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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 active
Mg
Zn
Ti
Cu least active

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:

Sl prefix  Symbol  Value

giga G 10°
mega M 10°
kilo k 10°
deci d 10™*
centi c 10
milli m 10®
micro U 10
nano n 10°°
pico p 101




QUESTION 1

The elements titanium and zinc make important contributions to modern society.

(@) Identify the block of the periodic table in which titanium and zinc are found.

(1 mark)
(b) The element titanium occurs naturally as the mineral titanium dioxide, TiO,.
(i) TiO, reacts with sodium hydroxide to form the ion TiO,*.
(1) Write an equation for the reaction of TiO, with sodium hydroxide.
(2 marks)

(2) Explain how this reaction indicates that titanium has some non-metallic properties.

(2 marks)

(i) TiO, is used in products that prevent sunburn. One sunburn cream contains a 3.0%w/w
concentration of TiO,.

Calculate the mass, in g, of TiO, needed to prepare 250 g of this sunburn cream.

(1 mark)
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(iii) Finely powdered TiO, and CaCO, particles can be used in paint to reduce the
concentration of nitrogen oxides in the air. The light energy that TiO, absorbs from
sunlight is used to convert nitrogen oxides into nitric acid.

(1) State a name for the type of reaction in which light energy is absorbed.

(1 mark)
(2) Write a half-equation for the conversion of NO into HNO,.
(2 marks)
(3) The nitric acid reacts with the CaCO, to form calcium nitrate.
Write an equation for this reaction.
(2 marks)

(4) State one advantage of reducing the concentration of nitrogen oxides in the air in
urban areas.

(1 mark)

(5) State one chemical advantage of using finely powdered TiO, and CaCO, particles in
the paint.

(1 mark)

(iv) TiO, is used to prepare pure titanium for medical uses. The sequence of reactions is
shown below:

Reaction 1 TiO, + C+ Cl, TiCl, + CO
Reaction 2 TiCl, + 2Mg _— Ti + 2MqgCl,
(1) Balance the equation for Reaction 1. (1 mark)

(2) State the function of carbon in Reaction 1.

(1 mark)

(3) Explain why copper cannot replace magnesium in Reaction 2.

(2 marks)

TOTAL: 17 marks



QUESTION 2

Food components listed on food packaging include carbohydrates, amino acids, and proteins.

(@) Carbohydrates are classified as polysaccharides, disaccharides, and monosaccharides.
Polysaccharides can be converted into disaccharides and monosaccharides in living cells.

(i) State the type of reaction in which polysaccharides are converted into disaccharides and
monosaccharides.

(1 mark)
(if) Write an equation for the conversion of polysaccharides into monosaccharides.
(2 marks)
(iii) The structural formulae of two monosaccharides, A and B, are shown below:
O — OH
HO — =S¢
HO— HO —
—OH ——OH
—OH — OH
HO— —OH
—OH —OH
A B
(1) Explain why A and B are described as isomers.
(2 marks)

(2) ldentify which one of A and B would react with Tollen’s reagent, and state the
observation that would indicate a reaction had occurred.

(2 marks)
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(b) An experiment was performed to study the effect of the chemical structure of amino acids on
their energy content. The energy released by the combustion of each amino acid was
plotted against a value related to the combustible portion, p, of the amino acid. The results
of the experiment are shown in the graph below:

3 °°

(i) Draw aline of best fit to complete the graph. (1 mark)

(ii) The structural formula of the amino acid proline is shown in the diagram below:

COOH

N
\H

(1) Write the molecular formula of proline.

(2 marks)

(2) The vaue of p for proline is 4.7.

On the graph above, show the energy released by the combustion of 1 g of proline and
hence state the value to two significant figures.

(2 marks)




(iii) One section of a protein chain that includes proline is shown in the diagram below:

~~—N—CH—C—N—CH—C—N C— -

I I
H CH; O H CHp, O

COCH

(1) State the number of amino acids used to form this section.

(1 mark)

(2) The energy content of protein in food is stated as an average value on food
packaging.

Explain why the energy content of protein in food can be stated only as an average
value whereas the energy content of glucose in food is stated as a specific value.

(3 marks)

TOTAL: 16 marks
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QUESTION 3

The production of nitric acid in a factory is summarised in the flow chart below:

air NH, water unreacted
} / gases
CONVERTER
COMPRESSOR - 900°C COOLER ABSORBER
air catalyst NO, NO,
air l
nitric acid

(@ The production of NO, in the converter involves a series of chemical reactions.
The overal reaction in the converter is exothermic.

