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Section A

Answer all questions in this section in the spaces provided.
The total marks for this section is 50.

A1 Table 1 describes the relative masses and charges of some particles, which may be subatomic
particles, atoms or ions.

Table 1
particle relative mass relative charge
H 1 0
J 1 1+
K 2 0
L 4 0
M 7 1+
N 9 2+

Use the letters H, J, K, L, M, N to answer the questions.
Each letter may be used once, more than once or not at all.

(@) Which particle is a proton?

........................................................................................................................................................... [1]
(b) Which particle could be an atom of helium?
........................................................................................................................................................... [1]
(c) Which particle could be an ion of a Group | element?
........................................................................................................................................................... [1]
(d) Suggest an identity for particle N.
(1]
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A2 Nearly all petrol and diesel vehicles have some kind of catalytic converter fitted to the exhaust to
reduce the amount of polluting substances emitted into the atmosphere.

For diesel engines, the catalytic converter may also include a particle filter to remove solid particles
of carbon.

carbon particles silicon carbide filter
with catalyst layer

o
| CaHas CO, ~ H,0 "NO,
exhaust in ———— 0, o —Z /. ¥ ———— exhaust out
[} o * o
NO)(
- | Co, H,0 NO,
plugs

outer casing

(@) The walls of the particle filter are made of silicon carbide, SiC. This is a hard solid that will not
melt at high temperatures of the exhaust.

Suggests how the structure and bonding in silicon carbide makes it resistant to melting, even
at high temperature.

........................................................................................................................................................... [3]
(b) The catalyst helps to remove other pollutants from the exhaust. The equation shows one
of the reactions taking place in the catalytic converter.
2C0O + 02 — 2C0O2
(i) Explain what is meant by the term catalyst.
.................................................................................................................................................. [1]
(ii) Use the information from the diagram to deduce another equation for a possible
reaction occurring in the catalytic converter.
(1]
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Diesel engines may also be fitted with a second catalytic converter to remove the
remaining oxides of nitrogen. This second converter uses ammonia as the reducing agent.
One possible reaction is shown by the following unbalanced equation.

(i) Balance the chemical equation above. [1

(ii) Explain, in terms of oxidation state, whether this is a redox reaction.
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A3 A chemical company makes salts for use in fertilisers.
(@) Table 3 shows some names and formulae of salts used in fertilisers.

Complete the table by filling in the missing information.

Table 3
name of salt formula of salt
potassium sulfate K2SOq4
potassium phosphate KsPOq4

NH4NO3

calcium phosphate

[2]

(b) The salts are put into bags and sold as fertilisers. Fertilisers provide plants with the essential
elements (nitrogen, phosphorus and potassium).

Which two salts in the table could be combined to make a fertiliser which contains all three
essential elements?

(c) Each bag has a label which gives the N : P : Kratio. The N : P : K ratio shows the ratio by
mass of nitrogen, phosphorus and potassium in the fertiliser.

This fertilizer contains...
18% nitrogen
24% phosphorus
6% potassium... by mass

(N : P : Kvalues are always quoted as whole numbers)

Calculate the N : P : K ratio of potassium phosphate.

[2]
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(d) Slaked lime, Ca(OH),, is often added to treat the soil after rain to reduce the soil acidity. When
a fertiliser containing the salt, NHsNOs3, is used immediately after treatment with slaked lime,
the fertiliser would not be effective due to a reduction in the nitrogen content.

Explain, with the aid of a chemical equation, why the fertiliser containing NHsNO3z would lose
its effectiveness.

A4 Both copper and aluminium are good conductors of electricity.

(@) Explain, with the aid of a labelled diagram, how the structure of copper enables the conduction
of electricity. Use ideas of structure and bonding in your answer.

(b) Describe another property of copper, other than electrical conductivity, that makes it suitable
for use as electrical wires.

(c) Even though copper has a higher electrical conductivity than aluminium, aluminium is the
preferred material for making of overhead cables. Suggest why.

FMS(S) Sec 4 Express Preliminary Examination 2020
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A5 Fig. 5 shows an experiment in which excess steam was passed over hot iron filings. The products
of the reaction are iron oxide, Fe3Os, and a gas.

hot iro/n filings
mineral wool~/ 77
saturated \6\ ,—4

with water

heat

| water

Fig. 5

(@) Write an equation, including state symbols, for the reaction.

........................................................................................................................................................... [2]
(b) Describe how observations would be different if the experiment was repeated using
(i) magnesium
.................................................................................................................................................. [1]
(ii) copper
.................................................................................................................................................. [1]
(c) The table shows the change in mass of the experiment.
mass of iron filings (impure) at the start 1.25¢
mass of iron oxide, Fe3O4 at the end 145¢g
Use the results to calculate the percentage purity of iron.
....................................... % [3]
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A6 Ethanol, C:HsOH, can be produced by reacting ethene, C;Hi, and steam at 300°C and 60
atmospheres with phosphoric(V) acid as a catalyst. Fig. 6.1 shows the process to produce ethanol.

