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1 The apparatus can be used to show the diffusion of gases. Air is present in the porous
tube. The beaker is filled with hydrogen.
Assume all gases are at the same temperature and pressure.

beaker filled with hydrogen ——

porous tube

air

What would happen to the water level at X over time?
A The water level at X will remain unchanged.
B The water level at X will drop and remains there.
C The water level at X will drop and then return to its original position.
D

The water level at X will rise and then return to its original position.

2 The table shows some mixtures and their constituents are obtained using suitable
separation techniques.

mixture constituent obtained
NaCl(aq) H20(1)
I>(s) and Ni(s) I>(s)
NaCl(aq) NaCl(s)

Which row gives the correct separation techniques to obtain the constituents from the

mixture?
1 2 3
A distillation sublimation evaporation
B distillation sublimation filtration
C filtration crystallisation evaporation
D sublimation crystallisation filtration

3 Anelement, Z, has p protons and n neutrons in its nucleus.

Which row gives a possible correct number of protons, neutrons and electrons in a negative
ion of an isotope of Z?

protons neutrons electrons
A p n+1 pt+1
B p n+1 p-1
C p+1 n p+1
D p+1 n p-1




3

4  The proton numbers of elements X, Y and Z are 6, 8 and 12 respectively.

Which row shows the correct formulae of the compounds formed between the elements?

compound 1

compound 2

compound 3

oo wm >

Y
ZY
ZY
Y

XY
XY:
XY:
XY

ZXY3
ZXY3
ZXY,
ZXY,

5 The formation of metallic oxides involves the transfer of electrons from a metal atom to

oxygen atoms.

In the formation of one mole of metallic oxide, which oxide involves the transfer of more

than 2 moles of electrons from metal atoms?

A
B
C
D

6  Which substance contains atoms bonded to other atoms by less than four covalent bonds?

A
B
C
D

7  Solid copper metal, aqueous copper(Il) sulfate, solid graphite and molten magnesium
chloride will conduct electricity.

aluminium oxide
iron(ll) oxide
magnesium oxide

sodium oxide

diamond
poly(ethene)
silicon dioxide

water

Which pair of substance will conduct electricity because they both contain mobile
electrons?

A

B
C
D

aqueous copper(Il) sulfate and molten magnesium chloride

aqueous copper(Il) sulfate and solid copper metal

molten magnesium chloride and solid graphite

solid copper metal and solid graphite
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10

Which of the statements about iron(IIT) oxide, Fe>Os, are correct?

A WO DN -

A 1and 2

Ammonium nitrate, NH4sNO3, (M; = 80) decomposes to form dinitrogen oxide and water upon
heating as shown in the equation below.

When an impure sample of ammonium nitrate is heated, 27 g of water is formed.

Which expression shows the mass of ammonium nitrate in the impure sample?

27
A 66)(%
27
B 80)(%
27
C 80X1_8
9
D SOX%

20 cm?® of propene ,CsHs, reacts with 500 cm?® of oxygen according to the equation shown

below.

When cooled to room temperature, what is the total volume of gas remaining at the end of

the reaction?

A 120cm?
B 410cm?d
C 470cm?
D 530cm?

Iron is present in Fe,O3 as an Fe?* ion.
One mole of Fe2O3 contains 112 g of iron and 48 g of oxygen.
The empirical formula is Fe2Os.

Three moles of oxygen molecules are needed to make one mole of Fez0Os.

NHisNO3; — N20 + 2H0

2C3Hs (g) + 902 (g) - 6CO2(g) + 6H.0 (g)



11 Which method(s) is/are suitable to distingush between 1.00 mol/dm?® of aqueous hydrochloric
acid and 1.00 mol/dm? of aqueous ethanoic acid?

1 using a pH meter

2 determining the volume of 1.00 mol/dm?® of sodium hydroxide solution used to
neutralise 25.0 cm? of the acids separately

3 measuring the total volume of hydrogen gas formed when excess magnesium is
added to the acids separately

A 1only B 1and 2 C 1and 3 D 2and3

12 The table shows the properties of four chlorides.

Which is copper(II) chloride?

colour solubility in water method of preparation
A green soluble copper(Il) oxide and hydrochloric acid
B green insoluble copper metal and hydrochloric acid
C white insoluble sodium chloride and copper(II) sulfate
D green soluble copper(II) nitrate and hydrochloric acid

13 The following reactions are carried out.

reaction result

ethanoic acid is added to ammonium carbonate

Gas E is produced.

ammonium ethanoate is warmed with sodium hydroxide solution

Gas F is produced.

ethanoic acid is added to an aqueous solution of ammonia

Compound G is formed.

