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Q1.

The concentration of dilute sulfuric acid can be determined by titration with sodium hydroxide
solution of known concentration.

25.00 cm? of dilute sulfuric acid was measured out using a pipette and transferred to a conical
flask.

A few drops of methyl orange indicator were added to the acid in the conical flask. Sodium
hydroxide solution was added to the acid from a burette until the indicator changed colour.

The titration was repeated until two concordant results were obtained.

The accurate result was the average of the two concordant results.

A brief report of the practical method has been given above.

Further detail can be added to this method to ensure that anyone following the method will

obtain an accurate result.

Explain two details that could be added to this practical method to ensure an accurate result is
obtained.

(Total for question = 4 marks)

Q2.

* Large amounts of ethanol are produced in the chemical industry by fermentation and by
hydration of ethene.

Figure 8 summarises the two processes for making ethanol on a large scale.
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fermentation of glucose hydration of ethene

equation CeHi:0s — 2CH:OH + 2C0, CHy + H:O — C;HOH
raw materials plants crude oil
raw material
renewable yes noe
temperature 30-40°C 300 °C
pressure 1 atmosphere 65 atmospheres
rate of reaction slow fast

. needs to be fractionally distilled to
purity of product concentrate the ethanol pure

Figure 8

Using this information, discuss the possible advantages and disadvantages of producing ethanol
by fermentation rather than by hydration of ethene.
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(Total for question = 6 marks)

Q3.
* Pure metal can be converted into alloys.

In many cases alloys are more useful than pure metals, for example they are stronger. Gold
alloys, stainless steel and nitinol are examples of useful alloys.

Describe how alloying improves the usefulness of metals and how strength is increased in terms
of structure.

You may use diagrams to help your answer.
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Q4.
Many elements are useful in everyday life.
Some metallic elements are used in everyday life as alloys rather than as pure metals.

Use words from each of the boxes to complete the sentences in parts (i) and (ii).

i
(i) compounds elements denser shinier mixtures
Alloys made from two metals are .........cooeiiiiiiiii e .
(ii) . .

brass copper magnalium nitrogen sulfur
Examples of alloys include ... and

(Total for question = 2 marks)

Q5.

Alloys are made by melting mixtures of metals and then leaving them to solidify.
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Tin and lead form an alloy called solder.

Samples of solder containing different amounts of tin and lead were prepared.

The temperature at which each sample started to melt was recorded as the melting
temperature.

The results are shown on the graph.
350+

melting
temperature / “C

300+

250

200

150

100 | | | | |
0 20 40 60 80 100

percentage by mass of tin in mixture

(i) Use the graph to find the percentage of tin in the mixture that has the lowest melting
temperature.

(ii) Describe how the melting temperature changes as the percentage by mass of tin in the
mixture increases from 0% to 100%.

Q6.

(a) Drinks are often sold in cans.
These cans are made either of aluminium or of steel coated with tin.
The table gives information about these three metallic substances.
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metal costof Tkg /£ amount in Earth's crust / %

aluminium 1.31 8
steel (iron) 0.32 5
tin 126 0.0002

Use the table to give tworeasons why it could be more important to recycle tin than to
recycle aluminium or steel.

reason 1

(b) Complete the sentence by putting a cross (X ) in the box next to your answer.

The reaction for the extraction of aluminium from its ore involves

A heating with carbon
thermal decomposition

C reduction

O O O O
w

D neutralisation

(c) Magnalium is an alloy of aluminium and magnesium.
The diagram shows the structure of this alloy.

magnesium
— atom

aluminium
~ atom

(i) Explain what you understand by the term alloy.
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(ii) Explain, in terms of their structures, why magnalium is stronger than pure aluminium.

(Total for Question = 8 marks)

Q7.

In the Haber process nitrogen and hydrogen are reacted together to form ammonia.
(a) Complete the sentence by putting a cross ( ¥ ) in the box next to your answer.

The nitrogen used in the Haber process is obtained from

A air
B coal

C crude oil

O O O O

D sea water

(b) The balanced equation for the reaction forming ammonia is
N,(g) + 3H,(g) = 2NH,(g)

(i) All substances in this reaction are in the same physical state.
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Give the name of this physical state.

(c) Some ammonia is reacted with sulfuric acid to make ammonium sulfate.

Write the word equation for this reaction.

(d) Ammonium sulfate is used as a fertiliser.

State why farmers use fertilisers on their fields.

(e) Titration can be used to determine the exact volume of ammonia solution that reacts with
25.0 cm? of sulfuric acid.

The photograph shows a student carrying out a titration.
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(ii) State what is added to the sulfuric acid to show when it has been neutralised by the
ammonia solution.

(1)

(Total for Question = 8 marks)

Q8.

When nitrogen and hydrogen react to form ammonia, the reaction can reach a dynamic
equilibrium.

N,(@) + 3H,(g) = 2NH,(g)
(a) Explain what is meant by a dynamic equilibrium.
(2)

(b) In industry, the reaction between nitrogen and hydrogen is affected by the conditions used.

STEMUP.CO.UK
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(i) The pressure used is 250 atmospheres.
Explain how the use of a higher pressure would affect the equilibrium yield of ammonia.

(ii) The reaction between nitrogen and hydrogen to form ammonia is exothermic. The
temperature used is 450°C.

Explain how the use of a lower temperature would affect the equilibrium yield of
ammonia.

(ii) The reaction between nitrogen and hydrogen to form ammonia is exothermic.
The temperature used is 450°C.

Explain how the use of a lower temperature would affect the equilibrium yield of ammonia.

(iii) Even at 450°C, the reaction is very slow.

State what is used in industry to overcome this problem.

(c) (i) Calculate the minimum volume of hydrogen required to completely convert 1000 dm? of
nitrogen into ammonia.
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volume of hydrogen = ..o, dm

(ii) Ammonia is reacted with excess nitric acid, HNO3, to make ammonium nitrate,
NH,NOs.

NH3 + HNO3 - NH4NO3

Calculate the mass of ammonium nitrate produced by the complete reaction of 34 g of
ammonia.

(Relative atomic masses H=1.0, N =14, O = 16)

mass of ammonium nitrate produced =..........coooiiiiiiinnn, g

(Total for Question = 11 marks)

Q9.

A student plans to heat the pure solution of ammonium chloride to dryness to obtain a sample of
pure, dry ammonium chloride.

A teacher explains that if dry ammonium chloride is heated, the following reaction can occur.
NH,CI - NH; + HCI

(i) Which statement describes this reaction of ammonium chloride to form ammonia and
hydrogen chloride?

L] A a crystallisation reaction

[l B a decomposition reaction
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[0 € a neutralisation reaction
[l D areaction at equilibrium

(ii) Describe how you could alter the method of obtaining the pure, dry ammonium chloride to
avoid losing product by heating the sample too strongly.

(Total for question = 3 marks)

Q10.
In the Haber process nitrogen and hydrogen are reacted together to form ammonia.

Some ammonia is reacted with sulfuric acid to make ammonium sulfate.

Write the word equation for this reaction.

Q1l1.

A titration is to be carried out to find the concentration of a solution of sodium hydroxide.

The sodium hydroxide solution is titrated with dilute sulfuric acid.

The available apparatus includes a burette, a pipette, a funnel, a conical flask and an indicator.

(a) State one safety precaution that must be taken when using sodium hydroxide solution and
dilute sulfuric acid.
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(b) The sodium hydroxide solution is made by dissolving 4.3 g of sodium hydroxide in water and
making the solution up to 250 cm? with water.

Calculate the concentration of the solution in g dm™3,

CONCENEIAtION = .ovviiiiiiie ittt gdm™

(c) Write the balanced equation for the reaction of dilute sulfuric acid, H,SO,, with sodium
hydroxide.

(d) The results of titrations to determine how much of an acid is required to neutralise a given
volume of an alkaline solution are shown in Figure 14.

titration 1 titration 2 titration 3 titration 4

final burette reading (cm?) 27 2740 29.20 29.30

initial burette reading (cm?) 0 2.10 4.00 3.50

volume of acid used (cm?) 27 25.30 25.20 25.80
Figure 14

Two of the titrations in Figure 14 should not be used to calculate the mean volume of acid
required.

Identify each titration and give a reason why it should not be used in the calculation of the
mean.

(Total for question = 7 marks)
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Q12.

* An experiment is carried out to find what is required to cause an iron nail to rust.
One iron nail is left in each of three test tubes, A, B and C, as shown in Figure 8.

Tube A contains tap water, tube B contains a drying agent, tube C contains water which has
been boiled to remove air and then covered by a layer of oil.

The test tubes are left for one week.

- e % "
L

oil ~_
R

water -___ drying boiled __
- ? agent\\“\% water J
S Y,
tube A tube B tube C

Figure 8
The results are shown in Figure 9.
tube A tube B tube C

a red-brown deposit is seen on the

nail and at the bottom of the tube no change | no change

Figure 9

Analyse the results shown in Figure 9 to explain what is required for iron to rust.
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(Total for question = 6 marks)

Q13.

Many metals corrode.
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An experiment is carried out to see if magnesium ribbon wrapped around a piece of iron rod has
an effect on the rate at which the iron rod rusts.

The apparatus is shown in Figure 4.

- iron rod _iron rod
— _— magnesium ribbon
N R
boiling tube A boiling tube B
Figure 4

The method used is
e aniron rod, with magnesium ribbon wrapped around it, is placed in a boiling tube
labelled A

e 10 cm? water from a measuring cylinder is poured into this boiling tube
e an identical rod but with no magnesium ribbon wrapped around it is placed in a second

boiling tube labelled B
e 10 cm? water from a measuring cylinder is poured into this boiling tube.
Both boiling tubes are left for a few days.

(i) Explain why iron rod rather than stainless steel rod is used in this experiment.

(i) State why it is not necessary to use a pipette to measure out 10 cm?® water in this
experiment.

(iii) After a few days the two boiling tubes were examined.

The results are shown in Figure 5.
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the appearance of the iron rod is unchanged
boiling tube A
the magnesium has started to disappear

boiling tube B | a small amount of brown deposit has formed around the rod
Figure 5

Explain the results of this experiment.

(Total for question = 5 marks)

Q14.

Lead can be obtained by heating its oxide with carbon.
The balanced equation for the reaction is

2PbO + C -» 2Pb + CO,
Calculate the atom economy for the production of lead in this reaction.
(relative atomic masses: C = 12, O = 16, Pb = 207

relative formula masses: PbO = 223, CO, = 44)

Give your answer to two significant figures.
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atom eCONOMY = i %

(Total for question = 4 marks)

Q15.

Lead can be obtained by heating its oxide with carbon.
The balanced equation for the reaction is

2PbO + C -» 2Pb + CO,
Calculate the atom economy for the production of lead in this reaction.
(relative atomic masses: C = 12, O = 16, Pb = 207

relative formula masses: PbO = 223, CO, = 44)

Give your answer to two significant figures.

(Total for question = 4 marks)

Qle6.

(a) Calcium nitrate solution reacts with sodium carbonate solution.
The products are calcium carbonate and another salt.

Write the word equation for this reaction.
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(b) (i) Complete the sentence by putting a cross ( []) in the box next to your answer.

The colour produced in a flame test by calcium ions is

A green
lilac

C orange-red

O O O O
™

D yellow

(ii) Describe how a flame test is carried out on a solid.

(c) If calcium carbonate is heated strongly, it decomposes.
CaCO3 - CaO + CO,

If 100 g of calcium carbonate is heated a calculation shows that 44 g carbon dioxide
should be formed.

(i) In an experiment 100 g of calcium carbonate was heated and only 40 g carbon dioxide
was formed.

Calculate the percentage yield of carbon dioxide in this reaction.
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(ii) Suggest a reason why only 40 g of carbon dioxide was formed in the experiment.

(d) Complete the sentence by putting a cross ( []) in the box next to your answer.

lonic compounds

A conduct electricity when solid
do not conduct electricity when molten

C have low boiling points

O O O O
w

D have high melting points

(Total for Question = 9 marks)

Q17.
Lead nitrate solution mixed with sodium sulfate solution forms lead sulfate as a precipitate.
Pb(NO3)2 + Na2504 g PbSO4 + 2NaNO3

The theoretical yield of lead sulfate for this reaction was 2.85 g.
The actual yield of lead sulfate obtained was 2.53 g.

Calculate the percentage yield of lead sulfate in this experiment.

Give your answer to two significant figures.

percentage yield = .. %

(Total for question = 3 marks)
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Q18.
(a) Lead nitrate solution mixed with sodium sulfate solution forms lead sulfate as a precipitate.
Pb(NO3)2 + Nast4 g PbSO4 + 2NaNO3

In an experiment, the theoretical yield of lead sulfate for this reaction was 2.85 g. In the
experiment only 2.53 g of lead sulfate is obtained.

Calculate the percentage yield of lead sulfate in this experiment.

Give your answer to two significant figures.

percentage yield = ... %

(b) The method used to make the lead sulfate is:

pour 100 cm? lead nitrate solution into a beaker

add drops of sodium sulfate solution until a precipitate is seen
allow the precipitate to settle to the bottom of the beaker

pour off the liquid

use a spatula to transfer the solid lead sulfate onto a filter paper.

Explain two ways of improving this experimental method in order to increase the amount and
quality of lead sulfate that could be obtained from 100 cm? of lead nitrate solution.

(Total for question = 7 marks)
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Q1lo9.
Solder is an alloy of tin and lead.
A sample of a solder was made by mixing 22.5 g of lead with 15.0 g of tin.

Calculate the percentage of tin in this solder.

percentage of tin = ... %

(Total for question = 2 marks)

Q20.
Another student carried out the titration accurately.

12.15 cm? of dilute sulfuric acid with a concentration of 0.140 mol dm™ reacted completely with
25.00 cm? of potassium hydroxide solution.

H2504 + 2KOH - K2504 + 2H2O

Calculate the concentration of this potassium hydroxide solution.
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(Total for question = 4 marks)

Q21.

In a titration, 25.0 cm? of a different sodium hydroxide solution is titrated with 0.200 mol dm™
sulfuric acid, H,SO,.

2NaOH + H2504 hd Na2504 + 2H20

24.80 cm? of acid are required to neutralise 25.0 cm?® of the sodium hydroxide solution.

Calculate the concentration of the sodium hydroxide solution, NaOH, in mol dm™3.

CONCENErAtioN = oo as mol dm~™

(Total for question = 4 marks)

Q22.
A 695.0 g sample of an aluminium-magnesium alloy contains 2.00 % by mass of magnesium.

Calculate the mass of aluminium in this sample.

(Total for question = 2 marks)
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Q23.
A 695.0 g sample of an aluminium-magnesium alloy contains 2.00% by mass of magnesium.

Calculate the mass of aluminium in this sample.

(Total for question = 2 marks)

Q24.
Calcium carbonate decomposes on heating to form calcium oxide and carbon dioxide.
CaCO;(s) = CaO(s) + CO,(9g)

8.000 g of CaCO3 was heated strongly for about 10 minutes. 6.213 g of solid remained. Calculate
the mass of carbon dioxide gas given off.

(Total for question = 1 mark)

Q25.

Calcium carbonate decomposes on heating to form calcium oxide and carbon dioxide.
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CaCOs(s) —» Ca0O(s) + CO,(qg)

8.000 g of CaCO3 was heated strongly for about 10 minutes. 6.213 g of solid remained.
Calculate the mass of carbon dioxide gas given off.

(Total for question = 1 mark)

Q26.
A gold alloy contains 78 % gold by mass.

Calculate the mass of gold in 2.00 kg of this alloy.
Give your answer in grams.

(Total for question = 3 marks)

Q27.
Gold is often alloyed with other metals when it is used to make jewellery.

The proportion of gold in a piece of gold jewellery is measured in carats.
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Pure gold is 24 carats.
A 9 carat gold ring has a mass of 12 g.

Calculate the mass of gold in this ring.

Mass of gold riNg = ... g

(Total for question = 2 marks)

Q28.

In an experiment, ammonia gas is made by heating a mixture of ammonium chloride and
calcium hydroxide.

2NH,4CI(s) + Ca(OH),(s) = CaCl,(s) + 2NH5(g) + 2H,0(I)
10.0 g of ammonium chloride is added to an excess of calcium hydroxide.
Calculate the maximum volume of ammonia gas that could be formed.

(relative atomic mass H = 1.00, N = 14.0, O = 16.0 and Ca = 40.0; one mole of any gas occupies
24 dm? at room temperature and pressure)

(Total for question = 2 marks)

Q29.

In one stage of the production of nitric acid, nitrogen oxide, NO, is reacted with oxygen to make
nitrogen dioxide, NO,.

2NO + 0, - 2NO,

Calculate the minimum volume of air, measured at room temperature and pressure, required to
react with 1000 g nitrogen oxide to form nitrogen dioxide.
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Assume that the air contains 20% oxygen by volume.
(relative atomic masses: N = 14, O = 16
1 mol of gas occupies 24 dm? at room temperature and pressure)

(Total for question = 4 marks)

Q30.
A different solution of potassium hydroxide had a concentration of 0.175 mol dm™.