(i) The beginning of the energy profile for the overall reaction is shown in the diagram
below:

reactants

energy

reaction pathway

(1) Complete the energy profile diagram, clearly identifying AH and the activation
energy. (3 marks)

(2) Using the energy profile diagram, explain why the gases in the converter need to be
heated initially.

(2 marks)
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(3) Explain why heating is no longer necessary once the reaction has started.

(2 marks)

(if) The catalyst is important for the efficiency of the reaction in the converter.

(1) On the energy profile diagram in part (i), draw the reaction pathway of this reaction
without the catalyst. (12 mark)

(2) State the effect of the catalyst on the enthalpy of this reaction.

(1 mark)

(b) (i) Identify from the flow chart the two raw materials that are added to the absorber to
convert the NO, into nitric acid.

(2 marks)
(if) Determine the oxidation state of nitrogen in NO.,.

(1 mark)
(iii) Write an equation for the conversion of NO, into nitric acid in the absorber.

(2 marks)

(iv) Describe one disadvantage for the manufacturer if gases containing NO, are emitted
from the factory.

(2 marks)

TOTAL: 16 marks
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QUESTION 4

(@

(b)

Methanol is used to make a compound with the structural formula shown in the diagram
below:

@)

7/
CH4CH,CH,CH,C
O—CHs

Write the systematic name of this compound.

(2 marks)

Methanol is produced by the reaction of carbon monoxide with hydrogen, as shown in the
equation below:

CO(g) + 2Hyg) — CH;0H(q)

Equilibrium is established in a closed system under high pressure in the presence of a
catalyst.

(i) State two reasons for using high pressure in this system.

(2 marks)
(i) State why a closed system is necessary to establish equilibrium.
(1 mark)
(iif) At a particular temperature, the value of K_for this equilibrium is 0.02.
(1) Write the K_ expression for this reaction.
(1 mark)

(2) Using this K value, state whether the equilibrium mixture at this temperature
contains a greater proportion of products or of reactants. Explain your answer.

(2 marks)

12



(iv) At a different temperature, CO and H, were placed in a 1.0 L reaction container and
allowed to reach equilibrium. The data collected are shown in the table below:

CO H, CH,OH
initial moles 5.0 5.0 0
moles at equilibrium 2.0

(1) Calculate the number of moles of CO and H, at equilibrium.

(2 marks)

(2) Equilibrium was established at 10 minutes.

Using the data, draw graphs on the grid below to show the change in concentrations
of CO and CH,OH from O to 15 minutes.

concentration (mol L-1)

time (min) (3 marks)

(c) Copper can be used to make the catalyst necessary for the production of methanol.

(i) Predict the likely method of reduction used to convert a copper mineral into copper.

(1 mark)
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(i) The copper used in the catalyst must be of high purity. Impure copper can be refined
using electrolytic apparatus, as shown in the diagram below:

/ power source \

impure
copper | >

CuSOs(zc)

(1) State whether the impure copper is connected to the positive terminal or to the
negative terminal of the power source.

(1 mark)

(2) Write a half-equation for the production of pure copper.

(2 marks)

TOTAL: 17 marks

14



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. 4(b)(i) continued).
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QUESTION 5
(@) Hair is made of protein.

(i) The structure of one section of a protein chain in hair is shown in Diagram 1 below:

H @)
H CH2
|
S\H
Diagram 1

Draw the structural formula of the amino acid used to form this section of the
protein chain.

(2 marks)

(i) Two protein chains in hair can be joined by a sulfur—sulfur bridge, as shown in
Diagram 2 below:

H O

s

:
L
Diagram 2

Name the type of bond that holds the two sulfur atoms together.

(1 mark)



(iii) The structures of sections of two protein chains in hair are shown in Diagram 3 below:

H O H O

-~ N—C—C—N—C—C— -

H CH2 H CH2

N
H H SH

—~—N—C—C— -~

H H

Diagram 3

(1) Draw one hydrogen bond that forms between the two protein chains in Diagram 3,

indicating the partial charges on the atoms involved.

(2 marks)

(2) State which bond is stronger, the hydrogen bond in Diagram 3 or the bond between

the two sulfur atoms in Diagram 2.

