Stage 2 Chemistry

Skills and Applications Task

SACE ID

Time 90 minutes

. Questions 1 to 6, 86 marks

. Answer all questions

. Write your answers in this question booklet

. You may write on the space provided on the last page if you need more space
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Metal activity Symbols of common quantities

K most reactive amount of substance n
Ca mass m
Na molar concentration ¢
Mg change in enthalpy AH
A molar mass M
Z

P volume Vv
Cd

heat energy Q

Co
i specific heat capacity C

i

. temperature T
Bi
Cu
Hg
Ag
Au Y least reactive

Magnitude of physical constants

Avogadro's number 6.02 x 10* mol™
heat capacity of water 418Jg7'K"

Table of Sl prefixes

SI prefix Symbol Value

tera T 10
giga G 108 Mathematical relationships
mega M 10¢ O L
M
kilo K 10°
= n
deci d 107 c=v
centi c 10~ Q = mCAT
milli m 107
TR
micro M 10°¢ n
nano n 10 PH - - Iog[H' ]
pico p 10"
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Question 1 (11 marks)

Cleaning agents often have packaging labels that provide information about the chemical
composition of the ingredients and optimum washing conditions for using the cleaning agent.

(@ The label on one package of detergent lists an enzyme as one ingredient and recommends
warm water for optimum washing results.

Explain the effect of hot water on enzyme function.

(3 marks)
(b) The label on a package of another cleaning agent lists OCI- as aningredient.
() State the function of OCI-in cleaning agents.
(1 mark)
(i) OCI reacts with water to form HOCI and one other
product. Complete the equation below for this reaction.
OCIF + H:0 <= HOCI +
(1 mark)
(i) State whether the reaction of OCI- with water would form a solution that has a pH
greater than, equal to, or less than 7.
(1 mark)
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(©) Soap nuts, which are a plant product, are an alternative to synthetic detergent. Soap nuts
contain natural soaps called saponins. The structural formula of one saponin is shown below.

_OH OH
HO A _HO
O 0
|
HO™ YY" 07 N Yo
OH O O«
v N
HO™ “OH
OH
() State whether the section of the saponin molecule within the rectangle is hydrophobic or
hydrophilic.
(1 mark)
(i) Describe how saponins remove grease from clothing.
(4 marks)
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Question 2 (18 marks)

Scientists are investigating the potential of converting waste from the citrus fruit industry into
biofuels such as ethanol, methane, and limonene.

(@ The diagram below shows how cellulose, a polysaccharide present in citrus fruit
waste, is converted into ethanol.

celivlose

glucose ———»| fermentation |—— ethanol

.

PEer———
»| hydrolysis j

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

(2 marks)

(i) Describe the role of yeast in the fermentation of glucose to produce ethanol.

(2 marks)

() Limonene is one component of the oil that is present in citrus fruit peel. The structural
formula of limonene is shown below.

Write the molecular formula of limonene.

(2 marks)
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(©) Chemical data for ethanol and limonene, as provided by one laboratory, are shown

in the table below.

Biofuel AH combustion Density Energy
(kJ mol) (@mL™) density
(kaL™h
Ethanol -1370 0.789
limonene -6170 0.841 38 090

(i) Write a thermochemical equation for the complete combustion of ethanol.

(4 marks)

(i) (1) Calculate the heat produced, in kJ g™, from the complete combustion of

ethanol (M = 46.068 g mol1).

(2) Hence calculate the energy density, in kJ L™, of ethanol.
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(i) Limonene may be used as a fuel to heat water.

Calculate the temperature increase when 50.0 g of limonene (M = 136.228 g mol1)
is burned to heat 20 L of water. Assume that the combustion of limonene is

complete.
The specific heat capacity of water is 4.18 Jg71K™.

(4 marks)

(iv) Refer to the two energy diagrams below, which have been drawn using the same scale.
One diagram represents the complete combustion of limonene and one diagram

represents the incomplete combustion of limonene.

\

reactants reactants

Energy

Energy

products

Reaction path

Reaction path

complete combustion incomplete combustion

On the incomplete combustion diagram above, draw the continuation of the line to show
the energy of the products when limonene has undergoneincomplete combustion.

(1 mark)
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Question 3 (10 marks)

Lithium-ion cell technology has led to the development of faster-charging and longer-lasting
cells for use in home electronic appliances.

(@ A lithium—cobalt cell is represented in the diagram below.

_ lon-permeable membrane

+ . \

J
» 4

7 \- y; -

electrolyte containing Li*in solution

(0 State whether Li* migrates to the positive electrode or to the negative electrode during charging.

(1 mark)

(i) State whether the negative electrode acts as the anode or as the cathode during charging.

(2 mark)

(i) On the diagram above, draw an arrow to indicate the direction of electron flow during

charging.
(1 mark)
(iv) When the cell is discharging, cobalt (IV) oxide, CoO,, reacts to form LiCoO,,.
The half-equation for this reaction is shown below.
. _> .
CoO + Lit+ e LiCoO2
State and explain whether this reaction represents oxidation or reduction.
(2 marks)
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(v) Identify the energy conversion that occurs in the cell when it is discharging.

(2 marks)

(b) A comparison of some features of two types of lithium-ion cell is shown in the
diagrams below. For example, cell A is less safe than cell B.

Purchase price Purchase price
Safety —— Performance Safety — — Parformance
Life span Life span
cell A cell B

Explain which of these two cells a consumer would prefer to use in their laptop
computer, based on the purchase price and life span of each cell.

