explain how the chromatogram above shows that pseudoephedrine is more polar than
fexofenadine.

(2 marks)
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Question 3 (18 marks)

Soaps are commonly used cleaning agents.

(a) Soap anions remove grease by forming micelles in water. A diagram of a micelle in water is
shown below.

S35

wN

<« water

Identify the region (X or Y) that is more polar.

(1 mark)

(b) The effectiveness of a soap can be measured by its ability to froth in water.

Trials were conducted, using one piece of glassware, to compare the effectiveness of one soap in
samples of water taken from three different sources.

In each trial, 1.0 mL of soap solution was added to 80.0 mL samples of water. The glassware was
sealed and then shaken vigorously for 10 seconds. The total volume, including the froth formed,
was recorded.

Three trials were conducted for each water source. The results obtained from this experiment are
shown in the table below.

Total volume (mL)
Water source Trial 1 Trial 2 Trial 3 Average
1 91.0 93.0 92.0 92.0
2 89.0 86.0 86.0 87.0
3 82.0 82.0 84.0 82.7

(i) State the independent variable for this experiment.

(1 mark)

(i) State the benefit of obtaining an average volume from three trials for each water source.

(1 mark)
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(iii) Three pieces of glassware that could have been used to conduct the trials are shown below.

100

80

60

40

20

Identify the piece of glassware that would provide the most appropriate resolution for
measuring the volume in these trials.

(1 mark)

(iv) (1) Identify the water source in which the soap is least able to froth.

(1 mark)

(2) Explain the likely reason why the soap is least able to froth in the water from this source.

(3 marks)
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(c) Soaps can be made from a variety of oils, including almond oil and coconut oil. Triglycerides
made from oleic acid make up the major component of almond oil. Triglycerides made from lauric
acid make up the major component of coconut oil.

The structural formulae of these two acids are shown below.

oleic acid lauric acid

(i) Draw the structural formula of a triglyceride made from lauric acid.

(2 marks)

(i) Explain why soap made from almond oil has a lower melting point than soap made from
coconut oil.

(3 marks)
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(d) Oils from plants such as lavender may be added to soaps to provide fragrance.

The structural formula of an ester found in lavender oil is shown below.

o]
/‘\/\)4/

(i) Each carbon atom in this ester is bonded to either three or four other atoms.

State the number of carbon atoms in this molecule that are bonded to four other atoms.

(1 mark)

(i) State the systematic name of the acid produced during hydrolysis of this ester.

(2 marks)

(iii) One step in the production of lavender oil involves the separation of oil from water using a
separating funnel. Two layers form in the funnel, as shown below:

Suggest one method of determining which of these two layers is the water layer.

(2 marks)
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Question 4 (18 marks)

Research indicates that as increasing amounts of CO, from the atmosphere are dissolving in sea
water, the pH of sea water is decreasing. Some seawater species that have shells composed primarily
of CaCQO, may be affected.

(a) Explain, with the aid of an equation, how CO, dissolved in sea water decreases the pH of the
sea water.

(3 marks)
(b) The pH of sea water from a particular location was found to be 7.5.
Calculate the concentration of H+(aq), in molL™", in this sea water.
(2 marks)
(c) Explain how the decreased pH levels of sea water could affect the mass of shells that
contain CaCO,.
(2 marks)
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Credit will be given for the correct use of significant figures in answers to part (d). (1 mark)

(d) The following procedure was used to investigate the effect of the decreasing pH levels of sea
water on the mass of the shells of one seawater species:

Step 1 A crushed shell with a mass of 0.145 g was placed in a conical flask.
Step 2 50.0 mL of standardised 0.200 molL™" HCI solution was added to the conical flask.

Step 3 At the completion of the reaction, the unreacted HCI in the conical flask was titrated
with 0.250 mol L™ NaOH solution. The equation for this reaction is shown below.

NaOH + HCI — NaCl + H,0

The titre recorded was 0.02870 L.

(iy Calculate the number of moles of NaOH in the titre.

(1 mark)
(i) Determine the number of moles of HCI that reacted in the titration.
(1 mark)
(ii) Calculate the number of moles of HCI that reacted with the CaCO, in the shell.
(2 marks)
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(iv) CaCO, reacts with HCI as shown in the equation below.

2HCI + CaCO, —»> H,0 + CO, + CaCl,

Calculate the mass of CaCO, (M = 100.09 gmol™) in the shell.

(2 marks)

(v) Determine the percentage, by mass, of CaCQO, in the shell.

(1 mark)

(vi) After the investigation was completed, the concentration of the HCI solution was determined
to have been less than 0.200 molL™.