(1 mark)

(3) Some akaline hairstyling products strengthen the interactions between protein

chains.

Explain the effect these products would have on the type of interaction between the

two protein chains shown in Diagram 3.

(8 marks)
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(b) (i) Lead(ll) ethanoate is used in a men’'s hair product to dye white hair black.
Write the formula of lead(l1) ethanoate.

(2 marks)

(if) Atomic absorption spectrometry can detect lead in hair.

(1) Explain how standard solutions of lead nitrate may be used to calibrate a
spectrometer.

(4 marks)

(2) Caculate the mass, in mg, of lead nitrate needed to prepare 250 mL of
150 ppm standard solution.

(2 marks)

TOTAL: 17 marks



QUESTION 6

Penicillins are used to treat bacterial infectionsin animals.

(@ A common form of penicillin has the structural formula shown in the diagram below:

H

u” j;y/s
N
o

COOH

(i) (1) State whether the amino group, indicated by the arrow, is primary, secondary, or
tertiary.

(1 mark)

(2) Explain why the arrangement of atoms around the nitrogen atom in this amino group
is trigonal pyramidal.

(3 marks)

(if) Penicillin is usually given to animals in the form of its sodium salt.

(1) On the diagram above, circle the functional group that must be atered for the
sodium salt to be produced. (1 mark)

(2) Explain why penicillin is given to animals in the form of its sodium salt rather than
in its molecular form.

(3 marks)
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(b) The synthetic penicillin amoxycillin hydrolyses in a solution of sodium hydroxide.

(i) Calculate the mass of sodium hydroxide needed to prepare 1 L of solution of
concentration 0.005 mol L.

(2 marks)

(ii) Determine the pH of this solution of sodium hydroxide.

(8 marks)

(iii) The akaline hydrolysis of amoxycillin results in the formation of two products, as
shown in the diagram below:

OH

H H

Il\] s N S
H,N S OH~ H
—> Product Z +
O N N
(0) (0)

COOH coo®

Draw the structural formula of Product Z.

(2 marks)



(iv) Amoxycillin is sometimes mixed with clavulanic acid. The structural formula of
clavulanic acid is shown in the diagram below:

0 CH,OH
/,;IL/ H

o
COOH

State the colour change that is observed when a solution of clavulanic acid is shaken with a
solution of bromine.

(2 marks)

TOTAL: 17 marks
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QUESTION 7

Hydrogen and methanol are fuels used to power some motor vehicles.

(@) Hydrogen can be used in a fuel cell.
(i) At one electrode of the fuel cell, hydrogen gas reacts to form hydrogen ions, as shown
in the equation below:
H2 > 2Ht + 2¢

Identify this electrode as the anode or the cathode, and give a reason for your choice.

(2 marks)

(i) Hydrogen for use in a fuel cell can be produced by the electrolysis of water.

State the energy change that takes place during electrolysis.

(2 marks)

(b) Hydrogen can also be produced by the breakdown of methanol in a steam reformer.
The breakdown of methanol to hydrogen occursin two stages, as shown in the reactions below:

Reaction 1 CH,OH —— CO + 2H,
Reaction2 CO + H,O —— CO, + H,

Write an equation for the overall reaction for the production of hydrogen.

(1 mark)

(c) Some energy data for hydrogen and methanol are shown in the table below:

Fuel Enthalpy of combustion | Energy per gram
(kJ mol1) kJ g9
hydrogen 242 X =
methanol 725 22.6

(i) Cadculate the value of X, in kJ g7, for hydrogen and write the value in the table above.

(2 marks)



(if) Using the data in the table, state which of the two fuels would be more efficient to use
in a motor vehicle. Explain your answer.

(38 marks)

(iii) One problem with the use of methanol as a fuel is its high solubility in water.
Explain why methanol is highly soluble in water.

(3 marks)

(d) Methanol is used to make the monomer that is converted into the polymer Perspex.

The structural formula of this monomer is shown in the diagram below:

(i) State the type of polymerisation reaction in which this monomer is converted into
Perspex.

(1 mark)

(i) Draw one section of the polymer chain of Perspex, showing two repeating units.
Clearly mark one repeating unit on your structure.

(3 marks)

TOTAL: 17 marks
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QUESTION 8

Ethanol isafuel that can be produced from renewable resources.