What are gases E, F and compound G?

gas E gas F compound G
ammonia ammonia ammonium carbonate
ammonia carbon dioxide ammonium ethanoate

carbon dioxide carbon dioxide ammonium carbonate

O o0 m >

carbon dioxide ammonia ammonium ethanoate

14 Which equation shows a non-redox reaction?

A 2H; + O;— 2H,0

B Fe* - Fe*+e

C 2H'+ CO3* — HO + CO;
D CuO +H;— Cu+H0
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16

17

6
The reaction between copper and concentrated nitric acid is shown below.

Cu + 4HNO; — CU(NO3)2 + 2H,0 + 2NO»
Which statement about this reaction is correct?

A HNO:s; is a reducing agent.
The oxidation state of nitrogen in Cu(NOs); is -5.

Cu loses electrons during the reaction.

(W o R v

The oxidation state of oxygen has changed.

A student conducted three experiments to compare the reactivities of four different metals;
copper, magnesium, metal Y and metal Z.

VA \G Cu?*
ions - jons ions

A deposit was observed on the metal strip for each experiment.

How many metals that were investigated will be able to react with aqueous hydrochloric
acid?

A 1 B 2 Cc 3 D 4

Hydrogen is produced by the reaction of a metal A and a dilute acid.

When the same gas is passed over an oxide of metal B, it reduced the metallic oxide to its
metal in the presence of heat.

Which substances would give these results?

metal A dilute acid metal B
1 calcium hydrochloric acid lead(IT) oxide
2 copper hydrochloric acid silver oxide
3 iron sulfuric acid copper(Il) oxide
4 zinc sulfuric acid calcium oxide

A 1and3only B 1 and 4 only C 2 and 3 only D 2 and 4 only



18 Four identical pieces of steel were partially coated with four different substances as shown
below. The steel pieces were then left in test tubes filled with water for some days.

w X Y Z
water
steel
grease paint silver zin

In which tube would the steel be least likely to rust?

A testtube W
B testtube X
C testtubeY
D testtubeZ

19 A newly discovered alkali metal, Q, has an atomic number greater than 37.
What is the most likely property of Q?

A Qfloats on water.

B Q has a higher melting point than sodium.

C Qreacts with chlorine gas to form a yellow crystalline solid.
D

Q reacts with water more vigorously than potassium with water.

20 Four different solutions were electrolysed in separate experiments.

positive — ___— negative
electrode electrode
I | solution

Which electrolytic set-up results in no change in the concentration of the solution during
electrolysis.?

A aqueous sodium chloride solution with carbon electrodes

B copper(Il) sulfate solution with copper electrodes
C copper(II) sulfate solution with platinum electrodes
D

dilute sodium chloride solution with platinum electrodes



21 In an electrolysis, the same amount of charge deposited 54.0 g of silver and 14.9 g of tin.

The charge on the silver ion is 1+.

What was the charge of the tin ion?

A

B
C
D

1+
2+
3+
4+

22 Which statement describes what happens when hydrogen and oxygen are used in a fuel

cell?

A

B
C
D

Electricity is generated due to flow of electrons from cathode to anode.
Hydrogen is reduced by losing electrons at the anode.
Oxygen is oxidised by gaining electrons at the cathode.

Water is produced as the only product in the overall equation.

23 Which statement about the elements in Period 3 going from left to right of the Periodic Table

is correct?
A The metallic properties of the elements increases.
B The nature of the elements changes from strong reducing agents to strong
oxidising agents.
C The nature of the oxides of the elements changes from acidic to basic.

The tendency of the elements to lose electrons increases.

24 Tellurium (Te) and sulfur belong to Group 16 of the Periodic Table.

What could be the likely formula of a compound of tellurium?

A

B
C
D

HoTe
HTeOs
TeN
TeO



25 The energy profile diagram for a chemical reaction is shown below.

A

energy (kJ/mol)

progress of reaction

Which statement about the energy profile diagram is correct?
A The overall enthalpy change is equal to x +y.
B The reaction is exothermic.
C The value of x would decrease in the presence of a catalyst.
D

The value of y would increase in the presence of a catalyst.

26 The scheme shows four stages, 1 to 4, in the conversion of solid candlewax, CsoHsz, into
carbon dioxide and water

CaoHe2(s) —CaoHe2(/)

CsoHe2(l) —Cs0Hs2(g)

2C30He2(g) + 9102(g)—60C02(g) + 62H-0(g)

30C0O2(g) + 31H20(g) —30C0O2(g) + 31H20(!)

AW N

Which stages are exothermic?

A 1and?2
B 1and4
C 2and3

D 3and4
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27 In the graph below, curve 1 was obtained by the reaction between 50.0 cm? of 1.0 mol/dm?
sulfuric acid and excess zinc granules.

volume of
hydrogen/cm?3

time/s

Which changes would produce curve 2?

A Add the same mass of zinc powder instead of zinc granules.
B Increase the temperature by 10°C.
C Use 100.0 cm? of 0.75 mol/dm?® sulfuric acid.

D Use 100.0 cm? of 1.00 mol/dm?3 sulfuric acid.

