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Section A [50 marks]
Answer all questions in this section in the space provided.

A1 Selecting from elements with atomic number 1 to 36 only, write down the symbol of an
element which

(a) isin Group V,
[1]

[1]
[1]
[1]
[1]
[1]
[1]

(b) a noble gas,

(c) is a transition metal,

(d) forms a chloride with a formula of XCls,

(e) is a non-metal that forms a solid oxide at room temperature,

(f) exists as allotrope, and

(g) can exist as triatomic molecules.

[Total: 7]



A2 Fig. 2.1 shows four different set-ups A, B, C and D for electrolysis.

A

X

X

copper—1 . carbon

dilute aquedus potassium chloride
C

X

carbon —1 r— copper

aqueous copper(ll) sulfate

Fig. 2.1

With reference to Fig. 2.1, identify the set-up(s) in which

r— copper

liquid bromine

D

X

_.

.—— carbon

aqueous copper(ll) nitrate

(a) the light bulb is not litup, [1
(b) there is effervescence of colourless gas at the anode, @~ ... [1
(c) thereis a solid deposited at the cathode, [1
(d) the colour of the electrolyte changes from blue to colourless. ... [1
(e) Write the ionic half-equations, for the reactions at both electrodes in set-up A.
= 0 T [
(0= 11 T Yo [ [2]

[Total: 6]



A3 Steel is an alloy of iron and carbon.

(a) Describe, with the aid of labelled diagram(s), the benefit of mixing carbon with iron.

(b) The percentage of iron in steel can be determined via reaction with dilute sulfuric acid.
The iron in steel reacts with dilute sulfuric acid to produce hydrogen gas as shown in
the equation:

Fe + 2H' > Fe? + H,

A sample of powdered steel weighing 2.4 g was analysed, and 0.142 dm?® of hydrogen
gas was produced at room temperature and pressure.

Calculate the percentage of iron in the sample of steel.

Percentage of iron in the sample of steel = ....................on. [3]



(c) Describe the chemical changes that take place in a blast furnace when iron is extracted
from haematite. Include chemical equations that represent these changes.

[Total: 10]

A4 Table 4.1 shows some data about the composition of the mixtures of exhaust gases emitted
from two cars, one with and one without a catalytic converter.

. percentage by volume / %
substance in exhaust
gases car without catalytic car with catalytic

converter converter

nitrogen 67.60 67.65

carbon dioxide 12.00 12.25

\water vapour 11.00 11.10

oxygen 9.00 9.00

carbon monoxide 0.20

nitrogen dioxide 0.15

unburnt hydrocarbons 0.05 0
Table 4.1

(a) Explain how nitrogen dioxide and carbon monoxide is formed in the engine of cars.



(b) One of the exhaust gases in Table 4.1 present in large quantities may result in global

warming.

(i) Name this gas.
..................................................................................................... [1]

(i) Describe one environmental problem of global warming.
..................................................................................................... [1]

(c) Using the information in Table 4.1, suggest how a catalytic converter helps to reduce
air pollution from cars. Include a suitable chemical equation.

(d) An environmentalist suggests planting more trees along the roadside can improve the
air quality by changing the percentage of carbon dioxide and oxygen.

(i) Explain how trees along the roadside changes the percentages of oxygen and
carbon dioxide.

(i) Draw a dot-and cross diagram to show the bonding in carbon dioxide.
Show outer shell electrons only. [2]

[Total:11]



A5 Table 5.1 shows the properties of substance V, W, X, Y and Z.

properties \' w X Y Z

solubility in water no yes yes no yes

pH 7 10 14 7 2

conduction of no yes yes no yes

electricity in

room

temperature

reaction with an carbon heat heat no reaction heat

acid dioxide evolved evolved evolved

evolved

reaction with no carbon no no reaction carbon

carbonate reaction dioxide reaction dioxide
evolved evolved

reaction with remained | remained | remained purple remained

acidified purple purple purple solution purple

potassium decolourised

manganate (VII)

Table 5.1
Use the information in Table 5.1 to answer the following questions.

(a) Acid salt is a class of salt that produces an acidic solution after dissolving in water.
Which solution(s) may be an acid salt?



(d) Substance Y is zinc sulfite ZnSOs. It can be prepared from sulfurous acid, H.SOs.

(i) State the salt preparation method to prepare zinc sulfite.

(i) Name a chemical that can be reacted with sulfurous acid to prepare zinc sulfite.

(iii)  Suggest the experimental steps required to produce a dry sample of zinc sulfite
from sulfurous acid and the chemical mentioned in part (i).

