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Section A
Answer all guestions in this section in the spaces provided.
The total mark for this section is 70.

1 The position of seven elements from Period 1 to 4 of the Periodic Table is represented by
letters A, B, C, D, E, F and G as shown below. The letters do not represent the chemical
symbols of the elements.

A D
F|G
B T T Tel T [ 1 | E
Use the letters, A to G, to answer the following questions. They can be used once, more
than once, or not at all.
(@) Which element contains the smallest number of protons in each atom?
...................................................................................................................... 11
(b) Which element combines with element F toform a compound which has a low boiling point?
...................................................................................................................... 1
(c) Which element is the strongest reducing agent?
...................................................................................................................... 1]
(d) Which element has common oxidation states of +2, +4, +6 and +77
...................................................................................................................... 1
{e) Which element is important in providing an inert atmosphere for reactions?
...................................................................................................................... 1]

[Total: 5]
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(b)

{c)

{d)

3

A student investigated the change in mass when hydrated cobalt chloride was heated.
The word equation for the reaction is shown below:
hydrated cobalt chloride < anhydrous cobalt chioride + water
2.0 g of hydrated cobalt chloride was heated in a test-tube gently for 30 seconds.
The test-tube and its contents was cooled and the mass of the test-tube and contents was

measured.
The experiment was repeated until the mass of the test-tube and contents does not change.

Explain why the mass of the fest-tube and contents decreased.

Energy is taken in from the surroundings when hydrated cobalt chloride is heated.

When 238 g of hydrated cobalt chloride is heated until the mass does not change, 88.1 kJ
of energy is taken in.

The student heated 2.00 g of hydrated cobalt chloride until the mass did not change.
Calculate the energy taken in during this reaction.

(2]

What type of reaction takes place when hydrated cobalt chloride is heated?

[Total: 5]
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3 A student sets up an experiment as shown in Fig 3.1 to study the effect of graphite and
copper electrodes in the electrolysis of aqueous copper(}l) sulfate.

|

copper
electrodes graphite
electrodes
aqueous
copper(ll) suifate agueous
copper(ll) sulfate
beaker A beaker B
Fig 3.1

(@) With the aid of half equations, describe one difference in the observation at the anodes in
both beakers.

(b) The mass of the substance (m) deposited or liberated at any electrode is directly
proportional to the quantity of electricity or charge (Q) passed. In the experiment,
289500 coulomb of charge (Q) passed through the circuit. These charges are carried by
electrons.

Given that the Faraday's constant is 96 500 coulomb per mole and using the following
equation:

Q = number of moles of electrons x Faraday’s constant
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(i) Calculate the number of moles of electrons supplied.

(ii) Calculate the mass of copper formed in beaker B.

(2]

(c) The student repeated the experiment. She replaced copper(ll) sulfate solution in beaker B
with sodium sulfate solution and added a few drops of Universal Indicator at the start of the
experiment,

Describe the change you would observe to the colour of solution in beaker B near the
cathode during the experiment. Explain your answer.

[Total: 7]




(a)

(b}

(€)

{d)

6

Titanium is a transition metal. It is extracted from titanium dioxide in a two-stage industrial
process as shown below.

Stage 1:TiQ:+2C+2Clp — TiCls + 2 cO
Stage 2: TiCls + 4 Na — Ti + 4 NaCl

Suggest one hazard associated with Stage 1.

.................................................................................................................... (2]
Titanium chloride is a liquid at room temperature.
Explain why you would not expect titanium chioride to be a liguid at room temperature.
.................................................................................................................... [2]
In Stage 2, 40 kg of titanium chloride was added to 20 kg of sodium.
(i) Determine the limiting reactant. Show your calculations clearly.

[3]

(i) For a Stage 2 reaction, the percentage yield was 92.3%. The theoretical maximum
mass of titanium produced was 13.5 kg. Calculate the actual mass of titanium
produced.

[1]
[Total: 9]
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5 This question is about iron and its compounds.
(a) The ease of reduction of four metal oxides by heating with carbon is shown in Table 5.1.

Table 5.1
metal oxide ease of reduction with carbon
chromium(lll) oxide only reduced above 1700 °C
iron(llly oxide reduced above 650 °C
magnesium oxide not reduced at 1750 °C
nickel(ll) oxide only reduced above 300 °C

Using information from Table 5.1, state and explain the reactivity of the metals in
decreasing order.

.......................................................................................................................