28 A liquid X reacts with solid Y to form a gas.
1 2

| stopper [ 3—— cotton wool

/

electronic electronic
balance balance
3 4
D\— stopper P":j— cotton wool

Which two diagrams show suitable methods for investigating the rate of the reaction?

A 1and3
B 1and4
C 2and3
D 2and4



29

30

31

32

11

Ammonia is produced by the Haber process.

Which statement is not correct?

A
B

C
D

An iron catalyst is used.

Each hydrogen molecule reacts with three nitrogen molecules to form two
molecules of ammonia.

Hydrogen for the Haber process can be obtained by the cracking of crude oil.

The reaction is reversible.

Which statement about the properties of ammonia is correct?

A

B
C
D

It is formed upon heating solid ammonium chloride.
It dissolves in water to form a solution with pH less than 7.
It is formed by reacting ammonium salts with nitric acid.

It reacts with alkali to form salts.

A sample of air is bubbled through sodium hydroxide, then passed over heated copper.

Which gases are removed by this process?

A

B
C
D

carbon dioxide and oxygen
carbon dioxide and water vapour
hydrogen and nitrogen

nitrogen and oxygen

Which pair of gases can cause the most damage to limestone buildings?

A

B
C
D

CO and NO

NO and CH4
SOz and CO
SOz and NO>



12

33 The diagram shows the fractional distillation of petroleum.

)

...... 1 — fraction M

heated ™ fraction N

petroleum >

Which row about fractions M and N are correct?

M burns more easily | M has a higher boiling M is more viscous
than N point than N than N
A True False False
B True True True
C False True False
D False False True

34 In the polymerisation of ethene to form poly(ethene), which property remains constant?

A boiling point

B density

C empirical formula
D

molecular mass

35 Under certain conditions, 1 mole of ethane reacts with 2 moles of chlorine in a substitution
reaction.

What is the formula of the organic product in this reaction?

A C:HsC/
B C.HsCL
C C:HCl
D CH.Ckh



36

37

38

13

Olive oil contains oleic acid. Oleic acid is an unsaturated acid which has molecular formula
C17H31COOH.

How many carbon—carbon double bonds are present in one molecule of oleic acid?

A

A WO N -

B
C
D

The following statements describe an organic compound, L.

1 It reacts with sodium carbonate to produce a colourless gas.
It decolourises bromine solution.
If a mixture of ethanoic acid and compound L is warmed with concentrated
sulfuric acid, no sweet smelling substance is formed.

What could be the molecular formula of compound L?

A CH=CHCOOH
B CHx=CHCOOCH;
C CH3CH2CH20H
D CH3CH2CH:CI

The following reaction scheme shows the reactions of three substances, X, Y and Z.

acidified KMnOg, v
heat - \\ acid catalyst, _ HH

H
| |
H-C-C-C-O0-C-C-H
heat T T
Z —/ H H HH

X

What are the molecular formulae of substances X, Y and Z?

X Y Y4
A C2HeO C3HeO2 C2HeO
B CsHs C3HsO C2Hs02
o C3HsO C3HeO2 C2HeO
D CsHsO C4HsO2 C2HeO
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39 The full structural formula of the amino acid, Arginine, is shown below.

(IJOOH

HoN-C— H

(?He)s

NH
_o
HN=CZ

The following statements were made about the amino acid.

It undergoes addition polymerisation.
It forms a polymer with the same linkage as nylon.

It reacts with magnesium to form hydrogen gas.

A W N =

It decolorises acidified potassium manganate(VIl) solution readily.

Which statements are correct?

A 1and2
B 1and3
C 2and3
D 2and4

40 Some polymers can undergo depolymerisation through acid hydrolysis.

O @)

C—~(CHz)i~C-0—(CHz)s-O}-

Which of the following represents the monomers of the above polymer?

A HO—(CH,):~OH and HO—~(CHa)s-~OH

B HOOC—(CH,)s—~COOH and HO—~(CHz)s—OH
C HOOC—(CHz),~OH and HO—~(CH,)s—COOH
D HOOC—(CHz):~COOH and HO—(CHz)s—OH

End of Paper
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2

Section A
Answer all questions in this section in the spaces provided.

1 The structures of some carbon-containing substances, A, B, C, D, E and F are shown in

Fig 1.1.
A B Cc
T
0=C=0 H—C|:—(|3—H
H H
D E F
Cl
H H |
\C—C—(|3—H 2
/| SR
H H H
Fig. 1.1

(@) Use the letters A, B, C, D, E and F to answer the following questions.
Each letter may be used once, more than once or not at all.

(i) Which substance is a saturated hydrocarbon?

............................................................................................................ [1]
(ii) Which substance has a giant molecular structure?
............................................................................................................ [1]
(iii) Which substance is a product of respiration?
............................................................................................................ [1]
(iv) Which substance is in the same homologous series as ethene?
............................................................................................................ [1]

(v) Which substance is found in limestone?