@ ()

(i)

The value for the enthalpy of combustion of ethanol is 1364 kJ mol~t. When asked for the
thermochemical equation for the complete combustion of ethanol, a student wrote the
following equation:

C,H.OH + 30, 2CO, +3H,0 AH = 1364 kJ

Rewrite this equation as a correct thermochemical equation.

(2 marks)

In alaboratory experiment to determine the enthalpy of combustion of ethanal, a spirit burner
containing ethanol was used to heat 100.0 mL of water in a metal calorimeter.

The data collected during the experiment are shown below:

Initial temperature of water = 21.5°C
Final temperature of water = 66.8°C
Initial mass of spirit burner = 152.714 g
Final mass of spirit burner = 151.806 g

Specific heat capacity of water = 4.18 Jg* K?

Use the appropriate data to calculate the heat released, in kJ, during the combustion of this
amount of ethanol.

(8 marks)

(iif) The experiment was repeated several times and an average value for the enthal py of

combustion of 941 kJ mol~ of ethanol was obtained.

(1) State the purpose of calculating an average value for the enthalpy of combustion.

(1 mark)

(2) Identify one possible source of error, and state how this would affect the experimental
value obtained.

(2 marks)

10



Credit will be given for answers to part (b) which show clearly written, well-expressed ideas, and
which present accurate and relevant information in a well-organised, logical manner.

Your answer should be confined to the space provided and should take approximately 10 minutes.
(b) Corn syrup is an agueous solution that contains monosaccharides. When corn syrup is
fermented, ethanol is produced.

State the reaction conditions used for the production of ethanol by fermentation. Explain why
these conditions are used.

(8 marks)

TOTAL: 16 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. 7(c)(iii) continued).
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QUESTION 9

Plants can obtain nitrogen through the decomposition of organic matter or the addition of synthetic
fertiliser.

(@) The structural formula of one molecule produced in the decomposition of organic matter is

shown in the diagram below:

NH,
(i) State whether this molecule is the product of aerobic or anaerobic decomposition.

(1 mark)

(ii) State the systematic name of this molecule.

(2 marks)

(b) Ammonium sulfate is a synthetic fertiliser commonly used to provide nitrogen needed by
plants.

(i) Explain why ammonium sulfate provides nitrogen in a form suitable for use by plants.

(2 marks)

(i) Aqueous solutions of ammonium ions, NH,*, are acidic.

(1) Write an equation for the reaction of the ammonium ion with water to form an
acidic solution.

(2 marks)
An acidic solution should not be stored in an iron container.
(2) Write the electronic configuration of iron, using subshell notation.

(2 marks)
(3) Write an ionic equation for the reaction of iron with an acidic solution.

(2 marks)
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(c) lons in agueous solution in soil water exist in equilibrium with ions on the surfaces of clay
particles in soil. One example is shown in the following equation:

3NH ag) + AlP*(sufacey ——— 3NH  (surface) + Al¥*(ag)

(i) Using Le Chételier’'s principle, explain how the concentration of ammonium ions in the

aqueous solution changes as plants continue to absorb ammonium ions from the soil
water.

(3 marks)

(if) The addition of large amounts of ammonium sulfate to soil can be harmful to the

environment as it may mobilise toxic aluminium ions that are bound to the surfaces of
clay particles in some soils.

Explain how the addition of large amounts of ammonium sulfate leads to the
mobilisation of aluminium ions in these soils.

(2 marks)

TOTAL: 16 marks



QUESTION 10

Long-chain carboxylic acids have various uses.

(@ The structural formula of one long-chain carboxylic acid used in furniture oil is shown in the
diagram below:

AN AN M
|

This carboxylic acid molecule readily polymerises when exposed to air.

(i) State the structural feature of this molecule that allows it to undergo addition
polymerisation.

(1 mark)

(ii) Cross links may form between the polymer chains.

(1) State one property of the polymer that changes as a result of the formation of
cross links.

(1 mark)

(2) Explain, in terms of the cross-linking, why this property changes.

(2 marks)

5 PLEASE TURN OVER



(b) Long-chain carboxylic acids are components of triglycerides. The structural formula of one
triglyceride molecule is shown in the diagram below:

(i) State whether this triglyceride is likely to be a solid or a liquid at 25°C.