This potassium hydroxide solution was made by dissolving 2.56 g of impure potassium hydroxide
to form 250 cm? of solution.

Calculate the percentage by mass of potassium hydroxide in the impure potassium hydroxide.

(relative formula mass: KOH = 56.0)
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(Total for question = 3 marks)

Q31.
Transition metals have many uses.
The pie chart in Figure 6 shows the uses of one transition metal.

7% transportation

3% coins

65% electrical
equipment

................ % construction

Figure 6

Calculate the percentage of this transition metal used in construction.

(1)

(Total for question = 1 mark)

Q32.
Calcium carbonate decomposes on heating to form calcium oxide and carbon dioxide.
CaCOs(s) = CaO(s) + CO4(9)

A second sample of calcium carbonate is strongly heated in a crucible until there is no further

loss in mass.
The mass of calcium oxide remaining in the crucible is 5.450 g.

STEMUP.CO.UK
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(i) The theoretical yield of calcium oxide in this experiment is 5.600 g.

Calculate the percentage yield of calcium oxide.

percentage yield = ...

(ii) The mass of solid left in the crucible is less than the theoretical mass of calcium oxide that
should be obtained.

A possible reason for this is that

A some solid was lost from the crucible
the solid remaining absorbed some water from the air

C some carbon dioxide remained in the crucible

O O O O
W

D the decomposition was incomplete

(Total for question = 3 marks)

Q33.

Calcium carbonate decomposes on heating to form calcium oxide and carbon dioxide.
CaCOs3(s) = CaO(s) + CO,(9)

A sample of calcium carbonate is strongly heated in a crucible until there is no further loss in

'rlphaesiﬁass of calcium oxide remaining in the crucible is 5.450 g.

(i) The theoretical yield of calcium oxide in this experiment is 5.600 g.

Calculate the percentage yield of calcium oxide.
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percentage yield = ...

(ii) The mass of solid left in the crucible is less than the theoretical mass of calcium oxide that
should be obtained.

A possible reason for this is that

[ A some solid was lost from the crucible
[J B the solid remaining absorbed some water from the air
[l € some carbon dioxide remained in the crucible
[l D the decomposition was incomplete
(Total for question = 3 marks)
Q34.

The theoretical maximum yield of zinc oxide was 1.86 g.
The actual yield was 1.63 g.

Calculate the percentage yield of zinc oxide.
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(Total for question = 2 marks)

Q35.
Calcium carbonate decomposes on heating to form calcium oxide and carbon dioxide.
CaCO;(s) = CaO(s) + CO,(9)

(i) Calculate the relative formula mass of calcium carbonate, CaCOs.
(relative atomic masses: C = 12, O = 16, Ca = 40)

relative formula mass = ..o
(ii) Calculate the atom economy for the formation of calcium oxide in this reaction.
CaCO; » CaO + CO,
You must show your working.

(relative atomic masses: C = 12, O = 16, Ca = 40;
relative formula mass: calcium oxide = 56)

(Total for question = 4 marks)
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Q36.
Calcium carbonate decomposes on heating to form calcium oxide and carbon dioxide.
CaCO;(s) = CaO(s) + CO,(9g)

(i) Calculate the relative formula mass of calcium carbonate, CaCOs.
(relative atomic masses: C = 12, O = 16, Ca = 40)

relative formula mass = ...
(ii) Calculate the atom economy for the formation of calcium oxide in this reaction.
CaCO; » CaO + CO,
You must show your working.

(relative atomic masses: C = 12, O = 16, Ca = 40;
relative formula mass: calcium oxide = 56)

(Total for question = 4 marks)

Q37.
Calculate the volume of 48 g of oxygen at room temperature and pressure.

(relative atomic mass: O = 16,
1 mol of gas occupies 24 dm? at room temperature and pressure)
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(Total for question = 2 marks)

Q38.

A student was asked to plan a titration experiment to find the exact volume of hydrochloric acid
that would neutralise 25.0 cm?® of sodium hydroxide solution.

The student used 25.0 cm?® of 0.50 mol dm™ sodium hydroxide solution, NaOH, in the titration.
22.85 cm? of hydrochloric acid was required to neutralise the sodium hydroxide solution.
The equation for the reaction is

NaOH + HCI -» NaCl + H,0

Calculate the concentration, in mol dm™3, of the hydrochloric acid, HCI.
Give your answer to 3 significant figures.

(Total for question = 4 marks)
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Q39.
Some elements in the periodic table are called transition metals.

The density of an object is given by the formula

mass

density =
volume

Figure 3 gives the density of iron and of water.

substance density in gem™

iron 7.87
water 1.00
Figure 3

(i) Calculate the mass of a cube of iron with the dimensions

10.0cm x 10.0cm x 10.0 cm.

(ii) Aniron cube is electroplated with nickel.
The cube is placed in water.

Suggest what you would see if this cube is left in the water for one week.
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(iii) A piece of impure zinc contains 1.20 kg of zinc and 50 g of impurity.

Calculate the percentage by mass of pure zinc in this sample.

(Total for question = 7 marks)

Q40.

In an experiment to prepare some ammonium chloride crystals, it is calculated that the
maximum mass of ammonium chloride produced from the mass of ammonia used should be
24.60 g.

In the experiment, the actual yield was 17.73 g.

Calculate the percentage yield, giving your answer to three significant figures.
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(Total for question = 3 marks)

Q41.

In an experiment to prepare some ammonium chloride crystals, it is calculated that the

maximum mass of ammonium chloride produced from the mass of ammonia used should be
24.60 g.

In the experiment, the actual yield was 17.73 g.

Calculate the percentage yield, giving your answer to three significant figures.

(Total for question = 3 marks)

Q42.

In industry sodium carbonate is made from sodium chloride solution and calcium carbonate in
the Solvay Process.

Sodium carbonate was made in a laboratory experiment.

The theoretical yield of the experiment was 15.0 g.
The actual yield of the experiment was 10.4 g.

(i) Calculate the percentage yield of sodium carbonate in this experiment.
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percentage yield = ......cccoiiiiiiii

(ii) Suggest two reasons why the actual yield was less than the theoretical yield.

Q43.

A student was asked to plan a titration experiment to find the exact volume of hydrochloric acid
that would neutralise 25.0 cm?® of sodium hydroxide solution.

The concentration of a solution of potassium hydroxide, KOH, is 0.625 mol dm™.

Calculate the concentration of this solution in g dm™.
(relative atomic masses: H = 1.0, O = 16, K = 39)

(Total for question = 2 marks)
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Q44.

Titration can be used to determine the exact amount of hydrochloric acid that reacts with a
given amount of sodium hydroxide solution.

HCl + NaOH - NaCl + H,0

Sodium hydroxide solution is titrated with dilute hydrochloric acid.
The results of the experiment are
volume of sodium hydroxide solution = 25.0 cm?

volume of 0.100 mol dm™3 hydrochloric acid used

rough titration = 23.1cm’
1# titration = 26cm’
2™ titration = 22.8cm’

(i) State the volume of hydrochloric acid that must be used to calculate the concentration of
sodium hydroxide solution.

volume of hydrochloric acid =...........c.ociiiiiiiinns cm

(ii) In a different experiment, 25.0 cm? of sodium hydroxide solution reacted with 23.2 cm? of
0.100 mol dm~ hydrochloric acid, HCI.

Calculate the concentration of this sodium hydroxide solution, NaOH, in mol dm™.

NaOH + HCI -» NaCl + H,0

STEMUP.CO.UK
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Q45.

When nitrogen and hydrogen react to form ammonia, the reaction can reach a dynamic
equilibrium.

N,(@] + 3H,(g) = 2NH,(g)

(i) Calculate the minimum volume of hydrogen required to completely convert 1000 dm? of
nitrogen into ammonia.

volume of hydrogen = .......cooiiiiiiiiiie, dm

(ii) Ammonia is reacted with excess nitric acid, HNOs, to make ammonium nitrate,
NH,4NO;.

NH; + HNO; » NH,NO;

Calculate the mass of ammonium nitrate produced by the complete reaction of 34 g of
ammonia.

(Relative atomic masses H=1.0, N = 14, O = 16)
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Q46.
During fermentation glucose, C¢H,,04, reacts to form ethanol, C;HsOH, and carbon dioxide.
C6H1206 i 2C2H5OH + 2C02

(relative formula masses: C¢H;,0¢ = 180, C,H;OH = 46;
volume of 1 mol of gas at room temperature and pressure = 24 dm?)

Calculate the maximum volume, in dm?, of carbon dioxide that can be produced when 75 kg of
glucose reacts completely.

(Total for question = 3 marks)

Q47.

The concentration of dilute sulfuric acid can be determined by titration with sodium hydroxide
solution of known concentration.

25.00 cm? of dilute sulfuric acid was measured out using a pipette and transferred to a conical
flask.

A few drops of methyl orange indicator were added to the acid in the conical flask. Sodium
hydroxide solution was added to the acid from a burette until the indicator changed colour.
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The titration was repeated until two concordant results were obtained.
The accurate result was the average of the two concordant results.

In the titration, 25.00 cm? of dilute sulfuric acid reacted with
24.25 cm? of 0.200 mol dm™3 sodium hydroxide solution, NaOH.

HzSO.‘. + 2NaOH — Na2504 + 2H10

Calculate the concentration of the dilute sulfuric acid, H,SO,, in mol dm™.

(Total for question = 4 marks)

Q48.

The concentration of dilute sulfuric acid can be determined by titration with sodium hydroxide
solution of known concentration.

25.00 cm? of dilute sulfuric acid was measured out using a pipette and transferred to a conical
flask.

A few drops of methyl orange indicator were added to the acid in the conical flask. Sodium
hydroxide solution was added to the acid from a burette until the indicator changed colour.

The titration was repeated until two concordant results were obtained.

The accurate result was the average of the two concordant results.
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The concentration of some dilute sulfuric acid, H,SO,, is 0.250 mol dm™3.

Calculate the concentration of sulfuric acid in this solution in g dm™3,

(relative formula mass: H,SO, = 98)

(Total for question = 2 marks)

Q49.
The industrial production of sulfuric acid involves several steps.

One of these steps is the reaction of sulfur dioxide, SO,, with oxygen to form sulfur trioxide, SOs.
250,(g) + O:(g) = 250s(g)

Calculate the mass, in kilograms, of 750 dm? of sulfur dioxide, measured at room temperature
and pressure.

(relative formula mass: SO, = 64,

1 mol of any gas at room temperature and pressure occupies 24 dm?)
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(Total for question = 3 marks)

Q50.

The industrial production of sulfuric acid involves several steps.

One of these steps is the reaction of sulfur dioxide, SO,, with oxygen to form sulfur trioxide, SOs.
250,(g) + O.(g) = 250s(g)

Calculate the volume of oxygen needed to react completely with 750 dm? of sulfur dioxide.

(all volumes of gases are measured under the same conditions of temperature and pressure)

(Total for question = 1 mark)

Q51.

Figure 3 shows some titration results obtained from an experiment in which an alkali is titrated
with an acid.

titration
rough 1 2
final burette reading in cm’ 25.75 49.35 23.70
initial burette reading in cm’ 0.00 25.75 0.00
volume of acid used in cm’ 25.75 23.60 23.70

Figure 3

Calculate the accurate volume of acid reacting with the alkali.
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(Total for question = 2 marks)

Q52.
If calcium carbonate is heated strongly, it decomposes.
CaCO3 —» CaO + CO,

If 100 g of calcium carbonate is heated a calculation shows that 44 g carbon dioxide
should be formed.

(i) In an experiment 100 g of calcium carbonate was heated and only 40 g carbon dioxide
was formed.

Calculate the percentage yield of carbon dioxide in this reaction.

percentage yield of carbon dioxide =..........cccoeiiiiiiiiiinnnnn, %

(ii) Suggest a reason why only 40 g of carbon dioxide was formed in the experiment.
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Q53.
In the Haber process nitrogen and hydrogen are reacted together to form ammonia.

The balanced equation for the reaction forming ammonia is
N,(g) + 3H,(g) = 2NH,(g)

(i) All substances in this reaction are in the same physical state.

Give the name of this physical state.

Q54.

Answer the question with a cross in the box you think is correct [X. If you change your
mind about an answer, put a line through the box & and then mark your new answer
with a cross [X.

A chemical cell can be made by placing two metals into an electrolyte.

Figure 3 shows how the voltage of a simple chemical cell can be measured.

rodP —__ __— copper rod

___—electrolyte

Figure 3

A student investigated how the voltage of this cell was affected by the metal used for the rods.

Which is the only variable that should be changed in the investigation?
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A the size of the beaker
B the element used for rod P

C the concentration of the electrolyte

O O O O

D the temperature of the electrolyte

(Total for question = 1 mark)

Q55.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box 4 and then mark your new answer
with a cross [X.

Hydrogen and oxygen are reactants in some fuel cells.

Which word equation shows the overall reaction that occurs in these fuel cells?

[ A hydrogen + oxygen — hydroxide
[1 B hydrogen + oxygen - sulfuric acid
[l € hydrogen + oxygen - water
[l D hydrogen + oxygen — hydrochloric acid
(Total for question = 1 mark)
Q56.

The concentration of dilute sulfuric acid can be determined by titration with sodium hydroxide
solution of known concentration.

25.00 cm? of dilute sulfuric acid was measured out using a pipette and transferred to a conical
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flask.

A few drops of methyl orange indicator were added to the acid in the conical flask. Sodium
hydroxide solution was added to the acid from a burette until the indicator changed colour.

The titration was repeated until two concordant results were obtained.
The accurate result was the average of the two concordant results.

Describe the colour change seen at the end point of the titration.

(Total for question = 1 mark)

Q57.

Hydrogen burns in air at a temperature well above 100 °C to form water.

(i) The boiling points of hydrogen and water are shown in Figure 15.

boiling pointin °C
hydrogen -253
water 100
Figure 15

Use this information to add the missing state symbols to the equation for the reaction taking
place as the hydrogen burns.

2H(...) + O,(g) — 2H,0(.....)
(ii) The atom economy for the reaction in (i) is 100%.

State how the equation shows that the atom economy is 100%.
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(Total for question = 3 marks)

Q58.
Hydrogen burns in air at a temperature well above 100 °C to form water.

(i) The boiling points of hydrogen and water are shown in Figure 3.

boiling point in °C
hydrogen —253
water 100
Figure 3

Use this information to add the missing state symbols to the equation for the reaction taking
place as the hydrogen burns.

(ii) The atom economy for the reaction in (i) is 100%.

State how the equation shows that the atom economy is 100%.

(Total for question = 3 marks)

Q59.

Complete the half-equation for the reaction taking place at one of the electrodes in a
hydrogen-oxygen fuel cell.


https://stemup.co.uk

(Total for question = 2 marks)

Q60.
Many metals corrode.

When a metal corrodes

A the metal reacts with nitrogen
B the metal reacts with another metal
C the metal element decomposes

D the metal is oxidised

(Total for question = 1 mark)
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Ql.

The question was about the details of a titration that would lead to an accurate result being
obtained. This was intentionally set as a hard question to test the more able candidates.Marks
were given for detail needed (such as use of a white tile) and the explanation (so the indicator
colour change can be seen more clearly). Relatively few candidates scored full marks here,
however many did offer reasonable details but did not follow the detail with an explanation of
how it would lead to a more accurate result, but these did still score marks.

Incorrect ideas included timing the reaction or changing the indicator. Others discussed the idea
of fair test or the need to repeat readings. Candidates often confused accuracy for reliability.
Concordancy was mentioned frequently.

A brief report of the practical method has been given above.
Further detail can be added to this methed to ensure that anyone following the
method will obtain an accurate result.

Explain two details that could be added to this practical method to ensure an
accurate result is obtained.

(4)
S Kb ad and el are elng | Oty s,
oo vl Basinct, Fhakt  FRe  rearesisskie. | ctackidg  bwpeer

fawte o R e eTly 85 posibl
2 Bl P Glaben ok Sdiee b 2R, ko Fae

and  Jrogese ot order ke J4n an.. agfembe  piaall
TN P> 2P H”'5 RO WL % 17% s LA . LA k... dor k. T

Results Plus: Examiner Comments

1°t detail : Swirling with the implication that it is to ensure that the chemicals react together
scored 2 marks.

2" detail : Adding sodium hydroxide solution dropwise scored 1 mark as the explanation that the
addition would be stopped as colour change would then be seen on the addition of 1 drop of
alkali was not given. The explanation here was not sufficient for the mark.

So 3 marks overall.
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A brief report of the practical method has been given above.
Further detail can be added to this method to ensure that anyone following the
method will obtain an accurate result,

Explain two details that could be added to this practical method to ensure an
accurate result is obtained.

