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1. Hydrogen gas is produced industrially to use in the manufacture of a wide variety of products.

(a) Currently, most hydrogen gas is produced industrially in a reaction using methane. The
reaction occurs at high temperatures in the presence of a nickel catalyst. The equation for

this reaction is shown below.

CHyg) + HO == 3Hyq + CO, AH = +206 kJ mol™

(i) On the axes below, draw an energy profile diagram for the forward reaction. Label the
activation energy and the enthalpy change on your diagram.

Energy

Reaction pathway

(3 marks)

(i) Write the K expression for this reaction.

(2 marks)

(iif) A mixture of 5.00 mol CH, and 5.00 mol H,O was placed in an empty 50.0L container
and allowed to reach equilibrium at 1200 K. At equilibrium, 1.935 mol CH, remained.

Use this information to determine the concentration of H, at equilibrium. Give your
answer to the correct number of significant figures.

(4 marks)
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(iv) Explain how a manufacturer of hydrogen gas would benefit from using a high
temperature for this reaction.

(6 marks)
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(b) Another method for producing hydrogen industrially is by electrolysis of acidified water, as
shown in the diagram of an electrolytic cell below.

power
source

electrode electrode

acidified water acidified water

!

membrane

(i) (1) Write the half-equation for the reaction that produces hydrogen in this cell.

(2 marks)
(2) On the diagram above, draw the direction of electron flow through the external circuit.
(1 mark)
(ii) This electrolysis process uses a platinum catalyst.
(1) State why a catalyst is used in this process.

(1 mark)

(2) Cobalt(ll) phosphide is being investigated as an alternative catalyst to platinum
for this process. Although cobalt(ll) phosphide is cheaper, it is less effective than
platinum in catalysing the process.

Suggest one benefit, other than cost, of using this alternative catalyst.

(1 mark)

(3) Using subshell notation, write the electronic configuration of the cobalt(Il) ion, Co?".

(2 marks)
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When threatened, honeybees may inject venom into other animals. The venom is a solution, with

a pH of 4.5-5.5, containing a mixture of proteins and other chemicals that cause a range of effects
in animals.

(a) Scientists used high-performance liquid chromatography to separate and identify three
proteins in honeybee venom: apamin, PLA2, and melittin. A section of the chromatogram
obtained, using a non-polar stationary phase, is shown below.

melittin

PLA2
apamin

A N

Retention time

Y

Identify and explain which one of the three proteins is the most polar.

(3 marks)
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(b) Melittin is the main protein in honeybee venom. The protein chain consists of linked amino
acid units. The structural formula of a section of the melittin protein chain is shown below.

NH,
O
H
SN N N~
H H
O
HN
HN NH

2

(i) Name the functional group that links amino acid units in this protein chain.

(1 mark)

(i) Draw the structural formula of one of the amino acids used to form this section of the
melittin protein chain.

(2 marks)

(c) Hyaluronidase (HLA) is an enzyme in honeybee venom.

(i) Cation exchange chromatography can be used to separate HLA from other proteins in
honeybee venom.

(1) State the charge on the resin in cation exchange chromatography.

(1 mark)
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(ii)

(2) Explain why proteins that are attached to the surface of a cation exchange resin are
removed when concentrated NaCI(aq) passes over the surface of the resin.

(2 marks)

An investigation to determine the effect of temperature on the activity of HLA was
conducted at constant pH. The results are shown in the graph below.

120

100

80 \

60 \

o \
20 \\

20 40 60 80 100

Temperature (°C)

Relative activity (%)

(1) Determine the temperature at which the maximum activity of HLA occurred.

(1 mark)

(2) State and explain the effect that increasing the temperature from 60°C to 80°C had
on the activity of HLA.

(4 marks)
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Iron is one of the most abundant elements on Earth. Iron ores contain various iron compounds
and impurities such as aluminium oxide. Iron and its compounds have a broad range of uses.

(a) The percentage of iron in a sample of ore can be determined using AAS.