(b) Explain why substance B in the atmosphere is increasing and why planting more trees is
not a long-term solution to the increase in the amount of B.

[Total: 7]
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4

Lithium is a metal and lithium chloride is a compound. The structure and properties of these
substances are very different.

(a) Explain using ideas about bonding and structure, how the particles in lithium and
lithium chloride are held together.

............................................................................................................. [2]
(b) Table 2.1 below shows the melting and boiling points of lithium and lithium chloride.
Table 2.1
melting point / °C boiling point / °C
lithium 180.5 1342
lithium chloride 605.0 1382
Using the information from Table 2.1, explain what can be deduced about the
forces of attraction holding the particles together in lithium and lithium chloride.
............................................................................................................. [2]

(c) Two students, A and B, are comparing the properties of lithium and lithium chloride
at room temperature. Student A states that both lithium and lithium chloride can
conduct electricity, but Student B states that only lithium can conduct electricity.

State whether Student A, Student B, or neither student is correct. Explain your
answer.



(d) Students A and B then went on to discuss the bonding in another substance, calcium
fluoride. Explain, in terms of electrons, how the bonds in calcium fluoride are formed.

[Total: 9]



(a)

(b)

(c)

Chlorine dioxide, CIO-, was the first oxide of chlorine to be discovered. Although unstable
as a liquid or gas, it is now produced on a very large scale for the bleaching of wood pulp
and water treatment.

Chlorine dioxide has a complex bonding structure. The chlorine atom in the molecule has
an unpaired electron, which is not involved in bonding, contributing to its reactivity.

The structure of a chlorine dioxide molecule can be represented as shown.
O0=Cl=0

Draw a ‘dot & cross’ diagram to show the bonding in a chlorine dioxide molecule.

Show outer shell electrons only.

(2]

Chlorine dioxide was first obtained by scientist and inventor, Humphry Davy. It was formed
by the hazardous disproportionation reaction of chloric acid, HCIOs.

3HCIO3; » 2CIO, + HCIO4 + HO

Disproportionation is a type of redox reaction in which the same element is both oxidised
and reduced.

Which element in the reaction has undergone disproportionation? Explain your answer using
oxidation states.

Chlorine dioxide can also be produced by reacting sodium chlorate(IlI), NaClO, with
chlorine. The other product is sodium chloride.

(i) Write an equation for the reaction.

(ii) Which is the oxidising agent? Explain your answer.

[Total: 7]



4  Sulfuric acid and malonic acid are both dibasic acids.

Malonic acid is a white crystalline solid which is soluble in water. It melts at 135 °C.

The structural formula of malonic acid is given below.

(@ (i)

(ii)

(iii)

(iv)

HOOC-CH>—COOH

Write the molecular formula of malonic acid.

When malonic acid is thermally decomposed, carbon dioxide and a simpler
carboxylic acid are formed. Deduce the name and formula of this acid.

Name the product when the carboxylic acid in (a)(ii) is mixed with ethanol and
heated in the presence of concentrated sulfuric acid.

Draw the structural formula of the product formed in (a)(iii).

(1]

(b) Suggest why a solution of malonic acid, of concentration 0.2 mol/dm?, has a higher pH
than sulfuric acid of the same concentration.

[Total: 6]



5 Aqueous hydrogen peroxide is often used in households as a bleaching agent as well as a
disinfectant among other uses.

At room temperature, aqueous hydrogen peroxide decomposes very slowly to form water
and oxygen. The decomposition of hydrogen peroxide can be represented by the equation
below.

@) H : @)
—» 0O—0 %

(@) Explain in terms of bond making and bond breaking why this reaction is exothermic.

(b) The decomposition of hydrogen peroxide is speeded up by adding powdered
manganese(1V) oxide.

An experiment was carried out with three samples of hydrogen peroxide placed in
conical flasks labelled P, Q and R. An equal mass of powdered manganese(IV) oxide
was added to each conical flask. The mass of the conical flasks and their contents
were measured at regular time intervals, and a graph of mass was plotted against
time.

The results are shown in Fig. 5.1.

mass of flask
and contents / g

AN

time/s

Fig. 5.1



(i) Given that conical flask P contained 50 cm? of 2.0 mol/dm?3 of hydrogen peroxide
and conical flask Q contained 80 cm® of hydrogen peroxide, calculate the
concentration of hydrogen peroxide in conical flask Q.

[2]

(ii) Suggest a suitable volume and concentration of hydrogen peroxide in conical
flask R.

Volume of hydrogen peroXide ..............ouiiiiiiiii e

Concentration of hydrogen peroxide .............cccooiiiiiiiiiiiii e, [2]

(iii) Suggest another way to speed up the decomposition further, without the use of
a catalyst or varying the concentration. Explain your answer in terms of collision
theory.