(b) Potassium is a metal in Group 1 of the Periodic Table. Describe two properties of iron
which differ from those of potassium.

.................................................................................................................... [2]
(e} When iron reacts with dilute hydrochloric acid, iron(ll} chloride solution is formed.
(i) Describe a test for iron(ll) ions and the expected results.
............................................................................................................ [2}
(ii) Another chloride of iron has the structure shown below.
Cl /Cl\ /CI
Fe Fe
Cl Ci Ci
Deduce the molecular formula of this compound.
............................................................................................................ [1]

[Totai: 8]
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& Alcohols are used as fuels. The equation for the combustion of ethanol is shown below:

H H
L

H—GC—C—O0—H + 30=0 — 20=C—0 + 3H—O0—H
o
H H

The bond energies are shown in Table 6.1

Table 6.1
Bond Bond energy in kJ/mol
C-H 413
c-C 347
C-0 358
C=0 799
O-H 467
=0 495

(a) Calculate the overall energy change for this reaction.

{b) Explain the overall energy change in terms of bonds broken and bonds formed.

.......................................................................................................................

[Total: 6]
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(a)

(b}

9

Milk bottles can be made from glass or polymer.
Table 7.1 shows information about milk bottles of equal volume.

Table 7.1
glass polymer
limestone
raw materials sand crude oil
sodium carbonate

energy needed to process raw 6750 1710
materials in kilojoules
energy needed to manufacture 750 90
bottle in kilojouies
mass of bottle in grams 200 20
mean number of fimes used 25 1
during lifetime of bottle
one disposal method at end of recycled to make recycled to make different
useful life different glass products polymer products

The life-cycle assessment is a ‘cradle to grave' analysis of the impact of a manufactured
product on the environment. There are many detailed stages but the main ones are shown
below:

1. extracting and processing the raw materials needed
2. manufacturing the product and its packaging

3. using the product during its lifetime

4. disposing of the product at the end of its useful life

State and explain which mili bottle has a greater impact on the environment in terms of
extraction and processing of raw materials needed.

With reference to Table 7.1, state one advantage and one disadvantage of using a glass
milk bottle.

[Total: 5
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8 Ethene is an important starting material to produce chemicals such as ethanol, ethanoic
acid and ethane-1,2-diol. Ethene is manufactured by the cracking of long chain
hydrocarbons such as dodecane, CizHzs.

(a) Write a chemical equation to show the cracking of dodecane to make ethene and one other
product.

{b) Ethene can also be converted into a compound that contains carbon, hydrogen and oxygen.
A sample of the compound was analysed and found to contain 1.44 g of carbon, 0.36 g of
hydrogen and 0.96 g of oxygen. Show that the empirical formula of the compound is C2HeO.

(2]

(c) Name the process in which ethene is converted to the compound formed in (b) and suggest
the name of the compound.



11
(d) Ethane-1,2-diol has the structure drawn below.
H H
H—0O (I} —— (ii ~—0—H
b

() Describe and explain what would be observed when ethane-1,2-diol is warmed with
acidified potassium manganate(VII).

(i) Draw the full structural formula of the product formed for the reaction in d(i).

(11
[Total: 8]
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(a)

(i)

(i)

(b}

(c)

12

Proteins are natural polymers which can undergo hydrolysis in order to determine its
component amino acids. Hydrolysis is the breaking down of protein into its constituent
monomers, amino acids. Amine acids contain a carboxyl group and an amine group.

A representation of part of a protein molecule is shown below.

O H W O H H O H O H

T O S T A

—N—C|3—C-—N-(I3—C—N—(l‘,—C—N—
H %, H

Draw the structural formula of any two amino acids which could be obtained from the
hydrolysis of this protein.

(2]
Suggest a method to separate and identify the three components of amino acids.
............................................................................................................. [1]
Chlorine is used in the manufacture of chloroethene (vinyl chloride), CH2CHCI.
Chloroethene has a similar structure to ethene.
When chloroethene undergoes addition polymerisation, polymer N is formed.
Draw the full structural formula of polymer N, showing three repeat units.

(1

State one difference between the polymerisation processes used to manufacture
proteins and polymer N.

[Total: 5]
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10 Production of Ammonia

Ammonia is one of the most widely produced chemicals in the world today, with more than
170 million tonnes being produced each year, more than 85% of this goes into the
production of fertiliser.

Ammonia production is a highly energy intensive process consuming around 1.8% of global
energy output each year. Over 50% of the cumrent worldwide production of hydrogen is
used in the manufacture of ammonia.