One spectrometer was calibrated using several solutions of known concentrations of iron.
The calibration graph obtained is shown below.

0.5

0.4

0.3
//

0.2

0.1 "

Absorbance

-0.1
0 2 4 6 8 10
Concentration (ug mL")

(i) State the feature of the graph that indicates that random error has occurred.

(1 mark)

(ii) A solution of a sample of one iron ore was analysed using AAS. The absorbance of this
solution was 0.3.

(1) Use the graph to determine the concentration of iron, in ug mL™.

(1 mark)

(2) Express this concentration of iron in ppm.

(1 mark)
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(3) Explain why the presence of aluminium oxide in the ore sample does not affect the
value of the iron concentration determined by AAS.

(3 marks)

(b) The most common iron compound in iron ores is haematite, Fe,O,. Iron metal is produced

from Fe,O, by chemical reduction with carbon monoxide, CO, in a reaction that also produces
carbon dioxide.

(i) Write a balanced equation for this reaction.

(2 marks)

(i) Suggest why iron metal can be produced using chemical reduction with carbon
monoxide, whereas aluminium metal must be produced using electrolysis.

(3 marks)
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(c) Liquid medications that contain Fe2" can be taken to boost iron levels in the body.

(i)

The concentration of Fe2" in one brand of medication, A, was determined by titration,
using a solution of 0.0311 mol L™ potassium permanganate, KMnO,. The equation for
the reaction is shown below.

+ 3+ o+
(@ —> OF€” o+ M7

5Fe?"

(aq)

+MnO,,, + 8H  +4H,0,,

The potassium permanganate solution was added from a burette to a conical flask
containing a 25.0 mL sample of A. The titration data are shown in the table below.

Trial 1 2 3 4 5
Titre (mL) 26.65 26.10 26.40 26.20 26.15

The average titre value was calculated as 26.15 mL.

(1) Explain why more than three trials were necessary in order to calculate the average
titre value.

(2 marks)

(2) Calculate the concentration of Fe?’, in mol L™, in A.

(4 marks)
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(i) The concentration of Fe?" in another brand of medication, B, is 0.196 mol L™'. The Fe?"is
present as FeSO,.

Determine the concentration, in %wl/v, of FeSO, in B.

(3 marks)

(d) In one type of flow cell, a solution of Fe2"and Fe®' is used as the electrolyte in one of the two
electrode compartments. A diagram of this flow cell in operation is shown below.

_|power|
in/out
d ? i )
Crzt/Cr¥ - + Fe*/Fe*
flow of electrode 1 ¢ { electrode 2 l flow of
electrolyte electrolyte
membrane

When the flow cell is operating as shown in the diagram, the reactions at the two electrodes
are represented by the half-equations shown below.

Electrode 1: Cr¥¥ —> Cr¥'+e”

Electrode 2: Fe*" + e —> Fe*'

(i) Explain whether the flow cell, as shown in the diagram, is operating as a galvanic cell or
as an electrolytic cell.

(2 marks)

(i) Describe one major benefit of using a flow cell compared with other types of fuel cells.

(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(c)(i)(2) continued).
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MEA is a chemical that has many uses, including the removal of CO, from air and the production of
important industrial chemicals. The structural formula of MEA is shown below.

HO

\_\

NH,

(a) (i) Write the molecular formula of MEA.

(2 marks)

(i) Name the two functional groups present in MEA.

(2 marks)

(b) Carbon capture technology can be used to remove CO, from the gases released from
factories, in order to decrease emissions of CO, into the atmosphere. In one carbon capture
process, an aqueous solution of MEA is used to remove CO, from these gases.

(i) When CO, is added to an aqueous solution of MEA, the MEA molecule is converted into
a positively charged ion.

Explain how the MEA molecule is converted into a positively charged ion.

(2 marks)

(i)
The concentration of carbon dioxide in the atmosphere is now at its highest level
in human history. This has prompted businesses and governments to consider
investing in carbon capture projects. Much scientific research has focused on

improving carbon capture technology because it is energy intensive and expensive.