[Total: 9]
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10

Fig. 6.1 shows the electrolysis of a concentrated solution of sodium chloride in the
laboratory.

hyd rogen - chlorine

~

_ concentrated sodium
chloride solution

" positive
electrode

negative —
electrode

power supply

Fig. 6.1

(@) (i) Explain, with the use of ionic equations, why the volume of chlorine collected
should be the same as the volume of hydrogen collected.

(ii) Suggest why the volume of chlorine collected is always less than the volume of
hydrogen collected.



(b)

(c)

11

In the chemical industry, chlorine can be produced by the electrolysis of molten sodium
chloride. The overall equation for this reaction is shown below.

2NaCl(l) — 2Na(l) + Cl(g)

Calculate the maximum volume, in dm?, of chlorine gas that can be obtained from
23.4 tonnes of molten sodium chloride.

(1 tonne = 1000 kg)

[3]

Nuclear submarines can stay underwater for months without needing to come to the
surface.

Oxygen for the crew to breathe is produced using an equipment called an automated
electrolytic oxygen generator.

Many people assume that seawater is used directly and electrolysed to produce
oxygen.

Explain why the assumption is incorrect and potentially hazardous, and how seawater
can be processed to obtain oxygen.

[Total : 9]
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12

Ethanol can be manufactured by two different methods. Table 7.1 gives some information

about the two methods.

Table 7.1

hydration of ethene

fermentation of glucose

raw material crude oil sugar cane
rate of reaction fast slow
purity of ethanol pure impure
operating temperature 300 °C 30°C

operating pressure

60 — 70 atmospheres

1 atmospheres

catalyst

phosphoric acid

enzymes in yeast

Use the information given in Table 7.1 to discuss the advantages and disadvantages of

these two methods.

[Total: 4]
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(a)

13

Researchers have found the presence of acrylamide in certain foods that were heated
to temperature above 120 °C. Potato chips and french fries were found to contain

high levels of acrylamide.
Acrylamide is thought to be harmful to human health and has the following structure.

H CONH,

(i) Acrylamide readily polymerises to form poly(acrylamide). Draw the structure of
poly(acrylamide).

[1]

(ii) Acrylamide reacts with water to form acrylic acid and ammonium ions. Describe
the test for ammonium ion.
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(b) A silk protein is made of many identical protein chains, which are made mainly from
equal number of three amino acid monomers, glycine, alanine and serine.

H H 0
>N—C:)—C// H\N_C?HS_C//O
H H OH H/ | N\ -
glycine alanine
OH
H C|3H2 O
\N —(IJ —C//
H/ | \OH
serine

One possible structure of the silk protein is shown below.

— glycine alanine serine | ——

(i) Name the type of polymerisation when the amino acid monomers polymerise.

(ii) Draw the structural formula of the repeat unit for the silk protein, containing the
three amino acids.

[1]
(c) Outline two differences between the polymerisation of acrylamide in (a)(i) and the
amino acid monomers in (b)(i).

[Total: 7]
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Principles of Chromatography

Chromatography makes use of the principle that components in a mixture when dissolved
in a liquid or gas (mobile phase), will flow through another substance (stationary phase)
at varying rates.

The rate of separation depends on how the components in the mixture interact with the
stationary phase (their retention) and how soluble they are in the mobile phase.

Gas-Liquid Chromatography

Gas-liquid chromatography is used for analysing gases, volatile liquids and solids in their
vapour form. This method uses a column with a non-volatile liquid as a stationary phase.
An inert carrier gas such as helium or nitrogen moves the sample molecules through the
stationary phase.

The sample is injected into the column and the vapour formed is carried through the
stationary phase using the inert-gas mobile phase.

Retention time is the time taken for a component to travel through the column and it is
recorded on a chromatogram. The position of the peaks shows the retention time of each
component in the analysed sample.

The relative sizes of the peaks are related to how much each component is present in the
mixture.

Fig. 9.1 shows the chromatogram of mixture X, with four components, A, B, C and D.

A
1.0 4
D
0.8
lati A
i:ﬁeangi’? 0.6 -
y

0.4 - B c

0.2

0.0 20 40 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0

retention time / min

Fig. 9.1
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Gas-liquid chromatography is often carried out with mass spectrometry to analyse each
component as it exits the chromatography column. The molecular mass of each
component in the mixture can be determined and matched with the time it took for the
sample to move through the column.

Mass Spectrometry

Mass spectrometry is an analytical technique used to identify particles of different relative
mass. It involves vaporising atoms or molecules and bombarding the vapourised particles
with electrons to generate a beam of positive ions.

The number of different positive ion particles produced are then separated and counted.
The resulting data from the detector is called a mass spectrum. It provides accurate data
on the relative masses as well as the relative abundance of all the positive ions generated
from individual atoms, molecules and fragments of molecules.

Each peak in the mass spectrum corresponds to a certain fragment with a particular mass
to charge ratio (m/z) value. The peak with the highest m/z value is the molecular ion
which corresponds to the molecular mass of the component. The molecular ion is the
entire molecule that has lost one electron when bombarded with a beam of electrons.