. z ot

ol sl by ks, o

Results Plus: Examiner Comments

For the 1° detail, the performing of a rough titration by itself would not lead to an increase in
accuracy of a titration result, so was ignored as the rest of the answer was based on knowing
this approximate value, then the addition of the sodium hydroxide solution would then be added
slowly in an accurate titration when approaching that value.

he reading of the meniscus of any solution would help to improve the accuracy. However, in
both cases, no reason was given so this answer only scored 2 marks - 1 for each detail.

Results Plus: Examiner Tip

Revision of all the core practicals will help towards the 15% of marks for testing practical skills
and practical work.

Q2. No Examiner's Report available for this question

Q3.

This question was more discriminating than c as it involved more of the higher level content.
There were many excellent descriptions of how alloying increases strength. Many included
labelled diagrams which helped their answers. A few used incorrect terminology such as 'adding
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alloys' or referred to 'molecules' instead of atoms. Some omitted the part on how alloying
improves the usefulness of metals or they just referred to increased strength which was in the
question. Good candidates gave excellent descriptions of the structures of pure metals and
alloys and referred to all the alloys stated in the question, giving improved properties and uses.

The weaker answers often had diagrams that were not identified or labelled. In addition these
answers often contained just general statements rather than specific uses for the alloys in the
question, such as 'alloys are used for jewellery and bridges'.

The better answers seen for this question used an excellent standard of written communication
and used scientific terminology with precision and accuracy.

*(d) Pure metal can be converted into alloys.

In many cases alloys are more useful than pure metals, for example they are
stronger. Gold alloys, stainless steel and nitincl are examples of useful alloys.

Describe how alloying improves the usefulness of metals and how strength Is
increased in terms of structure,

You may use diagrams to help your answer.

(6)

An ol s moch. Shenger. Hon.on o
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Results Plus: Examiner Comments

A very good answer making use of diagrams to help the explanation. The inclusion of how

alloying to make stainless steel a more useful metal puts this answer into level 3, scoring 6
marks.
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*(d) Pure metal can be converted into alloys.

In many cases alloys are more useful than pure metals, for example they are
stronger. Gold alloys, stainless steel and nitinol are examples of useful alloys.

Describe how alloying improves the usefulness of metals and how strength is
increased in terms of structure,

You may use diagrams to help your answer.

oo Gy (6)
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Results Plus: Examiner Comments

he question starts well with an explanation about why pure metals are weaker than alloys.
However, after that, there is confusion, particularly in the use of the term 'alloy'. There was no
use given for a named alloy or how this had improved the usefulness and so this answer was
only level 2, scoring 4 marks.

Results Plus: Examiner Tip

Use diagrams to help explain your answers; they can often be more useful than a written
explanation.

Q4. No Examiner's Report available for this question

Q5.
(i)

Many answers were correct, although values less than 62.5 or above 63 were commonly seen so
the graph had to be read carefully.

Some incorrect answers used the wrong scale - quoting 180 - which makes one wonder what is
understood by "180% tin in a mixture".

(ii)

A good number of well worded answers were seen here, although some failed to write about
both parts of the trend seen, giving a meaningless answer. Some candidates used wording such
as "easier/harder to melt", "melted faster/slower" which didn't really mean lower/ higher melting
temperature.
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A few wrong answers talked about changes in percentage by mass rather than the melting
temperature. Some even mentioned boiling point.

(i) Describe how the melting temperature changes as the percentage by mass of
tin in the mixture increases from 0% to 100%,
(2}
Te.  omea v oV Peroku e o\ Ses

T = LB =S —— S R L Creause s

Results Plus: Examiner Comments

his is an example of a meaningless answer - the graph clearly shows that the melting
temperature drops then rises.

(i) Describe how the melting temperature changes as the percentage by mass of
tin in the mixture increases from 0% to 100%.
(2)

0> & e i@ALOER O Fin gpts QERT. F. feiting) lemyeodune,
@R LoWRL Uikl 863, et 1r SONS TO.NSE aoun.,

Results Plus: Examiner Comments

A clearly described answer.

Results Plus: Examiner Tip

he candidate did well to mention the point where the graph changes gradient (with % would
have been even better).

Q6.
a
Many candidates did well in this question. However, those candidates that did not do well failed

to use the information in the table to answer the question and did not make a comparison
between the metals and so did not answer the question.

STEMUP.CO.UK


https://stemup.co.uk

e (ot 0f AU M L beplainie
bl QA naaa. OF gk [t

reason 2 ‘
W Wl o And  thia  Qdananum
Of St

Results Plus: Examiner Comments

good response which uses the table and compares the materials stated in the table.

I
reason 1

T ey e Mc@d&m&u&ﬁ%ﬁ

—rio L hou—e

Results Plus: Examiner Comments

his response has not used information from the table as asked to by the question.

Results Plus: Examiner Tip

When asked to use information from a table, it is important the information is used to help
answer the question.

(o]

Many candidates knew that an alloy should contain a mixture of atoms rather than a compound,
however many also stated that the mixture was of a metals and non-metals.

MIKLNG BN CORKOWS FOgesites 40 Crece G
SHenger MOTENQ) With RN T/ MO USES, yemmmes

Results Plus: Examiner Comments

his answer gains full credit as they have the idea of mixing metals.
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Results Plus: Examiner Comments

If this response had finished after the word metals, it would have scored 2 marks. However, it
then goes on to state 'or one metal with a non-metal' which is not creditworthy.

Results Plus: Examiner Tip

If you are not sure of an answer, never give a right and a wrong answer as the wrong answer will
cancel out the right one and you will always get zero marks.

(4]]

Candidates performed well on this question and could give a concise and detailed account as to
why the alloy of magnalium is stronger than pure aluminum.
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Results Plus: Examiner Comments

A very good answer which scores three marks.

Q7.
(b) (i)

STEMUP.CO.UK


https://stemup.co.uk

Most candidates gained credit for their answers, scoring the 1 mark available for simply stating
‘gas’.

(b) (ii)
Most candidates gained credit for their answers.

{ii) State the meaning of the symbol = in the equation.
(1)

Revesible eacton.

Results Plus: Examiner Comments

his response was the most commonly seen correct answer for the 1 mark available.

(i} State the meaning of the symbeol = in the equation.
(1)

Results Plus: Examiner Comments

A typical incorrect answer, where the reversible sign was confused with simply an equal sign, so
does not score.

As expected, most candidates gained credit for showing both the correct reactants and products.

Occasionally, extra incorrect products, namely ‘carbon dioxide' or '‘water' were given, so only 1
mark was scored.

Unfortunately, spelling errors were all too common, especially when the compounds were given
in the question.

(c) Some ammonia is reacted with sulfuric acid to make ammonium sulfate.

Write the word eguation for this reaction.
(2)

QMO+ SULEW (€ aad —2 0mmann sulpate

Results Plus: Examiner Comments

Both the correct reactants and products have been given, so this response was awarded the 2
marks available.
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(c) Some ammeonia is reacted with sulfuric acid to make ammonium sulfate,

Write the word equation for this reaction.
(2)

Amon (9. +_ Sufunc. acid,. =2 ammoniwm. Sulcote t korer

Results Plus: Examiner Comments

A typical 1 mark response for showing the correct reactants only. The right hand side is incorrect
since 'water' has also been added.

This question was well answered, with the majority of candidates clearly understanding the role
of a fertiliser, to score the 1 mark available.

The most common correct answers referred to increasing the rate of plant growth or the addition
of nutrients / mineral salts to the soil.

Where some candidates failed to score, the main misconception was to confuse fertilisers with
pesticides or herbicides.

A typically seen correct response for 1 mark.

(d) Ammonium sulfate is used as a fertiliser.

State why farmers use fertilisers on their fields.
1)

F:g(mra use C\u'k:.i\'wg on ey Qiads Ao =peed wp
the .ﬁrw_}'nﬂ’:j roke ofF Yrese et cx-"t,{_‘l Pt

Results Plus: Examiner Comments

typical correct response referring to 'speed up rate of growth', so this was awarded 1 mark.

{d) Ammonium sulfate is used as a fertiliser.

State why farmers use fertilisers on their fields.

(1)

To  keep Aoy WNSEets . SO danmnooe

LYSok COAADECN . D CNEs

Results Plus: Examiner Comments

A common misconception, namely to confuse insecticides and fertilisers, so this response did not
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score.

e) (i
Many candidates were unable to recall 'burette’, and simply confused a pipette with a burette.

Of those candidates who gained credit for this item, invariably the word was spelled
phonetically, this was in most cases sufficient to gain the 1 mark available.

(e) (ii)
Few candidates gained the mark for this question.

Where correct answers were seen, credit was invariably for 'indicator' alone, or 'methyl orange'
or 'phenolphthalein' (or a phonetic spelling which was more or less correct).

The most common incorrect answers referred to 'Universal Indicator'. It needs to be stressed to
centres that Universal Indicator solution is an inappropriate indicator for titrations.

(i) State what is added to the sulfuric acid to show when it has been neutralised

by the ammonia solution.
(1)

Mdﬂ\j\ @r’c;\.r%na_ :

ITatal far Muastinn 1 = @ rarkel

Results Plus: Examiner Comments

A typical 1 mark response for a correctly named indicator, namely 'methyl orange'.

(i) State what is added to the sulfuric acid to show when it has been neutralised
by the ammaonia solution.

(1)
UnieSal 10dicator.

Results Plus: Examiner Comments

A very commonly seen incorrect response. 'Universal indicator' does not score.

Qs.
(a)

Many candidates scored one mark for knowing the meaning of ‘dynamic' but far fewer realised
that the concentrations of the reactants and products do not change when the system is in
equilibrium. Common errors included: omitting the word 'rate' and stating the forward and
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reverse reactions are equal, the amounts of reactants and products are equal or cancel out and
just describing a reversible reaction.

{a) Explain what is meant by a dynamic equilibrium.
(2)

A} d\.{mnmg_ equdAldoiuimn (S . Q. seNersXha
FEaChon. . Cousad. by e @2 readocts

Results Plus: Examiner Comments

his candidate has recognised that a reversible reaction is taking place but has not explained
the meaning of the word dynamic or equilibrium, so has not scored a mark.

(a) Explain what is meant by a dynamic equilibrium.
(2)

mam'whWEW 1 .,1')\-

o

Results Plus: Examiner Comments

his is a very good answer, scoring both marks.

{a) Explain what is meant by a dynamic equilibrium.
(2)

Duromic._ecpillonum B cden o O e Aroerd, andl.. oo

reolinoTe. RO o W BhuNe. Caue

Results Plus: Examiner Comments

his candidate has explained the meaning of the word '‘dynamic' but has not explained
‘equilibrium' so has scored 1 mark.

Many candidates scored one mark for knowing the meaning of ‘dynamic' but far fewer realised
that the concentrations of the reactants and products do not change when the system is in
equilibrium. Common errors included: omitting the word 'rate' and stating the forward and
reverse reactions are equal, the amounts of reactants and products are equal or cancel out and
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just describing a reversible reaction.
{B) In Industry, the reaction Detween Nilrogen ana nyarggen 1S amectea oy ne conaimons
used.

(i} The pressure used is 250 atmospheres.
Explain how the use of a higher pressure would affect the equilibrium yield of

ammonia.
(2)

M}gq a %E‘q‘r’w plepIL L woudd  nccease. the
ﬂquﬂ;ﬂ\‘ d[— ANIAMO 014 pf‘bdru.,(;{;d ] bu.}r :L (S

VLo T IR

Results Plus: Examiner Comments

his candidate knows that the yield of ammonia will increase, but has not explained why, so has
scored 1 mark.

Results Plus: Examiner Tip

When you are asked for an explanation, try to give a reason in your answer.

(B} 1N INAUSTrY, TNe reaction DeTWeen NItrogen ana nNyarcgen Is amectea oy e conamons
used.

(i} The pressure used is 250 atmospheres.
Explain how the use of a higher pressure would affect the equilibrium yield of

ammonia.
(2

A /;':fﬁhw Y e N 4 /m:.cx e ﬁmm iujr
The. asht band . siete Sff. The cpucston. bl e rrodecude
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Results Plus: Examiner Comments

his is an excellent answer, scoring both marks.
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(B} In INAustry, thé réaction Detween nitrogeén and NYyarogen 15 amrected by the Conaitions
used.

(i) The pressure used is 250 atmospheres.
Explain how the use of a higher pressure would affect the equilibrium yield of
ammonia.
(2)

A higher pressure . favours the forward exorhermic reaction so fhere wowd

be .. higher yleid of mmonia - EQUIlionUm. moves (O e Ieft:

Results Plus: Examiner Comments

his candidate knows that the forward reaction is favoured and a higher yield of ammonia is
formed. Unfortunately, they have then stated that 'equilibrium moves to the left' and this
contradicts 'the forward reaction is favoured'. This answer was awarded 1 mark due to the
contradiction. Without the last sentence, it would have been given 2 marks.

Results Plus: Examiner Tip

Check your answers carefully to make sure that you have not contradicted yourself.

There were some excellent answers to this question although some candidates showed a
misunderstanding of the link between the position of the equilibrium and the temperature
change. Many candidates discussed the effect of a lower temperature on rate of reaction rather
than on the yield of ammonia or stated that as the rate decreases, the yield would also
decrease. Contradictions such as 'the equilibrium moves to the right so the yield decreases' were
also common.

(i) The reaction between nitrogen and hydrogen to form ammaonia is exothermic.
The temperature used is 450°C.

Explain how the use of a lower temperature would affect the equilibrium yield
of ammonia.

A lower . remperarce  wOoUN. prodoce. - lesd o |

bux U wourd be paster. |

Results Plus: Examiner Comments

his candidate has not understood the effect of temperature on rate of reaction or equilibrium,
so has not scored a mark.

———————————————————— 1
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Results Plus: Examiner Tip

Revise the effect of changing temperature on the rate of a reaction and on equilibrium.

(i) The reaction between nitrogen and hydrogen to form ammonia is exothermic.
The temperature used is 450°C.

Explain how the use of a lower temperature would affect the equilibrium yield
of ammaonia.
(2)
A Am:( zéa;.«.a::re.sz wolel cnerease AL /ya@” GF.. aunmar'G
et —terrt— /m‘ﬂ'{f Ay o . reackon.  walol Lo slower

Rkt - peacben. would Lok (;{:/ge/. i icacl. egue b becam, .

Results Plus: Examiner Comments

his candidate has scored a mark for the increased yield of ammonia, however, they have not

given a reason for why it increases. They have written about the effect of lowering the
temperature on the rate of reaction and this is correct. The question does not ask about rate of
reaction, so they do not score a mark for that statement.

Results Plus: Examiner Tip

Read the question carefully and make sure you are answering the question that the examiner is
asking.

(i) The reaction between nitrogen and hydrogen to form ammonia is exothermic.
The ternperature used is 450°C.

Explain how the use of a lower temperature would affect the equilibrium yield
of ammonia.

2}
e \ovar Wuw foaind (e h%ﬂl.
Rackon ok aaoe e €guldotem be e dghb.
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Results Plus: Examiner Comments
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his is a very good answer, scoring both marks because the candidate has stated what happens
to the yield and given a reason.

(lil) Even at 450°C, the reaction Is very slow.

State what Is used in Industry to overcome this problem.
(1)

A’FL lroa. Cﬁbﬂbﬁf}

Results Plus: Examiner Comments

he majority of candidates knew that a catalyst is used to speed up the reaction and many also
knew that an iron catalyst is used. This answer scored 1 mark.

Although many candidates answered this question correctly, some tried to make it more
complicated by using the molar volume of gas to convert the given volume into moles or treated
the volume as a mass.

(c) (i} Calculate the minimum volume of hydrogen required to completely convert
1000 dm’ of nitrogen into ammonia.

(W & whes wd 5 rd o Wpomg
00 248 33000 dane?

(M

volume of hydrogen = X)UD dm'

Results Plus: Examiner Comments

his candidate has shown the correct working and answer, so scored the mark.

(¢} (i Calculate the minimum volume of hydrogen required to completely convert
#6L 1000 dm’of nitrogen into ammonia.  VOL = MAE 4« 7|y med§
A my Mo M, n
ot WOA 1 -
O 2 9143 < 3: 24,99
Vw29 ezt x2h: S
volume of hydrogen = . S(42.  dm’

Results Plus: Examiner Comments

his candidate thought that 1000 g of nitrogen was used and tried to convert it into moles by
dividing by the relative atomic mass of nitrogen, so did not score a mark.
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Results Plus: Examiner Tip

Read the question carefully. In this question, the volume of nitrogen is given, not its mass.

It was encouraging to see a large number of correct answers with clear working. Some

candidates did not get the correct final answer but if their working was clear, they could still
achieve 2 marks.

W RITITIOTG 13 TEdULLED YWILTT EXLEDS THUIL dliu, My, W ITTaRE alniniiuinminm imane,

NH,NO,.

A [(NH, |+ HNO, — NHNO,

T m—

Calculate the mass of ammonium nitrate produced by the complete reaction
(4o & of 34 g of ammonia.