Referring to the information above, explain why society might influence businesses and
governments to increase spending on carbon capture research and technology.

(4 marks)
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(c) Inthe mining industry, a mixture of MEA and starch can be used to thicken water-based
drilling fluids. MEA molecules form interactions with starch polymer chains.

The structural formulae of sections of two starch polymer chains and one molecule of MEA
are shown below.

CH,OH CH,OH CH,OH
Q Q
H H H OH H
) H H H
SO07\OH H/ ™07 \OH H/ ™07 \OH H/ -
H  OH H 0O H  OH
H
H—O
N
Y
H\?
CH,OH CH, CH,OH

H

0
H H
) H H
SO07\OH H/ ™07 \OH H/ ™07 \OH H
H  OH H  OH H  OH

(i) Name the strongest type of interaction that forms between MEA molecules and starch
polymer chains.

(1 mark)

(i) On the diagram above, draw one example of this type of interaction at one end of the
MEA molecule. Use appropriate notation on your example.

(2 marks)
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5.

Electricity is commonly generated in power stations using steam turbines. A simplified flow chart
for the generation of electricity using steam turbines is shown below.

. combustion exhaust gases ollution
fossil fuel —> > P
chamber control
Y
. water
boiler <
Y
steam condenser hot water cooling
turbines > > tower
N\
electricity
<

(a) State one advantage of generating electricity as shown in the flow chart compared with
generating electricity using photovoltaic cells.

(1 mark)

(b) Globally, coal is the main fuel used in the combustion chamber of a power station.

(i) Using the data below, calculate the mass of coal, in kg, required to increase the
temperature of 1000 kg of water from 25°C to 100°C.

molar mass of coal = 3080 g mol™
enthalpy of combustion = 77 000 kJ mol™
specific heat of water =4.18 J g7'K™

(Assume complete combustion of coal and 100% efficiency of heat transfer to the water.)

(3 marks)
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(i) Name one other fossil fuel that could be used as the fuel in the combustion chamber.

(1 mark)

(iii) CO, is produced in the combustion chamber.

Identify one other substance produced from air in the combustion chamber that would
need pollution control, as shown on the flow chart.

(1 mark)

(c) Adesalination plant can be connected to a power station that generates electricity from steam
turbines, as shown in the flow chart below.

) combustion exhaust gases pollution
fossil fuel —31 = 2 mber > control
Y
boiler |« water seawater
Y l
hot water r
steam » condenser > Fh(.arm.al —> distillate
turbines distillation
[generator] l
generator electricity wastewater
N
\ . I - -
[ power station | desalination plant—|

(i) Identify the distillate produced in the desalination plant.

(1 mark)

(i) Describe how connecting a desalination plant to a power station minimises costs.

(2 marks)

(iii) Another desalination method is reverse osmosis.

Explain why reverse osmosis has high energy requirements.

(2 marks)
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6.

Pet dogs need to be washed regularly. Volatile compounds, produced by microbes living in dog
hair, cause the distinctive smell of dogs when their hair is wet.

(a) The structural formulae of two volatile compounds found in dog hair, compound X and
compound Y, are shown below.

0]

OM /\/\/\)J\

compound X compound Y

(i) Write the systematic name of compound X.

(2 marks)

(i) (1) Identify one reagent that could be used in a chemical test to distinguish between
compound X and compound Y.

(1 mark)
(2) State the expected observations during this test for both compound X and
compound Y.
(2 marks)
(iii) Explain why compound X is more soluble in water than compound Y.
(2 marks)
(iv) Compound Y is produced by oxidation of another compound present in dog hair,
compound Z.
Draw the structural formula of compound Z.
(2 marks)
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(b) Homemade soap for washing dogs can be made by heating an aqueous solution of potassium
hydroxide with olive oil. Triglycerides in olive oil are hydrolysed to produce this soap, which
contains a mixture of carboxylate ions and one other organic product. The structural formula
of one triglyceride found in olive oil is shown below.

o)
I
H,C —0—C — (CH,),CH=CH(CH,),CH,

o)
|
HC—0—C — (CH,),CH=CH(CH,),CH,

|
H,C—0—C — (CH,),CH=CH (CH,),CH,

(i) Draw the structural formula of one carboxylate ion produced from the hydrolysis of the
triglyceride shown in the diagram above.