C2Hs4 (g) + H20 (g) = C2HsOH (g) (AH = - 42 kJ/mol)
IN—> — l——» — \*
ethene r ]
and
steam reactor

e —— ——

unreacted ethene

recycled back ‘Q J__] L

into reactor
.

mixture of
ethanol
separator and water

S
—» OUT

Fig. 6.1

(@) Draw the dot-and-cross diagram to show the arrangement of outer shell electrons in a
molecule of ethene.

[2]
(b) Suggest how ethene is separated from ethanol and water in the separator.

(c) The overall percentage yield of the reaction is 95%.

Calculate the mass of ethane required to produce 2 tonnes of ethanol.

................................. tonnes [3]
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(d) State what happens to the percentage yield of the reaction when

(i) the temperature of the reaction is increased.
............................................................................................................................................. [1]
(i) the pressure of the reaction is increased.
............................................................................................................................................. [1]
(e) Name a method which can be used to separate ethanol from water.
........................................................................................................................................................... [1]
(f) Draw the energy level diagram for the reaction between ethene and water.
[2]
(g) Fig 6.2 shows the structure of ethanol while Table 6 shows information of bond energies.
Bond Energy
|T| |T| Bond (kJ/mol)
C—-H 410
H_C_C_O_H O-H 468
. C-0 360
H H C-C 350
Fig. 6.2
'9 Table 6
Calculate the bond energy of a C=C bond.
................................... kdJ/mol [2]
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A7 The labels of five colourless solutions, V, W, X, Y and Z were missing from their containers and
a qualitative analysis was conducted to identify the five solutions. The five labels are shown in

Fig 7.

calcium hydrochloric lead(II)
nitrate acid nitrate
potassium sodium
sulfate carbonate

Fig. 7

Equal volumes of two different solutions were mixed with one another each time and the
observations were recorded in Table 7.

Solutions \'} W X Y V4
\'} - no visible white white white
reaction precipitate precipitate precipitate
formed formed formed
w no visible - no visible white white
reaction reaction precipitate precipitate
formed formed
X white no visible - no visible | effervescence
precipitate reaction reaction observed
formed
Y white white no visible - no visible
precipitate precipitate reaction reaction
formed formed
Z white white effervescence | no visible -
precipitate precipitate observed reaction
formed formed

Identify the five solutions.

N < X 2 <

Table 7

FMS(S) Sec 4 Express Preliminary Examination 2020
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Section B
Answer all three questions in this section.

The last question is in the form of an either/or and only one of the alternatives should be attempted.

B8 Principles of absorption spectroscopy

A spectrophotometer is an optical instrument which measures the absorptivity of a sample. It consists
of a light source and a detector. Fig. 8 shows the components of a spectrophotometer.

YVYY

I

I
| I

N /
o=
/ N I
I
I

light —
source sample being detector :
tested absorbance

reading
Fig. 8

This technique involves passing light through a coloured solution sample and measuring the amount of
light absorbed by the sample. The absorbance reading obtained is proportional to the colour intensity of
the solution. In order to determine the concentration of an unknown solution, a calibration curve is first
set up by measuring the absorbance of a number of solutions of known concentrations.

The data below shows the concentration of the standard bromine solutions of and their respective

absorbance.
concentration of bromine
(g/dm?) absorbance
0.00 0.00
0.05 0.24
0.10 0.46
0.15 0.70
0.20 0.76
0.25 0.78

Bromine in sea water

Bromine typically exists in sea water in the form of soluble bromide ions. To investigate the concentration
of bromide ions present in a sample of sea water using absorption spectrometry, a suitable oxidant, such
as chlorine gas is bubbled into the sample of sea water to produce bromine. The absorbance of the
resulting solution can then be measured to determine the concentration of bromide ions.

FMS(S) Sec 4 Express Preliminary Examination 2020
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(@) Plot the calibration curve in the axes given.

absorbance
N

R concentration of
2 bromine (g/dm?®)

(2]
(b) Explain the relationship between the concentration of bromine in the solution and its
absorbance reading.
................................................................................................................................................................. [2]
(c) Using your calibration curve in (a), determine the concentration of the unknown bromine
solution with an absorbance of 0.50.
................................................................................................................................................................. [1]
(d) Explain why the calibration curve is not suitable for the investigation of solutions with high
concentration of bromine.
(1]

FMS(S) Sec 4 Express Preliminary Examination 2020
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(e) Calculate the concentration of the unknown bromine solution in mol/dm?®

................................... mol/dm*®  [1]

(f) Write the ionic equation for the reaction between bromide ion and chlorine gas.

(g) Explain why it is necessary to oxidise bromide ions to aqueous bromine before measuring its
absorbance.

FMS(S) Sec 4 Express Preliminary Examination 2020
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B9 A student had carried out 8 experiments using different carbonates with different acids. The volume
of gas produced from the reaction is measured and recorded. Graphs of the 8 experiments are shown
below.