The chemical equation for the steam-methane reforming reaction is shown below:
CH4 +2H,0 — CO: + 4H; AH = +165.2 kJfmol

Hydrogen produced from the steam-methane reforming is reacted with nitrogen to form
ammonia using the Haber process.

The optimum conditions for steam-methane reforming require a high temperature of
800°C - 900°C, a relatively low pressure of 30 atm and nickel catalyst.

Greenhouse Gas Emissions

The greenhouse gas (GHG) emissions for selected high production volume chemicals for
2010 is shown in Fig 10.1. Along with cement, steel and ethene production, ammonia is
one of the ‘big four’ industrial processes where a decarbonisation plan must be developed
and implemented to meet the net-zero carbon emissions target by 2050, a target set during
the Paris Agreement in 2016.

6 359 Ao 48 b e e e e .Amm(jr-[a

b

_c’; 300 -

5]

g 250 I 8 e e e minis 21| eemeesesn s ionms s e 28 i S0 2028 3 8o 1L e e et L o 12 a1+ e et o 223 e oot ot o 2 oo e

e

§ oo

i :

é‘: & Fthene

T 00 e

o & hMethano! & Progene

R # 37X

- o ®Acrylonitle @ Ssene ' :
9 20 40 56 g0 160 20 140 160

Production volume (MY}

Fig 10.1




14
Green Ammonia
Green ammonia is zero-carbon ammenia, made using sustainable electricity, water and air.
The ammonia praduced is the same, it is the carbon emissions from the processes that are
different. The production of green ammonia can be achieved by using zero-carbon
hydrogen from the electrolysis of water, which is a well-established process. Nitrogen is
obtained directly from the fractional distillation of liquid air, which accounts for 2 — 3% of

the process energy used. Ammonia produced using the Haber process can be powered by
sustainable electrical energy.

Fig 10.2 shows the decarbonisation of the Haber process.

Fractional
distilation |

Sustainable
energy

Electrolysis — (Hydrogen

Fig 10.2

Sustainable
electrical energ

One aspect of sustainability includes environmental responsibility, which ensures that
natural resources are used efficiently and preserved for future generations. This includes
minimising poflution, reducing waste, conserving biodiversity, and reducing the impact of
climate change.

The production of green ammonia has the capability to impact the transition towards zero-
carbon through the decarbonisation of its current major use in fertiliser production.

Potential Uses of Green Ammonia

In addition to decarbonising the existing use of ammonia in the production of fertilisers for
agriculture, the production of green ammonia from green hydrogen offers further options in
the drive to reduce greenhouse gas emissions.

Ammonia can be stored in large quantities as a liquid at moderate pressures or refrigerated
temperatures. lt serves as an efficient energy storage medium with its energy density
approximately 40% that of petroleum.

As a zero-carbon fuel, ammonia can be used in fuel cells, internal combustion engines,
industrial bumners, and gas turbines. It can be used to generate electricity to supply power
to grids or remote areas. The maritime industry is expected to be an early adopter of
ammonia as a fuel, and it has the potential to decarbonise rail, heavy road transport, and
gviation.

While ammonia has a well-established track record for safe transportation and use, new
applications will require additional control measures to reduce potential risks to health and
the environment.

Source : ht;lps:!lroxalsocietv.orqfnews-resouroeslproiectsllow-carbon-enerqv-programme!green-ammonia!

Ly Haber
* | Process
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{(a) Draw the energy level diagram to show the steam-methane reforming reaction. Your
diagram should include:
» the reactants and products of the reaction,
» label to show the enthalpy change of reaction.

[3]

(b) Write a chemical equation to show the manufacture of ammonia by the Haber process.
State the effect of temperature on the yield of ammonia.

BP-289
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{e) The table below shows the boiling points of hydrogen and ammonia.
hydrogen ammonia
boiling point/°C —-252.9 -333

®

Hydrogen gas can be stored as a gas in high-pressure tanks or as a liquid under very low
temperature. Ammonia is stored as a liquid under relatively low pressure at room
temperature.

(i) Explain why it is easier to transport ammonia as a liquid than to transport hydrogen as
a liquid.

Suggest two likely products when ammonia is burned. Explain why ammonia is considered
a zero-carbon fuel.

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

11 A colorimeter measures light absorbed when the light passes through a coloured solution. The
diagram shows how a colorimeter works.