Explain the effect that this had on the calculated mass of CaCO,,.

(3 marks)
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You may write on this page if you need more space to finish your answers to Question Booklet 1.
Make sure to label each answer carefully (e.g. 2(b)(ii) continued).

page 17 of 17 — end of question booklet






50
I=]
S,

*2*

¢
R | _E
e

SACE

Government South Australian
of South Australia Board of SA

Certificate of Education

Chemistry
2017

Question Booklet 2

* (Questions 5 to 8) 60 marks

* Answer all questions

» Write your answers in this question booklet

* You may write on page 12 if you need more space
» Allow approximately 60 minutes

© SACE Board of South Australia 2017

Copy the information from your SACE label here For office use only

Supervisor | Re-marked
CHECK check

SEQ FIGURES LETTER BIN




Question 5 (15 marks)

HOCI and OCI (together commonly referred to as ‘free chlorine’) are used as antibacterial agents in
the treatment of water.

(a) State the action of HOCI and OCI" in this process.

(1 mark)

(b) OCI undergoes the following reaction with water:

OCI" + H,O —= HOCI + OH"

HOCI is a more effective antibacterial agent than OCI".

Explain why water needs to be mildly acidic in order to maximise the antibacterial effectiveness of
free chlorine.

(3 marks)

(c) N,N-Diethyl-p-phenylenediamine (DPD) can be used to measure free chlorine concentration in
water. The structural formula of DPD is shown below.

H.C~__N~__CH,

(i) State whether the amine group circled on the structural formula above is a primary,
secondary, or tertiary amine.

(1 mark)

page 2 of 12



(i) Explain why DPD is only slightly soluble in water.

(3 marks)
(iii) DPD reacts with acid to form a new product.
(1) This reaction is exothermic.
State whether energy is absorbed or released during this reaction.
(1 mark)

(2) (A) Draw the structural formula of the product formed when DPD reacts with excess acid.

(2 marks)

(B) Explain whether this product is more soluble or less soluble in water than DPD.

(4 marks)
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Question 6 (16 marks)

The production of cement contributes significantly to total global CO, emissions.
(a) The first step in cement production is the thermal decomposition of CaCO,, as shown in the

following equation:

CaCO,, —»> CaO, + CO

2(g)

One particular cement factory produces approximately 225000 tonnes of CaO each year.

1 tonne = 1 x 10° grams.

(i) (1) Calculate the number of moles of CaO produced annually.

(2 marks)

(2) Hence calculate, in tonnes, the mass of CO, (M = 44.01 gmol ') emissions
produced annually.

(2 marks)
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(if) The thermal decomposition of CaCO, accounts for 55% of the total annual CO, emissions
from this cement factory.

Calculate the total annual mass of CO, emissions from this cement factory.

(1 mark)
(iii) A very large area of forest (the size of a small city) would need to be planted in order to offset

the annual CO, emissions from this cement factory.

Write a balanced equation for the process in which plants remove CO, from the atmosphere.

(2 marks)

(b) During cement production, CaO reacts with SiO, to form a mixture of silicates.

(i)  Using this information, explain whether SiO, has an acidic or a basic character.

(2 marks)
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(if) One possible reaction of CaO with SiO, is:
CaO + SiO, —> CaSiO,
The structure of a section of the silicate anion formed in this reaction is shown below.
Tl 79
Si Si Si Si

Explain why the spatial arrangement of oxygen atoms about each silicon atom is tetrahedral.

(3 marks)

(c) Scientists agree that the increasing global emissions of CO, are disrupting the thermal balance of
the atmosphere.

(i) Explain how increased CO, emissions contribute to an increased average global temperature.

(3 marks)

(i) State one environmental consequence that may arise from disrupting the thermal balance of
the atmosphere.

(1 mark)
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Question 7 (14 marks)

Polylactic acid (PLA) is a biodegradable plastic made from renewable resources.

A section of a PLA polymer chain is shown below.

SR S SR
~—0—C—C—0—C—C—0—C—C—0—C—C—~

H H H H

(a) State the name given to the type of polymerisation reaction that produces PLA.

(1 mark)
(b) PLA s formed from lactic acid monomers.
(iy Draw the structural formula of the lactic acid monomer.
(2 marks)
(i) Name the new functional group that is formed when lactic acid monomers react to
produce PLA.
(1 mark)
(c) Explain, in terms of its structure, why PLA is classified as a thermoplastic polymer.
(2 marks)
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Credit will be given for answers to part (d) that correctly use appropriate chemical terms and effectively
communicate knowledge and understanding of chemistry.