(1 mark)
(ii) This triglyceride can be converted into soap.
(1) State the systematic name of the other molecule that is formed when this
triglyceride is converted into soap.
(2 marks)
(2) State the part of the structure of soap that is hydrophaobic.
(1 mark)

(3) Describe how this part of the structure of soap enables it to dissolve grease.

(2 marks)




Credit will be given for answersto part (4) which show clearly written, well-expressed ideas,
and which present accurate and relevant information in a well-organised, logical manner.

Your answer should be confined to the space provided and should take approximately
10 minutes.

(4) The effectiveness of soaps is reduced when they are used in hard water.
Tripolyphosphates and zeolites both act as water-softening agents.

Describe the action of each of these water-softening agents.

(8 marks)

TOTAL: 18 marks
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QUESTION 11

Compounds of chlorine are present in swimming-pool water.

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

(@ The following is a common method for determining the concentration of chloride ions in
swimming-pool water:

Sep 1

Sep 2

An excess quantity of standard AgNO, solution is added to a sample of
swimming-pool water. This results in the removal of all the chloride ions by
precipitation:

Agt + CI AgCl

The excess Ag* is titrated with standard KSCN solution in the presence of an

indicator:
Agt + SCN- AgSCN

The appearance of a red colour indicates the end point of the titration.

In one analysis, 25.00 mL of 0.0116 mol L-* AgNO; solution was added to a 50.00 mL sample of
swimming-pool water. Then 7.35 mL of 0.0143 mol L-* KSCN solution was added to produce the

red colour.

(i) Calculate the number of moles of Ag* in 25.00 mL of 0.0116 mol L™ AgNO, solution.

(2 marks)

(ii) Calculate the number of moles of SCN- that reacted in the titration at Step 2.

(2 marks)

(iii) Caculate the number of moles of silver ions, and hence the number of moles of chloride
ions, in the original sample of swimming-pool water.

(2 marks)



(iv) Calculate the concentration of chloride ions, in ug mL™, in the origina sample of
swimming-pool water.

(8 marks)

(b) Calcium hypochlorite, Ca(ClO),, is commonly used for purifying swimming-pool water.
(i) State the action of hypochlorite ions that kills bacteria.

(1 mark)

(if) One equilibrium that is established when Ca(ClO), is added to swimming-pool water is
shown in the equation below:

H,O + CIOO —— HCIO + OH-
The addition of rainwater to swimming-pool water affects this equilibrium.

(1) Explain why unpolluted rainwater is acidic.

(2 marks)

(2) Explain the effect that the addition of acidic rainwater will have on the
concentration of CIO™ in the swimming-pool water.

(3 marks)

TOTAL: 16 marks
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QUESTION 12

The structural formulae of two anti-inflammatory compounds are shown in the diagrams below:

0 CH,
OH

CH;0 CH;0 ©

Nabumetone Naproxen

(@) Nabumetone is produced as a result of the oxidation of a secondary alcohal.

(i) ldentify a reagent suitable for the oxidation of this alcohol.

(2 marks)

(ii) Draw the structural formula of this acohol.

(2 marks)

(b) A mixture of Nabumetone and Naproxen was dissolved in an organic solvent. In an attempt
to obtain pure samples of both compounds a separating funnel was used to separate the
mixture. The procedure for the separation is shown in the flow chart below:

mixture of Nabumetone and Naproxen

Step 1: Shake with sodium carbonate solution

l

aqueous layer organic layer 1 containing Nabumetone

Step 2: Acidify with hydrochloric acid.
Shake with organic solvent.

l l

aqueous layer organic layer 2 containing Naproxen
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(i) State two observations that would be made after the separating funnel was shaken in
Step 1.

D
(1 mark)
2
(1 mark)
(ii) Explain why acidification is necessary in Step 2.
(2 marks)

(iif) Samples from organic layer 1 and organic layer 2 were analysed for purity by thin layer
chromatography, using a polar stationary phase and the organic solvent as the mobile
phase. The chromatogram obtained is shown in the diagram below:

B
v
solvent
flow
X i
0 L.
organic layer 1 organic layer 2

(1) State the identity of component X.

(1 mark)

(2) Calculate the R, value of component X.

(2 marks)
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(3) Explain why the R, value of component Y is larger than the R, value of
component X.

(3 marks)

(4) Using the chromatogram, evaluate the effectiveness of the procedure for the
separation of the two anti-inflammatory compounds.

(8 marks)

TOTAL: 17 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. 9(c)(i) continued).
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