Y¥Y

source sample being detector

tested absorbance
raading

Table 11.1 shows the absorbance reading of aqueous solutions of chlorine, bromine and iodine,
each of concentration 0.0100 mmol/dm?. (1 mol = 1000 mmol)

Table 111
halogen absorbance reading
chlorine 0.00
bromine 0.22
iodine 0.34

An experiment is carried out to investigate the reaction between aqueous potassium iodide and
chlorine solution.

1 cm?® of aqueous potassium iodide was added to chiorine solution of concentration
0.0100 mmol/dm?and the mixture was shaken.

The absorbance reading was taken after each 1 cm? of aqueous potassium iodide was added.
The final absorbance reading after 8 cm? of potassium iodide was added was 0.34.

(a) Using the data in Table 11.1, explain the relationship between the colour of the solution and the
absorbance reading of the solution.
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Graph 1 shows the results of the experiment.
Graph 1

(1.4f}
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The experiment was then repeated for four other chlorine solutions of known concentrations.

Graph 2 shows the results of the final absorbance readings for the chiorine solutions after 8 cm?
of potassium iodide was added.

Graph 2
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(b) With the aid of a chemical equation for the reaction between chlorine solution and aqueous
potassium iodide, describe and explain the shape of Graph 1.

...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................

...................................................................................................................................

(¢} One of the absorbance readings in Graph 2 appears to be lower than the expected value.

Identify the concentration that this absorbance reading occurs and suggest an emor in the
procedure that may have caused this lowered reading.
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(d) Chlorine is a disinfectant for swimming pools as it reacts with contaminants such as bacteria and
other organic matter. Swimming pool operators need to maintain a range of 1.0 — 1.5 mg/L of

chiorine for proper sanitation.
(1L =1dm? 1mol = 1000mmol}

To determine if a swimming poo! meets the sanitation requirement, a sample of swimming pool
water was collected.

The experiment was conducted on the sample with 8 cm?® of potassium iodide added and the
absorbance reading obtained was 0.45.

Determine if the sample of swimming pool water meets the desired sanitation requirement.
Show your working.

[2]
MMotai: 10]
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12 When hydrochloric acid is added to sodium thiosulfate solution, the mixture gradually becomes
cloudy.

The equation for the reaction is shown below:
Na28203(aq) + 2 HCl(aq) — 2 NaCl(aq} + H20(l) + SOz(g) + S(s)

A student investigated the effect of changing the concentration of sodium thiosulfate solution on
the rate of the reaction.

Fig 12.1 shows the apparatus used.

Beaker
Reaction mixture

E:i:j- -*E_T_j

Light source Light sensor

Fig 12.1

A smaller percentage of light from the light source reaches the light sensor as the mixture
becomes more cloudy.

10 em?of dilute hydrochloric acid was added to excess 50 cm®of 0.10 mol/dm? sodium thiosulfate
solution in the beaker.

The percentage of light from the light source that reaches the light sensor was recorded every
20 seconds for 120 seconds.

The experiment was repeated using 0.20 mol/dm?® sodium thiosulfate solution.

(a) Expiain why the mixture becomes cloudy.

(b} The same student did the investigation again the next day.

The student found that the same method produced different results for the percentage of
light reaching the light sensor.

Suggest an improvement to the method so that the same percentages of light reached the
light sensor.
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{c} Fig 12.2 shows the results for 0.10 mol/dm3 sodium thiosulfate solution.

100 T
Percentage (%) e
of light from light T
source reaching T
light sensor el
» %
o
fof i

0 10 20 30 40 50 80 70 80 S0 100 110 120
Time in seconds

Fig 12.2

How would you use the graph to determine the rate of reaction for the production of sulfur
at time 30 seconds?

(d) () Sketch agraph on Fig 12.2 to show the results you would predict for 0.20 mol/dm? of
sodium thiosulfate solution.
[1]
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(i) Explain why the rate changes between 0 to 120 seconds. Use collision theory to
explain how the rate of reaction changes when the experiment is repeated with 0.20
mol/dm3 of sodium thiosulfate solution.

.................................................................................................................

.................................................................................................................
.................................................................................................................
.................................................................................................................

[Total: 10]

END OF PAPER
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Paper 2

Secondary Four Chemistry
Preliminary Examination 2024
Mark Scheme

Section A

Qn
No.

Answer

Mark

1a

A

D (Accept E: GeCls bp: 86.5°C )

C

G

Total

2a

Water vapour produced escaped from the tube OR
Water was removed through evaporation.

