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Section |
Total marks {75)

Part A

Total marks (15)

Attempt Questions 1 - 15

Allow about 30 minutes for Part A

Use the Multiple Choice Answer Sheet provided.

[ When long chain hydrocarbons in crude oil are catalytically cracked to produce
smaller molecules, the fotlowing reaction can occur:

CyHyy = CgHyp +X

What is the name of molecule X7

(A) ethanc
(B) propane
(C) ethene
(D) propene
2 A certain liquid hydrocarbon decolorizes bromine water quickly in the dark,

Which of the following could have been this hydrocarbon?

(A) cyclohexene

(B) hexane
(<) |-propanol
(D) octane
3 In an experiment in a particle accelerator with the isotope sodium-24, a neutron is

captured by the Na—24 nucleus, forming a new isotope of sodium. This new
isotope decays by alpha-particle emission, producing a daughter nucleus.

The daughter nucleus is:

(A) aluminium-28
(B) fluorine-20
{C) neon-20

(D) fluorine—21



A zinc rod is placed in four different solutions, as shown in the diagrams below.

zinc roud zinc rod zinc rod zinc rod
silver nitrate magnesium nitrate copper nitrate barium nitrate
solution solution solution solution
Beaker 1 Beaker 2 Beaker 3 Beaker 4

You would notice a displacement reaction in heakers

(A) 1land2
(B) land 3
(C) 1land4
(D) 2and3

Ethanol is widely used as a solvent in cosmetics, food flavorings and medicines.
What possible intermolecular forces can ethanol exert on other molecules?

(A) covalent bonds, dispersion forces

(B) dipole/dipole interactions, dispersion forces

(C) covalent bonds, hydrogen bonds, dispersion forces

(D)  dispersion forces, dipole/dipole interactions, hydrogen bonds

Naturally colored compounds which occur in some flowers can be used as a test
for

{A)}  the presence of electrolytes in soil
(B) chemical indicators in soil

AC) the acidity and basicity of soil
(D)  the color range of compounds in soil

Suiphur dioxide is a toxic, colorless, non-flammable gas. It can be detected in air
by its pungent odor. Sulphur dioxide can be formed by reacting

(A)  water and sulphuric acid

(B) acetic acid and sulphuric acid
{C)  sodium sulphite and oxygen
(1) copper sulphide and oxygen




Lavoisier, in 1780, thought that acids contained oxygen (among Other things).
Which of these acids shows this idea is false?

{A) nitric acid

(B) hydrochloric acid
() sulphuric acid
{D)  phosphoric acid

Which one of the following species can be amphiprotic in water?

(A)  HCO;
B8) Ml
(C)  NH,
(D) POy

The pH of four acids of the same concentration is shown in this table:

ACID | CONCENTRATION (mol L") | pH
W 0.1 5.1
X c.1 29
Y 0.t 2.1
V4 0.1 1.0

The acid with the greatest degree of ionisation is

(A W
B X
) ¥
Dy 2

A compound has the structural formula
f! i
CHy;— CH—CH,— (|3H
Cl
Its systematic name is
(A) trichlorobutane
(B) 1,3-trichlorobutane

<€) 24 4-trichlorobutane
(D) 1,1,3-trichlorobutane



i2

13

14

15

Which method would best remove the turbidity in water for human consumption?

(A)
(B)
(C)
(D)

filtration

treatment with a flocculating agent, followed by filtration
treatment with chlorine, followed by filtration

treatment with a water softener, followed by filtration

Which one of the following, if present in water in high concentration, would NOT
be classed as “heavy metal pollution™?