(2 marks)

(i) ldentify the other organic product formed by the complete hydrolysis of this triglyceride.

(1 mark)
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(iii) Explain how carboxylate ions in soap form micelles in agueous solutions and then
explain how these micelles would remove compound Y from dog hair. You may include a
diagram in your answer.

(6 marks)
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7.

Polymer materials may be non-biodegradable or biodegradable.

(a) Two commonly used non-biodegradable polymers are polypropene and polyurethane.
The structural formulae of the repeating units for these two polymers are shown below.

1 i ; 19
o A Ostoseeo
H H H H H H

CH, H

polypropene polyurethane

Explain why polypropene is easier to melt than polyurethane.

(3 marks)

(b) PHB is a biodegradable polymer. PHB can be used as a substitute for polypropene in items
such as shampoo bottles and food containers, because PHB and polypropene have similar

physical properties.

(i) PHB can be produced by bacterial cells, which are a renewable resource.

Explain one advantage of producing polymers from renewable resources.

(2 marks)

(ii) In the first step of PHB production, starch is hydrolysed to produce a glucose solution,
used as a food source by the bacteria.

Write a chemical equation for the hydrolysis of starch, (C;H,,0.),.

(2 marks)
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(iii) The structural formula of the repeating unit of the PHB polymer is shown below.

O
PHB

)

(1) State whether PHB is produced by addition polymerisation or by condensation

polymerisation.
(1 mark)
(2) Name the functional group present in the main chain of the PHB polymer.
(1 mark)
(3) Explain why PHB is biodegradable and polypropene is not.
(2 marks)

(iv) Researchers have designed new forms of PHB that have modified structures with altered
physical properties.

(1) One moadification to the chain structure has the monomer of the polymer PHV
randomly inserted into the chain in multiple locations, to produce a modified form of
PHB. The structural formula of the PHV repeating unit is shown below.

L) -

With reference to the structural formula of the PHV repeating unit, explain whether
the melting point of the modified form of PHB would be higher or lower than the
melting point of PHB.

(3 marks)
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PHB has had limited use because of its brittleness and its variable rates of
biodegradation. Scientists at Cornell University in the United States have
designed a PHB polymer material that incorporates particles of clay that are
nanometres in diameter. This new form of PHB has increased strength and

a faster rate of biodegradation than the original PHB. The scientists found

that, after 7 weeks in a compost chamber, samples of the new form of PHB
degraded almost completely, while samples of the original PHB showed almost
no degradation. It was also found that the quantity of clay nanoparticles added
affected the rate of biodegradation.

Source: based on Choi, CQ 2007, ‘New plastic decomposes faster’, Live Science,
viewed 29 July 2021, https://livescience.com/4736-plastic-decomposes-faster.html

Explain two ways in which this research exemplifies science as a human endeavour.

(4 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. 7(iv)(1) continued).

page 12 of 12 — end of booklet



Metal activity

K most reactive
Ca
Na
Mg
Al

Zn
Cd
Co
Ni

Bi

Cu
Hg
Ag

Au Y least reactive

Symbols of common quantities

amount of substance n
mass m
molar concentration c
change in enthalpy AH
molar mass M
volume 74
heat energy Q

o

specific heat capacity

temperature T

Chemistry data sheet

Table of Sl prefixes

Sl prefix Symbol Value

tera T 10"
giga G 10°
mega M 10°
kilo k 10°
deci d 107"
centi c 102
milli m 107
micro U 10°°
nano n 10°
pico p 107"

Mathematical relationships
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