(3 marks)
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Question 4 (14 marks)

The flow chart below represents a process for producing alkanes that could be used as transport fuels.

_ co,
air —» extractor W»\\ cO
A transport fuels
H, reactor 2 i—> ; (,Cp,: )
ek 0 ane2

CH‘_, steam /CO H,

reformer

sewage —* digester |

A

H.,O

@ () Identify two raw materials used for this process.

(2 marks)

(i) State one advantage of producing transport fuels from sewage rather than from fossil fuels.

(1 mark)

(b) Sealed containers were used to conduct small-scale trials in order to investigate the reaction that
occurs in the steam reformer. The equation for this reaction is shown below.

CH,, + H,0, = COy+ 3H

4(9) 2(9)

@ Inone trial, CH,, and H,O, were added in a 1.0 : 1.2 molar ratio.

Explain why an excess of H,0, was used.

(2 marks)
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(ii) In a second trial, a mixture of CH,, and H,O, was placed in a 2 L container, heated to 850°C,
and allowed to reach equilibrium. The equilibrium mixture contained 0.7 mol CO,,.

Calculate the concentration, in mol L™, of H,, present at equilibrium.

(2 marks)

(iii) In a third trial, another equilibrium mixture of the four gases was set up. A change in temperature
was made to the system at 1 minute, as shown in the graph below.

AU
2 (o
=~ —
4 | ..
5 | Sy
é _—
c
2
- ——
s
=
c
[}
Q
c
(@]
O |
£19)
Lo
0 1 2 3 4 5 6 7

Time (min)
(1 (A) The forward reaction isendothermic.

State whether the temperature was increased or decreased at 1 minute.

(1 mark)
(B) State the time at which equilibrium was re-established.
(1 mark)
Stage 2 Chemistry — Skills and Applications Task - 02 Page 12 of 19

Ref: A745204 (July 2018)
© SACE Board of South Australia 2018



(@ At 3 minutes, the pressure on the system was increased. Equilibrium was re-established
at 4 minutes.

Complete the graph above to show the change in concentration of H,, between 3
minutes and 5 minutes. (3 marks)

© The reaction in reactor 2 produces a mixture of hydrocarbons of varying size, each of which
contains between 10 and 20 carbon atoms per molecule. The equation for this reaction is
shown below.

nCO + (2n+1)H, === C.H,,.,+ NH,0

Laboratory equipment that can be used to separate these hydrocarbons by distillation is
shown in the diagram below.

() Write the formula of the first hydrocarbon that will be collected using this process.

(1 mark)

@M On the diagram above, draw an arrow to indicate the direction of water flow as it enters the
condenser.

(1 mark)
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Question 5 (16 marks)

Mercury is extracted directly from its crushed ore, HgS, by roasting HgS in air. Mercury vapour is
formed, and then collected by condensation. The other product of this reaction is SO,,.

(@ Write a balanced equation for the roasting of HgS in air.

(2 marks)

(b) Explain why mercury can be produced by roasting HgS in air, and does not require
electrolysis or reduction using carbon.

(2 marks)

(©) The SO:2 formed from roasting HgS may be captured and converted into sulfur trioxide. The
equation for this reaction is shown below.

280,, + O,; == 29 AH=-196kImol™,

0] Write the K expression for this reaction.

(1 mark)

(iiy Using the terms ‘increase’, ‘decrease’, or ‘no change’, state how the addition of a
catalyst affects each of the following aspects of this reaction:

Aspect Effect

Rate of forward reaction

Yield of sulfur trioxide

Value of equilibrium constant

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

(d) The roasting of HgS releases nitrogen oxides to the air.

Explain how high concentrations of nitrogen oxides in the air lead to the formation of photochemical
smog, and discuss the environmental benefits of reducing the formation of photochemical smog.

(6 marks)
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Question 6 (17 marks)

The presence of sodium polyacrylate in disposable nappies (diapers) results in extremely high
water absorbency. The structural formula of sodium polyacrylate is shown below.

(@ Draw the structural formula of the monomer used to make sodium polyacrylate.

(2 marks)
(b) Name two types of force that hold the polymer chains together in dry sodium
polyacrylate.
(2 marks)
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©

When distilled water is added to dry sodium polyacrylate, sodium ions dissociate from the
polymer chains and then many water molecules move in between the polymer chains.

The diagram below represents a segment of one polymer chain after dissociation, and
one water molecule.

CH;—CH—CH;—CH— CH,—CH

() (1) On the diagram above, use appropriate symbols to indicate the polarity ofthe O—
H bonds in the water molecule. (2 mark)

(2 On the diagram above, draw and label the two strongest types of interaction
between the water molecule and the polymer chain.

(2 marks)

(3 The water added to dry sodium polyacrylate causes it to swell as it absorbs up
to 800 times its weight in water.

State two reasons why such large volumes of water can be held between the
polymer chains.

(2 marks)
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(i) (1) Explain how the volume of water absorbed would be affected if hard water, rather
than distilled water, was added to dry sodium polyacrylate.

(3 marks)

(2) Explain why sodium polyacrylate could be useful in detergent formulations that are
used in hard water.

(2 marks)

(d) Sodium polyacrylate is also used in other consumer products.

() Suggest one benefit of adding sodium polyacrylate to soil used for potted plants.

(1 mark)

(i) One type of cross-linked sodium polyacrylate is used to make ‘instant snow’. Explain the
effect that cross-linking has on one property of this polymer.

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