(A)

(B)
(€)
(D)

sodium ion
mercury ion
lead ion
copper ion

A chemist has a solution containing 180 ppm of phosphate ions. He takes 10 mL
of this solution, and adds 90 mL of distilled water to it. The phosphate ion
concentration in this 100 mL solution is

(A)
(B)
©)
(D)

18 ppm
20 ppm
160 ppm
200 ppm

The pH of water solutions of oxygen gas (O,) and oxide ion (0%") are compared.
Which line in the table below gives the correct comparison?

i O, DISSOLVED IN WATER | (2" DISSOLVED IN WATER
(A) pH<7 pH<7
(B) pH=7 pH>7
(© pH>7 pH>7
1 (D) pH=7 pH=7




Section I

Part B

Total marks (60)

Attempt Questions 16 — 28

Allow about 1 hour and 45 minutes for Part B

Answer the questions in the spaces provided.

Show all relevant working in questions involving calculations,

Question 16 (3 marks) Marks

Alkenes, and their derivatives, are important substances in the production of addition
polymers. Polystyrene is an addition polymer.

(a) (i) Draw the structural formula of the monomer from which polystyrene
is formed. 1
(ii)  Give the systematic name of this monomer. 1
(b) Explain the meaning of the term addition polymer. 1

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................



Question 17 (3 marks) Marks

Cellulose may be used in the future as the raw material for what we now call
petrochemicals.

(a) Give one reason why we need alternative sources for the compounds 1
presently obtained from the petrochemical industry.

..........................................................................................................................
..........................................................................................................................

b) Why would cellulose be a good raw material to build petrochemicals? 1
(c) Cellulose is a condensation polymer of glucose. Explain the meaning of the
term condensation polymer. 1

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................



Question 18 (3 marks) Marks
Ethanol has been suggested as an alternative to petrol as a fuel.
(a) (1)  Ethanol can be made industrially by the fermentation of glucose.

What is the other product obtained from the fermentation of glucose? 1

(i1)  Another method of making ethanol industrially is by reaction of

ethene with water. Name the catalyst used in this industrial process. 1
(b) Give one advantage, OR one disadvantage, of using ethanol as an
alternative fuel. i



Question 19 {7 marks)

A student wished to find the heat of combustion of ethanol, C;H;OH.

He used a spirit burner (containing ethanol) to heat 250 g of water in a beaker. The water
temperature rose from 15°C 10 31°C. During this combustion, the burner lost 0.90 g in
mass, due to ethanol burning.

(a) Calculate the heat of combustion of ethanol, in kJ mol .

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................
..........................................................................................................................
..........................................................................................................................

..........................................................................................................................

(b) A databook gives the heat of combustion as ~1360 kJ mol~!. Give one
reason to account for the discrepancy between this value and the one you
calculated in (a).

..........................................................................................................................

..........................................................................................................................
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Marks
Question 20 (4 marks)

The diagram shows an electrochemical cell. The concentrations of the
two solutions are | mol L™,

voltmeter

Mg Cu

MgCl 2 CuCl ,

() Apart from a reading on the meter, give one observation you could make
that would show a reaction is taking place.

(b) Calculate the reading on the voltmeter under standard conditions.

il



Question 21 (3 marks) Marks

(a) Name the ester formed between the reaction of ethanol and propanoic acid. 1

(b) If you carry out this reaction in the laboratory, you will have to heat the 2
reaction mixture to speed up the reaction. This heating is best done under
reflux. Give 7WO reasons why refluxing the reaction mixture is good
technique.

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

--------------------------------------------------------------------------------------------------------------------------
..........................................................................................................................
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Question 22 (7 marks) Marks

This table gives the solubility of carbon dioxide in water at various temperatures.

* TEMPERATURE/C. | SoLuBiLITY/g of CO, per 100 g of water
it : 0.33 L
10 0.23
- 20 0.17
| 30 0.13
40 0.097
(a) Describe the trend in the solubility of carbon dioxide with change in 1
temperature.
(b) The dissolving of carbon dioxide in water involves an equilibrium process.

Write a balanced equation for a reversible reaction of carbon dioxide with water. 2

(c) One test for carbon dioxide is to bubble the gas through a solution of calcium
hydroxide, when a white precipitate of calcium carbonate is formed. 4

Ca(OH),(ag) + CO,(g) = CaCO4(s) + H,0(1)

Calcutate the volume of carbon dioxide gas, measured at 25°C and 101.3
kPa, needed to produce 0.50 g of calcium carbonate by the reaction.