4 volume of gas / cm®

Graph 8

»

tin;e /s

Graph 4 was obtained using excess granular calcium carbonate and 100 cm® of 0.04 mol/dm® of
hydrochloric acid.

(@) Without changing the concentration and volume of the acid use in Graph 4, suggest with
explanation, how graph 5 can be obtained.

FMS(S) Sec 4 Express Preliminary Examination 2020
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(b) During the experiment, the student used a 50.0 cm? pipette to measure the volume of [4]
acid used.

Calculate the volume of acid and concentration of the acid use for graphs 1, 2, 6 and 7.

raoh tvpe of acid tvpe of carbonate volume of acid | concentration of acid /
grap yp yp /em?® mol/dm?
1 sulfuric . granular
sodium carbonate
2 hydrochloric , granular
calcium carbonate
3 sulfuric _granular 50 0.04
sodium carbonate
4 | hydrochloric _granular 100 0.04
calcium carbonate
6 sulfuric . granular
sodium carbonate
7 hydrochloric , granular
calcium carbonate

(¢) The student tried mixing 100 cm® of 0.04 mol/dm? sulfuric acid to excess of powdered
calcium carbonate. The results produced graph 8.

Comment on graph 8.

FMS(S) Sec 4 Express Preliminary Examination 2020
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EITHER

B10 The Bayer Process is used to purify bauxite, an ore of aluminium. The bauxite ores contains
mainly aluminium oxide and impurities such as iron(IlI) oxide. Crushed bauxite is treated with
moderately concentrated chemical at temperatures of between 140°C to 240°C and
pressure of 35 atmospheres. The reaction produces a mixture containing a solution of
aluminium ions and solids, the resulting mixture is then filtered to obtained a concentrated
aluminum solution. The filtrate is then processed to produce aluminium oxide for the purpose
of electrolysis.

Student A suggested the moderately concentrated chemical to be hydrochloric acid, while
Student B suggested the moderately concentrated chemical to be sodium hydroxide.

(@) Suggest with explanation, which solution, moderately concentrated hydrochloric acid
or sodium hydroxide, should be added to bauxite.

................................................................................................................................................ [31
(b) Two other students decided to set up the following to extract pure aluminium.
graphite
electrode
electrode
electrolyte

Student C decided to use molten aluminium oxide as the electrolyte

Student D decided to use dilute aqueous aluminium chloride solution as the electrolyte.

(i) Describe one similarity and one difference in the products formed by both students.
SIMIAMIY s [1]

difference

FMS(S) Sec 4 Express Preliminary Examination 2020
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(ii) Write the ionic half equation for the reaction taking place at the anode for both
student C and student D.

Student C (1]

Student D [1]

(iii) When student C was performing the electrolysis, he added a substance named
cryolite to his electrolyte.

Suggest why cryolite was added to the electrolyte .

(iv) It was suggested to both students that the one of the electrode should be replaced
regularly.

Identify which electrode should be replaced and provide an explanation.

FMS(S) Sec 4 Express Preliminary Examination 2020
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OR

B10 Fig. 10 shows the cross-section of a zinc-carbon battery.

’_/brass cap

carbon rod

ammonium
powdered chloride paste
carbon and
manganese
(IV) oxide

zinc case

———/
zinc base
Fig.10

The equation represents the overall reaction in a battery.

Zn (s) + 2MnO- (s) + 2NH.4C/ (aq) — Mn203 (s) + Zn(NH3).C/» (aq) + H20 (I)
Ammonia gas and hydrogen gas are produced at the carbon electrode. Hydrogen gas reacts
with manganese (IV) oxide, MnO-, to give water, while ammonia gas reacts with zinc chloride,

ZnCl3, to give Zn(NH3)2Cl.

(a) State the electrolyte present in the battery.

................................................................................................................................................ [1]
(b) Write the ionic half-equations for the reactions occurring at the electrodes.
CathOde: .............................................................................................................................
ANOAE. s [2]
(c) After prolonged usage, leaking of ammonium chloride paste will occur. Explain why.
[1]

FMS(S) Sec 4 Express Preliminary Examination 2020
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(d) Two students set up the following for electroplating a key with a thin layer of copper.

electrode

—— key

copper(II)
sulfate
solution

Student E decided to use platinum electrode while student F decided to use copper
electrode.

(i) Describe one similarity and one difference in the observations made during

electroplating.
SIMUAMIEY: | eeeeeseessseseeesessssssessssssssseessssssss s sssssas st ssssesssssssas s sessssanns
diﬁerence: ---------------------------------------------------------------------------------------------------------------
............................................................................................................... [2]
(i) Why is copper a suitable metal for electroplating?
[1]

(iii) Student E used 300 cm® of 0.5 mol/dm® copper(ll) sulfate solution for the
electroplating process. Calculate the concentration of copper(Il) sulfate solution
after 0.4g of copper was coated on the key. Assume negligible change in volume
of solution.

................................... mol/dm® [3]
End of Paper
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