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Candidate Name
Candidate Number

Centre Name

Centre Number

Paper 2: Chemistry For Examination December 2023

(2 hours)

It is necessary to respond on the answer sheets provided alongside this question paper.
Additionally, you must have a soft pencil (preferably of type B or HB),a clean eraser and
a dark blue or black pen.

INSTRUCTIONS:

¢ You must write your name, candidate number, centre name and centre number
on the answer sheets in the designated spaces.

e Objective section consists of 25 questions, and it is essential that you attempt all
of them.

e Each question has four options labelled A, B, C, and D. Select the option that you
think is correct. Mark it on the multiple choice answer sheet using a soft pencil.

e Attempt all the questions from subjective section using a dark blue or black pen.

e |tis important to follow the instructions provided on the answer sheets.

¢ Do not use correction fluid.

¢ Avoid writing on any bar codes.

INFORMATION:

e This paper has a total of 100 marks.

¢ In objective section there are 25 questions, each carries one mark. There is no
negative marking for incorrect responses.

e In subjective section, 45 marks are for extended theory and 30 marks for
practical component.

e The number of marks assigned for every question or its parts is indicated within
brackets [ ]
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MCQ section 25 marks:

Q1) Which of the following reactions is endothermic?

A: Reacting potassium to water

B: Dissolving of Sodium chloride in water
C: Burning fossil fuels

D: Ice melting

Q2) Which letter correctly represents the enthalpy change of this reaction?

Energy

V

Progress of reaction

Q3) What is the role of light energy in a photochemical reaction?

A: Disruption of chemical bonding
B: Lower the activation energy

C: Needed as a reactant

D: Increase chemical reaction rate
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Q4) The rate of reaction between calcium carbonate and hydrochloric acid was investigated by
using mass change over time.

At which point would be the slowest rate of reaction?

The results are plotted below:
Mass of CaCO,/ g

A

-
Timel/s

0

Q5) The graph below shows the rate of reaction for the decomposition of a solution of hydrogen
peroxide.

>

Total volume of gas produced

>

Time from start of reaction

Which factor was increased that could lead to the observed results for X compared to Y?

A: Volume

B: pH

C: Concentration
D: Temperature
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Q6) An unknown colourless liquid was discovered, using your knowledge of the chemical tests
for water. Which row correctly describes the test and the colour changes involved for a positive

result?

Test Initial colour Final colour

A Anhydrous copper Blue White
sulphate

B Cobalt chloride paper | Pink Blue

C Hydrous copper White Blue
sulphate

D Cobalt chloride paper | Blue Pink

Q7) In the following reaction:

Ha2 (g) + 12 (g) = 2HI (g)

The forward reaction is endothermic, which of the following would have no effect on the

equilibrium?

A: Increase in pressure
B: Decrease in reactants

C: Increase the temperature

D: Increase in products

Q8) Which combination of the statements correctly describes oxidation reactions:

Gain of electrons
Gain of oxygen
Gain of hydrogen
Loss of electrons
Loss of oxygen
Loss of hydrogen

AN

A:1,2and 6
B:4,5and 6
C:2,4,and 6
D:3,4and5

Q9) Which of the following substances is the reducing agent?

A: CuSO4(aq)
B: Zn (s)
C: Cu(s)
D: ZnS04 (aq)

CuS0O4(aq) + Zn (s) =2 Cu(s) + ZnSO4 (aq)
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Q10) Both potassium manganate (VII) and potassium iodide can be used as a chemical test
to test for reducing agents. Which row correctly describes the colour changes of both tests?

Potassium manganate (VII) Potassium lodide test

test
A colourless to purple/pink colourless to orange/brown
B purple/pink to colourless orange/brown to colourless
C colourless to purple/pink orange/brown to colourless
D pink/purple to colourless colourless to orange/brown

Q11) Which element is involved in all the following for synthesizing proteins, chlorophyll,
and nucleic acids in plants?

A: Phosphorus
B: Potassium
C: Magnesium
D: Nitrogen

Q12) Which substance is used as a common source of hydrogen used in the Haber process?

A: Methane

B: Air

C: Hydrochloric acid
D: Hydrogen peroxide

Q13) Sulphur is used in the rubber industry in a process called vulcanization. How does this
process affect rubber?

A: Enhancing colour
B: Reduce viscosity
C: Increased elasticity
D: Increases hardness

Q14) Lime is used in a variety of different industries. Which of the following processes is
used to manufacture lime?

A: Thermal decomposition
B: Neutralisation

C: Polymerisation

D: Distillation
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Q15) How do members of homologous series differ from one another?