..........................................................................................................................

..........................................................................................................................
..........................................................................................................................

..........................................................................................................................
..........................................................................................................................
..........................................................................................................................

..........................................................................................................................



Question 23 (4 marks) Marks

Ammonia is a weak base in water solution. It reacts with water according to the equation

NH(aq) + H,O(l) = NHj (ag) + OH (aq)

(a) (i) Why is ammonia classed as a base in this reaction? 1

(i) Why is ammonia classed as a weak base in this reaction? 1
(b) What is the hydrogen ion concentration (mol L™') in a solution of pH 8.50? 1
(c) Give the formula of the conjugate acid of the hydroxide ion, OH". 1

bji e
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Question 24 (6 marks) Marks

In a titration, a student finds that 30.0 mL of a 0.300 mol L' sulphuric acid solution is
needed to react with 25.0 mL of a sodium hydroxide solution.

The equation for the titration reaction is

2NaOH(aq) + H,S0,(agq) — Na,SOy(aq) + 2H,0(/)
{a) Calculate the concentration of the sodium hydroxide solution, in mol L.

(b) Describe the correct technique for conducting titrations.



Question 25 (5 marks) Marks

This is a description of a test to identify the presence of chloride ions (CI) in a water
sample—

» acidify the sample with dilute nitric acid
* add a solution of silver nitrate (AgNO;), when the appearance of a white precipitate
shows the presence of CI™ .

(a) The white precipitate is silver chloride, AgCl. Write a balanced equation for 2
its formation in this test. Include states in your equation.

..........................................................................................................................

(b) The dilute nitric acid is added to remove carbonate ions from the water.
This is necessary because white silver carbonate may precipitate when
silver nitrate is added. How does the nitric acid remove carbonate ions from

the water? 1
(c) Select either an anion or a cation from the list below. Describe a chemicat
test that would identify the ion you selected. 2
ANIONS CATIONS

carbonate barium

sulphate lead

Cation or anion selected ...........c.qoiuoeieeoom oo

..........................................................................................................................
..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................




Question 26 (8 marks) " Marks

The equation below shows the synthesis of ammonia from its elements. A H for the
reaction is also given, showing that the forward reaction is exothermic—

Ny(g) + 3Ha(g) = 2NH;(g) AH=-92) mol™

The Haber process uses this reaction, carried out in the presence of a catalyst, ata
moderate temperature and high pressure.

(a) Identify ONE industrial use for ammonia. 1

b Identify a catalyst used in the Haber process. 1

(c) (i) Cooler reaction temperatures will increase the yield of ammonia. 1
Explain.

{ii) Cooler reaction temperatures will slow down the formation of 1

ammonia. Explain,

Question 26 continued on page 18



Question 26 (continuved) Marks

(d) Analyse the impact of increased pressure on the reaction system above. 4

Question 27 (2 marks)

The H,0" ion contains a coordinate covalent bond. The structural formula of the ion can
be written like this—

+
T
H—O—»H
Using dots (*) to represent electrons from oxygen, and crosses () to represent 2

electrons from hydrogen, draw the Lewis diagram of the H;0" ion.

G WD W




Question 28 (5 marks) Marke

Ozone (04) and oxygen (O,) are atlotropes of the element oxygen. Ozone is present in the
upper atmosphere where it acts as a “shield” to incoming ultraviolet radiation.

{a) (i) Chlorofluorocarbons (CFCs) can lower the concentration of ozone in the 1

upper atmosphere. Name the element present in CFCs that is directly
responsible for the destruction of ozone molecules in the upper atmosphere.

(i) Identify one source of CFCs in the upper atmosphere. 1

................................................................................................................................