(Relative atomic massesH=1.0,N=14,0=16)
(3)

B wolesof NHg = t4xsen )
30, A ales of NHyNOs

t BFM of Mﬁf#MG‘; = 84
Mad) = §Ox 2= féOj

mass of ammonium nitrate produced = [ GC‘ g

Results Plus: Examiner Comments

his is an excellent answer, with clear working, and scored 3 marks.

P L by, o NHﬁ: 1'7
x34 = G778
Vo b NH;,/FOz =Fo.

XA, T 27220

mass of ammonium nitrate produced =

Results Plus: Examiner Comments

his answer has scored 2 marks as the candidate has correctly worked out the relative formula
masses of ammonia and ammonium nitrate.
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Results Plus: Examiner Tip

If you find calculations difficult, you will score some marks if you show your working and
calculate the relative formula masses of the relevant substances.

Qo. No Examiner's Report available for this question

Q10.
As expected, most candidates gained credit for showing both the correct reactants and products.

Occasionally, extra incorrect products, namely '‘carbon dioxide' or '‘water' were given, so only 1
mark was scored.

Unfortunately, spelling errors were all too common, especially when the compounds were given
in the question.

(c) Some ammonia is reacted with sulfuric acid to make ammonium sulfate.

Write the word eguation for this reaction.
(2)

QMMONLA +_SUlpur (€ aad —2 0mmanwm sulpate

Results Plus: Examiner Comments

Both the correct reactants and products have been given, so this response was awarded the 2
marks available.

(c) Some ammonia is reacted with sulfuric acid to make ammonium sulfate,

Write the word equation for this reaction.
(2)

AMMon (9. SWwfunc ocid. —2 ammonium. Sulc0Le t Wworer

Results Plus: Examiner Comments

A typical 1 mark response for showing the correct reactants only. The right hand side is incorrect
since 'water' has also been added.
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Q11. No Examiner's Report available for this question

Q1l2. No Examiner's Report available for this question

Q13.

(i) Most candidates scored at least 1 mark for the resistance to corrosion/rusting of stainless
steel, but then did not explain specifically that therefore stainless steel rods would not change if
used in the experiment so there would be no results. (They did not clearly link their answer to
the part of the question '....in this experiment'.) Some made the correct conclusion that the
experiment would be pointless but did not explain why. Some candidates felt that the mixture of
elements in stainless steel would interfere with the experiment.

An experiment is carried out to see if magnesium ribbon wrapped around a piece
of iron rod has an effect on the rate at which the iron rod rusts.

The apparatus is shown in Figure 4.

r F

|~ iron rod | _~iron rod
- magnesium ribbon ,Z
I
boiling tube A boiling tube B

Figure 4

The method used is

« an iron rod, with magnesium ribbon wrapped around it, is placed in a

bailing tube labelled A

10cm’ water from a measuring cylinder is poured into this boiling tube

an identical rod but with no magnesium ribbon wrapped around it is placed in
a second boiling tube labelled B

+ 10¢m’ water from a measuring cylinder is poured into this boiling tube.

Both boiling tubes are left for a few days.

(i) Explain why iron rod rather than stainless steel rod is used in this experiment.
(2)

= Staanieas sreel. dees not. st TRAS wegd  maam bhotit
ud

Cﬂuldm#h%ﬁWWiuMmmtﬁutm rw+m3a-rm+&£_cw<.-

Stoinders.. Sited dees ot 1tk Trom. ottt dves . peses. The. e st He

rihben,
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his candidate has fully understood the question, and why the fact that stainless steel will not
rust would make this experiment of no use.

(ii) Many candidates got the idea that accuracy wasn't required in this experiment. Some
candidates were clearly unaware of a volumetric pipette, mistaking it for a dropping pipette
(‘pipettes give too small a volume'). A few said that it was because 'a measuring cylinder was
used' or that 'a measuring cylinder was more accurate'.

pantn g fnas

(i) State why it is not necessary to use a pipette to measure out 10¢cm’ water in

this experiment.
(1)

BN RS Caoddn o

£ Ot S s . S8 Wl

Results Plus: Examiner Comments

A misunderstanding between a dropping pipette and a volumetric pipette.

(iii) The fact that magnesium reacted in tube A very often scored, although many candidates
failed to refer to the fact the magnesium was more reactive than iron as an explanation. Some
just stated 'sacrificial protection' with no further explanation of what this meant or just said that
magnesium 'protected the iron from rusting' without explaining how. Some candidates thought
that the magnesium simply blocked that water from getting to the iron nail. These candidates
often failed to recognise that the magnesium was reacting. Some got it muddled with a coating
of magnesium giving protection, referring to 'galvanising'.

(i) After a few days the two boiling tubes were examined.

The results are shown in Figure 5.

the appearance of the iron rod is unchanged
the magnesium has started to disappear
a small amount of brown deposit has formed around the rod

Figure 5

Explain the results of this experiment,

(2)
LT e o peso A, mksw-j _____ Wee k. ‘\'nsm-’s e fu-@kz& as b
- Mvageesiona acked. o5 SocmBian) yn\;esinbﬂ[.h xeaged n-‘fﬁ-ﬁhi
Toe . weher oot ot berawse. b5 e edhivee. Naan 0. Weett o

A soma mh o R m‘xe&.\ummkmws.w&\ug ..... ?m}mki@.....j.’c.- ...........................
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Results Plus: Examiner Comments

his candidate has used the term 'sacrificial protection', but importantly has explained what that
means in this experiment.

Q14.

Whilst candidates did find the question difficult it was pleasing to see a good number of
candidates that scored full marks for the correct answer given to two significant figures.

Lead can be obtained by heating its oxide with carbon. (JlnCl. Oz CJF
The balanced equation for the reaction is OX'LJ qm oue
2PbO + C — 2Pb + CO, m"’h'ﬂg J [OJ'f‘,
ey e Jfill

Calculate the atom economy for the production of lead in this reaction.
(relative atomic masses: C = 12,0 = 16, Pb = 207 ',["h QQJQJ
relative formula masses: PbO = 223, CO, = 44)

Give your answer to two significant figures,

g leact - 2P ()
MI’QF cedired. procluct. XLO0-—
Mrof fotad prodwct W "‘ O ‘?O

2Ph= 20Fx2=41¢ 0.90 x100=907.
totad procliCt = Y1y + 44 = 455

atom economy = ... C?Q R

Results Plus: Examiner Comments

he correct answer, with clear working that scored all 4 marks available.

STEMUP.CO.UK


https://stemup.co.uk

Lead can be obtained by heating its oxide with carbon.
The balanced equation for the reaction is

2Pb0 + C — 2Pb + CO,

Calculate the atom economy for the production of lead in this reaction.
(relative atomic masses: C= 12,0 =16, Pb = 207
relative formula masses: PbO = 223, CO, = 44)

Give your answer to two significant figures.
(4)

22 REE L\Lté Y \’L LNS‘E o
B R R N A (T P

atom economy = qo L'\

Results Plus: Examiner Comments

he answer has been calculated correctly but not given to the correct number of significant
figures so gained three rather than 4 marks.

Lead can be obtained by heating its oxide with carbon.
The balanced equation for the reaction is

2PbO + C — 2Pb + CO,

Calculate the atom econamy for the production of lead in this reaction.
(relative atomic masses: C= 12, 0= 16, Pb = 207
relative formula mgﬁses PbO =223, CO, = 44)

Give your answer t{: two $|g nificant figures.

114 k4@ (4)

20k Lok (LS o

atom economy = \ OO o %0

Results Plus: Examiner Comments

A common error was to divide the masses of all of the products added together, rather than just

the mass of theuseful product, by the masses of all of the reactants to come to an answer of
100%. Whilst incorrect, candidates that showed their working did gain some credit. This answer
scored 2 marks.
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Q15.

Approximately two-thirds of candidates scored at least 2 marks with the rest scoring 4 marks.
Several candidates made an error in calculating the sum of the formula masses of either the
reactants (2 x 223 + 12) or the products (2 x 212 + 44). Some candidates were trying to
calculate the atom economy of something other than lead. Error carried forward was in place, as
with other calculations, but here seemed to be applied more often. Unfortunately, many
candidates obtained an answer of 90.393% and forgot apply the approximation, as asked, to 2
significant figures.

Lead can be obtained by heating its oxide with carbon.
The balanced equation for the reaction is

2PBO + C — 2Pb + CO,

Calculate the atom economy for the production of lead in this reaction.
(relative atomic masses: C=12,0 =16, Pb = 207
relative formula masses: PbO = 223, CO, = 44)

Glve your answer to two significant figures,

iy CANO0 = Q0.
L4538

Results Plus: Examiner Comments

A correct calculation which was awarded 3 marks, but an incorrect approximation to THREE
significant figures gave the answer of 90.4% which meant the last mark was lost.

Results Plus: Examiner Tip

Ensure you know how to approximate numbers to a given number of significant figures or a
given number of decimal places.
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Lead can be obtained by heating its oxide with carbon.
The balanced equation for the reaction is

2Pb0O + C — 2Pb + CO,

Calculate the atom ecanomy for the production of lead in this reaction.
(relative atomic masses: C= 12,0 = 16, Pb = 207
relative formula masses: PbO = 223, CO, = 44)

Give your answer to two significant figures,

(4)
atom economy = ... 92_ —

Results Plus: Examiner Comments

he candidate made an error in calculating the formula masses of the reactants by the addition
of the 44. This lost a mark, but with error carried forward, meant that 3 marks could then be
awarded.

Q16.
(a)

Nearly half of the candidates could write the correct balanced equation given the information in
the question; a further one third scored one mark for a partly correct word equation. It was
disappointing to see that so many could not copy the reactants correctly; 'calcium solution' and
'sodium solution' were commonly seen as reactants. Many candidates used just the information
and formed the products 'calcium carbonate + salt' or more frequently 'calcium carbonate +
another salt'. A small number thought they had to write a balanced equation and invariably
failed as they were making up formulae for the substances, e.g. SC for sodium carbonate.
Candidates should be advised that where a word equation is asked for, they are not expected to
write a balanced equation using chemical formulae.

4 (a) Calcium nitrate solution reacts with sodium carbonate solution.
The products are calcium carbonate and another salt.

Write the word equation for this reaction.

A T T

(2)
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Results Plus: Examiner Comments

Quite a common answer. However, 1 mark was score for the correct reactants.

4 (a) Calcium nitrate solution reacts with sodium carbonate solution.
The products are calcium carbonate and another salt.

Write the word equation for this reaction.
(2)

{ T.Fr{:-'.-'{ Len I;;?_.;rfll‘f ﬁa'f‘i 2 f '.'{-,_,J._,m .’."r'é'.’?.fl:l,? —I= 6—{‘*{;’!@:—’) m Mf-id + ,J:;;;,i_'.{{_(ﬁ?

o, /
(arnona &

Results Plus: Examiner Comments

All the correct substances, but in the wrong places. This scored 0 marks.

4 (a) Calcium nitrate solution reacts with sodium carbonate solution.
The products are calcium carbonate and another salt.

Write the word equation for this reaction.
(2)

CWV(;-&— Nao(Gy —7 CaCa 1t Salt

Results Plus: Examiner Comments

Here is an attempt to write a balanced equation using invented chemical formulae. Answers like
this can only be awarded 0 marks.

Results Plus: Examiner Tip

When word equations are asked for, do not attempt to write a balanced equation using chemical
formulae. Use the information in the question to help in the construction of the word equation.

Only a few candidates scored both marks for describing how to correctly carry out a flame test
on a solid. Generally the candidates that scored 1 mark did so for 'putting 'it' into flame' or
putting a solid on a rod/loop/splint. Many held the solid OVER or under (?) a flame or just stated
‘over a Bunsen'. There were few real attempts to describe the test accurately; the majority
described using inappropriate equipment e.g. tongs, spatulas, tweezers, spoons, clamps. Very
few mentioned the need to clean the wire loop before carrying the flame test.
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(i} Describe how a flame test is carried out on a solid.

(2)
L bundson burner w used/ Ut Then
with . glovesr angl tongs you wouvld
PLCKULUP  The s0lidk oA hover t Qver

the (Cloome and e coloul shovld
T N e

Results Plus: Examiner Comments

Incorrect equipment (tongs) as well as 'hover it over the flame' do not attract marks for carrying
out the flame test. 0 marks awarded here.

(ii) Describe how a flame test is carried out on a solid.
(2)

M (A J\g;gm %ML ) P Y

Results Plus: Examiner Comments

1 mark was given for putting the solid into a blue (Bunsen) flame.

(i) Describe how a flame test is carried out on a solid.
(2]

Wou AP . Puce  oF  wodec NtD
Yooy Soud ten Klace  Haa oue
N e hnoest QoA O?wﬁnseﬂ
(buinar ard wedch Ao (DAY

Results Plus: Examiner Comments

If only the candidate could re-read their answer! Unfortunately similar errors were often seen in
answers to this question.
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(i) Describe how a flame test is carried out on a solid,
(2)

By usig. G meral dleme wER 0cP . you dup it
N ood. You then PR up  He sadl en the

ficore . locp. Yo dhea pur e e loep ko
o burscn  burner  Hare  0nd . tecard thegecggw

Results Plus: Examiner Comments

An answer like this was rarely seen. This was very pleasing to see and 2 marks were given for
this answer.

Results Plus: Examiner Tip
he three steps involved in a flame test are:

1. Clean the flame testing rod with hydrochloric acid.

2. Dip the rod into the acid and then into the solid being tested.

3. Put the end of the testing rod into a Bunsen flame with the air hole half open.

Learn the steps involved to carry out a flame test and the colours that are obtained for the ions
Na*, K*, Ca?* and Cu?*.

It was clear that most candidates did not know how to calculate the percentage yield as very few
candidates obtained the correct answer, however some achieved only one mark because their
answer was approximated to 90% from 90.91%. Some had the ratio of mass inverted and
obtained an answer of 110% without thinking about the implication. Other incorrect answers
were seen using various mathematical processes involving the numbers 40, 44 and 100. The
answer of 100 - 40 = 60% was commonly seen.
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{c) If calcium carbonate is heated strongly, it decomposes,
CaC0, — Ca0 + CO,

If 100 g of calcium carbonate is heated a calculation shows that 44 g carbon dioxide
should be formed,

(i) Inan experiment 100 g of calcium carbonate was heated and only 40 g
carbon dioxide was formed.

Calculate the percentage yield of carbon dioxide in this reaction.

(2)
Act e

Pacen €9 yri(f = Aebom( eid o Ms = 90
em' eicd
1 :
— wreont.cal

ol = »®
E Ifﬂ percentage yield of carbon dioxide =
O 709 5

Results Plus: Examiner Comments

correctly calculated percentage yield. Sadly the candidate then approximated the answer to
90 rather than 91% and so only 1 mark could be given for this.

(c) If calcium carbonate is heated strongly, it decomposes.
CaC0, - Cad + CO,

If 100 g of calcium carbonate is heated a calculation shows that 44 g carbon dioxide
should be formed.

(i} Inan experiment 100 g of calcium carbonate was heated and only 40 g
carbon dioxide was formed,

Calculate the percentage yield of carbon dioxide in this reaction.
(2)

L
e X100

e

ool wed
J x 100 qcperc‘griwgge yield of carbon dioxide = 110 %

Weorercol Uitkd-

Results Plus: Examiner Comments

Candidates who had the ratio inverted didn't stop to think about the consequence of their
answer. Here, 1 error had been made - the inverted ratio - so 1 mark was awarded in these
instances.
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(¢} If calcium carbonate is heated strongly, it decomposes.
CaCO, — Ca0 + CO,

If 100 g of calcium carbonate is heated a calculation shows that 44 g carbon dioxide
should be formed,

(i) Inan experiment 100 g of calcium carbonate was heated and only 40 g
carbon dioxide was formed.

Calculate the percentage yield of carbon dioxide in this reaction.
(2)

percentage yield of carbon dioxide = (4] %

Results Plus: Examiner Comments

his answer (or that which showed 100 - 44 = 56) was often seen, showing that the candidate
did not understand how to calculated the percentage yield of a product. 0 marks were awarded.

Results Plus: Examiner Tip

Know that percentage yield = (actual yield) x 100 / (theoretical yield), and that this value will
always be less than 100%. If you have obtained an answer greater than 100, check your
calculation to see where you have made an error.

This question was fairly open in terms of the possible responses as shown by the command word
'suggest’ in the question. However, to account for a difference between theoretical and actual
yields, self-deprecating possibilities such as 'human error', 'spillage’, 'anomalies’, 'not weighed
out accurately', 'wrong equipment' and 'gas escaping' were often cited but would not gain credit
and candidates should be advised of this. Some referred to calculation only being a prediction
and actual yields were always wrong. Some offered the vague term 'not heated properly'. There
was also some confusion with incomplete combustion, as some stated 'there was not enough
oxygen being present for a reaction'.

However, almost a quarter of candidates cited a correct reason here and referred to 'not heating
it for long enough’, 'the reaction not being complete’, 'the flame not being hot enough' or 'the
calcium carbonate contained impurities'.