To ensure that reaction is complete/ no more water (vapour) was produced.

Energy taken in = (2.00 + 238)x 88.1
=0.740336134 kJ
= 0.740 kJ

Endothermic/thermal decomposition

Total
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Qn

No.

Answer

Mark

3a

half equation(s) in each beaker
Difference stated

In beaker A, the anode would decrease in size/becomes smaller as
copper is a reactive electrode and dissolves to fom copper(ll) ions.
Cu(s) » Cu?* (aq) + 2e

In beaker B, there is no change in size for anode. OH ions are
preferentially discharged to form oxygen gas.
40H (aq) = 2Hz0(l) + O2(g) + 4e

OR

There is no effervescence in beaker A as copper is a reactive electrode
and dissolves to form copper(ll) ions.

Cu(s) = Cu* (aq) + 2e

In beaker B, there is effervescence observed at the anode. OH- ions are
preferentially discharged to form oxygen gas.
40H (ag) = 2H:20() + Oz(g) + 4e

bi

Number of moles of electrons = 289500 + 96500
= 3 moles

Cu® (aqg) + 2e - Cu (s)

No of moles of electrons = 3 moles

No of moles of Cu= 1.5 moles

Mass of Cu produced in both beakers = 1.5 x 64 g/mol
= 96g

Universal Indicator will turn from green to violet.

Hydrogen ions are preferentially discharged to form hydrogen gas,
concentration of OH- more than that of H*, solution becomes alkaline/pH of
solution increases.

Total

4a

Carbon manoxide produced/chlorine used is toxic/poisonous.

Argon is unreactive/inert.

It prevents oxygen/water vapour in the air from reacting with sodium used
ftitanium produced.

Titanium chloride is a metal chloride which is usually an ienic compound.
lonic compounds have high melting points and are solids at room
temperature.




Qn Answer Mark
No.
d |TiCls + 4 Na — Ti + 4 NaCl
From eqn,
1 mol TiCl, reacts with 4 mol Na
190 g TiCls reacts with 92 g Na
190 kg TiCls reacts with 92 kg Na 1
40 kg TiCls reacts with (40+190) x 92 kg
=19.4 kg Na 1
TiCl. is the limiting reactant since 40 kg of TiCl: reacts completely with 19.4 1
kg of Na but 20 kg of Na is available.
e |Actual mass =(92.3 + 100} x 13.5 kg 1
=12.5kg
Total 9
5a | Magnesium (most reactive), chromium, iron, nickel (least reactive) 1
Magnesium oxide is not reduced by carbon at a high temperature (1750 1
°C) because it is a very stable oxide. This shows that magnesium is the
most reactive metal, forming the most stable oxide.
Nickel(ll) oxide is reduced at the lowest temperature (above 300 °C)
because it is the least stable oxide. This shows that nickel is the least 1
reactive metal, forming the least stable oxide.
b | Any two characteristic properties of iron, highlighting its difference from 2
potassium.
Iron has high melting and boiling points whereas potassium has low
melting and boiling points.
fron is hard whereas potassium is soft.
Iron forms compounds which are coloured whereas compounds of
potassium are usually not coloured/white.
Iron has variable oxidation states in its compounds but not potassium.
ci | Add aqueous sodium hydroxidelammonia to a sample of iron(ll} chloride 1
solution a little at a time and then in excess.
A green precipitate is formed, which is insoluble in excess, showing that 1
iron(ll) ions are present.
ii Fe:Cls 1
Total 8
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Qn Answer Mark
No.
6a |Energy absorbed = [(5 x 413) + 347 + 358 + 467] + [(3 x 495)] 1
=4722 kJ 1
Energy released = [(4 x 799) + (6 x 467)] = 5998 kJ
Overall energy change = 4722 + [-5998] kJ
=--1276 kJ 1
=—1280 kJ
b |The reaction is exothermc because energy released when bonds are 1
formed in 2 moles carbon dioxide and 3 moles of water is greater than 1
energy absorbed when bonds are broken in 1 mole of ethanol and 3 moles 1
of oxygen.
Totak 6
7a | Both immediate and long-term impact are acceptable answers.
Immediate impact: Milk bottle made of glass has a greater impact on the 1
environment because it uses more energy to process the raw materials for 1
glass (6750 kJ) than for polymer (1710 kJ)
Long-term impact: Milk bottle made of polymer is used only once while a milk
bottle made of glass is used 25 times during its lifetime. Hence it has a
greater impact on the environment because it would use more energy (1710
kJ x 25) to process the raw materials than a glass bottle (6750 kJ).
b |Advantage — it can be reused up to 25 times 1
Disadvantage — it is heavier so it takes more energy to transport 1
¢ |Recycling of polymer conserves crude oil which reduces pollution/reduces the 1
need to extract crude oil.
Total 5
8a |CizHzs —» CaHs + CioHzz 1
b
Cc H 0
Mass (g) 1.44 0.36 0.96
Molar mass (g/mol) 12 1 16
Number of moles | 1.44+12 | 0361 096+ 16
=012 | =0.36 = 0.06 L
Simplest mole ratio ; 0.12 - 036~ |006+0.06
0.06 0.06
= = = 1 1
C:HsO
¢ jHydration 1
Ethanol 1
di | Purple acidified potassium manganate(Vil) turns colourless. 1
Ethane-1,2-diol is a reducing agent. 1
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No.
¢ |In the manufacture of proteins, the different monomers join together with
the elimination of water but in the formation of polymer N, the monomers
join together without loss of any small molecules.
Total 5
10a
energy
WI
CO2 + 4H:
CH. + 2H,0 AH = +165.2 kJ/mol
progress of reaction
energy level 1
reactants and products 1
enthalphy 1
b |Nz+3H: ¥ 2NH: 1
The lower the temperature, the higher the yield of ammonia 1
¢ |The production of hydrogen in the steam-methane reforming reaction 1
produces carbon dioxide, which is a greenhouse gas. 1
OR
The steam-methane reforming reaction requires a high temperature of
800°C — 900°C, likely from the burning of fossil fuels which produces carbon
| dioxide, a greenhouse gas.
d | Electricity from solar/geothermal/iwind/nuclear energy. 1
ei |it requires a lower pressure to maintain ammeonia which has a higher boiling 1
point in the liquid state at room temperature compared to hydrogen.
It requires less energy to lower the température to the boiling point of
ammonia which is higher than that of hydrogen.
ii |1t is expensive to have high pressure tanks to store and transport hydrogen 1
gas.
f |Nitrogen and water. 1
Combustion of ammonia does not produce carbon dioxide/carbon monoxide 1
Tota 12