{(iii) The CFC “Freon—12" is dichlorodifluoromethane. Draw the structural

formula of this compound. 1

(b) ___ The table below shows some properties of oxygen and ozone. 2
Vol _“.“TID N 4 L ‘ MELTING | BomING
4, | DESIYOrtQUIbR MY T poivtreC | PoNTFC |
| Oxygen, O; SRR 0 D L S ] L - B
[Oone, 0y | T st sy ||

i Seclect one of these propertics. Account for the difference in this propenty
between O, and Oy in terms of their molecular structure and/or bonding.

Property selected. ... e






Section II — Options

Total marks (25)
Attempt ONE question from Questions 29 - 33
Allow about 45 minutes for Section I

Answer the question you select in the Answer Book provided.

Show all relevant working in questions involving calculations.

Question 29 Industrial Chemistry ...
Question 30 Shipwrecks and Salvage ...

Question 31 Biochemistry of Movement ............ccc.coooeoeiiiiiniiiiiinnniccononn
Question 32 Chemistry 0f Art .......co.covvveeeivnereiaessinsiecseeeereaenanes

Question 33 Forensic ChemiStry . ..........c..c.oocimiemeniiininscvcececeec n e e s cnnrasensene e

2]

Pages

22-23

................. 2425

26-28

................. 29-30

.31



Question 29 — Indusirial Chemistry (25 marks) Marks

() Industria] processes can sometimes supply replacements for natural products.
(i) Niume ONE natural product associated with shrinking world resources. 1
(i) Name its replacement, as made by industrial processes. 1

(b) Phosgene gas, COCl,, an important industrial chemical, partially decomposes
al 1250°C:
COClLg) =COfg} + Cly(g)

(i) In one experiment, 1.00 mol of pure phosgene is placed in a 0.0 L
sealed tlask. When equilibrium is established at 1250°C, 0.20 mol of
phosgene are in the flask.

i How many mot of CO. and of Cl,, are in the flask at equilibriuvm? 3
2 Calculate the value for the equilibrium constant for the reaction,

as wrilen. 2

(ii} In another experiment, 1.00 mol of pure phosgene is placed in a 2.0 L sealed
flask. Equilibrium is established at 1250°C. How would the value of the

equilibrium constant compare with the value you calculated in (i)? Explain, 1
{c) The electrolysis of sodium chloride solution produces two important industrial
chemicals: sodium hydroxide and chlorine. The mercury cell, and the diaphragm
cell, are two different cells carrying out this electrolysis reaction,
(i) Describe each of these TWO cells. 6
(i) Analyse an environmental difficulty associated with ONE of these cells, 2
(d)  The Solvay process manufactures sodium carbonate.
(i} Give one use for sodium carbonate. 1
(ii) Describe the chemistry involved in EITHER sodium hydrogencarbonate
formation OR ammonia recovery. 2
(i11) The physical location of an industrial plant is very important. What
criteria should be kept in mind when locating a plant to carry out
the Solvay process? 2

Question 29 continues on page 23

22




Question 29 (continues) Marks

(e) Sulphuric acid is one of the most important industrial chemicals.
(i) Give one industrial use of sulphuric acid. 1
(i) Describe a reaction you have carried out to observe sulphuric acid 2

acting as an oxidizing agent. In your description, mention any special
safety precaution you needed to take because of the nawre of
sulphunc acid.

(iii) In the manufacture of sulphuric acid, one step involves the conversion 1
of sulphur dioxide to sulphur trioxide. State one reaction condition
necessary for this conversion.

End of Question 29
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Question 30 — Shipwrecks and Salvage (25 marks) Marks

i) [ron as produced 1n a blast furnace contains about 4%, carbon. Stecls
contain up 1o 1.5% carbon. Compare the sutability of iron to steels tor ship
construction. Explain. ?
(b} A steel ship in marine conditions is subjected to ideal conditions for 2
corrosien, Oultline one method for corrosion protection of the ship 1in marine
conditions.
{©) Explain why aluminium and not sodium is a passivating metal. 2
{(d) In 1976 it was believed that the Titanic was at such a great depth of water
§

that the rate and extent of corrosion would be greatly retarded because:

iR water temperalure was approximately 0°C

I very little dissolved oxygen was available

ill.  no damaging sea life was present

V.  low solubility of salts at such conditions

V. pH of sea water would be the normal value of pH 7 -8

Yet in 1986 photographs taken by a submersible showed that the Titanic
had vasr and extensive corrosion, surprising for a ship that had only been

submerged for several decades.

