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Section A
Answer all the questions in this section in the spaces provided.
The total mark for this section is 50.

Al The symbols of the elements of Period 3 of the Periodic Table are shown.

Na Mg Al Si P S Cl Ar

Answer the following questions about these elements.

(@) Write the symbol of an element which

(1) forms an amphoteric oxide,

............................................................................................................. [1]
(i)  exists as diatomic molecules,
............................................................................................................. [1]
(iif)  shows both metallic and non-metallic character,
............................................................................................................. [1]
(iv) is used tofill light bulbs,
............................................................................................................. [1]
(v)  can conduct electricity in solid state and floats on water.
............................................................................................................. [1]
(b) The oxides of sulfur and silicon have very different melting points.
Explain how and why the melting points of sulfur dioxide and silicon dioxide are different.
..................................................................................................................... [3]

[Total: 8]
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A2 The first ionisation energy of elements is the energy required for one mole of gaseous atoms to
lose one mole of electrons, forming one mole of gaseous ions with a charge of 1+.

The reaction can be described by the equation below, where M represents an atom.
M(g) — M*(g) + e

Fig. 2.1 shows the first ionisation energy of Group | elements.
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0

lithium sodium potassium  rubidium caesium
element
Fig. 2.1

Table 2.2 shows some information about atomic radii of Group | elements.

Table 2.2
element atomic radius /pm
lithium 152
sodium 186
potassium 231
rubidium 244
caesium 262
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(a) Describe the trend in the first ionisation energy down Group | and use Table 2.2 to explain
this trend.

..................................................................................................................... [3]
(b) Using Fig. 2.1, compare the reactivities of sodium and potassium. Explain your answer.

..................................................................................................................... [2]
(c) Lithium contains two isotopes, lithium-6 and lithium-7.

Do you think that the first ionisation energy of both the isotopes is the same? Explain your

answer.

..................................................................................................................... [1]
(d) Among the elements in the Periodic Table, neon has one of the highest first ionisation

energy of 2080 kJ/mol.

Suggest a reason why neon has a very high first ionisation energy.

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

[Total: 7]
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A3 ‘Lean burn’ engines are a type of car engine.

This table shows some information about lean burn engines compared to normal car engines.

ypeor | MO | operatng | CZEnUAIOnS | cpucentaton o
engine with petrol temperature gases gases
normal less air higher higher higher
lean burn more air lower lower lower

@ (@ How is nitrogen monoxide formed in a car engine?

(i)  Suggest why lean burn engines produce smaller amounts of nitrogen monoxide.
(b) O How is carbon monoxide formed in a car engine?
(i)  Suggest why lean burn engines produce smaller amounts of carbon monoxide.

(c) The catalytic converter removes pollutant gases.

(1) Construct a balanced chemical equation to show how the carbon monoxide and
nitrogen monoxide are converted to harmless gases in the catalytic converter.

(i)  When catalytic converters were first available, some advertisements claimed they
‘solved all car pollution problems’.
Explain why this is not true.

[1]

[1]

[1]

[1]

[1]
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(d) Sulfur dioxide is another common air pollutant.

Sulfur dioxide can be detected by bubbling a sample of polluted air into agueous acidified
potassium manganate(VII).

5S02(g) + 2MnO4(aq) + 2H.0(l) — 5S04%(aq) + 2Mn?*(aq) + 4H*(aq)

A 5.00 dm?® sample of polluted air was found to contain 2.5% by volume of sulfur dioxide
measured at room temperature and pressure.

A solution of 0.200 mol/dm?® of manganate(V1l) ions was used to test for the presence of

sulfur dioxide gas. Calculate the minimum volume of this solution that will be needed to
test for sulfur dioxide in 5.00 dm?® sample of polluted air.

[3]

[Total: 9]
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In the presence of a catalyst, chlorine reacts with carbon monoxide to produce phosgene gas,
COCl.. This reaction is reversible.

A4

When one mole of chlorine reacts with one mole of carbon monoxide, 230 kJ of energy is
released.

Clx(g) + CO(g) = COClz(g) AH =-230 kJ/mol
(@) Use ideas about oxidation states to explain why this is a redox reaction.