Gas chromatography is carried out on an organic mixture. Two of the compounds in the
mixture are hydrocarbons with similar retention times.

The mass spectra of the two compounds reveals that they have the same molecular
formula but with subtle differences, indicating they are isomers. Both isomers are tested
with aqueous bromine, which remains orange.

The mass spectrum of one of the isomers, Y is shown in Fig. 9.2.

100

80

i 60
relative

intensity (%)
40 -

20 ‘
al

l | |

0 ....f...,'....]...i..m..=[{ ll.,.ylarh} !1]””,.”.i...,...”‘..,..

0 10 20 30 40 50 60 70

mass to charge ratio

Fig. 9.2



(@) Complete Table 9.1

(b)

(c)

chromatography.
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Table 9.1

to show the stationary and mobile phase of paper

chromatography technique

stationary phase

mobile phase

gas-liquid chromatography

column with liquid

inert carrier gas

paper chromatography

(i)

(ii)

(iii)

(ii)

(iii)

(iv)

[2]
Which component in X is present in the greatest quantiy?
..................................................................................................... [1]
Which components in X were present in equal amounts?
..................................................................................................... [1]

..................................................................................................... [1]
What is the molecular mass of isomer Y?
..................................................................................................... [1]
Deduce the molecular formula of Y. Explain your answer.
..................................................................................................... [2]
Write a balanced equation for the reaction of Y with excess oxygen.
..................................................................................................... [2]
Draw the full structural formula of two isomers of Y.

[2]

[Total: 12]
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Section B
Answer one question from this section.

10 A student conducted three experiments to investigate the chemical properties of four
different metals, J, K, L and M. The results of the three experiments are recorded as shown

in Table 10.1.
Table 10.1
no experiment J K L M
passing a colourless | a colourless no reacts very
, steam gas is gas is observable | vigorously and
through the evolved evolved change a colourless
metal gas is evolved
shiny silver | shiny silver | shiny silver reacts very
° placing crystals crystals crystals vigorously and
metal in form on the | form onthe | form on the a colourless
silver nitrate | surface of surface of surface of | gas is evolved
the metal the metal the metal
formation of | formation of
heating no S;S';ﬁga asgﬁg'g:]%wan no observable
3 metal oxide | observable colourless colourless change
with carbon change . .
at 1500°C gas is gas is
evolved evolved
(@) (i) Write down the order of increasing reactivity of J, K, L and M.
..................................................................................................... 1
(ii) Explain the formation of the colourless gas when M is placed in the silver nitrate
solution.
..................................................................................................... 1
(iii) Suggest the identity of L.

Write an ionic equation with state symbols for the reaction between L and silver
nitrate solution.
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(b) The student conducted a fourth experiment to determine the position of
hydrogen in the list of metals J, K, L and M in their order of reactivity.

Dry hydrogen gas was passed over heated oxides of the metals separately. The
results are shown in Table 10.2.

Table 10.2
metal oxide observation
oxide of metal J remains white
oxide of metal K white to yellow when hot, turns back to
white when cold
oxide of metal L colour turns from black to red-brown
oxide of metal M remains white

(i) Use the experimental results in Table 10.2 to explain the position of hydrogen.

(ii) Which one of the four metals J, K, L and M, will cause iron to corrode faster
when iron is in contact with it?
Explain your answer.

[Total: 10]
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11 Zamak is an alloy of zinc with magnesium, aluminium and copper. It is widely used to make die-
cast toys. Magnesium and aluminium are adjacent elements in the third Period of the Periodic
Table. Zinc and copper are next to each other in the first set of transition elements.

Table 11.1 shows the densities of the four metals present in Zamak.

Table 11.1
metal metal 1 metal 2 metal 3 metal 4
density (g/cm?) 1.74 2.70 713 8.96

(@) Suggest the identities of metals 3 and 4 present in Zamak.

(b) (i) When finely powdered Zamak is shaken with cold dilute hydrochloric acid, three of
the metals  dissolved and one remains as a solid residue.
Name the solid residue.

............................................................................................................ [1]

(ii) Explain, in terms of collision theory, why finely powdered Zamak is used in the
reaction.

............................................................................................................ [2]

(c) Using ideas of arrangement of atoms in Zamak alloy, explain why Zamak is harder than pure

zinc.
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(d) Mobile phones are made from many different substances. Table 11.2 shows the composition
of substances used to make a typical mobile phone.

Table 11.2
substance | fyiﬁii?ﬁgﬁ.iypﬂiﬁi (%)
plastics 56
ceramics 16
copper 15
iron 3
other materials 10

(i) Plastic is a non-biodegradable material.

Explain why being non-biodegradable is both an advantage and a disadvantage.

(ii) The iron used in a mobile phone must not rust.

Suggest one way to prevent the iron from rusting and explain how this method of rust
prevention works.