[Total: 7]



A6 Table 6.1 shows some bond energies, measured in kilojoules per mole.

bond bond energy, in kJ/mol
N=N 945
H-H 436
N-H 391
Table 6.1

The Haber Process is a chemical reaction that produces ammonia gas on a large scale.
The equation for the reaction is shown below:

3H2(g) + N2(g) @ 2NH;5(g9)

(a) Using the bond energies given in Table A6.1, calculate the energy change, AH, for this
reaction.

energy change, AH= ..................... [2]

(b) Is the reaction an exothermic or endothermic reaction?
Explain your answer in terms of bond-breaking and bond-forming.

(c) Draw an energy profile diagram to represent the reaction above. [3]

(d) The formation of ammonia from its reactants can be sped up by adding iron catalyst.
On your energy profile diagram above, draw the profile of energy level for a catalysed
reaction of the formation of ammonia and label it “catalysed reaction”. [1]

[Total: 9]
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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.

B7 Glass is made up of compounds known as silicates. Pure silicate, SiO2, has a "glass melting
point" of over 2300°C. To reduce manufacturing cost by lowering the processing
temperature, soda is added as one of the raw materials in stage 1 of the glass manufacturing
process as shown in Fig. 7.1.

Raw materials charge
Where raw blended glass materials
enter. - Refining furnace

A process that cools glass and

removes air bubbles on the inside at
temperatures of approximately 1100-1300°C.
Annealing

Slowly cools glass to prevent
distortion.

Melting furnace
Flames from the bumer

melt glass at temperatures of
approximately 1600°C or above.

o Float bath
Floats glass on melted tin to
evenly form the width and %
thickness and ensure planarity on
both sides. o Cutting
Cuts cooled, solidified The total length is an
glass to the necessary size. amazing 600 meters!

Fig. 7.1
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Soda lime glass typically has an iron oxide content of close to 0.1%. Manufacturers have
managed to get iron oxide levels down to just 0.01% in low-iron glass.

Fig. 7.2 shows the comparison of soda lime glass vs low-iron glass.

Most prevalent type of glass —
the base material for most
clear, colored and patterned
type glasses

The lowest cost solution
for fabricating glass
components

Usually contains 69-74%
Silica, 12-18% Sodium
Oxide and 5-12% Lime

Has a greenish tint

Can be thermally
tempered and chemically
strengthened

Easily machined and
extremely workable because it
is capable of being resoftened
a few times, if necessary,

to finish an article

Chemically Stable.
Resistance to high
temperatures and sudden
changes of temperature is
not good, but resistance to
corrosive chemicals is fair

2
€

Higher Coefficient of Thermal

Expansion

@ Often used for glassware as
itis not likely to be directly
or strongly heated

SHARED PROPERTIES
FOR SODA LIME/
LOW-IRON GLASS

Reasonably hard - Moh's
scale of hardness = 6

Refractive Index
(Sodium D line) = 1.523
(1 pm): 1.511

(2 pm): 1.499

Softening Point:
1340°F (726°C)

Annealing Point:
1015°F (546°C)

O)

LOW-IRON GLASS

Is ultra clear and has greater
light transmission than
normal soda lime - no
greenish tint
@ Has purity of color with
minimum color cast when
viewing through the glass
@ Created using high quality
grades of silica free of iron
oxides - Results in a
transparent glass which is
“Water white"

Can have as little as 10% of
the iron content contained in
regular soda lime glass

<-|-)

Up to 8% greater transmission
in thicker low iron glass than
regular soda lime

v iy
v

Often used in Display, Lighting,
Optical and Architectural
industries because of its
clarity

Can be chemically
strengthened and
toughened

ks

Can be AR coated
for very high light
transmission

Has a high solar
heat transmission

source: https://www.swiftglass.com/blog/low-iron-glass-vs-standard-clear-glass/

Fig. 7.2
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“Soda” refers to the original source of sodium carbonate in the soda ash obtained from
certain plants. However, adding soda makes the glass water soluble, which is usually
undesirable, so lime (calcium oxide, CaO, generally obtained from limestone, CaCOs3) and
sodium oxide are added to provide for a better chemical durability. The resulting glass
contains about 69 to 74 percent silicate by weight and is called soda-lime glass.

The simplified structures of a silicate and soda-lime glass are shown in Fig. 7.3.

silicate soda-lime glass

Fig. 7.3
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(a) State the purpose of adding soda to pure silicate when making glass.

(b) With reference to Fig. 7.2, state one common physical property of soda lime glass and
low-iron glass.