..................................................................................................................... [2]
(b) Calculate the enthalpy change when 1g of chlorine reacts with excess carbon monoxide.
[1]
(c) Complete the energy profile diagram below. Label clearly the reaction enthalpy change
and the activation energy.
energy
A
» progress of reaction
[3]
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(d) In practice, when carbon monoxide reacts with chlorine, the yield of phosgene gas is never
100%. Explain why.

(e) Draw the dot-and-cross diagram to show the electron arrangement in a molecule of
phosgene gas. Show outer electrons only.

[2]
(f) Bromine also reacts with carbon monoxide.
Brz(g) + CO(g) = COBr2(g)

When the same number of moles of carbon monoxide is reacted with both bromine and
chlorine, the rates for the two reactions are different.

How would you expect the rates to differ? Explain your reasoning.

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

[Total: 10]
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The reaction between peroxodisulfate(V1) ions, S;0s?", and iodide ions, I, forms iodine.

A student investigated the time taken for reaction to complete when peroxodisulfate(VI) ions
reacts with iodide ions. He used different concentrations of peroxodisulfate(V1) ions.

Table 5.1 shows the results of each experiment.

Table 5.1
experiment ‘:S‘Z?)Zf_r}t::gl?gr:: time tagcc)ar?];tljerzt;e/agtion to
1 0.30 )
2 0.15 16
3 0.10 24
4 0.05 48

If a small amount of Fe?* ions is added to the reaction mixture, the rate of reaction will increase.
Fe?* will react with the peroxodisulfate(V1) ions, forming Fe®* ions, which will then react with the
iodide ions in the following two stages:
stage 1: 2Fe?*(aq) + S:0s*(aq) — 2Fe®*(aq) + 2S04%~(aq)
stage 2: 2Fe®*(aq) + 2I-(aq) — 2Fe?'(aq) + I>(aq)

@ (@) Use the equations to write an overall ionic equation for the reaction.

............................................................................................................. [1]
(i)  Explain how the equations in stage 1 and 2 show that Fe?* ions act as a catalyst for
the reaction.
............................................................................................................. [1]
(b) Using Table 5.1, explain, in terms of collisions between reacting particles, how the
concentration of peroxodisulfate ions affect the rate of reaction.
..................................................................................................................... [2]

4E Chemistry P2 Preliminary Exam 2022 Hua Yi Secondary School
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(c) Suggest a way to remove Fe?" ions, as a precipitate, from aqueous iodine after stage 2.

(d) The experiment was repeated with another concentration of peroxodisulfate(V1) ions. The
time taken for the reaction to complete is 32 s. Estimate the concentration used.

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

[Total: 7]
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A6 Two metal electrodes and an electrolyte can be used to produce electrical energy.
Fig. 6.1 shows a set up with copper and zinc electrodes in dilute copper(ll) sulfate as the

electrolyte.

copper

Fig. 6.1

zinc

dilute copper(ll) sulfate

@ (@) Write equations, with state symbols, to show the reactions that happen at the
copper electrode and zinc electrode.

[oT0] o] 01 B> 1= 31 o o =

ZINC ElECHIOAE: .. .t [2]

(i)  How would you expect the voltage to change if the zinc electrode is changed to a

magnesium electrode?

Explain your answer.

4E Chemistry P2 Preliminary Exam 2022
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(b) Fig. 6.2 shows the beaker when the wire is removed.

-

zinc

copper

dilute copper(Il) sulfate

Fig. 6.2

() Describe the difference in observation at the zinc electrode in Fig. 6.1 and Fig. 6.2.

............................................................................................................. [1]
(i)  Describe and explain the colour change of the solution in Fig. 6.2.
............................................................................................................. [2]
(c) The zinc electrode is changed to a copper electrode and a battery is added to the set-up
as shown in Fig. 6.3.
.
LA
copper copper
4 1 dilute copper(ll) sulfate
Fig. 6.3
What are the products formed at each electrode?
NEGAtIVE ElECITOUE: ... e
POSItIVE EIECITOTE: ...t e e [2]

[Total: 9]
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Section B
Answer all three questions in this section in the spaces provided.
The last question is in the form of an either / or and only one of the alternatives should be
attempted.

B7 Instrumental techniques in analysis
Many chemicals are indistinguishable by their appearance. Though some chemicals have
different colours, odours, or textures compared with others, this is seldom sufficient to identify
the structure of those compounds. Spectroscopy is used as a tool for studying the structures of
atoms and molecules.