[Total: 10]

END OF PAPER
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Secondary Four Chemistry
Preliminary Examination 2025
Mark Scheme

Paper 2
Section A
Qn Answer Mark
No.
1ai |[C 1
li (D 1
iii |B 1
iv |[E 1
v [A 1
b |The amount of B/carbon dioxide is increasing due to the complete 1
combustion of fossil fuels in vehicles and industries.
It takes years for trees to grow, so the absorption of carbon dioxide 1
through photosynthesis is much slower than the release of carbon dioxide
by complete combustion of fossil fuels.
Total 7
2a | The ions in lithium are held together by electrostatic forces of attraction 1
between positive lithium ions and the sea of delocalised electrons.
The ions in lithium chloride are held together by the electrostatic forces of 1

attraction between positively charged lithium ions and negative
charged chloride ions.

b | The melting and boiling points of lithium chloride are higher than that of 1
lithium. 1
The electrostatic forces of attraction between oppositely charged ions in
lithium chloride is stronger than the electrostatic forces of attraction between
lithium ions and the delocalised electrons in lithium metal.

(c) | Both Student A and Student B are incorrect OR 1

Student B is incorrect and Student A is partly correct.

Lithium can conduct electricity in all states because of the mobile electrons.
Lithium chloride can conduct electricity when molten / dissolved in water
because the ions are mobile, but not in the solid state because the ions
are held in fixed positions and are not mobile..
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Qn Answer Mark
No.
d | One calcium atom (2, 8, 2) loses two electrons to two fluorine atoms, to 1
form positively charged calcium ion (2, 8).
Each fluorine atom (2, 7) gains one electron to form negatively charged 1
fluoride ions (2,8).
Total 9
3a | 2 oxygen atoms and 1 chlorine with 4 shared pair of electrons 1
chlorine atom with 1 lone pair and 1 unshared electrons 1
b | Chlorine has undergone disproportionation.
Chlorine is oxidised because its oxidation state has increased from +5 in 1
HCIO; to +7 in HCIO,.
Chlorine is also reduced because its oxidation state has decreased from +5 1
HCIO3 to +4 in ClO..
ci | 2NaClO, + Cl, = 2CIO, + 2NaCl 1
ii | Chlorine is the oxidising agent. 1
It oxidises sodium chlorate to chlorine dioxide / it causes the oxidation state 1
of chlorine to increase from +3 in sodium chlorate to +4 in chlorine dioxide.
Total 7
. 1
4ai C3H404
i | CoHsO2 / CHsCOOH 1
Ethanoic acid
iii | Ethyl ethanoate 1
iv 1
H O T H
H-C-C-0-C-C—H
H H H
bi | Malonic has a higher pH because it is a weak acid. 1
Total 6




Qn Answer Mark
No.
5a | More energy is released/given out in bond forming of 2 moles of water 1
and 1 mole of oxygen than the energy absorbed/taken in bond breaking of 1
2 moles of hydrogen peroxide.
bi | Number of moles of HO; in P = 50+1000 x 2 = 0.1 1
Number of moles of H,O, in Q = 0.1
Concentration of Q = 0.1+ 0.08 1
=1.25 mol/dm3
Or Concentration of Q = (50+80) x 2
=1.25 mol/dm3
ii | From graph,
Loss in mass for conical flask R is less than that for conical flask P and Q.
Hence number of moles of H.0- in R should be less than 0.1 mole.
Speed of reaction for conical flask R is greater than that for conical flask P
and Q.
Hence concentration of H2O2 in R shoud be greater than 2.0 mol/dm?.
Any volume that gives number of moles less than 0.1 for the suggested 1
concentration. e.g. 30 cm?
Any concentration greater than 2.0 mol/dm? e.g. 2.5 mol/dm? 1
No. of moles =_30 x 2.5 =0.75 mol
1000
iii | Increase the temperature of H.O- solution.
When the temperature raised, particles gain more energy and move 1
faster. More particles have the minimum activation energy to react when 1
they collide/more particles possess energy greater than or equal to
activation energy.
Hence, frequency of effective collisions increases and hence rate of 1
reaction increases.
Total 9
6ai | 2H"(aq) + 2e° — H2(9) 1

2 Claq) — Chk(g) + 2e

For 2 moles of electrons that passed through the circuit, 1 mole of
hydrogen and 1 mole of chlorine are formed.

Equal number of moles of gases occupy equal volumes at r.t.p., 1 volume
of hydrogen and 1 volume of chlorine are formed.




Qn

No.

Answer

Mark

Chlorine dissolves / soluble in acid / solution

Mr of NaCl =23 + 35.5
=58.5

From eqn

2 moles NaCl produce 1 mole Cl,
2(58.5 g) NaCl produce 71 g Cl

117 g NaCl produce 71 g Cl,

117 tonnes NaCl produce 71 tonnes Cl

23.4 tonnes NaCl produce (23.4 + 117) x 71 tonnes Cl,
= 14.2 tonnes

No. of mole of Cl> = 142 000 000 mol + 71 g/mol
=200 000

Volume of Cl, = 200 000 x 24 dm?
=4.80 x 10 dm?