After much research and analysis the overall cquation for the corrosion of
the iron was found to be:

4Fe(s) + SOi-(aq) + 5H,0(/) = FeS(s) + 3Fe(OH ) (s} + H,0¢) + 20H (agq)
Address points |-V and give the actual conditions to which the Titanic was

subjected in order to account for the rate and extent of corrosion.

Question 30 continues on page 25
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Question 30 {continues) Marks

(e) A small wooden trinket box was obtained from the Titanic site.
(1) Explain why the wooden box must not be allowed to dry out when it 1
reaches the surface
(ii)  State and explain a conservation method that could be applied to the 3
wooden box.
H Luigi Galvami first generated an electric current by using two different
metal wires placed separately on a freshly extracted frog muscle. 2

List two chemical conditions which enabled the generation of the electric
current.

{2 (i) Draw a labelted diagram of the apparatus used to electrolyze a copper 4
nitrate solution using platinum electrodes.

Your labelling should include

» clectrolyte
* power supply
* anode and cathode
an ammeter to measure the current

(i1) Write the half-equations for the oxidation and reduction half-reactions 2
that occur in this electrolysis.

"(iii) How would you use the apparatus you drew in (i) to test the truth of 2
Faraday’s first law of electrolysis?

i

End of Question 30

25



Question 31 — Biochemistry of Movement (25 marks)

{(a) Draw up a table which, for cach of TWO propertics, compares Type | and
Type 2 muscle cells.

(b) The following structural formulas show various biomolecules.
) CH,OH )
H C\--—H 0\ ? CH,— OH

CH— OH

v
N A |
OH\:C | /OH CH,— OH

i OH
(L) (M) CHy H o
| CHy—C—C—C
CH— O— CO—(CH,),— CH, [ | No—u
H N

Indicate what class or family each molecule belongs to. Choose from this
list—

alcokol, amino acid, fatty acid, fat, protein, carbohydrate, enzyme

Question 31 continues on page 27
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Question 31 (continued) Marks

(c) The primary structure of a protein is the sequence of amino acids in the
protein.

The structural formula below shows part of the primary structure of a
certain protein.

CH; (|3H3 (I?H3 CHy

— W] — _ 'N — N ——
N N e N e N e N 6
H OHHOHHOHHOHHO

(1)  Write the structural formula of ONE of the amino acids in this
protein. 1

(i} The secondary and tertiary structures of this protein refer to its three- 2
dimensional shape, which happens to be a helix.

Name two forces involved in holding this helix together (apart from
the bonds invelved in the primary structure).
{d) The process of acrobic respiration in a muscle cell can be broken down into
three main parts—
s glycolysis
¢ TCA cycle (Krebs cycle)
¢ cytochrome chain
(1 Where in a muscle cell does glycolysis occur? 1
(i) Compare quantitatively the net ATP output of glvcolysis with that of 2
the 7CA cyele plus cytochrome chain. Base your comparison on one

mole of glucose.

{1i) A runner sprinting hard over 200 m produces a high concentration of
lactic acid in those muscle cells she is using.

1 Explain the formation of lactic acid in these circumstances. 1

2 Describe ONE way in which the runner’s body removes the lactic
acid. 1

Question 31 continues on page 28
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Question 3! (continued)

© During your study of this Option, you performed an investigation to

observe the effect of changes of temperature on a named enzyme reaction.

{i) State the enzyme reaction you investigated,

(it) Describe how you carried out your investigation. Include details of
the apparatus you used.

(iii) Summuarise the results you obtained in a graph.

(iv) Explain the shape of your graph, over the complete range of
temperatures you investigated.