(d) Plasticisers are added to PLA to increase the flexibility of the final product.

Caprolactone, derived from crude oil, is commonly used as a plasticiser. Recently, pinene (an oil
found in pine trees, and a waste product of the paper manufacturing industry) has been used as
an alternative to caprolactone.

Explain three benefits of producing PLA with pinene rather than with caprolactone.

(8 marks)
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Question 8 (15 marks)

Enzymes are made from small molecules such as cysteine and serine.

The structural formulae of cysteine and serine are shown below.

?H |OH

& &
H\N/C\ /O H\N/C\ /O

N7 e ONT e

H H | H H |
O—H O—H

cysteine serine

(a) Identify the group of organic compounds to which cysteine and serine belong.

(1 mark)
(b) (i) Serine is able to self-ionise.
Draw the self-ionised form of serine.
(2 marks)
(i) Serine reacts with hydrogencarbonate ions.
Complete the equation for this reaction.
|OH
&
+ — +
H N/?\C ~°
H™ H |
O—H
serine organic product
(2 marks)
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(c) When one molecule of cysteine and one molecule of serine react together, two possible products
can be formed.

(i) Draw the structural formula of one of these products.

(2 marks)
(i) Name the functional group formed in this reaction.
(1 mark)
(d) Asection of an enzyme is represented in the diagram below.
(i) (1) Name the type of secondary interaction indicated by A.
(1 mark)
(2) Name the type of primary bond indicated by B.
(1 mark)

(ii) If the pH of the enzyme’s environment decreased, state whether the secondary interaction
indicated at A or the primary bonds indicated at B would be more likely to be affected.

(1 mark)
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(iii) Explain how a decrease in pH affects the biological function of the enzyme.

(4 marks)
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You may write on this page if you need more space to finish your answers to Question Booklet 2.
Make sure to label each answer carefully (e.g. 5(c)(iii)(2)(B) continued).

page 12 of 12 — end of question booklet
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Question 9 (13 marks)

A number of processes are used to extract pure nickel from its ore.

(a) Froth flotation is used to concentrate nickel sulfide from its crushed ore.
The structural formula of one frothing agent, the isopropyl xanthate anion, is shown below.

ij

0. _CH,

Explain, with reference to its structure, how the isopropyl xanthate anion acts as a frothing agent.

(4 marks)

(b) During the roasting of nickel sulfide, oxides of sulfur are released to the atmosphere. These
oxides may react with rainwater to form acid rain.

(iy Write an equation for the reaction of sulfur trioxide with rainwater.

(2 marks)

(i) State one environmental effect of acid rain.

(1 mark)
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(c) Ni?"may be reduced to nickel metal using carbon.

(i) Using subshell notation, write the electron configuration of Ni?".

(2 marks)
(i) State why carbon is a suitable reducing agent for Ni%".
(1 mark)
(d) The nickel metal produced requires refining.
The diagram below shows an electrochemical cell used to refine nickel metal.
power
@I supply ['] ©
| electrolyte solution
containing Ni?*
impure nickel > .
— pure nickel
(i) State whether nickel is produced at the anode or at the cathode of this cell.
(1 mark)
(i) Write the half-equation for the reduction of Ni?".
(2 marks)
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Question 10 (18 marks)

The first rechargeable battery was invented in 1859. Prior to this, batteries were non-rechargeable.

(a) A cross-section of one type of non-rechargeable battery that is used in a remote control is
shown below.

©)
=

carbon electrode

< NH‘,}CI/ZnCI2 paste

zinc electrode

(i) ldentify the anode in this battery.

(1 mark)

(i) State the energy transformation that occurs as this battery supplies electrical energy to the
remote control.

(1 mark)

(b) One example of a rechargeable battery is a nickel-metal hydride (NiMH) battery.

(i) The charging and discharging process in a NiMH battery is represented by the following
equation, in which M represents a metal other than nickel:

charging
M + Ni(OH)2 - MH + NiO(OH)

-«

discharging

(1) On the equation above, assign oxidation states to nickel in Ni(OH), and NiO(OH).
(2 marks)

(2) Hence state whether nickel is being oxidised or reduced during the charging process.

(1 mark)
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(i) The diagram below represents one NiMH battery.

voltmeter

© ®

<~——KOH
(aq)

(1) State whether this battery is operating as a galvanic or an electrolytic cell.

(1 mark)

(2) Hence state whether this battery is undergoing the process of charging or discharging.

(1 mark)

(3) Explain the function of KOH(aq) in this battery.