Infrared spectroscopy

The most common identification method chemists use to determine functional groups in organic
compounds is infrared spectroscopy. Infrared spectroscopy (IR spectroscopy) in the simplest
terms involves analysing how a molecule interacts with infrared light. Different organic
functional groups absorb different amounts of infrared light and produce different patterns.
Identification of a particular functional group is made by matching it to its absorption range in
the infrared spectrum.

Table 7.1 shows the approximate absorption range (in wavenumbers) of some functional

groups.
Table 7.1
bond _ absorption range more information about the
(in wavenumbers) / cm? appearance of peak
C=0 (carboxylic acids) 1680 — 1730 -
C=0 (ester) 1710 - 1750 sharp
C-H (alkanes) 2850 — 2960 -
O-H (alcohols) 3600 — 3800 sharp
O-H (acids) 2500 — 3300 very broad

A scientist would like to investigate the identity of substances A and B with the molecular
formula C3HesO2. They are suspected to either be propanoic acid or methyl ethanoate.
Fig 7.2 shows the structure of both molecules.

H o
H H - |y H
I H_?_C\ |
H—C—C—C ! 0O—C—H
O Non |
H H H

Fig. 7.2

He carries out the IR spectroscopy for both substances.

4E Chemistry P2 Preliminary Exam 2022 Hua Yi Secondary School
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His results are shown below:

infrared spectrum for substance A

100

absorbance / %
I

| | |
4000 3000 2000 1500

wavenumber / cm?

infrared spectrum for substance B

100—

absorbance / %
I

0 [ [ [ [

4000 3000 2000 1500
wavenumber / cm™?
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(@) Draw the full structural formulae of the starting materials that react to form methyl
ethanoate.

[2]
(b) Explain why substance A and substance B are isomers of each other.
..................................................................................................................... [1]
(c) From the spectrums, determine what substance A and substance B is. Give two
evidences from each spectrum to explain your reasoning.
RS 0153 7= T o7
SUDSEANCE B ...ttt
EXPlANAL ON: .
..................................................................................................................... [3]
(d) Explain why IR cannot be used to differentiate organic compounds of the same
homologous series.
..................................................................................................................... [1]

4E Chemistry P2 Preliminary Exam 2022 Hua Yi Secondary School
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(e) Describe a simple test that can be used to differentiate between substance A and
substance B. Explain your answer.

..................................................................................................................... [2]
(f) A polymer, substance C, was analysed and found to have an average relative molecular
mass of 30 058.
HOOC(CH2)4COOH and H2N(CH2)sNH: are used to make substance C.
() Draw the repeating unit for substance C.
[1]
(i)  What is the number of repeating units in substance C? Show your working.
[2]

[Total: 12]
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Galvanisation is the process of coating the entire surface of a piece of iron with zinc to prevent
it from rusting. The information below shows two common ways of galvanising iron — hot-dip
galvanisation and electro-galvanisation (electroplating an object with zinc).

Hot-dip galvanisation

The piece of iron is dipped into a molten bath of zinc at a temperature of around 460 °C. The
piece of iron is then cooled and exposed to the air. The outermost layer of zinc then reacts with
oxygen and carbon dioxide in air as follows:

reaction 1: Zinc reacts with oxygen to form zinc oxide.

reaction 2: Zinc oxide reacts with carbon dioxide to form zinc carbonate.

The resulting iron piece looks like this:

outermost layer of zinc carbonate

zinc

piece of iron
Electro-galvanisation (electroplating an object with zinc)
The piece of iron to be galvanised and a piece of zinc are used as electrodes and dipped into
an electrolyte containing a mixture of aqueous zinc cyanide, Zn(CN), and aqueous sodium
hydroxide at room temperature and pressure. An external electrical power supply is used. Zinc
ions are discharged to form zinc atoms, which are coated onto the piece of iron.

other facts about both types of galvanisation

hot-dip galvanised iron electro-galvanised iron
layer of zinc is coarse and thick layer of zinc is smooth and thin
used to make alloy sheets for roofs used to make bolts and nuts
done at high temperatures of 460 °C done at room temperature

(@) A student says, “galvanising a piece of iron is more effective in preventing it from rusting
than painting or greasing it.”