(i) Suggest a reason why only 40 g of carbon dioxide was formed in the

experiment.
(1)

Core. of. e Garben OIOAe (A0A rove een 1ot dmncj the
ApRe ATz A\
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Results Plus: Examiner Comments

he candidate had not thought about what was happening during the reaction. All the carbon
dioxide was being lost during the reaction. This answer scored 0.

i) Suggest a reason why only 40 g of carbon dioxide was formed in the
experiment.
(1
Senar . O M ieotitanns . an Prechouth brove lotoe—
Lasi- dM—l:j e Cavptm gk *—‘.‘*"ﬂujt,_ Spienea o ANen

-GerZamj Loiold te O Atrenk  beascess

Results Plus: Examiner Comments

he candidate had not thought through the process. A solid was being heated to form another
solid with the loss of a gas, so loss of transferring liquids could not possibly happen in this
situation. 0 marks given.

(i) Suggest a reason why only 40 g of carbon dioxide was formed in the

experiment.
(1)

The  expeamenk man.t_ nok .. NoAJe  kbeen.. ooe
Leng encugh,
p:er?rUJ ok muah..t hotle  been  Awefk & weO

et IR G ek L S0me . olechnd . ehe LonnSnac

Results Plus: Examiner Comments

Although not phrased very well to start with, 'might not have been done properly' was ignored
and the second part of the answer was very good and scored the 1 mark.

Results Plus: Examiner Tip

0 account for yield being less than 100%, there are three main reasons:

a) Incomplete reaction - not all reactants used up.

b) Product lost during the reaction - usually when transferring liquids from one container to
another.

c) Other unwanted reactions - usually to make a different product.

hink about the reaction when applying these ideas.
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Q17. No Examiner's Report available for this question

Q18. No Examiner's Report available for this question
Q19. No Examiner's Report available for this question
Q20.

The majority of responses to this question scored either 4 marks or 0 marks and there were a
significant number of blank responses here. Where candidates attempted the calculation
incorrectly there were issues with getting equations the wrong way round (concentration =
moles x volume) or putting values for volume where moles should be and attempting to
calculate concentration using the two volume values given in the question.

Q21. No Examiner's Report available for this question
Q22. No Examiner's Report available for this question
Q23.

This question was well answered overall, and many candidates scored both marks. The most
common 1 mark response was calculating the mass of 2% - presumably due to candidates
misreading the question.

Q24.
This question was well answered with the majority of candidates scoring the 1 mark available.

Most candidates were able to correctly subtract the mass of solid remaining from the initial mass
of calcium carbonate to arrive at the correct answer 1.787.

Commonly seen errors included: some candidates subtracted incorrectly or divided their correct
answer by two.


https://stemup.co.uk

Q25.

Almost all candidates answered this part correctly, although some subtracted incorrectly or
divided their correct answer by two.

Q26. No Examiner's Report available for this question
Q27. No Examiner's Report available for this question
Q28. No Examiner's Report available for this question
Q29.

There was a wide variation in responses on this question, but relatively few scored the full 4
marks. Most candidates were able to show that 2 moles of NO has a mass of 60g and many
converted this to 16.67 moles of oxygen and scored at least two marks. Only a minority then
went on to multiply this by 24 and then 100/20 to arrive at the correct answer of 2000 dm3.
Others scored the latter two marks after making an initial error that was only penalised once.
However a significant number of candidates found this question difficult to understand and often
divided by 24 or 5 when they should have used multiplication. Answers that were poorly laid out
with little in the way of order or annotation made it difficult to follow candidates' logic and to
award part marks where the final answer was incorrect.
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In one stage of the production of nitric acid, nitrogen oxide, NO, is reacted with
oxygen to make nitrogen dioxide, NO..

2NO + 0; — 2NO,

Calculate the minimum volume of air, measured at room temperature and
pressure, required to react with 1000g nitrogen oxide to form nitrogen dioxide.

Assume that the air contains 20% oxygen by volume,
(relative atomic masses: N = 14,0 =16

1 mol of gas occupies 24dm” at room temperature and pressure) Mot = 24
(4)

200=02 200 y(=l00Qdm® av

volume of air=_...#.00d0.. dm’

Results Plus: Examiner Comments

his candidate understands the way through the calculation but unfortunately has incorrectly
calulated the moles of NO, so scored 3 marks.

Q30.
This was low scoring, with more than half of the responses left blank. Whilst this question was
challenging, some marks could have been awarded with some straightforward calculations. In

this case there was one mark available for converting molar concentration into mass
concentration and the relative formula mass was given.

Q31. No Examiner's Report available for this question
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Q32.

This question was generally well answered with lots of candidates achieving full marks. Some
errors included calculating (5.600-5.450)/5.600 x 100 and inverting the calculation. It was a
shame that some mis-entered data into calculators i.e. their calculation was correctly written,
but their answer was incorrect. Candidates are advised to check calculations if they have time at
the end. Whilst significant figures were not a marking point here, candidates should get into the
habit of considering the correct number of figures to give in an answer, there was a range from 2
to 10 significant figures given.

A second sample of calcium carbonate is strongly heated in a crucible until there is no

further loss in mass.
The mass of calcium oxide remaining in the crucible is 5.4504.

(i)- The theoretical yield of calcium oxide in this experiment is 5.600g.

Calculate the percentage yield of calcium oxide.

—ackial 100 @

.. I Saukﬁ‘:h - K..‘lDD . T:-qq 131 e R e e

percentage yield=.. A X AL . ...

Results Plus: Examiner Comments

Examiners like answers like this: clearly set out so that all of the working can be followed.

Q33.
(i)

This question was well answered on the whole with the majority of candidates scoring the 2
marks available.

In most correct responses, candidates gave their final answer to 2 decimal places.

Commonly seen errors included: (5.600-5.450)/5.600 x 100; inverted fraction, which often was
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not multiplied by 100; multiplying the masses, namely 5.4 X 5.6 (= 30.52%).

It was noted by examiners that some responses failed to gain full credit since candidates were
attempting to scale their answers rather than multiplying the fraction obtained. This might
indicate the lack of a calculator when doing this calculation.

Q34.

Most candidates scored 2 marks for this question. Some lost a mark for incorrectly rounding the
answer down to 87% rather than up to 88%.

Q35.

For the first part of the question, part (i), was well answered with the majority scoring the 2
marks available.

Candidates clearly understood how to use the relative atomic masses of calcium, carbon and
oxygen to correctly deduce the relative formula mass of CaCOs; to be 100.

A common error which often led to 1 mark only, often arose when failing to multiply the relative
atomic mass of oxygen by three, namely arriving at a value of 68.

The second part of the question, part (ii), was very poorly answered with a significant majority of
responses not scoring either of the 2 marks available.

Very few candidates clearly understood how to calculate the atom economy.

A common answer was 56, which generally did not score since no working was provided. The
most commonly seen incorrect answer was 100 - indicating that a surprising number of
candidates seemed to think both products were useful and so had an atom economy of 100%.
With the relative formula mass of calcium carbonate being 100 (as calculated in part (i)), the
need to both divide by 100 and then multiply by 100 in the same calculation may be a factor
that proved most challenging to candidates.
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(i) Calculate the relative formula mass of calcium carbonate, CaCO,.
(relative atomic masses; C= 12,0 = 16, Ca = 40)

(2)

N Yo ¥ I e B A A2 ) S,
Lo £+ Lg ~— 100

relative formula mass = .. l,;‘:?@ .........................
(i) Calculate the atom economy for the formation of calcium oxide in this reaction.
CaC0; — Ca0 + CO,
You must show your working.
(relative atomic masses: C= 12, 0 = 16, Ca = 40;

relative formula mass: calcium oxide = 56)
(2)

OO 100 P Lpv 6+t

atomeconomy=_ N\ 2O %

Results Plus: Examiner Comments
his response scored 2 marks for part (i).

he relative formula mass for calcium carbonate has been correctly calculated by adding

together the relative atomic mass values for all the atoms in its formula.

he response for part (ii) was not credit worthy.

he candidate has not calculated the atom economy but has simply added together all the
relative atomic masses for the atoms in the two products in the equation given in the question.
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(il Calculate the relative formula mass of calcium carbonate, CaCQ,.
(relative atomic masses: C = 12, 0 = 16, Ca = 40)

(2)

relative formula mass = [OO —
(i) Calculate the atom economy for the formation of calcium oxide in this reaction.
CaC0D; —» Ca0 + €O,
You must show your working.

{relative atomic masses: C = 12,0 = 16, Ca = 40;
relative formula mass: calcium oxide = 56)

CION 56 o
C&CQ:,X 0  poxto =

atom economy = T~ S

Results Plus: Examiner Comments
his response scored both marks for both parts (i) and (ii).

Although, no working has been shown in part (i), it is the correct value and is credited with the 2
marks.

With part (ii) the correct calculation for the atom economy has been shown, namely (56/100) x
100 =56.

Note that had 56 alone been given, i.e. without working, this would have not been credit worthy.

Results Plus: Examiner Tip

It is sensible with all calculations to show all working. Often where there has been a simple
arithmetical error in a candidate's method, examiners are able to award marks in a calculation
by error carried forward.
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Q36.

In part (i), candidates, in the vast majority of cases, understood how to use the relative atomic
masses of calcium, carbon and oxygen to correctly deduce the relative formula mass of CaCO; to
be 100, although arithmetical errors sometimes cost candidates the second mark, or failing to
multiply the Ar of oxygen by 3.

In part (ii), however strange it might have seemed dividing by 100 and multiplying by 100 in the
same calculation, few candidates were fazed by this and many gave the correct answer. It was
noted that most correctly followed instruction that they must show working. A surprising number
seemed to think both products were useful and so had an atom economy of 100%.

() Calculate the relative formula mass of calcium carbonate, CaCO,,
(relative atomic masses: C= 12, O = 16, Ca = 40)
(2)

o v 40 4+ (lex3IDN=VN0O

relative formula mass = A 0. .o
(i) Calculate the atom economy for the formation of calcium oxide in this reaction.
CaCO, — Ca0 + CO,
You must show your working.
(relative atomic masses: C =12, 0 = 16, Ca = 40;
relative formula mass: calcium oxide = 56)

(2)
M desiced Ot e

LN el oyt N r (¥ Qe 2Y
%6 .6.56 xi100= 856

o0
atom economy = ... 8. ©....ccoooiiioaan Yo

Results Plus: Examiner Comments

his is an example of a clearly set out correct answer.
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Q37.

Candidates made good attempts at this question, and more than half scored 1 of the two
available marks. Many would have scored both marks, however it was more common to see the
formula mass of oxygen used as 16 rather than the 32 that it is, and then incorrectly calculated
the number of moles of oxygen to be 3 rather than the correct value of 1.5.

Other mistakes were with getting calculations mixed up and dividing numbers that should have
been multiplied. There were a number of responses of 768, calculated by multiplying the mass
by the relative formula mass and therefore using the incorrect formula.

Q38. No Examiner's Report available for this question
Q39. No Examiner's Report available for this question
Q40. No Examiner's Report available for this question
Q41. No Examiner's Report available for this question
Q42.

(i)

The majority of candidates answered this correctly. Many were awarded one mark for showing
10.4/15.0 but were not awarded the second mark as they had not multiplied by 100. The most
common error was made by those who got the calculation the wrong way round and divided 15.0
by 10.4. They seemingly failed to realise that 144% was not a sensible answer for a percentage
yield.

(ii)

Many students seem to have been well trained in their answers to this question. However a
range of non-creditworthy answers were suggested. Some of these involved giving definitions of
theoretical yield or referred to the difference between theoretical and actual yield or stated that
yield calculations are simply inherently faulty. Others made vague suggestions such as "human
error" or errors due to parallax and the need to measure solutions at eye level.
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(i) Suggest two reasons why the actual yield was less than the theoretical yield.
(2)

reason 1. The 0eclhen h'\f»j hoe  Goen  YSewmplats w2 owi b
B 2C AT ST LYY B s T0- B PR 0% 975
reason 2 . Sojre o theao Prosuh | les.. by fo . PIRpeadban, S R heonpls

oAk —domenit (Ut onReu o Nt Coule e o35 Owved)
- (Total for Question 3 = 10 marks)

Results Plus: Examiner Comments

An answer worth both marks.

(i) Suggest two reasons why the actual yield was less than the theoretical yield.
(2)

reason 1 . ﬁt\\ W\Lu:h_gp\.n.h. ........ eolhac ™

(Total for Question 3 = 10 marks)

Results Plus: Examiner Comments

he first reason is correct but errors in weighing were not acceptable.

Q43. No Examiner's Report available for this question

Q44.
(i)

Many candidates calculated the correct average of the titration results. However, there were a
significant number who took the average of all 3 results, rather than just the two concordant
values.

(i) State the volume of hydrochloric acid that must be used to calculate the
concentration of sodium hydroxide solution.
(1)

volume of hydrochloric acid = 12 ‘ 23 cm’

1
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Results Plus: Examiner Comments

his candidate has included the rough titration result in the average, so has not scored a mark.

Results Plus: Examiner Tip

When you take the average of titration results, only include the results which are concordant
(very close readings).

(i) State the volume of hydrochloric acid that must be used to calculate the
concentration of sodium hydroxide solution.
(1)

volume of hydrochloric acid = .. 22,1 . em’

Results Plus: Examiner Comments

his candidate has scored 1 mark for correctly working out the average of the concordant
titration results.

Many excellent answers were seen to this calculation, with working clearly explained. Some
candidates would benefit from more practice with questions involving concentrations of
solutions.

(il) In a different experiment, 25.0 cm’ of sodium hydroxide solution reacted with
23.2 cm’ of 0.100 mol dm™ hydrochloric acid, HCI.

Calculate the concentration of this sodium hydroxide solution, NaQ
maol dm™, gie
cl v (3)

NaOH + HCl — NaCl + H.O

s S Vo D . T e %

1 mde 8, NaOH to newkesdise L mole § HCL.
e B iy L P R R
(25 +i000) B —

concentration of sodium hydroxide solution = O + 0918 mol dm™

Results Plus: Examiner Comments
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his is a very good answer, scoring 3 marks.

(i} In a different experiment, 25.0 cm” of sodium hydroxide solution reacted with
23.2 cm’ of 0.100 mol dm™ hydrochloric acid, HCI.

Calculate the concentration of this sodium hydroxigde solution, NaOH, in
mol dm™, 7
-'3_ -
A (3)

NaOH + HCl — NaCl + H,0
2
[:]

Sedaum \wydamriide = voluume = 25 -Oom” Cone.:
) }-L\d':}hﬁc,hwnc acid = volume = 23,20 Conc.= 0.1 O0vwodu

NQ:. OF. . MOR) = conc. X, Voliimae. -

vaole §

23.2 = 00232 %X OQ-100 = %22 Xx\0 " - afHCI
oD
. . — . 2_?2\“0_3.
Cong = = n,f'_ o 1 i P
W ooliimwag 28 .0 anm?
mol dm™

concentration of sodium hydroxide solution =

Results Plus: Examiner Comments

his candidate has scored 2 marks for the working. They have calculated the number of moles of
hydrochloric acid and realised that they need to divide this by the volume of sodium hydroxide.

hey have just forgotten to multiply by 1000 at the end.

Results Plus: Examiner Tip

Iways show your working for a calculation as it might be worth some marks, even if the final

answer is wrong.

STEMUP.CO.UK
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{ii) In a different experiment,@i;ﬂjmjimmgreacted with

23.2 cm’ of 0,100 mol dm ™ hydrochloric acid, HCI.

NOL e
Calculate thefoncentrafion o S ITVdroXideE solttiory NaOH, in
mol dm.
(3)
@ vol NaOH + HCl - NaCl + H,0
mﬂ\

mol o O. 1 -2.32
Vol 23.2cm?

concentration of sodium hydroxide solution = — mol dm™

Results Plus: Examiner Comments

his candidate does not know how to calculate the number of moles from a volume and a
concentration, so has not scored any marks.

Results Plus: Examiner Tip

Learn the formulae for calculating amounts in moles for solids, gases and solutions.

Q45.
(i)

Although many candidates answered this question correctly, some tried to make it more
complicated by using the molar volume of gas to convert the given volume into moles or treated
the volume as a mass.

(e} (i) Calculate the minimum volume of hydrogen required to completely convert

1000 dm® of nitrogen into ammonia.
(n

(W o Whoge o 5wl o Upong
00~ 4 3 3000 dunt |
| volume of hydrogen = 5000 dm’

—

STEMUP.CO.UK


https://stemup.co.uk

Results Plus: Examiner Comments

his candidate has shown the correct working and answer, so scored the mark.

(¢) (i) Calculate the minimum volume of hydrogen required to completely convert
ol 1000 dm’of nitrogen into ammonia.  VOL= MASE « 7y megy
ICA myr me My 1
Cone vOA 1 -
I .f]I_U,?,._ x 3: 214,29
204296 X2 5142 o
volume of hydrogen = . SI4 2, dm®

Results Plus: Examiner Comments

his candidate thought that 1000 g of nitrogen was used and tried to convert it into moles by
dividing by the relative atomic mass of nitrogen, so did not score a mark.