Seawater is a concentrated sodium chloride solution.

Electrolysis of concentrated sodium chloride solution produces chlorine which
is toxic.

Add water to dilute the seawater. Electrolysis dilute sodium chloride solution
produces hydrogen and oxygen.

Total




Qn

No.

Answer

Mark

Advantages of fermentation / disadvantages of hydration:

e Sugar cane can be re-grown/is renewable but crude oil is non-
renewable/finite/cannot be replaced.

e Fermentation of glucose uses a lower temperature (30 °C) than
hydration of ethene (300 °C), so energy cost is lower than that for
hydration of ethene.

e Fermentation of glucose uses a lower pressure (1 atm) than hydration
of ethene (60-70 atm) so energy cost/cost of equipment to maintain
the pressure is lower than that for hydration of ethene.

e Yeast is a natural substance and not harmful whereas phosphoric acid
is corrosive.

Advantages of hydration / disadvantages of fermentation:
e Hydration of ethene is a faster process whereas fermentation is a
slower process.
e Hydration of ethene produces pure ethanol whereas fermentation
produces impure ethanol.

Any four of the above points

Total

8ai

Ty
cC— C
I |

H  CONH, i

Add aqueous sodium hydroxide to a solution containing ammonium ions.
Warm the mixture gently.

If the gas turns damp red litmus paper blue (ammonia), then ammonium ions
are present.

bi

Condensation polymerisation

H 0 H 0 H 0
—N—CH—C —N—LCH—L —N—CH—C-

CHs CHz0H




Qn Answer Mark
No.
¢ | Addition polymerisation of acrylamide in (a) produces only one product, the
polymer whereas the condensation polymerisation in (b) produces the
polymer and water as a by-product.
The mass of the polymer in (a) is the same as the mass of all the monomers
added together whereas the mass of the polymer in (b) is less than that of
all the monomers.
For addition polymerisation of in (a), the monomer has a carbon-carbon
double bond. For the condensation polymerisation in (b), the monomers has
a functional group at each end of the molecule.
Any two of the above differences.
Total
9a
chromatography technique stationary phase mobile phase
paper chromatography chromatography ethanol
paper
2
bi | Component D 1
ii |Components Band C 1
iii |Component D 1
ci |4, 1
ii |CsHi2 1

It is a saturated hydrocarbon since it does not decolourise aqueous bromine.

CsHix + 80, - 5C0O, + 6H,0
reactants and products

balanced equation




Mark

12

Answer

I

H_C_C_C—(lj—H
H

]
H—C—H
|
H

H o H
|
|
H

|
H

H
I

I
H—C—H

I
H—C—C—C—H

Total

Qn

No.

iv




Section B

Qn Answer Mark
No.
10ai | (least) L, hydrogen, K, J and M (most) 1
ii |Mis areactive metal which reacts with water (present in silver nitrate 1
solution) to form hydrogen gas.
iii |Copper 1
Cu(s) + 2Ag*(aq) — Cu?*(aq) + 2Ag(s) 1
bi |Oxide of metal L turns from black to red-brown as it is reduced by hydrogen 1
to form metal L (red-brown). This shows that hydrogen is more reactive
than metal L (copper).
Oxides of metals K, J and M remain white as they are not reduced by 1
hydrogen. This shows that hydrogen is less reactive than metals K, J and 1
M, it cannot reduce oxides of metal K, J and M.
ii |Metal L (or Copper). ,
Iron is more reactive than metal L. 1
Iron loses electrons more readily than metal L, the electrons will move to 1
metal L. Hence corrosion of iron becomes faster.
Total 10
11a | Copper and zinc 1
bi |Copper 1
ii |Powdered Zamak has smaller particle size with greater surface area exposed 1
to the acid for reaction.
Thus, the frequency of effective collisions increases and rate of reaction is 1
higher.
¢ |Atoms in pure zinc are of the same size and arranged in an orderly manner. 1
Layers of atoms can slide over one another.
Different sizes of atoms (aluminium, copper & magnesium) in the alloy 1
disrupts the orderly arrangement, making it difficult for the layers of
atoms to slide over one another.
di |Non-biodegradable materials are not easily decomposed by bacteria in the

soil and hence they have a longer life span.

However, disposal of non-biodegradable materials result in accumulation of
waste in landfill, causing environmental pollution.




Qn Answer Mark
No.

ii | Sacrificial protection. 1
Metal in sacrificial metal loses electrons more easily than iron / sacrificial 1
metal oxidised in preference to iron / sacrificial metal more reactive
(magnesium) than iron.

OR
Covering the iron with plastic prevents iron from coming into contact with
oxygen and/or water.

Total 10