A: Different functional groups
B: Different molecular formulas
C: Different chemical properties
D: Different physical states.

Q16) Identify the correct row which represents the correct alcohol with their molecular
formula:

Alcohol Formula
A Methanol C,HsOH
B Ethanol CHsOH
C Butanol C,HsOH
D Propanol C4H100OH

Q17) Which row correctly identifies the fractions from the fractional distillation of crude oil?

1 2 3
A Petrol Diesel Fuel oil
B Bitumen Petrol Fuel oil
C Kerosene Diesel Bitumen
D Diesel Petrol Bitumen

Q18) Which one of the following is the final useful product of cracking?

A: Ethylene
B: Propylene
C: Decane
D: Octane
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Q19) Which row correctly describes the type of bonds broken and the conditions needed for
cracking of hydrocarbons?

Type of Bond Temperature Catalyst
A lonic 450 Iron
B Covalent 450 Silica
C Covalent 600-700 Alumina
D lonic 600-700 Alumina

Q20) What is the role of bromine in bromine water when testing hydrocarbons?

A: Oxidising agent
B: Reducing agent
C: Catalyst

D: Indicator

Q21) Macromolecules can be made by joining smaller molecules called monomers together.
This process is called polymerisation. Which row correctly describes monomers used to
make polymers?

Monomer Polymer
A ethane poly(ethane)
B ethene poly(ethane)
C ethene poly(ethene)
D ethane poly(ethene)

Q22) Two polymers share the same type of bonding, using your knowledge identify the type of
bond labelled X that joins these monomers together.

X
H, H, H, H H, H, I He B §
~ /C\ /C\ /C\ /N\ /C\ /C\ /C\ N—C—C
N C C C C / ‘ X Il
H H, H  H /I H, H, H R N—C—C—OH
@) z H |
X
A: Glycosidic
B: Peptide
C: Ester
D: Carboxylic
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Q23) Ethanol is an important chemical substance used in a variety of different industries.
Correctly identify the balanced chemical equation for fermentation.

A: C¢H1206 (aq) + O, (g) ————> 2C,HsOH (aq) + 2C0O,(g)
B: CsH1,06 (aq) ————> 2C,HsOH (aq) + 2CO,(g)
C: 2CHsOH (aq) + O; (g) ————>: CeH1206 (aq) + 2CO,(g)
D: 2C,H50H (aq)————> CgH1,06 (aq) + 2CO4(g)

Q24) Which gas of the atmosphere had the largest change in percentage from early
atmosphere to present day atmosphere composition?

A: Carbon dioxide
B: Oxygen

C: Water vapour
D: Nitrogen

Q25) Which one of the following is not a suitable strategy used to reduce acid rain?

A: Flue gas desulphurization
B: Catalytic converters

C: Afforestation

D: Switch to nuclear power

[Total 25 marks]

End of Multiple choice section [25 marks]
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Part 2 Extended Theory: [45 marks]
1) The world's population has increased significantly over the last 50 years, and with it,
there has been a substantial rise in the energy demand. Fossil fuels, including coal, oil,
and natural gas, have historically been the dominant sources of energy globally.

a) Explain how the pollutants released by the process of combustion of gas power station
effect the environment. [6 marks]

Another pollutant produced by burning coal involves the production of sulphur dioxide which
can lead to acidic rain.
b) Describe the consequences of acid rain. [4 marks]
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A sample of water was collected from rainwater nearby a coal power station to determine the
concentration of sulphuric acid caused by the pollutants produced by burning coal. The students
carried out a titration to deduce the concentration of sulphuric acid.

The equation for this chemical reaction for this reaction:

H,S0.(aq) + 2 KOH(aq) = K,SO.(aq) + 2 H,0(l)
H=1,5=32,K=39,0=16,
Assuming no other contaminants were present in the rainwater, 25cm? of rainwater containing
sulphuric acid was placed in a conical flask. Slowly adding potassium hydroxide with a
concentration of 0.500 mol/dm?, it took a total of 17.5cm”> to completely react with the sample
to the point of neutralisation.

Calculate the concentration of the acid in both mol/dm? and g/dm?>. [5 marks]

Show your wording in the space below:

Concentration in moI/dm3
Concentration in g/dm?