Section B
Qn Answer Mark
No.
11a | As the colour intensity of the solution increases from chlorine to bromine 1
to iodine/the darker the colour of the solution, the higher the absorbance
reading on the colorimeter.

P | Ch(ag)+2Ki(ag) > 2KCI(aq) + I (aq) 1
Chlorine is more reactive than iodine, it displaces iodine from potassium 1
iodide.

From 0 to 5 cm3, the absorbance reading increases from 0.00 to 0.34 1
and remains constant from 5 cm? onwards.
As iodine is being produced, concentration of iodine increases, the 1
solution becomes darker and the absorbance reading increases.
At 5 cm3, all of the chlorine is used up / reacted_and Kl is in excess and
concentration of iodine does not increase. 1

¢ | 0.025 mmol/dm? 1
The 8 cm? potassium iodide added may not be in excess at this concentration 1
of chlorine.

d | From Graph 2, Concentration of chiorine = 0.0125 mmol/dm?

Mass of chlorine in 1 dm?® = 0.0125 x (35.5x2) = 0.0120 x 71 = 0.8875 mg = 1
0.888 mq (3sf)
Hence, the swimming pool water contains lower than the desired range of 1
chilorine and does not meet the sanitation requirement.
Total 10
12a | Sulfur produced is a precipitate/is insoluble. 2

b | Stop light from other sources reaching the sensor 1

ci | Decreasing curve starting at (0,85)

Steeper initially than curve for 0.10 mol/dm® sodium thiosulfate solution 1
levelling at 24%

ii_| Draw tangent to the curve at 30 seconds. 1

d |From 0 to 20 seconds, the rate of reaction is the highest because the 1
concentration of reactants is greatest at the start.

After 20 seconds, the reaction slows down because the reactants are 1
used up.
At 80 seconds, the reaction stops because all the dilute hydrochloric acid 1
is used up.
When the concentration of sodium thiosuifate solution increases to 0.20
mol/dm?, there are more particles per unit volume. The frequency of 1
effective collision between sodium thiosulfate and hydrochioric acid 1
particles increases. This increases the rate of reaction.

Total 10
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