End of Question 31
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Question 32 — Chemistry of Art (25 marks) Marks

(a) Iron{IIl) oxide powder, Fe,O4(s). has been used as a red/brown pigment for

thousands of years. Many other early pigments are like iron(IlI) oxide in
that they are compounds of transition metals.

(1)  Why do compounds of transition metals tend to make good pigments? 1
(i) How might you convert iron(III) oxide into a paint? 1
(i) Quiline one way in which modern paints are superior to paints of 1

even Just a tew hundred years ago.

th) The ground state electron configuration of vanadium, in terms of shells, is
28.11.2
(1) Explain why vanadium is classed as a d—block element. i
(11} Write the ground state electron configuration of vanadium in terms of 2
SUBSHELLS.
(c) When ammonia is added to a solution containing pale-blue hydrated

copper(il) ions, the deep-blue tetramminecopper(Il) ion is formed—

Cu(H,0)}" +4NH, — Cu(NH,)}" +4H,0(()
pale - blue deep - blue

. . b . T -
() The attachment of the ammonia ligands to the Cu** jon shows 1
ammonia acting as a Lewis base. Explain.

(ii} 1 ammonia is replaced by CI7, the green-blue complex ion CuCliu 18
formed.

| Show that the oxidation number of copper in CuCl;", Cu({NH,)}", 2
and Cu(H,0);" is +2.

2 Suggest a reason why the color of these three complex ions is 1
slightly different, even though copper has the same oxidation
number in all of them.

() The ion Cu(HzO)i+ can function as an oxidizing agent. 2
Use the reaction of this ion with Mg(s) to form Mg2+ and Cu(s) 1o
explain this statement.

Question 32 continued on page 30



Question 32 (continues)

(d) The dhiagram shows part of the emission spectrum of Hg).
7.71
7.89
7.31 /
4.57 6.16 690 RN
7.55 78]
red violet
x 104 17

Line spectrum of H
Freguencies of lines in the visible region

The Bohr mode! of the atom attempted to explain such line spectra.
(i) Describe the Bohr model of the atom.
{it) How did this model of the atom explain the spectrum of H¢g)?
(e) Describe how data about successive ionization cnergies of an clement can
give information about the number of electrons in the valence shell, and

valence subshells, of atoms of the element.

In your answer, consider
¢ an s-block element
* ap-block element
o ad-block element

End of Question 32
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Question 33 — Forensic Chemistry (25 marks)

(a)

(b)

(c)

(d)

(f)

You are required to distinguish between a sample of a reducing sugar, and a
sample of a non-reducing sugar. How would you do this in the lab? Answer
this question by stating the equipment you would use, the reagents you
would use, any spectal reaction conditions, and the result you would expect
in each case.

Describe one way in which plant and animal carbohydrates are similar, and
one way in which they can differ.

Lauric acid has the structural formula
//O
CH3—(CHhp— €
OH
With glycerol, it forms the triglyceride fat present in coconut oil.

s(i} Draw the structural formula of the triglyceride formed between
glycerol and lauric acid.

(i) People frequenily say that fats and water don’t mix. [n fact, fa
molecules have a water-soluble end, and a water-insoluble end. Show
on your structural formula the water-insoluble cnd of the fat.

The amino acid composition of a protein can be determined by first reacting
the protein with hot 6 mol L ! hydrochloric acid for a suitable time, and
then performing a chromatography separation on the reaction mixture.

(1) Draw the general structural formula of an amino acid.
(i1} Amino acids join by the formation of a peptide bond. Show the
structure of a peptide bond.
(1il}  What is happening to the protein during the reaction with the hot acid?
(iv) Describe how you would carry out the chromatography separation.

(i} Ouiline how a mass spectroscope ¢an give evidence about the relative
molecular mass of a substance in a forensic sample.

(1))  Nome one other characteristic of a forensic sample that can be
discovered using a mass spectroscope.

List some issues associated with a government maintaining a database
of the DNA ot individuals in socicty.

End of Question 33
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