Results Plus: Examiner Tip

Read the question carefully. In this question, the volume of nitrogen is given, not its mass.

It was encouraging to see a large number of correct answers with clear working. Some
candidates did not get the correct final answer but if their working was clear, they could still
achieve 2 marks.

W RITITNIOTE 1 TedULLED WILTT ERLEDS THUIL aliud, My, W ITTaRe almniniiunmminm imrane,

NH,NO,.

HNH! }r HNO, — NH,NO,
T m—

Calculate the mass of ammonium nitrate produced by the complete reaction
(A & of 34 g of ammonia.

(Relative atomic masses H=1.0,N =14, 0= 18)
(3)

-3 moles of NHg = P43 =13 ‘?f: 2
30, A males of NHGNOs

© RFM of MH NGy = 80
Mad) = §0x 2= féOj_

mass of ammonium nitrate produced = [ GO g

- 1
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Results Plus: Examiner Comments

his is an excellent answer, with clear working, and scored 3 marks.

(3)
oastm, af  NHR=[7
x39 = 678
Voot oe . NH NO5 = FO

Tt = Tz

mass of ammonium nitrate produced = g

Results Plus: Examiner Comments

his answer has scored 2 marks as the candidate has correctly worked out the relative formula
masses of ammonia and ammonium nitrate.

Results Plus: Examiner Tip

If you find calculations difficult, you will score some marks if you show your working and
calculate the relative formula masses of the relevant substances.

Q46. No Examiner's Report available for this question

Q47.

About half the candidates had no idea how to calculate the concentration of the sulfuric acid
using the information provided. Candidates need to be advised that if relative atomic masses are
not given for a particular calculation, then they will not be needed. This was the cause of many
candidates going wrong here.

Showing working enabled candidates to score some marks. Several candidates forgot to use the
equation to work out the number of moles of acid from the number of moles of alkali, so leading
to an answer of 0.194 mol dm, so scoring 3 marks. The other misconception frequently seen
was the omission of converting from cm?® to dm?. It was noticed that there many centres where
their candidates knew how to perform this type of calculation with marks of mostly 3 or 4 being
awarded.
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In the titration, 25.00 cm’® of dilute sulfuric acid reacted with
24.25cm’ of 0.200 mol dm? sodium hydroxide solution, NaOH.

H:SD. + 2NaQOH — Na;SO. + 2H:0

Calculate the concentration of the dilute sulfuric acid, H,50,, in moldm™,
(4)

>3 265,72 0 016s Jo
B % TR M SO MO
A a e ongS f:z

B R - A 1
Ve o i

S -3

concentration of sulfuricacid= 3 - &4 "} —_moldm™

Results Plus: Examiner Comments

he candidate took the result of step one as 0.0048 and not 0.00485, so lost the first mark.
he calculation was correct otherwise and scored 3 marks.

Results Plus: Examiner Tip

Approximating early on in a calculation will result in an error being made and the loss of a mark.
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In the titration, 25.00 cm’ of dilute sulfuric acid reacted with
24.25cm’ of 0.200 mol dm™ sodium hydroxide solution, NaOH.

HsS0, + 2NaOH — MNa,50, + 2H,0

Calculate the concentration of the dilute sulfuric acid, H,SO,, in moldm™,

(4)

concentration of sulfuric acid = .. ﬁﬁr @gﬁ:oﬁnnl dm™
Results Plus: Examiner Comments

he candidate has divided by 0.5 instead of multiplying by 0.5 so the answer is out by a factor of

4.
Only one mistake was made, so with error carried forward, this scored 3 marks.

Results Plus: Examiner Tip

As there wil be a minimum of 20% of the marks for testing maths skills on the paper, it is
essential that you practice the standard types of calculation.

Q48.

The was answered well by those who attempted the question. A common error was converting
the concentration that had just been calculated (24.5) into other units. In these instances, the
second mark was lost. In some instances, candidates looked up the relative atomic masses of
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hydrogen, sulfur and oxygen and worked out that the formula mass of sulfuric acid was, indeed,
98.

The concentration of some dilute sulfuric acid, H,50,, is 0.250 moldm™.
Calculate the concentration of sulfuric acid in this solution in g dm™.

(relative formula mass: H,50, = 98)
9 oD (2)

p—

concentration of sulfuricacid=. . ... 7‘ ) #5 _gdm™

Results Plus: Examiner Comments

here's a factor 10 error here probably due misreading the concentration of 0.250 mol dm™ as
0.0250 mol dm™ as used in the calculation. So 1 mark was awarded here.

Results Plus: Examiner Tip

If you get time, always check your calculations for any transcription errors - it could stop you
losing a mark or two.

The concentration of some dilute sulfuric acid, H,50,, is 0.250 moldm™.

Calculate the concentration of sulfuric acid in this solution in g dm™.
(relative formula mass: H,50, = 98)

mass o (2)
0.25x9€ = Ak S5y - B

595y &2 S - 6.5 s

concentration of sulfuricacid= 4% g dm

Results Plus: Examiner Comments

his reponse contains the correct calculation on the left, but two further processing steps were
carried out, which were not explained, to give the final answer of 4. These extra steps meant
that overall, this scored 0 marks.
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Q49.

A difficult calculation but it did differentiate across the ability range. For most, taking the volume
of sulfur dioxide and dividing by the molar volume to give the amount of gas was the first step.
Some made the error here by diving by the formula mass instead. The other common error was
forgetting to convert the units from g to kg.

Calculate the mass, in kilograms, of 750dm’ of sulfur dioxide, measured at room
temperature and pressure. M
(relative formula mass: SO, = 64; C v
1 mol of any gas at room temperature and pressure occupies 24dm’) '
(3)

MASS = Contentolion s oS oo
SMegs = e x 150 (30004

mass of sulfur dioxide = . JB SO |

Results Plus: Examiner Comments

he candidate started with the wrong idea of mass = concentration x volume.

he second step of 24 x 750 did not score, but the conversion of g to kg was given a mark. 1
mark overall here.
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Calculate the mass, in kilograms, of 750dm’ of sulfur dioxide, measured at room
temperature and pressure,

(relative formula mass: 5O, = 64;

1 mol of any gas at room temperature and pressure occupies 24dm’)

(3)
L %yﬂ.ﬁ 0Dy 2y, e
ol

e 1

mass of sulfur dioxide =\ 52 kg

Results Plus: Examiner Comments

he first step to calculate the number of moles was incorrect - so no 1°* mark. After that moles

(wrong) X 64 scores 2" mp as error carried forward; then the answer is divided by 1000
converting g to kg to get 1152 for the 3™ mp.

2 marks overall

Q50.

Many candidates here did not appreciate the ratio of sulfur dioxide : oxygen in the equation and
so gave an answer of 750 dm® whereas others used the ratio incorrectly and gave an answer of
1500 dm°,

Q51.

In general, this question was answered well with many being able to calculate an average.
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Figure 3 shows some titration results obtained from an experiment in which an
alkali is titrated with an acid.

final burette reading in cm’ 25.75 4935 23,70,

initial burette reading in cm?® 0.00 25.75 0.00°

volume of acid used in cm’ 25.75 23.60 23.70
Figure 3

Calculate the accurate volume of acid reacting with the alkali.
(2)

LS A5 423 60.4..03.20..7.73.05:

accurate volume of acid reacting ...... . &~%:3 5 cm’

Results Plus: Examiner Comments

A large proportion of candidates knew that they should not include the rough titraton within their
average and scored both marks. In some cases candidates did not and so scored just 1 mark. As
in this example.

Figure 3 shows some titration results obtained from an experiment in which an

alkali is titrated with an acid.

final burette reading in cm’ 2575 4935 23.70

initial burette reading in cm’ 0.00 25.75 0.00

volume of acid used in cm’ 2575 23.60 23.70

Figure 3
Calculate the accurate volume of acid reacting with the alkali.
(2)
%
13 6012370 -1 22%.65
accurate volume of acid reacting 1—5"'6 ......... cm’

]
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Results Plus: Examiner Comments

A correct answer that scored both marks.

Figure 3 shows some titration results obtained from an experiment in which an
alkali is titrated with an acid.

final burette reading in ¢cm’ 25.75 49.35 23,70

initial burette reading in cm’ 0.00 25.75 0.00

volume of acid used in cm® 25,75 23.60 23.70
Figure 3

Calculate the accurate volume of acid reacting with the alkali.
(2]

accurate volume of acid reacting ... ?3 - 70 o €m’

Results Plus: Examiner Comments

Where learners did not score it was often because they had tried to give a midpoint of the values
or simply gave the last value in the table.

Q52.
(i)

It was clear that most candidates did not know how to calculate the percentage yield as very few
candidates obtained the correct answer, however some achieved only one mark because their
answer was approximated to 90% from 90.91%. Some had the ratio of mass inverted and
obtained an answer of 110% without thinking about the implication. Other incorrect answers
were seen using various mathematical processes involving the numbers 40, 44 and 100. The
answer of 100 - 40 = 60% was commonly seen.
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{c) If calcium carbonate is heated strongly, it decomposes,
CaC0, — Ca0 + CO,

If 100 g of calcium carbonate is heated a calculation shows that 44 g carbon dioxide
should be formed,

(i) Inan experiment 100 g of calcium carbonate was heated and only 40 g
carbon dioxide was formed.

Calculate the percentage yield of carbon dioxide in this reaction.

(2)
Act e

Pacen €9 yri(f = Aebom( eid o Ms = 90
em' eicd
1 :
— wreont.cal

ol = »®
E Ifﬂ percentage yield of carbon dioxide =
O 709 5

Results Plus: Examiner Comments

correctly calculated percentage yield. Sadly the candidate then approximated the answer to
90 rather than 91% and so only 1 mark could be given for this.

(c) If calcium carbonate is heated strongly, it decomposes.
CaC0, - Cad + CO,

If 100 g of calcium carbonate is heated a calculation shows that 44 g carbon dioxide
should be formed.

(i} Inan experiment 100 g of calcium carbonate was heated and only 40 g
carbon dioxide was formed,

Calculate the percentage yield of carbon dioxide in this reaction.
(2)

L
e X100

e

ool wed
J x 100 qcperc‘griwgge yield of carbon dioxide = 110 %

Weorercol Uitkd-

Results Plus: Examiner Comments

Candidates who had the ratio inverted didn't stop to think about the consequence of their
answer. Here, 1 error had been made - the inverted ratio - so 1 mark was awarded in these
instances.
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(¢} If calcium carbonate is heated strongly, it decomposes.
CaCO, — Ca0 + CO,

If 100 g of calcium carbonate is heated a calculation shows that 44 g carbon dioxide
should be formed,

(i) Inan experiment 100 g of calcium carbonate was heated and only 40 g
carbon dioxide was formed.

Calculate the percentage yield of carbon dioxide in this reaction.
(2)

percentage yield of carbon dioxide = (4] %

Results Plus: Examiner Comments

his answer (or that which showed 100 - 44 = 56) was often seen, showing that the candidate
did not understand how to calculated the percentage yield of a product. 0 marks were awarded.

Results Plus: Examiner Tip

Know that percentage yield = (actual yield) x 100 / (theoretical yield), and that this value will
always be less than 100%. If you have obtained an answer greater than 100, check your
calculation to see where you have made an error.

This question was fairly open in terms of the possible responses as shown by the command word
'suggest’ in the question. However, to account for a difference between theoretical and actual
yields, self-deprecating possibilities such as 'human error', 'spillage’, 'anomalies’, 'not weighed
out accurately', 'wrong equipment' and 'gas escaping' were often cited but would not gain credit
and candidates should be advised of this. Some referred to calculation only being a prediction
and actual yields were always wrong. Some offered the vague term 'not heated properly'. There
was also some confusion with incomplete combustion, as some stated 'there was not enough
oxygen being present for a reaction’'.

However, almost a quarter of candidates cited a correct reason here and referred to 'not heating
it for long enough’, 'the reaction not being complete’, 'the flame not being hot enough' or 'the
calcium carbonate contained impurities'.

(i) Suggest a reason why only 40 g of carbon dioxide was formed in the

experiment.
(1)

Core. of. e Garben OIOAe (A0A rove een 1ot cMLr\a} the
ApRe ATz A\
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Results Plus: Examiner Comments

he candidate had not thought about what was happening during the reaction. All the carbon
dioxide was being lost during the reaction. This answer scored 0.

i) Suggest a reason why only 40 g of carbon dioxide was formed in the
experiment.
(1
Senar . O M ieotitanns . an Prechouth brove lotoe—
Lasi- dM—l:j e Cavptm gk *—‘.‘*"ﬂujt,_ Spienea o ANen

-GerZamj Loiold te O Atrenk  beascess

Results Plus: Examiner Comments

he candidate had not thought through the process. A solid was being heated to form another
solid with the loss of a gas, so loss of transferring liquids could not possibly happen in this
situation. 0 marks given.

(i) Suggest a reason why only 40 g of carbon dioxide was formed in the

experiment.
(1)

The  expeamenk man.t_ nok .. NoAJe  kbeen.. ooe
Leng encugh,
p:er?rUJ ok muah..t hotle  been  Awefk & weO

et IR G ek L S0me . olechnd . ehe LonnSnac

Results Plus: Examiner Comments

Although not phrased very well to start with, 'might not have been done properly' was ignored
and the second part of the answer was very good and scored the 1 mark.

Results Plus: Examiner Tip

0 account for yield being less than 100%, there are three main reasons:

a) Incomplete reaction - not all reactants used up.

b) Product lost during the reaction - usually when transferring liquids from one container to
another.

c) Other unwanted reactions - usually to make a different product.

hink about the reaction when applying these ideas.
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Q53.
(i)

Most candidates gained credit for their answers, scoring the 1 mark available for simply stating
‘gas’.

(ii)
Most candidates gained credit for their answers.

(lij State the meaning of the symbaol = in the equation.
(1)

Reversible eacton.

Results Plus: Examiner Comments

his response was the most commonly seen correct answer for the 1 mark available.

(li} State the meaning of the symbol = in the equation.
(1)

€qal Yo

Results Plus: Examiner Comments

A typical incorrect answer, where the reversible sign was confused with simply an equal sign, so
does not score.

Q54. No Examiner's Report available for this question
Q55. No Examiner's Report available for this question
Q56.

The correct colour change for the indicator methyl orange in this situation was correctly given
less than half the candidates. A common error was to have the colours but the wrong way round
probably resulting from the candidate not reading the question where it said that the acid was in
the conical flask to start with. Some gave a colour change for phenolphthalein and the weaker
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candidates tended to give random colours.

Q57.
(i)

Candidates appeared to understand what was meant by the term state symbol, however they
did not use the information in the table to inform their answer but simply gave the states of the
substances at room temperature.

Hydrogen burns in air at a temperature well above 100°C to form water.

(i) The boiling points of hydrogen and water are shown in Figure 15.

 [ommgpomein |

hydrogen -253
water 100

Figure 15

Use this Information to add the missing state symbols to the equation for the
reaction taking place as the hydrogen burns.

(2)
2H(9..) + 0,g) —» 2H,0(.%).)

Results Plus: Examiner Comments

A correct answer that scored both marks.

Hydrogen burns in air at a temperature well above 100°C to form water.

{i) The beiling points of hydrogen and water are shown In Figure 15.

| botingpoimtin’c

hydrogen -253
water 100

Figure 15

Use this information to add the missing state symbols to the equation for the
reaction taking place as the hydrogen burns.
(2}

2H(...g.) + 0,(g) = 2H,0(...L)

STEMUP.CO.UK
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Results Plus: Examiner Comments

For hydrogen this was sufficient and 'g' gained a mark. However for the water those that gave 'l'
did not score the mark because in this reaction water would be formed as a gas.

Results Plus: Examiner Tip

Candidates should be taught to use the information in the stem to inform their answer.

Hydrogen burns in air at a temperature well above 100°C to form water.

(i) The boiling points of hydrogen and water are shown in Figure 15.

[ bolingpointinc

hydrogen =233

water 100

Figure 15

Use this information to add the missing state symbols to the equation for the

reaction taking place as the hydrogen burns.
(2)

2H(..Z) + Ofg) - 2H,0(. %)

Results Plus: Examiner Comments

In some cases, it was clear that candidates were not familar with state symbols are tried adding
numbers to balance the equation rather than adding state symbols.

(i)

Candidates found it quite difficult to put into words why the atom economy of the reaction is
100%, many simply stated that the equation is balanced or the same on both sides, whilst this is
true, it is not what shows that the atom economy is 100%. Few refered to the useful product.

Where candidates scored the mark, it was usually for saying that there were no waste products.

(ii) The atom economy for the reaction in (i) is 100%.

State how the equation shows that the atom economy is 1009%.
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Results Plus: Examiner Comments

Everything is used up did not gain credit.

(i) The atom economy for the reaction in (i) is 100%.

State how the equation shows that the atom economy is 100%.

Results Plus: Examiner Comments

A common answer that did not score was that the equation was balanced.