(2 marks)

(c) Hydrogen fuel cells provide electrical energy in spacecraft. Only heat and water are produced as
the cells discharge.

(i) Atthe positive electrode, a gas other than hydrogen reacts.

Identify this gas.

(1 mark)
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Credit will be given for answers to part (c)(ii) that correctly use appropriate chemical terms and
effectively communicate knowledge and understanding of chemistry.

(i) Explain the advantages and disadvantages of using hydrogen fuel cells to provide electrical
energy in spacecraft.

(8 marks)
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Question 11 (14 marks)

Ca®'is a cation commonly present in soil.

(a) One clay that contains Ca*" is montmorillonite. The structure of the silicate anion, (Si,0,%),, in
montmorillonite is shown below.

O _Si O _Si O _Si O Si o
-~ o7 1o [ o7 1Mo | o7 1o | o7l o [ -
?i (o} ?i o} ?i o} ?i o Sli
7 | 7 | 7
o L o 1o L o 1o [ o 1o [ o/s\l\o\/
o} \?i/ (o} \?i/ o} \?i/ o} \?i/ o} Sli/
7 | 7 | 7
Si O _Si O _Si O _Si O Siw
“1So ] o 1o | o7 1o ] o 1o, | o7l

o Si7 o >Si7 O >Si” O >si7

On the structure above, draw a rectangle around one repeating unit. (1 mark)

(b) Clintonite is an aluminosilicate found in some soils.

The formula of the clintonite anion is ALSi,O, . The lattice structure of clintonite contains Ca*"
and Mg?', in a 1:3 ratio, and OH" to balance the overall charge.

Write the formula of clintonite.

(2 marks)

+

(c) Some fertilisers contain NH,". When these fertilisers are added to soil, the concentration of NH,"_

in the soil water increases and then the acidity of the soil water increases.

+

4 (aq CONCeNtration causes Ca”’

(i) Explain how an increase in NH (clay)

to be released from clay.

(3 marks)
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(i) CaO can be added to decrease the acidity of soil water.

Write an equation that shows how CaO reacts to decrease the acidity of soil water.

(2 marks)

(d) Ca? concentration in soil water can be measured using atomic absorption spectroscopy (AAS).

(i) The emission spectra of some cations that are found in soil are shown below.

Li*

Cd2+

Ca2+

Wavelength (nm)

On the diagram above, circle the wavelength on the emission spectrum for Ca®" that
would not be suitable to use for measuring the concentration of Ca?"in a soil-water
sample if both Li* and Cd* were also present. (1 mark)
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(i) Standard solutions of Ca?" were used to calibrate the spectrometer, and the following data

were recorded:

2+ .
Ca c(z;‘:;;_egjrat/on Absorbance
0.0 0.010
1.0 0.045
2.0 0.080
25 0.095
3.0 0.115
4.0 0.150

On the grid below, plot the data and draw the calibration line.

(4 marks)

(i) The absorbance of a soil-water sample containing Ca?" was found to be 0.070.

Using your calibration line, determine the concentration, in mgL™, of Ca®"in the sample.

(1 mark)
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Question 12 (14 marks)

Nitrogen oxides have several industrial applications, including the production of nitric acid and fuel.

(a) The simplified diagram below represents the process of nitric acid production.

water
ammonia oxidation NO absorption .
* R > nitric acid
preheated air chamber tower
T heat recovery
NO
X

(i) ldentify two raw materials shown on this diagram.

(2 marks)

(ii) Describe one method of reducing emissions of nitrogen oxides from the absorption tower.

(2 marks)

(b) Dinitrogen tetroxide, N,O,, is used as a fuel in spacecraft. One reaction in the production of N,O,,
as shown in the equation below, was investigated in a laboratory.

2NO2(9) <~ N2O4(9)

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

(1 mark)
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(i) In this investigation, 1.3 mol of NO, was placed in an empty 1.00 L flask, which was then
sealed and heated to 127°C. When the system reached equilibrium, 0.24 mol of N,O, , was

present in the flask.
Show that at 127°C, K, = 0.36.

(3 marks)

(i) At25°C, K =8.3.
State and explain whether the forward reaction is exothermic or endothermic.

(3 marks)

(iv) (1) State one change to reaction conditions, other than temperature, that would increase the
yield of N,O, .

(1 mark)

(2) Explain how this change would increase the yield of N,O, .

(2 marks)
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You may write on this page if you need more space to finish your answers to Question Booklet 3.
Make sure to label each answer carefully (e.g. 10(b)(ii)(3) continued).

page 12 of 12 — end of question booklet
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