Explain why this comment is true.

4E Chemistry P2 Preliminary Exam 2022 Hua Yi Secondary School
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(b) (i) Write the balanced equation for reaction 1 and reaction 2 in hot-dip galvanisation.
=T T 0 T

(=7 Vo3 110 12 PPN 2]

(i) If 12.5 g of zinc carbonate were found on a piece of galvanised iron, calculate the
mass of zinc required to form this mass of zinc carbonate. Use the two equations
you have written in part b(i) in your calculations.

[2]
(c) Some older processes of electro-galvanisation employ the use of dilute acids in the
electrolyte instead of agueous sodium hydroxide. Suggest what problem this could pose.
..................................................................................................................... [1]
(d) From the information given, state an advantage that electro-galvanisation has over hot-
dip galvanisation.
..................................................................................................................... [1]

[Total: 8]
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(@) Kais a numerical measure of the strength of an acid. In general, strong acids have Ka
values larger than 1, and weak acids have K, values smaller than 1.

Table 9.1 shows the K, of some acids.

Table 9.1
name of acid Ka value strength
hydrochloric acid 1.3 x 10° strong
methanoic acid 1.8 x 10* weak
nitric acid 2.4 x 10!
nitrous acid 7.2 x 10*

() Complete the table by filling in the strength (strong or weak) for each of the acids.  [1]

(i)  The rate of reaction of hydrochloric acid with metal oxides is faster than that of
methanoic acid with metal oxides.

Explain your answer.

4E Chemistry P2 Preliminary Exam 2022
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(b) Oxalic acid is a weak, dibasic acid. Its formula can be represented by H2X. In a school
laboratory, a student titrated 25.0 cm?® of oxalic acid against 1.6 mol/dm? of aqueous
sodium hydroxide. The equation for the reaction is shown below.

HoX(aq) + 2NaOH(aq) — NaxX(aq) + 2H20(1)

He used a pH meter and a data logger to monitor the pH change.

Fig. 9.2 shows his results.

14
R
12 4
10 1
T 8
28
4. i
2 M
0

0 5 10 15 20 25 30 35 40 45
volume of NaOH added / cm3

Fig. 9.2

(1) Describe the change in pH when the volume of NaOH increases.

(i)  Calculate the concentration of oxalic acid.

[2]

4E Chemistry P2 Preliminary Exam 2022 Hua Yi Secondary School
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(c) Oxalic acid contains 2.20% of hydrogen and 26.7% of carbon by mass. The rest is oxygen.

(1) Determine the empirical formula of oxalic acid.

[2]

(i)  Given that the relative molecular mass is 90, determine the molecular formula of
oxalic acid.

[1]

[Total: 10]
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B9 In an experiment, hydrogen gas was passed over equal masses of three heated metal oxides
(Cu0, Y20 and Z,03) in identical ceramic boats.

flame
A
hydrogen e
yerog ;- 1 2 3 ‘
ceramic boat heat heat heat
CuO Y20 Z-03

The ceramic boats were weighed 8 minutes into the experiment and at the end of the
experiment. At the end of the experiment, the heat was removed. However, the hydrogen kept
flowing until the tube is cooled. Table 9.3 shows the data collected from this experiment.

Table 9.3
start of 8 minutes into end of the
experiment experiment experiment
mass of empty
ceramic boat /g 16.35 i 16.35
mass of ceramic 22.35 21.15 21.15
boat 1 /g
mass of ceramic
boat 2 /g 22.35 22.35 22.35
mass of ceramic 22.35 21.20 20.55
boat 3 /g

(&) What is the main reason why the hydrogen is kept flowing?

4E Chemistry P2 Preliminary Exam 2022 Hua Yi Secondary School
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(c) (i) Putthe three metals, Cu, Y and Z, in order of increasing reactivity.

............................................................................................................. [1]
(i) Explain your reasoning.
............................................................................................................. [3]
(d) Suggest a possible identity of metal Y.
..................................................................................................................... [1]
(e) (i) Calculate the mass of oxygen in Z,Os in boat 3.
[1]
(ii) Calculate the relative atomic mass of metal Z.
[2]
[Total:10]

End of Paper
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