(i} The atom economy for the reaction in (i) is 100%.

State how the equation shows that the atom economy is 100%.
m

here g no  oxesp produckd o} AW @atmon.

onof e reactents moade | procuct.

Results Plus: Examiner Comments

his answer gained 1 mark.

Q58.

(i)

Less than a quarter of the candidates scored both marks here. The first state symbol was given
correctly by the overwhelming majority, but only about a fifth of the candidates had understood

the implication of the first line of the question and had not realised the water formed would be in
the gas state. Some candidates showed no knowledge of state symbols.
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(ii)

Many candidates assumed that a balanced equation results in 100% atom economy, but just
over a half had the idea of one product being formed so no waste.

(i) The atom economy for the reaction in (i) is 100%.

State how the equation shows that the atom economy is 100%.

(1)

5

Results Plus: Examiner Comments

Examiners reported seeing this misconception frequently and by this and similar answers. This
did not score the mark.

(i) The atom economy for the reaction in (i) is 100%.

State how the equation shows that the atom economy is 100%.
(m

Mecauer.. 2l M. croan ) LU SO MO = 36 X100 2 1007
#lt predvch ps 36

Results Plus: Examiner Comments

he mathematical expression alone did not score, but with the correct data included as here,
scored the mark.

(i) The atom economy for the reaction in (i) is 100%.

State how the equation shows that the atom economy is 100%.
(1)

.................. TZL M OANE. ... W W .e,yu( o
........... pcdeecd .. el

Results Plus: Examiner Comments

his was an unusual way of expressing that the reactants went to form just one product. This
scored the mark.

STEMUP.CO.UK
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Q59.

It was obvious that candidates struggled to produce ionic and half equations and many
responses here were either left blank or filled with words or state symbols. Very few candidates
scored both marking points although some responses were awarded a mark for including
electrons on the left-hand side of the equation.

Q60. No Examiner's Report available for this question

Mark Scheme

Q1.
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Question
Number

Answer

Mark

Any two linked explanations

Any two suitable precautions to make use of pipette or burette as
accurate as possible or to carry out the titration as accurate as
possible (1)

linked explanation (1)

e.g.

read bottom of the meniscus on the burette/pipette scale / read
burette/pipette at eye-level (1)

to obtain accurate volume of sodium hydroxide solution / sulfuric acid
added (1)

add {solution from burette / alkali} one drop at a time near end point
(1)

to identify exactly when colour change of indicator takes place (1)

use a white tile (1)
to make it easier to see exactly when colour change of indicator takes
place (1)

make sure no air bubbles in burette or pipette when measuring
volumes (1)
s0 exact volumes are recorded (1)

continually swirl flask (1)
to ensure complete mixing of acid with alkali (1)

wash inside of conical flask with a little deionised/distilled water (1)
to wash reactants into reaction mixture (1)

wash burette / pipette with appropriate solution before titration (1)
to ensure burette / pipette is not contaminated (1)

do not award marks for concordancy / reliability / changes of indicator

(4)
AO 12

Q2.
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Q3.

Question | Indicative content Mark
Number
& An explanation that combines identification via a judgment

(3 marks) to reach a conclusion via justification/reasoning

(3 marks)

s raw materials: fermentation uses plants which can he
regrown / hydration uses crude oil which is finite resource

s temperature: fermentation low therefore low energy cost
! hydration high therefore high energy cost

s atom economy: fermentation lower [hydration of ethene
100%

¢ production rate: fermentation slow / hydration fast

¢ purification: fermentation needs energy for fractional
distillation / hydration product pure

¢ carbon dioxide produced by fermentation could be useful
product

¢ high pressure needed for hydration means more expensive
plant

(6)
Level Mark Descriptor
0 Mo revrardable material.

Level 1 1-2 * Deconstructs scientific information but understanding and
connections are flawed. An unbalanced or incomplete
argument that provides limited synthesis of understanding.

s Judgements are supported by limited evidence. (AD3)

Level 2 3-4 ¢ Deconstructs scientific information and provides some
logical connections between scientific concepts. An
imbalanced argument that synthesises mostly relevant
understanding, but not entirely coherently.

Judgements are supported by evidence occasionally. (AO03)

Level 3 5-6 Deconstructs scientific information and provide logical
connections between scientific concepts throughout. A
balanced, well-developed argument that synthesises
relevant understanding coherently.

* Judgements are supported by evidence throughout. (AQ3)
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Q4.

Question Indicative Content Mark
Number
QWC | * A description including some of the following points (6)
Property change (other than increased strength) or use
of alloy
» increased hardness
» decreased malleability
+ increased corrosion resistance
+ shape-memory
« gold alloy for jewellery
» stainless steel used for cutlery
» steel used for construction
+ nitinol (shape-memory alloy) used for spectacle frames [
stents
+ idea of any use of metal after alloying
Structural change
+» pure metal — atoms are all the same size / suitable diagram
of pure metal structure
« atoms arranged in a regular way / lattice
+ alloy - atoms are of different sizes / suitable diagram of
alloy structure
+ disrupts arrangement of atoms
+ atoms in pure metal structure can slide over each (when
bent)
« alloy - sliding prevented by different sized atoms
Level |0 Mo rewardable content
1 1-2 + a limited description of how one property changes, one use or
one statement related to structure eg iron rusts, stainless steel
does not; atoms in a pure metal all the same size
+ the answer communicates ideas using simple language and uses
limited scientific terminology
« spelling, punctuation and grammar are used with limited
accuracy
2 3-4 « a simple description of how two properties change or two uses or
a simple description of why alloys become stronger or a
property/use and a statement about structure eg the atoms in a
pure metal have a regular arrangement but in alloys there are
different sized atoms
« the answer communicates ideas showing some evidence of
clarity and organisation and uses scientific terminology
appropriately
« spelling, punctuation and grammar are used with some accuracy
3 5-6 « a detailed description of why alloys become stronger including at
least one change in property of an alloy or use eg the atoms in a
pure metal have a regular arrangement but in alloys the different
sized atoms stops the atoms sliding over each other and how
alloys are more useful such as gold alloys used in jewellery
+ the answer communicates ideas clearly and coherently uses a
range of scientific terminology accurately
+ spelling, punctuation and grammar are used with few errors



https://stemup.co.uk

Question | Answer Additional guidance Mark
Humber
(i) mixtures (1)
(1)
Question Answer Additional guidance Mark
Humber
(ii) brass AND magnalium (1) either order acceptable
(1)
Q5.
Answer Acceptable answers Mark
(i) 62.5 - 63 (1)
Allow anywhere in this range
(ii) |A description including "decreases then increases" (2)
scores 2
e decreases first (1) decreases or increases alone
e then increases (1) scores 0
Q6.
Answer Acceptable answers Mark

e tin {more expensive/costs
more} (than aluminium/steel)
ORA (1)

e amount of tin in Earth smaller
(than aluminium/steel) ORA (1)

rarer

(2)

(b)

C - reduction

(1)

(c)(i)

an explanation linking the following
e a mixture of (1)

e metals (1)

reject compound
ignore combined/joined

specific examples
reject reference to non-metals

metals melted together (2)

(2)

(c)(ii)

an explanation linking anythree of

ions or particles for atoms reject
molecules once only
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e in pure metal /aluminium
atoms are all same size (1)

e in pure metal /aluminium
{layers/sheets/atoms}
{slide/slip/move} (over one
another) easily(1)

e magnesium atoms larger (1)
e disrupt
{layers/structure/arrangeme

nt} of aluminium atoms (1)

e prevent {layers/sheets/atoms}
{slip/slide/move} (1)

different sized particles

{lock/hold/jam} layers together

Q7.
Answer Acceptable answers |Mark
(a) A-air (1)
(b)(i) [(gas ignore g alone (1)
(b)(ii) [reaction is reversible / reaction goes |reaction is in /reaches equilibrium (1)
both ways
(c) fmmonia + sulfuric acid -» Allow = for - (2)
ammonium sulfate (2)
left hand side (1)
right hand side (1)
(d) |improve crop yields / promote plant (1)
growth
crops grow faster
adds essential elements / OWTTE
(e)(i) |urette (1)
(e)(ii) |indicator / any named acid-base ignore Universal indicator (1)
indicator
Q8.
Answer Acceptable answers IMark
(a) |An explanation linking assume 'both reactions' implies the |(2)
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Marking point 1 - one from

e forward and back reactions
take place (at the same time)
(1)

¢ rate of the forward and back
reactions is the same (1)

Marking point 2 - one from

* no (overall) change in the
{amount/concentration/mas s/
volume} of each {substance /
reactant / product} (1)

e no observable change (1)

forward and back reaction

allow reversible reaction with the
same rate (1)

allow reversible reaction in a closed
system (1)

do not allow the forward reaction
equals the reverse reaction

allow overall effect is nil (1)

allow reactants and products reach a
balance (1)

ignore forward reaction cancels out
back reaction

do not allow {amount / concentration
mass/volume} of reactants and
products are equal

(b)(i) An explanation linking two of ignore answers related to (2)
rate/collisions
e higher pressure favours
forward reaction/equilibrium  maximum (1) if 3 statements given,
shifts to the right (1) but 1 is incorrect
e because decrease in {volume /
number of molecules}/side
with lower volume (1)
e yield increases (1)
(b)(ii) |An explanation linking any two of ignore answers related to (2)
rate/collisions
e lower temperature favours
forward reaction/equilibrium  |[if answer refers to increasing
shifts to the right (1) temperature, maximum (1) for
(forward) reaction is exothermic /
e because (forward) reaction is [reverse reaction is endothermic
exothermic (1)
maximum (1) if 3 statements given,
e yield increases (1) but 1 is incorrect
(b)(iii) (catalyst iron (1)
(c)(i) |3 x 1000 (1) (= 3000)
(1)
méckdidre for the working full marks awarded for an answer of  |(3)
Method 1 160 g with or without any working
14 + (3 x| 1) (1) g of NH;
makes 14|+ (4 x 1) + 14 + (3 x 16) [llow ecf on incorrect Mr s for either

(1) g NH,I

NO; method
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34 g of NH3 makes

(14+ (4x 1)+ 14+ (3 x16))x 34 or

17

80 x34 or
17

NH,NO;
160

Method 2

or

(1)

2(14 + (4/x 1) + 14 + (3 x 16)) g

moles of NH; = 3%, (1) =2
moles of NH;NO3; = moles of NH;

relative farmula mass NH;NO; = 80

mass NH,NO; =2 x 80 (1) = 160 g

(1) =

allow ecf for incorrect moles eg if
moles of NH; = 0.5 relative formula
mass NH,NO;5; = 80 (1)

mass NH;NO; = 0.5 x 80 (1) =40g¢g

Q9.
Question | Answer Mark
Humber
(i) B a decomposition reaction
(1)
Question | Answer Mark
HMumber
(ii) An answer that combines the following points to provide a
logical description of the experiment
s leave the solution (in a warm place) (1)
e until crystals form then pat with dry filter paper (1)
OR
s partially evaporate the water (1)
s |eave to crystallise and pat dry with filter paper (1) @
2
Q1lo0.
Answer Acceptable answers IMark
ammonia + sulfuric acid - Allow = for - (2)

ammonium sulfate (2)
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left hand side (1)
right hand side (1)

Ql1.
Question | Answer Mark
number
(a) any one precaution from:
+« wear gloves to prevent contact with skin/safety (1)
* spectacles to prevent contact with eyes (1) (1)
Question | Answer Additional guidance Mark
number
(b) 1000 cm? contain 4.3 x 1000 (1) | Award full marks for correct
250 numerical answer without
1 dm? contains 17.1 (gdm™?) (1) | working.
(2)
Question | Answer Additional guidance Mark
number
(c) 2NaOH + H:S04 — Na;S0s + 2H,0 | Do not award 2 if incorrect
+ correct formulae (1) balancing added.
+ balancing (1) (2)
Question | Answer Mark
number
(d) « {titration 1/27 cm”} should not be used because burette
readings {not precise/not accurate/not read to 2 d.p.} (1)
+ {titration 4/25.80 cm®} should not be used because volume
of used (25.80 cm?) not concordant with other two (1) (2)

Q12.
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Question
Number

Indicative content

tMark

#

An analysis that combines identification via a judgment
(3 marks) to reach a conclusion via justification/reasoning
(3 marks):

e tube A has water and air

s tube B drying agent absorbs water

tube B has air but no water

tube C oil prevents air being absorbed

tube C has water but no air
red-brovm solid is rust

 tube A nail has rusted

s tube B shows no rusting

¢ tube C shows no rusting

s only tube with air and water rusts

» water AMD air are required for rusting

(6)

Q13.

Level

Marlk

Descriptor

Mo avrardable material.

Level 1

Interpretation and evaluation of the information
attempted but will be limited with a focus on mainly
just one variable. Demonstrates limited synthesis of
understanding.

Judgments are supported by limited evidence

Level 2

3-4

Interpretation and evaluation of the information on both
variables, synthesising mostly relevant understanding.
Judgments are supported by evidence occasionally

Level 3

3-6

Interpretation and evaluation of the information
demonstrating through the skills of synthesising relevant
understanding.

Judgments are supported by evidence throughout
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Question | Answer Additional guidance Mark
number
(i) An explanation linking (2)
+ stainless steel resistant to
{corrosion/ rusting/ oxidation} /
corrosion rate slower [/ does not
react with {air/oxygen} and water
Ignore iron corrodes but ALLOW iron
+ neither rod would rust/ react (in a | corrodes faster than stainless steel /
few days) / there would be no iron rusts but stainless steel does not
{rusting / reaction}/ no change (1)
would occur / it would take a long
time for any result (1)
(ii) measuring cylinder accurate enough / allow exact/ precise for accurate (1)
accuracy of pipette not needed / no need | allow pipettes only used for accurate/
to be (more) accurate / the volume of precise/ exact volumes
water is not critical
(iii) | An explanation linking (2)
+ (A) the magnesium has MP1 describes reaction that occurs
{corroded/ reacted/ oxidised} /
(B) {rusting / corrosion /
oxidation} has occurred (1) MP2 reason — ignore "sacrificial
protection” efc.
+« because magnesium is more
reactive than iron / (magnesium
has reacted) instead of the iron
(1)
Q14.
Question | Answer Additional guidance Mark
Number
final answer of 90 with or allow ECF throughout (4)
without working (4)
AD21

OR

458 seen (1)

total mass : 2x223 + 12/
(2 x 207) + 44 (= 458) (1)

mass of useful products : 2
x 207 = 414

414 (1) x 100 (1) (=
90.39)
458

=90 (1)

90.39 / 90.4 for 3 marks
110.628... / 111 (2)
110 (3)

correct rounding of an answer
with working to 2 sig fig (1)
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Q15.

Question | Answer Additional guidance Mark
Number
final answer of 90 with or without | allow ECF throughout (4)
working (4)
AO 21
OR 458 seen (1)
total mass : 2x223 + 12 / (2 x
207) + 44 (= 458) (1)
90.39 / 90.4 for 3 marks
mass of useful products : 2 x 207 | 110.628... / 111 (2)
= 414 110 (3)
414 (1) x 100 (1) (= 90.39)
458 correct rounding of an answer
with working to 2 sig fig (1)
=90 (1)
Q1l6.
Answer Acceptable answers Mark
(a) [sodium carbonate + calcium nitrate — fignore solution / state symbols ignore ((2)
sodium nitrate + calcium carbonate |incorrect attempts at balanced
(2) equation
ignore mixtures of words and formulae
LHS (1)
RHS (1)
(b)(i) |C orange-red (1)
(b)(ii) |A description including two points e moisten splint (2)
from
e put splint into solid
CLEAN
e clean (flame test) wire with e hold splint in (Bunsen) flame
(hydrochloric) acid (1)
ignore : hold over flame use of tongs /
SAMPLE spatula etc for equipment, max 1
e put (wire) into solid (1)
TEST
e hold (wire) in (Bunsen) flame
(1)
(c)(i) [40/44 (1) (= 0.909) correct answer (2) (2)
(any fraction) x 100 (1) (= 90.9 / 90.91gnore 90(%)
91(%))
(c)(ii) [reaction is incomplete / not hot ignore {gas escaping / not all
enough / not heated for long enough / collected / incorrect measurement}
use of impure calcium carbonate (1)
(d) [D have high melting points (1)
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Q17.

Q18.

Q19.