[Total 15 marks]
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2) The Haber process is used to make ammonia; the chemical reaction is below:

N,(g) + 3H,(g) = 2NHs(g) AH = -92 ki/mol
a) What is meant by the symbol =?[1 mark]

b) Describe the process by which nitrogen is separated from the air. [1 mark]

c¢) Complete the table to describe the conditions used in the Haber process: [3 marks]

Conditions Values

Temperature C°

Pressure (atm)

Catalyst used

d) The Haber process forward reaction is exothermic.
Evaluate the effect using a higher temperature ammonia production. [6 marks]

©Learning Resource Network Page 12 of 21



e) Assuming all nitrogen and hydrogen was available was converted into ammonia. What
mass of nitrogen and hydrogen could be needed to produce 51kg of ammonia. [3 marks]
Show your working:
N=14andH=1

Mass of Nitrogen kg
Mass of Hydrogen kg

f) Only about 15% of the nitrogen available is converted into ammonia. Deduce the actual
mass of Nitrogen needed to produce 51kg of ammonia? [2 marks]

Mass of nitrogen needed:

g) Deduce the volume in dm? this mass of nitrogen will occupy? [2 marks]

Volume dm

[Total 18]
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4) Butane can be used in hand held blow torches.

The combustion reaction between butane and oxygen is exothermic.
The chemical equation for complete combustion:
2C4H10(g) + 130,(g) = 8CO,(g) + 10H,0(g)

a) Butane is a hydrocarbon, explain what is meant by the term hydrocarbon? [1 mark]

b) Describe the conditions needed for incomplete combustion to occur and explain why it is
dangerous? [3 marks]

Question 4 is continued on the next page.
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The table below shows some of the bond energies combustion of butane:

2C4H10(g) + 1304(g) > 8CO4(g) + 10H,0(g)

L He  H
P 0=0 0=C=0 “o”
H HH H
Bond C-H C-C 0=0 C=0 H-O
Energy in 413 348 495 802 463
kJ/mol

c) Using the balanced chemical equation calculate the energy change for the combustion of
butane? [4 marks]

Show your working:

©Learning Resource Network

Enthalpy change:

kJ/mol
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d) Sketch energy reaction profile for the combustion of butane? [3]
Include appropriate labelling.

Energy4

—
Time

e) Explain in terms of the energy involved in bond breaking and bond making why this
reaction is exothermic? [2 marks]

[Total 12 marks]

End of Extended theory [45 marks]
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Part 3: Practical component:

Q1) Magnesium carbonate reacts with concentrated nitric acid. This reaction is exothermic.
The chemical equation for this equation is:
MgCOs(s) + 2HNOs(aq) => Mg (NOs),(aq) + CO,(g) + H,0(1)

a) Write the ionic equation for this reaction. [2 marks]

b) Plan an investigation to investigate the effect of surface area on the temperature

changes of this reaction. [6 marks]
- Include details of equipment used.

[Total 8 marks]
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2) A student investigated the rate of reaction between a solution of sodium thiosulfate and
dilute hydrochloric acid. The student set the experiment as in the image below:

Add dilute acid
and start timing

!

Sodium =
thiosulfate )\ A cross drawn )
solution on paper
S 4
Nk \ ,/ — — ,/
e\ /) -
Before reaction After reaction
Figure 1

Both solutions initially are colourless, upon addition of the two solutions together the

solution turns cloudy. The chemical reaction is:
Na,S,03(aq) + 2HCl(aq) = 2NaCl(aq) + H,O(l) + SO,(g) + S(s)

a) What is the purpose of the X on the paper? [1 mark]

b) Explain why the solution changes to a cloudy pale yellow colour. [2 marks]

©Learning Resource Network
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The students decided to investigate the effect of concentration on the time it took for the

solution to turn cloudy. The results are below:

Concentration of sodium thiosulfate . .
.. 3 Time in seconds
solution in mol/dm
0.1 85
0.2 43
0.3 21
0.4 15
0.5 10

Table 1
c) Correctly identify the following variables: [3 marks]

Independent variable:

Dependent variable:

State two control variables:

d) Describe and explain the relationship between the concentration of sodium thiosulfate

solution and the time taken? [4 marks]

©Learning Resource Network
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e) Describe improvements that could be done to improve the validity of this experiment
using both Figure 1 and Table 1 to assist you. [4 marks]

[Total 14 marks]
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Q3) Water pollution is a major concern, particularly in countries that do not have access to
potable water.

a) Define the term potable war. [1 mark]

b) Describe a suitable method to determine the mass of dissolved solids in 100cm? of river
water. [3 marks]

Natural disasters or poorly maintained infrastructure may lead to raw sewage entering
wastewater. Raw sewage contains organic matter.
c) Describe how sewage is treated to remove organic matter. [4 marks]

[Total 8 marks]
End of Practical component [30 marks]
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