................................................................................................................. 1
(c) State the temperature range for removal of air bubbles in the glass in the refining
furnace.
................................................................................................................. 1
(d) Suggest the substance which is responsible for the green tint in the glass.
................................................................................................................. 1
(e) Write an equation, with state symbols, to show how lime is obtained from the thermal
decomposition of limestone.
................................................................................................................. [2]
(f) With reference to Fig. 7.3, explain why the silicate has a higher melting point than
soda-lime glass.
................................................................................................................ [2]

(g) Calculate the number of calcium ions in 2 000 g of soda lime glass containing 74 % of
silicate and 12 % of sodium oxide by mass.

Number of calciumions = ...........c.coooiiiiiiiiiininnne. [2]

[Total: 10]
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B8 A student investigated the rate of reaction when dilute acid reacts with excess solid
magnesium using the apparatus as shown in Fig. 8.1.

The experiment was carried out at a temperature of 20 °C. He measured the time taken to
collect 20 cm?® of gas at room temperature and pressure. He also measured the total volume
of gas collected at the end of the experiment at room temperature and pressure.

2|0 ‘ 4‘0 ‘ 6‘0 ‘ 8|0 v1(|)0cm\z]
|
hydrogen gas

,,,,,,, : magnesium ribbon and dilute
hydrochloric acid

Fig. 8.1

Table 8.2 shows the results obtained in the experiment.

: time taken
volume of concentration of total
. , . : . to collect 20
experiment | acid acid used / acid used in 3 volume of
3 3 cm® of gas / 3
cm mol/dm S gas /cm
1 HCI 10 0.25 15 30
2 HCI 10 0.5 7 60
3 HCI 10 1.0 3 100
4 H2SO4 10 0.25

Table 8.2
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(a) Name the salt formed in Fig. 8.1.

(b) Experiment 4 is carried out with sulfuric acid instead. Complete Table 8.2.  [2]
(c) There is an error in one of the total volume of gas collected in Table 8.2.
Which experiment is most likely to have the error?

Suggest one modification to the apparatus setup in Fig. 8.1 to correct the error.

(d) Instead of magnesium ribbon, excess calcium solid was reacted with same dilute
hydrochloric acid from experiment 1.

Suggest how, if at all, each of the following would change:

(i) the initial rate of production of hydrogen

(i) the final volume of hydrogen gas produced

(e) Explain, in terms of collision between reacting particles, how using magnesium powder
affects the rate of reaction.

[Total:10]
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EITHER

B9 Zinc spar is an ore containing zinc carbonate. It is used to extract zinc in a two-stage process.
as shown:

Stage1 ZnCOs3; 2> ZnO + CO2
Stage2 2ZnO+C > Zn+CO

(a) Explain why the gas from stage 2 must be removed for the safety of the workers in
charge of this extraction process.

(b) Explain why the same two-stage process cannot be used to extract potassium from
potassium carbonate.

(c) The world’s consumption of zinc falls into five areas. The most important use,
approaching 50 percent of the total consumption, is in the corrosion protection of iron
and steel.

Describe and explain how zinc protects iron and steel from corrosion.
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(c) In the laboratory, two experiments were set up using zinc metal as shown in Fig. 9.1.

Experiment 1 Experiment 2

zinc I
metal

zinc metal

aqueous iron(ll) chloride dilute hydrochloric acid

Fig. 9.1
For each experiment, describe what you would observe and how you would test for any
gas evolved. Write an equation for the reaction in each beaker. [5]

EX P EIMENt 1 L e

[Total: 10]
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OR
B9 During a practical a student had to identity a gas sample and prepare sodium chloride salt.
(@) The gas is known to be one of the following:
* nitrogen
+ oxygen
* ammonia

« a mixture of equal volumes of nitrogen, oxygen and ammonia.

Describe two simple tests the student could carry out to decide what the gas is.
Explain your reasoning.
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(b) Aqueous sodium chloride can be prepared by titrating aqueous sodium hydroxide with
dilute hydrochloric acid.

NaOH + HCI - NaCl + H20

(i) Name the two pieces of apparatus used to measure accurately the volumes of
the solutions in this titration.

(i)  Given that 25.0 cm?® of 1.0 mol/dm?® sodium hydroxide and 25.0 cm® of 2.0
mol/dm?® of hydrochloric acid were used.

Calculate the mass of sodium chloride formed.

mass of sodium chloride = ...................... g [3]

(iii)  Draw a labelled diagram to show how a pure sample of sodium chloride can be
obtained by evaporation to dryness. 2]

[Total:10]
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