Question | Answer Additional guidance Mark
number
* mass values in correct places 2.53
(1) 5Xl00=88.8%
» multiplication by 100 (1) 89% (to 2 s.f.)
’ cprrs_act final answer to two Award full marks for
significant figures (1) correct numerical answer
without working. (3)
Question | Answer Additional guidance Mark
number
b * mass values in correct places 2.53
(b) (1) x100=88.8%
» multiplication by 100 (1) Bé% (to 2 s.f.)
: cprre_arct ﬁnaf! answer to two award full marks for correct
significant figures (1) numerical answer without 3
working (3)
Question | Answer Mark
number
(c) An explanation that combines identification - improvement of the
experimental procedure (maximum 2 marks) and
justification/reasoning, which must be linked to the improvement
(maximum 2 marks):
+ add excess sodium sulfate solution rather than a few drops
(1)
= 5o more reaction occurs to form more lead sulfate (1)
=  filter the reaction mixture rather than pour off the liquid (1)
+ so none of the lead sulfate is lost on separation (1)
« wash the lead sulfate (1)
* so the impurities are removed (1)
+ place the lead sulfate in an oven/warm place (1)
+ so the lead sulfate is dry (1) (4)
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Question Answer Additional guidance Mark
number
% of tin in alloy = Award full marks for
15.0 correct numerical answer
mx 100 (1) without working.
= 40.0 (%) (1) (2)
Q20.
Question | Answer Additional | Mark
number guidance
(4)
AO2

moles of sulfuric acid = 0.140 x 12.15 (1)
1000
(= 0.001701 mol)

ratio 2:1 KOH to Hz504 (1)
moles of KOH = 2 x 0.001701 (1)
(= 0.003402 mol)

concentration of KOH = 0.003402 x 1000 (1)

25.00
(= 0.136 mol dm)

award full marks
for correct

final answer
without working

allow ecf
from moles of
sulfuric acid

allow ecf

from moles
of KOH

Q21.
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Question | Answer Additional guidance Mark
number
mol of acid = 24.80 = 1000 = Award full marks for correct
0.200 (= 0.004 96 maol) (1) numerical answer without
working.
mol NaOH = 2 x 0.004 96
(= 0.00992) (1) Allow max 3 marks if
missing "2 x'in step 2.
conc. of NaOH = 0.009 92 + 25.0
x 1000 (1)
= 0.3968/0.397 (mol dm™) (1)
or
(25.00 = conc NaOH) + 2 = 24.80
= 0.200 (2)
conc NaOH = 2 x 24.80 = 0.200 =
25.00 (1)
= 0.3968/0.397 (mol dm™) (1) (4)
Q22.
Question | Answer Additional guidance Mark
number
2.00 x 695.0 (1) (=13.9) avrard full marks for correct final (2)
100 ansvrer without working AD2
695.0-13.9 (1) (= 681.1 (g)) allows 2 or more sig.fig.
COR
98.00 (1) x 695.0 (1) (= 681.1 (2))
100
Q23.
Question | Answer Additional guidance Mark
number
2.00 x 695.0 (1) (=13.9) award full marks for correct final | (2)
100 answer without working AO2

695.0-13.9 (1) (=681.1(g))
OR

100

98.00 (1) x 695.0 (1) (= 681.1 (g))

allow 2 or more sig.fig.
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Q24.

Q25.

Q26.

Q27.

Question | Answer Additional guidance Mark
number
8.000- 6.213 = allow 1.8, 1.79 (1)
(1.787) (g)
Question | Answer Additional guidance Mark
number
8.000- 6.213 = (1.787) | allow 1.8, 1.79 (1)
(9)
Question | Answer Mark
number
1560 with or without working scores 3 (3)
AO2
78 /100 (1)
78 /100 x 2.00 (1) (= 1.56 kg)
1.56 x 1000 (1) (= 1560 g}
Question | Answer Additional guidance Mark
number

(= 0.375) (1)

proportion gold = 9 + 24

mass = 0.375 x 12 = 4.5 (g) (1)

Award full marks for correct
numerical answer without
working.

(2)
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Q28.

Q29.

Q30.

Question
number

Answer

Additional guidance Mark

Formula mass ammonium chloride
= 14.0 + 4.00 + 35.5 = 53.5

moles of ammonium chloride

=190 4187 (1)
53.5

volume ammonia

= 0.187 x 24

= 4.49dm? (1)

or

«+ 2 x53.5 =107 g ammonium
chloride produces 2 x 24 =
48 dm? ammonia (1)

* 10.0g ammonium chloride
produces

10.0

2x53.5
ammonia (1)

% 2 x 24 = 4.49dm°’

Award full marks for
correct numerical answer
without working.

(2)

Question
number

Answer

Additional guidance

Mark

2000 dm? with or without working scores 4

males NO = 1000/30 (1) (= 33.3...)
moles O; = moles NO /2 (1) (= 16.666...)

volume 0; = moles x 24 = 16.666... x 24 (1) (=400 dm?)
volume air = volume Oz x 100/20 (1) (=2000 dm?)

OR

2 mol NO = 60 g (1)
60 g MO : 24 dm? oxygen (1)

1000 g NO reacts with 24 x 1000/60 (1) (=400 dm?)
volume air = volume 0, x 100/20 (1) (=2000 dm?)

ecf on all stages

3 marks
all working up to
400 x 20/100 = 80

(4)
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Q31.

Q32.

Question | Answer Additional guidance Mark
number
0.175 x 56.0 =9.80g dm™ (1) award full marks for correct final | (3)
answer without working AO2
mass in 250 cm? sample =
0.25x9.80=2.45¢g (1)
% pure KOH =2.45 /2.56 x 100 =
95.7 (%) (1)
Question | Answer Additional guidance Mark
number
100 -65-7 -3 (1) (= 25) 25 alone scores 1 (1)
Question | Answer Additional guidance Mark
number
(i) 97.3(%)) with or without | if fraction inverted then x 100 = 102.75... (3 or more | (2)
working scores 2 sig fig) allow (1)
for 0.973 allow (1)
MP2 only for correctly x 100 some figure derived from
5.450 (1) x 100 the data given
5.600
allow any sig fig except 1
= 97.3214....
= 97.3(%) (1)
Question | Answer Mark
number
(i) | A some solid was lost from the crucible is the only correct answer (1)
B is incorrect because this would increase mass
C is incorrect because this would not alter mass
D is incorrect because this would increase mass
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Q33.

Question | Answer Additional guidance Marlk
number
(i) 97.3 (%) with or (2)
without working
scores 2
if fraction inverted then x 100 = 102.75... {3 or more sig fig)
5.450(1) x 100 allow (1)
5.600

for 0.973 allow (1)

MP2 only for correctly x 100 some figure derived from the data

given
= 97.3214... eq 5.600-5.450 = 15 (%)
=97.3 (%) (1)
allow any sig fig except 1
Question Answer Mark
number
(i) A some solid was lost from the crucible is the only correct answer (1)
B is incorrect because this would increase mass
Cis incorrect because this would not alter mass
D is incorrect because this would increase mass
Q34.
Question | Answer Additional guidance Mark
number
1.63 (1) (= 0.876) award full marks for correct final | (2)
1.86 answer without working AO2
allow 2 or more sig figs
0.876 x 100 (1) (= 87.6 (%)) MP2 depends on MP1

Q35.
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Question | Answer Additional guidance Mark
number
(i) 100 with or without working | ignore any units (2)
scores 2
ecf for MP2 if using 12,16 and 40, using addition and
40+12+3x16 (1) multiplication only
=100 (1)
(ii) 56% without working scores | 56/answer to 4(d){i) (1) (2)
0 % 100 (1)
56 (1) MP2 only for correctly x 100 some figure derived from
100 the data given
100% scores 0
{x100) = 56 (%) (1)
Q36.
Question | Answer Additional guidance Mark
number
(i) 100 with or without working scores 2 ignore any units (2)
40+ 12 +3x16(1) ecf for MP2 if using 12,16 and 40,
=100 (1) using addition and multiplication only
(ii) 56%0 without working scores 0 56/answer to 4(d)(i) (1) (2)
56 (1) ¥ 100 (1)
100 MP2 only for correctly x 100 some
figure derived from the data given
(x 100) = 56 (%) (1) 100% scores
Q37.
Question | Answer Additional guidance Mark
number
moles of oxygen = 48/32 (1) (= 1.5 | award full marks for correct (2)
mol) final answer without working AO2

volume of oxygen = 1.5 x 24.0dm?
(= 36dm?) (1)

allow ecf on incorrect number of

moles

Q38.
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Q39.

Q40.

Question | Answer Mark
Number
amount of sodium hydroxide = 25.00 x 0.50 (1)
1000
amount of hydrochloric acid = amount of sodium hydroxide (1)
=25.00 x 0.50
1000
concentration of hydrochloric acid = 25.00 x 0.50 x 1000 (1)
1000 x 22.85
= 0.547 (mol dm™) (3 sf) (1)
OR
25.00 x 0.50 =conc HCl x 22.85 (2)
conc HCl = 25.00 x 0.50 (1)
22.85
= 0.547 (mol dm™) (3 sf) (1) (4)
Question Answrer fark
Humber
(i)
s  mass = density x volume(1)
e vol =10° = 1000 (cm?) (1)
s mass = 7.87 x 1000 = 7870 (g) (1)
(3)
Question Answer Additional guidance Mark
Mumber
(ii) unchanged appearance of cube (1) | allow cube on bottom of
container
(1)
Question | Answer Mark
Humber
(i) e 1.20ke = 1200 g (1)
e 1200/ 1250 =0.96 (1)
e 0.96x100% =96(%) (1)
(3)
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Question Answeer Mark
Number
o 17.73/24.60 (0.7207) (1)
o (17.73/24.60) x 100 (72.07) (1)
o« =72.1%(1)
(3)
Q41.
Question | Answer Mark
Number
o 17.73/24.60 (0.7207) (1)
o (17.73/24.60) x 100 (72.07) (1)
o =72.1% (1)
(3)
Q42.
Answer Acceptable answers Mark
(i) e 10.4/15.0 (1) (2)
69.3 alone worth 2 marks
e (10.4/15.0) x100(1) (= 69.3) |[f no/incomplete working shown
answer to 2 or more sf scores 2 marks
Ignore any units
(ii) [Two suggestions from (2)

reaction incomplete (1)
e impure reactants (1)

e other unwanted/side
reaction(s) occur (1)

e product lost during
experiment/practical (1)

reversible

ignore by-products form

could be an example eg some
products left in apparatus

ignore generic experimental errors eg
measuring/weighing errors/human

error/spillage
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Q43.

Question | Answer Mark
Number
relative formula mass KOH = 39+16+1 (=56&) (1)
concentration = 0.625 x 56 (= 35 g dm™®) (1)
(2)
Q44.
Answer Acceptable answers Mark
(i) (1)
226+ 22.8
2 (1) (= 22.7)
(i) marks are for the working 0.0928/0.093 with or without working ((3)

no. moles HCl = 23.2 x 0.1 (1)
1000
((=2.32x10%)

no. moles NaOH = no. moles HCI (1)

no. moles NaOH = no. moles HCI

(1)

conc NaOH = 2.32 x 10°% x 1000
(1)

25.0
( = 0.0928 mol dm™)
mark consequentially
OR
no. moles NaOH reacting = 1 (1)
no. moles HC| reacting 1

25.0 x conc =
23.2x0.1

1 (1)
1

conc NaOH = 0.1 x 23.2 (1)
25.0
(= 0.0928) mol dm™

OR
use of C1V1 = GV, (1)

0.1 x 23.2 = conc x 25.0 (1)

conc NaOH = 0.1 x 23.2 (1)
25.0

(= 0.0928) mol dm™

(3)
0.09 with no working (2)

common incorrect answers with
working

0.108/0.1077 (2) - used 1:1 ratio but
25x0.1/23.2

0.928 (2) - used 1:1 ratio but missed
out 0.1
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Q45.

Answer Acceptable answers Mark
(i) 3 x 1000 (1) (= 3000)

(1)
makki arg for the working full marks awarded for an answer of  |(3)
Method 1 160 g with or without any working
14 + (3 x| 1) (1) g of NH;
makes 14|+ (4 x 1) + 14 + (3 x 16) fllow ecf on incorrect Mr s for either
(1) g NH4INO5 method
34 g of NH; makes
(14 +(4dx1)+ 14+ (3 x 16))x 34 or

17
80 x 34 or
17
2(14 + (4/x 1) + 14 + (3 x 16)) g
NH,NO;
(1) =
160
Method 2
moles of NH; = 3%, (1) =2
I f NH4NO; = I f NH
2,0 es of NH.NO; = moles of NH, allow ecf for incorrect moles eg if
lative f I NH.NO- = 80 moles of NH; = 0.5 relative formula
ﬁ)a ive farmula mass NH;NOs3 mass NH.NO, = 80 (1)
mass NH;NO; = 0.5 x 80 (1) =40g
mass NH,NO; =2 x 80 (1) = 160 g
Q46.
Question | Answer Mark
Number

180 g slucose produces 2 x 24 dm? carbon dioxide (1)

75 kg slucose produces 2 x 24 x 75000 dm? carbon dioxide
(1)
180
= 20000 dm? (1)

(3)
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Q47.

Q48.

Q49.

Question | Answer Mark
Number

0.097 (mol dm™) with or without working (4) (4)

OR AO 3 2a

moles of NaOH = 24.25 x 0.200 (1) (= 4.85 x 10?) AO 3 2b

1000
from reaction equation moles acid = 2 x moles alkali
= 1> x 4.85 x 1073 (1)
(= 2.425 x 107)
concentration of H,S0. = 2.425 x 102 x 1000 (1)
25.00
= 0.097 (1) (mol drm™3)

OR

V2 (1) x 24.25 x 0.200 = 25.00 x conc H.S0: (1)

conc H250s = V2 x 24.25 x 0.200 (1)

25.00
= 0.097(1) (mol dm)
on answer line 0.388 / 0.39 (3) [ x2 instead of x12 ]
0.194 / 0.19 (3) [not xV2 ]

Ignore sig figs except for 1
Question | Answer Additional guidance Mark
Number

24.5 (g dm™) with or without (2)

working (2)

AD 21
OR allow 2.45 / 24500 (1)

concentration = 98 x 0.25 (1)
=24.5 (1) (g dm™)
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Question | Answer Additional guidance Mark
Number
final answer of 2 (kg) with or allow ECF throughout (3)
without warking (3)
31.25 x 64 (2) allow ECF AD 21
OR
moles of SO, = 750 (1) (=
31.25) allow any calculated mass / 1000
24 (1)
mass of S0, = 750 x 64 (1) final answer 2000 (kg) (2)
24
(= 2000)
mass of SOz = 2000 (1)
1000
(= 2 (ka))
Q50.
Question | Answer Additional guidance Mark
Number
Y2 x 750 (1) = 375 (dm?) 375 alone (1) (1)
AD21
Q51.
Question | Answer Additional Mark
Number guidance
23.65 with or without working (2)
scores 2
AD 3 2a
OR AO 3 2b
23.60+23.70 (1)
2 allow 1 mark for all 3
averaged (24.35)
= 23.65 (1)
Q52.
Answer Acceptable answers

Mark
|
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(i) @0/44 (1) (= 0.909) correct answer (2) (2)
(any fraction) x 100 (1) (= 90.9 / 90.91gnore 90(%)
91(%))
(ii) [reaction is incomplete / not hot ignore {gas escaping / not all
enough / not heated for long enough / [collected / incorrect measurement}
use of impure calcium carbonate (1)
Q53.
Answer Acceptable answers Mark
(i) gas ignore g alone (1)
(ii) [reaction is reversible / reaction goes |reaction is in /reaches equilibrium (1)
both ways
Q54.
Question | Answer Mark
number
B the element used for rod P is the only correct answer (1)
AO2
A, C and D are incorrect because the electrode material must be changed
Q55.
Question | Answer Mark
number
C hydrogen + oxygen — water is the only correct answer (1)
AO1
A, B and D are incorrect as water is the product
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Q56.

Question | Answer Mark
Number
from pink / red to orange / yellow (1)
AD1 2
Q57.
Question Answer Mark
Number
(i) (2)
2Hz (g) + 02 (g) 2 2H:0 (g) AO 3 1a
AD 3 1b
Question | Answer Additional guidance Mark
Number
(ii) | all atoms in the reactants allow no atoms are wasted (in | (1)
are present in the product / | the reaction) / no waste
only one product is formed | products / nothing is wasted AD11
allow total mass of reactants =
mass of useful products
allow complete calculation to
show that atom economy is
100%
ignore equation is balanced /
same number of atoms on
both sides
Q58.
Question | Answer Mark
Number
(i) (2)
2Hz (g) + 02 (g) = 2H:0 (g) AD 3 1a
ADO 3 1b
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Question | Answer Additional guidance Mark
Number
(ii) | all atoms in the reactants are allow no atoms are wasted (in the | (1)
present in the product / only one | reaction) / no waste products /
product is formed nothing is wasted AD11
allow total mass of reactants =
mass of useful products
allow complete calculation to show
that atom economy is 100%
ignore equation is balanced /
same number of atoms on both
sides
Q59.
Question | Answer Additional guidance Mark
number
02+ 4H" + det) - 2H:0 (2) 2)
AD2
et (on left) (1) allow equation with e* to score
balancing (1) MP2 if this is only error
allow equation missing electrons
but with no extraneous
substances to score MP2 if
correctly balanced
Q60.
Question | Answer Mark
number
D the metal is oxidised (1)

A is incorrect because the reaction is with oxygen
B is incorrect because the reaction is with oxygen

C is incorrect because the metal does not decompose
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